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Chapter 1 Introduction 

The distribution of economic activities is uneven. From a global perspective, industrial production 

concentrates in developed countries and emerging countries. From a more specific spatial distribution, it 

agglomerates in some regions of these countries. In the case of China, this phenomenon also can be 

observed. Since the Reform and Opening Up, economic activities and labourers increasingly concentrate 

in the eastern coastal areas, which has promoted the rapid economic development of the region.  

Marshall (1890,1920) indicates the reasons that economic activities tend to cluster in some specific 

areas are the sharing of input, a pooling of particular labour, and knowledge spillover. Then, Krugman 

(1991) present the concept of transport cost to explain why economic activities spatially concentrate.  

Agglomeration of economic activities brings positive externalities but also brings adverse effects such as 

rising labour costs and congestion effects. Therefore, it is essential to implement policies to maintain the 

positive effects of agglomeration and to eliminate adverse effects.  

In China, the economic gap between the eastern, central and western regions has been expanding and 

becoming a destabilizing factor in the development of the whole society. Therefore, the problems to be 

solved are: on the one hand, we must maintain the existing agglomeration effect in the eastern area to 

promote economic development, on the other hand, we must encourage industrial agglomeration and 

economic growth in the inland regions, and narrow the income gap between the east and the west. 

Especially for the development of the western area, not only the investment in infrastructure but also the 

elements which can cause economic activities, and population agglomeration should be paid attention, to 

achieve an endogenous economic growth. 

Promoting innovation activities and creating new businesses are keys to solving these problems. This 

study aims to analyze the factors affecting the location of enterprises and the differences in regional 

innovation capabilities and the reasons for the differences. They will be discussed in the context of China. 

Our study gives some additions to the existing literature.  

The determinants of entrants' location choice 

Scholars and policymakers pay attention to the issue of creating new business because it is an 

essential factor in the sustainable development of the regional economy. In the literature, researchers try 
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to use various of methods to explore the determinants of new firms’ choice of their locations (McFadden, 

2001; Friedman et al., 1992; Head and Mayer, 2004; Cheng and Stough, 2006; YANG et al., 2017)  

Most studies focus on the location choice of FDI when they enter a foreign market. For instance, Head et 

al. (1995) examine the agglomeration benefits affect Japanese manufacturing investments in the US in 

location choices by using a conditional logit model to explain how the external environment affects 

decision making. Since the Reform and Opening Up, many studies explore the determinants of FDI 

location choices in China.  

Similar to prior research, studies on the determinants of location choice of FDI in China focus on the 

external conditions of firms such as the market potential, industrial agglomeration, externality of variety, 

labor cost and other factors (Chen, 2009; Jean et al., 2011; Cheng and Stough, 2006).  

Some scholars take also a more considerable explanation based on the situation of China. For instance, 

Du et al. (2008) examine the impacts of an economic institution like property rights protection, contract 

enforcement on the location choice of US multinationals in China. Their study estimates a conditional 

logit model and the results show that US multinationals prefer to locate in regions that have better property 

rights protection and lower government intervention in business operation. Besides, Du et al. (2012) 

present a calculation method of cultural distance as a new proxy of distance, to examine how the cultural 

proximity plays a role on affecting the location choice of FDI from different countries.  

With the growth of economy, Chinese private enterprises have also grown up. The focus of scholars' 

attention has expanded from FDI to all kinds of ownership enterprises in China. Shi and He (2018) explore 

the determinants of new firms set up in China by taking the metal products industry as an example. Their 

study shows that the extent of global linkage, the extent of the regional competition in a city have a positive 

effect on the new firms to start their business in the city. However, more research is needed to have better 

understand on enterprises located in China. 

The determinants of regional innovative capability 

Besides the creation of new business, the regional innovation capability is essential to sustain the 

competitive advantages of regions. Therefore, issues of regional innovative capacity are also hot and 

attract lots of scholars' attention. One of the issues is the determinants of regional innovative capability 

(Krugman, 1991; Maskell and Malmberg, 1999). 
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The difference in regional innovation capability is essential to explain agglomeration because firms 

are attracted to use the externality of knowledge spillover (Marshall, 1890). Therefore, scholars are 

interested in finding out factors that affect the innovative capability of regions from both theoretical and 

empirical methods. (Jacobs, 1969; Gleaser et al., 1992; Audrestch and Vivarelli, 1996).  

In the empirical literature, based on a knowledge production function (Jaffe, 1989; Feldman, 1994; Acs et 

al., 2002), the most common determinants are R&D expenditure, the variety of knowledge in the region, 

human capital and market structure (Jaffe, 1989; Jacobs, 1969; OECD, 1995; Amable and Petit, 2001; 

Buesa et al., 2010). 

China has a regional difference in innovation as well. Innovation capability in the eastern areas is 

obviously more advanced than the central and western areas. Studies explore the reason for the difference 

from many perspectives. Zhou et al. (2015) find the share of new product revenue to gross revenue has a 

positive influence on the regional innovation capability. Lei et al. (2019) adopt a factors' decomposition 

analysis to show that the capital and the number of R&D employers are the key factors that determined 

the regional innovation capability. 

However, most of the previous literature on the determinants of regional innovation capability in 

China is studied at a provincial level due to the limitation of the data resource. More detailed research in 

a smaller spatial level is desirable.  

In addition, these inland big cities like Xi'an, Chongqing also have a high-speed growth in innovation. 

Some scholars noticed this change and conducted research. Sigurdson and Polonka (2008) set their sight 

on Chongqing and analyze the industries of Chongqing to indicate that Chongqing is an innovative city 

in the western China. Further research on regional innovation in the western region is needed.   

  

The localization of innovation activity 

Regional innovation activity is the foundation of regional innovation capability. To better understand 

the function of innovation in regions, scholars pay attention to the characteristics of regional innovation 

activity. The previous empirical studies show that innovation activity is spatially concentrated (Carlino 

and Kerr, 2014; Buzard and Carlino, 2013; Carrincazeaux et al., 2001). 

The study on the concentration of innovation activity is based on the calculation of the degree of 
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concentration of economic activity. The most common indexes for measuring the spatial concentration are 

LQ index, locational Gini coefficient and EG index. Feldman and Audretsch (1999) estimate the 

concentration of innovation activity by using an EG index. However, these measurements have some 

disadvantage caused by the count-data aggregation. Most of all, the aggregated data blur the real spatial 

distribution of innovation activity in our impression. To solve this problem, Duranton and Overman (2005) 

first proposed a distance-based method by using micro-data.  

Scholars are interested in the spatial concentration of innovation activity in China because of the 

rapid development of Chinese innovation. The existing literature shows that innovation activities are 

significantly concentrated in the advanced eastern provinces (Wei et al., 2011; Cao and Qin, 2012; Jiang, 

2013). Ma and Liu (2019) narrow the scope of their study to the three mega-economic zones, including 

Beijing-Tianjin-Hebei, Yangtze River Delta and Pearl River Delta. However, their study still is based on 

a provincial level and lack of detail at the micro level. 

Therefore, this study aims to try to complement the shortcomings of existing research from these 

three aspects to contribute to better understanding the innovation and geographic concentration of Firms 

in China. 

In Chapter 2, we focus on the location choice of new firms of Yangtze River Delta. We analyze the 

determinants of their location decisions. We consider the external environment that affects firms' location 

choice following the previous studies for our hypotheses. The market potential of regions has an impact 

on the location choice of private firms' location choice but has no effect on the location choice of FDI. In 

China, the land supply also plays a role in affecting the location choice of each ownership firms. The 

congestion effect has a negative impact on the location choice of firms. In addition, we consider the 

characteristics of firms also affect their location choices such as the concentration of industries to which 

firms belong to, and the financial constraints faced by firms.  

Because our study consider both characteristics of alternatives and characteristics of firms 

themselves，a mixed logit model is suitable for our analysis. By using a dataset of 1882 new firms 

established in 24 cities of Yangtze River Delta in 2007, including 1498 private firms, 24 collective firms, 

114 Hong Kong, Macao and Taiwan firms and 192 FDI, we examine how these characteristics affect the 

location choice of each ownership firms.  
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The results are consistent with our intuition. The regional market potential, land supply has a positive 

impact on private firms but not on FDI. However, air pollution as a proxy of congestion has a negative 

effect on both private firms and FDI. FDI has a tendency to locate near concentrated firms of the same 

industry. The constraints of finance affect the location choice of private firms to choose to locate in some 

cities. 

In Chapter 3, we explore the factors impacting on the regional innovation capability of China at the 

prefecture level. By using an econometrics method, we examine how does the diversity of innovation, 

government expenditure for science and technology, market structure and other elements have an 

influence on the regional innovation capability. 

In our analysis, we adopt a modified knowledge production function (Griliches, 1979; Buesa et al., 

2010). Our dataset is a panel data that includes 286 prefecture cities of China in the period 2001-2008. 

Our analysis concerns about the role of diversity of regional innovation and whether the high-tech 

industrial zones play in promoting the innovation capability of cities. 

We use the count of invention patent application in each city as a proxy of regional innovation 

capability to be the dependable variable. Because we utilize a count dataset, we assume that the data 

follows a negative binomial distribution. The independent variables include the diversity of regional 

diversity, high-tech industrial zones dummy, and control variables to control regional heterogeneity. 

Furthermore, in order to show the effect of the high-tech industrial park, we make an interaction term 

with the industrial park and the diversity of innovation.  

The result shows that the diversity of regional innovation has a positive impact on regional innovation 

capability. On the contrary, the high-tech industrial zones have a negative impact on it. This can be 

interpreted that the government's policy is contrary to expectations and is a barrier to improving the 

region's innovation capability. Furthermore, when adding the interaction term, the effect of the high-tech 

industrial zone is no longer significant, and the interaction term presents a significant negative effect. This 

can be interpreted that it is better for the industry in the industrial park to gather similar industries rather 

than diverse industries. 

In Chapter 4, we simulate the localization of innovation activity in the Yangtze River Delta by using 

a kernel density of a pair-wise firms’ distance. The literature study the spatial distribution of innovation 
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activity of China is using a provincial level data, existing the aggregation issues we mentioned before. 

Our study is based on microdata, hence we can provide an exact scope of localization. 

By constructing counterfactual from the non-innovationes randomly chosen pairs of any firms in the 

same industry, including innovative enterprises and general enterprises, we can identify if the density of 

innovative firms are significantly closely located with each other than the firms in the same industry in 

general.  

The dataset consists of 176,251 enterprises located in the Yangtze River Delta, of which 8584 

enterprises carry out innovative activities. We classify these enterprises into three-digit classification to 

investigate the localization of innovation activities in each industries. The results show that not all 

industries active in innovation tend to concentrate. The interpretation of the results may be given as these 

industries are more inclined to take advantage of knowledge spillovers to promote their innovation 

activities. 

In the last chapter, we conclude the findings of our study.  
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Chapter 2 The Location Choice of New Firms in Yangtze River Delta, China 

2.1 Introduction 

Since Reform and Opening-up, the economy of China has experienced rapid growth, especially in the 

eastern coastal areas. Due to the excellent geographic conditions that accessible to overseas market, the 

economic activities and population were gathering in the coastal regions. However, the reasons make 

some eastern coastal areas have rapid developments beyond the first-nature. 

From the perspective of firms’ location choice, the reasons for second-nature expand and sustains 

regional economic growth could be figured out. It is worth to explore what factors affect firms to choose 

their location in some specific regions. There exist lots of researches which show these determinants of 

firms make their location choice. 

Firstly, firms usually make their location choice based on the profit maximization condition. They 

tend to locate in areas with high market potential. In the literature, the market potential is calculated as a 

sum of local and neighboring market size weighted by the distance (Harris, 1954). It was used to explain 

the factor of regions attract firms locating in there (Friedman et al., 1992; Disdier and Mayer, 2004; Head 

and Mayer, 2004). On the other hand, firms minimize their costs. In this situation, firms tend to locate in 

the regions where wage and land cost are lower. 

Secondly, as Marshall (1890) pointed out, the externalities of agglomeration drive firms to choose 

the region with more specialized input, abundant skilled labor, and more chance to exchange information. 

In empirical researches, agglomeration economies were proved as an important factor t h a t  affects the 

location choice of firms ( Diseider and Mayer, 2004; Crozet et al., 2004; Cheng and Stough, 2006; Head 

et al., 1995, 1999). Their studies show that the agglomeration effect has a positive influence on firms’ 

location choice. 

However, most of the studies on the determinants of location choices focus on the regional 

characteristics, but they ignore the individual characteristics of firms which also have influences on the 

decisions. It is understandable because their samples are the location choice of multinational enterprises 

(MNEs) mostly. The MNEs only need to consider the issue of maximizing profits or minimizing costs 

when making decisions to locate in foreign countries. But when the study of what kind of area is attractable 
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for new firms, not only FDI but also lots of private enterprises, it is important to take into account 

individual characters of firms. Especially private enterprises often face financial constraints (Stein, 2003; 

Poncet et al., 2010). 

This chapter, therefore, has two targets. One is exploring the regional characters, and the firms’ 

individual characters affect the new firms in their location choices. The other one is to compare the 

difference in the location choice between private firms and foreign investments through capturing 

individual characteristics. It can fill the gap that lacks the study on private firms, although they are 

important parts of the regional economy. 

By using the mixed logit model, we investigated the location choices of new firms located in the Yangtze 

River Delta (YRD) in 2007. In this year, there were 1848 manufacturing firms established in the Yangtze 

River Delta1 1(see Figure 2-1). 

The estimation result shows that firms prefer to locate in a city with greater market potential, more 

land supply, and less congestion. The agglomeration effects affect the foreign investments’ location choice 

positively while affecting private firms on both sides. The financial constraints affect some private firms 

when choosing a city to locate while not influence the location choice of foreign investments. 

The rest of this chapter is organized as follows. Section 2 outlines the literature related to the location 

choice of firms and the hypotheses of our study. The econometric model is described in Section 3. Section 

4 introduces the data. The estimated results are presented in Section 5. Section 6 presents the conclusion. 

 

2.2 Literature reviews and hypothesis 

The question of what factors affect new firms locate where they do is one of the most concerned 

topics in the spatial economy literature. Since Carlton (1979) first proposed an econometric model make it 

filled. Carlton’s study originally introduced the discrete choice model (McFadden,1974) to analyze the 

location choice of new firms. Arauzo et al. (2010) state that using discrete choice models to analyze the 

 
1 The cities belong to YRD are: Shanghai, Nanjing, Wuxi, Xuzhou, Changzhou, Suzhou, Nantong, 

Lianyungang, Huaian, Yancheng, Yangzhou, Zhenjiang, Thaizhou, Suqian, Hangzhou, Ningbo, Wenzhou, 

Jiaxing, Huzhou, Shaoxing, Jinhua, Quzhou, Zhoushan, Taizhou, Lishui 
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location choice has an advantage on they can take into account both firm and regional factors. 

2.2.1 Literature on industrial location choice 

The new firms tend to choose the places where have a large market size to maximize their profits or 

have industrial agglomeration, inexpensive labor supply, and other factors to minimize their costs. When 

researchers pay their attention to the characteristics of regions, the conditional logit model is a most used 

model (Carlton, 1979; Head et al., 1995; Head and Mayer, 2004; Cheng and Stough, 2006). In some of the 

literature, the characteristics of firms are used as dummies for the choices to control the potential influence 

from these characteristics (Friedman et al., 1992; Levinson, 1996; Autant-Bernard, 2006). 

Some studies address how the new firm characteristic affects their location choice as well. For instance, 

Arauzo and Manjón (2004) use a multinomial logit model to assess the firm size, and the industrial mix 

affect the new firms’ location choices in Catalan. Their study shows that not only the regional 

characteristics but also the individual characteristics do influence on the location choice of some new 

firms. 

One another discrete choice model often used to analyze the location choice of new firms is the 

nested logit model. In this model, similar alternatives can be partitioned into sets and allow the correlation 

between choices through nesting them. Comparing with the conditional (multinomial) logit model, it has 

an advantage on relaxing the independent of the irrelevant alternatives (IIA) assumption. Some specific 

factors such as historically specific ones are used as the division of nests (Hansen, 1987; Henderson et al., 

1995; Henderson and Kuncoro, 1996). But how to define the nests is still a question in most cases that not 

suitable for division into nests. 

In contrast, the mixed logit model is a more flexible alternative for including both regional 

characteristics and individual characteristics in the model. In recently, studies using a mixed logit model 

is increasing. For example, Rasciute and Pentecost (2008) use a mixed logit model examine the FDI’ 

location choice in central and eastern European and find the probabilities of choices to choose a country 

varies both across sectors and different characteristics such as sizes of firms. 
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2.2.2 The literature on location choice in the case of China 

The studies on industrial location choice in China is deeply influenced by the background of the 

times. At the beginning of 21 century, as FDI flourished in that time, a large number of studies on the 

location choice of FDI from the US, Japan, Taiwan or somewhere else arose. These studies mostly focus 

on the agglomeration effects influencing the location choice of FDI (Cheng and Kwan, 2000; He, 2002; 

Chang and Park, 2005, Du et al., 2008). 

As time goes, labor cost was low in the past, but now it has risen even exceeded the benefits of 

economic agglomeration. The studies on the location choice of FDI in recent years is decreasing, and the 

focus has shifted into the determinants affecting the location choice of firms depending on the ownership. 

For instance, Zheng and Shi (2018) compare the effect of industrial land policy on the location choice 

of domestic firms with joint ventures and find that joint ventures are less intensive to the policy. 

 

2.2.3 Research question and hypothesis 

Although the determinants of location choice of domestic firms in China start getting attention, it 

still exists gaps to know more about the difference between domestic firms, especially the private firms 

and foreign investments. For example, private firms enjoy agglomeration effects, while foreign firms do 

not. 

In addition, most of the previous works use a conditional logit model that emphasizes the regional 

characteristics as the factors influencing on the location choice of new firms, but they neglect the 

influence from the characteristics of firms’ individual characteristics. In order to consider both factors 

simultaneously, we adopt a mixed logit model. 

 

2.2.3.1 The roles of regional characteristics 

Head and Mayer (2004) use a sample of Japanese plants location choice to show that “where the 

markets are” matters for their location choice. In some studies that about the case of China also have 

investigated the factor of market access affecting firms location choice (Amiti and Javorcik, 2008; 
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Cheng and Stough, 2006). Because the focus on our study is the comparison of determinants of location 

choice between private firms and foreign investments, the local market potential is an essential factor that 

cannot be neglected. In the Yangtze River Delta, unlike the foreign firms that chose location considering 

the accessibility to the export markets, the market for private firms is mainly domestic. Therefore, we 

set the following hypothesis: 

Hypothesis 1. The local market potential is an essential factor affecting new private firms’ location choice 

in a positive way, but it does not have a significant effect on foreign firms’ location choice. 

In China, the land is owned by the nation since the 1950s. The local governments have the rights 

to assigning land use by means of administrative allocation. As Zheng and Shi (2018) point out, 

industrial input increase will influence the location choice from many perspectives. For example, the land 

price can be lowered through increasing land supply. Therefore, our next hypothesis will be: 

Hypothesis 2. In the context of China, an increase in land supply promotes the location choices of new 

firms. This effect does not depend on the type of ownership. 

The traffic congestion is regarded as a force of dispersion for the location choice of new firms. The 

congestion not only increases the costs of transporting raw materials and products but also caused air 

pollution problems that endanger workers’ health. Following Hou (2016) which found that local traffic 

congestion has a negative influence on the location choice of production-related activities, our hypothesis 

is: 

Hypothesis 3. The congestion will have a negative influence on the location choice of new firms. 

 

2.2.3.2 The roles of individual characteristics 

The agglomeration effects are shown as influential factors that affect the location choice of new 

firms in the literature (Carlton, 1979; Head, 1995; Crozet et al., 2004; Disdier and Mayer, 2004). 

Although most previous studies adopt the number of firms belonging to the same industry as a measure 

of agglomeration, it is unsatisfactory for the case of large-scale firms. Ellison and Glaeser (1997) filled 

such a shortcoming by presenting a method to measure the geographic concentration by controlling for 

industrial characteristics if the geographic concentration is caused by an establishment of a large plant 
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or by the agglomeration of a large number of small firms. Because we have an interest in how the 

agglomeration effect influencing the location choice of new firms, we adopt the Ellison-Glaeser Index 

(hereafter EG Index), which captures characteristics of concentration in different industries. 

We follow the literature to assume that foreign investments are positively influenced by the 

agglomeration effects when choosing a city to locate. But it is not evident if private firms are influenced 

in the same way because they usually start with small/medium-scale and relatively low productivity, 

which make them hard to enter in big cities. Therefore, we hypothesize that, 

Hypothesis 4. The foreign investments belong to industries with higher EG index entry to cities actively, 

but this may not be true for private firms. 

The financial constraints are important factors for the location choice of new firms. As examined in 

many studies, financial constraints are an obstacle to firms’ investments and growth (Hubbard, 1998; 

Poncet et al., 2010). Because of the large fixed costs, the single establishment firms (e.g., most of the 

private firms) are harder to relocate than the branch plants (e.g., most of the foreign investments) (Carlton, 

1979). Thus, we consider the financial constraints of new private firms can have an influence on their 

location choice. 

In addition to hindering the growth of firms, financial constraints may also reduce the firms’ 

ability to withstand risks. However, foreign investments don’t have to face these because they can obtain 

financial support from parent companies in the case of multinational enterprises or prioritized financial 

funding through preferential policies for foreign companies. Based on the different conditions between 

private firms and foreign investments, we will examine that, 

Hypothesis 5. The financial constraints of private firms affect their location choice but have no influence 

in the case of foreign investments. 

 

2.3 The Models 

Arauzo et al. (2010) surveyed empirical studies on the methods of industrial locations. There are two 

approaches usually used when assessing what factors affect the location choice of firms. One is the 

discrete choice approach, and another is the count data approach. Because we use firm-level microdata, 
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the discrete choice model allows us to analyze firms’ location choice behavior in detail. 

 

2.3.1 A Conditional Logit Model 

The conditional logit model is the most used model in empirical studies on industrial location choice, 

which based on the random utility theory (McFadden, 1974). Profit for new firm 𝑖 at location 𝑗 is 

                  𝜋𝑖𝑗 = 𝛽′𝑋𝑗 + 𝜀𝑖𝑗                             (1) 

where 𝑋𝑗 is a vector of characteristics of city 𝑗, 𝛽 is a vector of estimated coefficients, and 𝜀 is a 

random error term. 

A city 𝑗 is selected by a new firm 𝑖 if and only if: 

               𝜋𝑖𝑗 > 𝜋𝑖𝑘 , 𝑓𝑜𝑟 𝑗 ≠ 𝑘.                           (2) 

When the error terms are assumed to be independently and identically distributed, the probability 

that new firm 𝑖 will locate in city 𝑗 can be represented as: 

  𝑃𝑖𝑗 =
exp (𝛽′𝑋𝑗)

∑  exp (𝛽′𝑋𝑘)𝐾
𝑘=1

                                  (3) 

where 𝐾 is the number of cities in YRD. The estimation of parameters obtains from the maximum 

likelihood method. 

The conditional logit model only contains the alternative-specific characteristics while in our case 

the characteristics of new firms also may affect their location choice. The mixed logit model includes 

both alternative-specific and case-specific attributes that are more flexible. It will be introduced in the 

next part. 

2.3.2 A Mixed Logit Model 

As we mentioned in the previous paragraph, the mixed logit model can include characteristics that 

vary across alternatives and individuals. McFadden and Train (2000) show that the mixed logit model 

provides diverse patterns of discrete choice. For the mixed logit model, profit for new firm 𝑖 at location 𝑗 

is 

                𝜋𝑖𝑗 = 𝛽′𝑋𝑗 + 𝛾𝑗
′𝑍𝑖 + 𝜀𝑖𝑗                           (4) 
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where 𝑋𝑗  represents a vector of characteristics of city  𝑗 ( alternative-specific variables), β is a vector of 

estimated coefficients on 𝑋𝑗,  𝑍𝑖 is a vector of characteristics of new firm 𝑖 (case-specific variables), and 

𝛾𝑗  is a vector of estimated coefficients on 𝑍𝑖 . 𝜀 is a random error term independently and identically 

distributed. 

The probability of choosing city 𝑗 for new firm 𝑖 is given by 

    𝑃𝑖𝑗 =
exp (𝛽′𝑋𝑗+𝛾𝑗

′𝑍𝑖)

∑  exp (𝛽′𝑋𝑘+𝛾𝑘
′ 𝑍𝑖)𝐾

𝑘=1

 .                         (5) 

The parameters are estimated by maximum simulated likelihood method. 

 

2.4 Data and variables 

Our sample consists of 1822 location choice of new firms in Yangtze River Delta (YRD) which set 

up their operation in 2007. The data comes from the Chinese Industrial Enterprises Database compiled 

by the National Bureau of Statistics of China. The ownership of new firms is classified as collective, 

private, foreign investment from Hong Kong, Macau, and Taiwan (HMT), foreign investment from other 

countries. We dropped 20 new state-owned enterprises which started up in YRD in this year because of 

their location choice mostly drive from an administrative instruction. Among the 1822 new firms, 24 

firms are collectively owned, 1498 firms are private, 114 are owned by HMT investment, and 192 are 

owned by foreign investment. 

There are 25 cities included in the Yangtze River Delta, namely Shanghai, Nanjing, Wuxi, Xuzhou, 

Changzhou, Suzhou, Nantong, Lianyungang, Huaian, Yancheng, Yangzhou, Zhenjiang, Thaizhou, 

Suqian, Hangzhou, Ningbo, Wenzhou, Jiaxing, Huzhou, Shaoxing, Jinhua, Quzhou, Zhoushan, Taizhou, 

Lishui. In our sample, Yancheng is dropped for it had no new firm this year (see Figure 2-2) 

To find the difference between the determinants of private and foreign investments’ location 

choices, we divide the sample of private firms only and foreign investments only. As only 17 cities 

are chosen by the foreign investments this year, the alternatives of location choice are reduced to this 

range when using the sample of foreign investments only. Complete description and resources for all 

variables are provided in Table 2-1. 
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 Considering the problem of endogeneity, the data of independent variables and control variables are 

from 2006 data. 

2.4.1 Independent Variables 

Market potential. Firms tend to choose a location where the own market size is large market or having 

a good access to large markets. The previous studies such as Friedman et al. (1992) and Head and Mayer 

(2004) considered a spatial effect of nearby regions and measured the potential market size by using the 

Harris (1954) market potential function. Using the same approach, we calculate the market potential by 

the following formula: 

              𝑀𝑃𝑗 = ∑ 𝑆𝑟/(𝑑𝑟𝑗)𝜌
𝑟 .                           (6) 

The market potential of region 𝑗 is decided by the sum of the regional total retail sales 𝑆𝑗 and other 

regions’ total retail sales that weighted by inverse-distance. We use the parameter 𝜌 to capturing the effect 

of distance decay. We give the value of 𝜌 to 0.5, 1, 2 to see how the changing of sensitive on distance could 

make the effect of market potential varies on the location choice. In our models, it is an alternative-specific 

variable which varies with cities. 

Land supply. The shortage of land supply will increase the land price and the production costs. Cheng 

and Stough (2006) take into consideration the land cost by using average house prices as an indicator. In 

our study, as the price of manufacturing land is unavailable at the level of the prefecture, we use the area 

of land requisition to indicate the land supply. This variable is an alternative-specific variable as well. 

Air quality. The urban congestion effect is one of the elements that push for the dispersion of economic 

activities. In our study, urban congestion is indicated by using the annual average PM2.5 of cities. As 

vehicle emissions are considered to be the largest source of PM2.5 particles, the city with a high PM2.5 

implies severe traffic congestion. The new firms tend to avoid urban congestion, so this will have a 

negative influence on the location choices of new firms. It is an alternative-specific variable, too. 

Agglomeration effect. Yangtze River Delta is one of the most intense concentrations of industries in 

China. We have enough reasons to believe that new firms are motivated to locate in agglomerated cities. In 

the previous studies, the agglomeration phenomena are simply investigated by counting the number of 

industrial enterprises in the regions (Head and Ries, 1996; He, 2001). However, as scholars criticized, this 
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measurement identifies agglomeration, including the situation where only one large-scale firm existing in 

the city, which does not match our perception of agglomeration. To remedy this problem, we calculate the 

Ellison-Glaeser index in 3-digit and in the city-level. The well-known equation is presented as follows: 

                     γ =
𝐺𝑠−(1−∑ (𝜆𝑟)2)×𝐻𝑟

(1−∑ (𝜆𝑟)2)×(1−𝐻)𝑟
.                        (7) 

Here  𝐺𝑠  is the Krugman’s Location Gini coefficient calculated as  𝐺𝑠 = ∑𝑅 (𝜆𝑟 − 𝜆𝑠)2 , 

where  𝜆𝑠  is  the  ratio  of  employment  of  𝑠   industry  in  the  city  𝑟   within the 

employment of industry  𝑠  in the Yangtze River Delta.  𝜆𝑟   is the ratio of employment of all 

industries in the city 𝑟 within the total industrial employment in Yangtze River Delta. 𝐻 is the 

Herfindahl-Hirschman Index (HHI), namely 𝐻 = ∑𝑖(𝑧𝑖)2 , where 𝑧𝑖 is the share of employment of 𝑖 firm. 

The Ellison-Glaeser Index is used as an indicator of industrial. It can show which cities are preferred 

for new firms when considering the degree of agglomeration of the industries they belong to. It is a 

case-specific variable that varying with individuals. 

Financial constraints. Poncet et al. (2010) examined that private firms in China are credit constrained. 

The constraints are an obstacle to new firms because most of them are small and medium scale firms 

that have to mostly use up the cash to pay for workers, fixed assets, and so on. At the same time, they 

usually lack credit to loan from banks. These financial constraints may also have an influence on the 

location choice of new firms as weak to compete with the existing firms 

In our study, two kinds of financial constraints are considered. The one is the financial constraint 

within new firms investigated as the ratio of each firm’s cash flow to its total sales (Hall, 1992; 

Himmelberg and Petersen, 1994). The cash flow formula is: 

𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤 = 𝑡𝑜𝑡𝑎𝑙 𝑠𝑎𝑙𝑒𝑠 − 𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑙 𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑖𝑛𝑝𝑢𝑡 𝑐𝑜𝑠𝑡𝑠 − 𝑉𝐴𝑇 

              +𝑎𝑐𝑐𝑜𝑢𝑛𝑡𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑎𝑏𝑙𝑒 − 𝑎𝑐𝑐𝑜𝑢𝑛𝑡𝑠 𝑝𝑎𝑦𝑎𝑏𝑙𝑒 + 𝑠𝑢𝑏𝑠𝑖𝑑𝑦 𝑖𝑛𝑐𝑜𝑚𝑒   (8) 

Another one is the external finance. Like Cull et al. (2009) state, the key source of external 

funding in the case of China is loans from China. However, because of lacking the information on the 

quantity of loans in the Annual Industrial Enterprises Database, we need to construct a proxy for 

measuring the external finance. Follow Cai et al. (2005), the proxy is calculated as the ratio of interest 

payment to total sales by each new firm. The variables are case-specific and varies with individuals. 
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2.4.2 Control variables 

Quality of local government. In China, as the local government plays important role in the 

socioeconomic activities, the quality of local government is a factor that cannot be dismissed when 

considering a firm location problem. Generally, firms prefer to locate in a city where the social 

environment is governed well so that their activities could be more efficient than these cities do not 

have good governance. Here we use two indicators to measure the quality of local government. One is 

the unemployment rate, and another is the wastewater treatment rate. They are varying with the 

alternatives. 

Innovation capacity dummy. The new firms need to be competitive when trying to enter the market. 

In our study, firms with innovation capacity are identified by the dummy variable, which takes the value 

of 1 when a new firm enters the market producing a new product. This variable is case- specific variable 

varying with individuals. 

Trade dummy. The firms having orders from overseas also could be regarded as competitive firms. 

We use a trade dummy to capture the competition of new firms. If the export delivery value of the new 

firm is not zero, the dummy value will be 1. And the value of dummy takes the value of 1. This variable is 

also a case-specific varying with individuals. 

 

2.5 Empirical results 

We present results for the location choice of all new firms, private firms only and foreign 

investments only separately in Table 2-2, Table 2-3, and Table 2-4. The coefficients of independent 

variables and control variables are estimated by maximum likelihood for both conditional logit 

regression and mixed logit regression. Comparing the magnitudes of coefficients, we are also concerned 

about the difference across the types of ownership. 

 

2.5.1 The determinants of location choice in YRD 

Table 2-2 shows the results of the conditional logit regression and the mixed logit regression for 
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the entire new firms in Yangtze River Delta (except the state-owned enterprises). The Column (1), (2), 

and (3) provide the coefficients of alternative-specific variables without considering the characters of 

individuals and the two columns show the difference in the sensitiveness of distance to other markets. 

Column (4), (5), and (6) provide the coefficients of both alternative-specific and case-specific 

variables. Results show us that the size of market potential has a positive and statistically significant 

influence on the location choices of entire new firms in YRD. This effect is sensitive to the distance to 

other cities. This is consistent with the theory of spatial economics in the literature (Head and Mayer, 2004; 

Cheng and Kwan, 2000) 

The positive and statistically significant coefficient of land supply shows that new firms in YRD 

choose a city where has the land supplies in greater quantity. Similar results appear in Cheng and Stough 

(2006) which use house prices as an indicator of land supply. 

The effect of urban congestion is negative and statistically significant, showing that urban congestion 

is a kind of dispersion forces that drives new firms to avoid choosing the city where it is congested. 

Comparing with conditional logit regression, estimated coefficients of alternative-specific mixed 

logit regression are statistically significant and mostly have the same influence on the location choice of 

new firms. 

Considering whether the industrial concentration affects the new firm in the same industry on their 

location choices, results vary across cities. The new firms are hard to make their location choice at 

Shanghai, Nanjing, Changzhou, Suzhou, Yangzhou, Zhenjiang, Thaizhou, Wenzhou, Shaoxing, 

Zhoushan as there is no space for new firms in same industries to enter. Conversely, the new firms are 

easy to choose a location at Lianyungang, Jiaxing, Huzhou, Jinhua, Taizhou utilizing the agglomeration 

economy. 

The effects of financial constraints of new firms on their location choices are not very clear. When 

we include all types of ownership, its effect becomes mixed. We expect the effect will appear at the 

next regression that separated the ownership. 
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2.5.2 The difference in location choice between private firms and foreign investments 

Table 2-3 and Table 2-4 separately presents the results for the location choices of private firms and 

foreign investments. Similarly, results include the estimation of both the conditional logit regression and 

the mixed logit regression. 

The results of alternative-specific variables in the private firms’ model are consistent with the full-

sample estimate in the previous subsection. However, foreign firms exhibit a different tendency. For 

them, only the effect of urban congestion and the control of local government are statistically significant, 

and the signs of coefficients are consistent with the full-sample model and private firms’ model. 

The results of foreign investments have something interesting. We find that when only considerate 

the characteristics of alternatives, the market potential of regions has a significant and positive effect on 

the location choice of foreign investments. However, when we use a mixed logit model which controlled 

the effect of individual characteristics, the effect of regional market potential is significant at the 10% 

significance level when it is not sensitive to the distance. But if the market potential is sensitive to the 

distance, the local market potential is not significant to foreign investments’ location decisions. 

It may be explained that foreign investments are tending to locate at the place where agglomerated, 

these places are usually the same place with a big consumer market. After controlling the effect of 

industrial agglomeration, then we could find that the importance of local market potential is not very 

significant for foreign firms in China. 

The difference in the influence of regional variables on the location choice of private firms and the 

foreign investments show that private firms face more external environment constraints than foreign 

investments when making a location choice. But the urban congestion equally affecting the firms with 

different ownership to make their location choices. 

When comparing the difference in the influence of characters of individuals on their location 

choices, we find some interesting phenomena. The effect of industrial agglomeration has a different 

influence on the location choice of private firms and foreign investments. The foreign investments have 

a strong tendency to locate in the cities with a high concentration in the same industry, Suzhou, Nantong, 

Lianyungang, Jiaxing,Huzhou, most of these cities are close to Shanghai (except Lianyungang). 

Thus, we can conclude that the private firms avoid locating in the cities with a high concentration 
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in the same industries such as Shanghai, Nanjing, Wuxi, Changzhou, Suzhou, Yangzhou, Zhenjiang, 

Thaizhou, Wenzhou, Shaoxing. But some cities like Lianyungang, Jiaxing, and Jinhua are attractive in 

the industrial concentration for the new private firms in the same industries. 

The effects of financial constraints are different in the two models as well. As we state in the 

previous section, unlike foreign investments without facing the financing constraints, the private firms 

face a difficult to financing. The cash flow and external financing variables are almost not statistically 

significant in the case of foreign investments. However, they have an influence on some private firms 

decision when choosing Thaizhou, Jiaxing, Jinhua, Quzhou to locate. The positive and statistically 

significant coefficients of external financing in these cities show that private firms with better financing 

ability are more likely to choose these cities to locate. 

We also find a common point in the location choice of private firms and foreign investments. The 

innovative firms tend to locate in some cities belonging to Zhejiang Province, but this is not obvious in 

choosing cities belong to Jiangsu Province. The phenomena could be observed in both cases. It may be 

interpreted as the intensified competition in areas where entrepreneurship is active drives new firms to 

be innovative. 

 

2.6 Conclusion 

This chapter empirically examined the determinants of location choice of new firms starting-up 

their business in Yangtze River Delta in 2007. Our study mainly has some findings as follows. 

For the influence of the characteristics of cities on the location choices of new firms, there are 

many differences between private firms and foreign investments. But there are still some common 

factors that affect their decisions. 

Firstly, the local market potential is important to private firms but trifling to foreign investments as 

their market is mostly overseas. Secondly, it seems that private firms are more sensitive to the land cost 

than foreign investments as the land supply has an influence on the location choice of private firms, but 

foreign investments not. Thirdly, the urban congestion is a dispersion force that makes the new firms 

avoid locating in the city where is congested irrelevant to the ownership. Lastly, both private firms and 

foreign investments have a tendency to locate in the cities where the quality of local government is good. 
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For the influence of the characteristics of individuals (the new firms) on their location choice, we 

could find some differences as well. 

Firstly, foreign investments are observed that take advantage of the benefits of agglomeration 

economies when making their location choice. They tend to locate in the cities with a high industrial 

concentration in the same industry. On the contrary, private firms can be observed that tend to choose 

some cities with a high industrial concentration but avoid some cities. Secondly, unlike foreign 

investments are not facing financing constraints, this factor has an effect on some cities to be selected 

or not by private firms. Thirdly, no matter foreign investments or private firms, the more innovative 

firms prefer to choose the cities in Zhejiang Province than these not. This may be interpreted as the 

intensified competition in areas where entrepreneurship is active drives new firms to be innovative. 

This chapter confirmed the differences between private firms and foreign investments on the 

determinants of their location choices. While there are still some questions that needed to be studied, such 

as how about the TFP of new firms and does it affect the location choice. It is also possible that there 

exist some unobserved factors that affect the location choice such as spatial spillovers. Therefore, further 

research is needed to explore these questions. 
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Figure 2-1. The distribution of cities in YRD2 

 

 

 

 

 

 

 

 

 

 

 

 
2  Numbers corresponding to the cities:1. Shanghai, 2.Nanjing, 3.Wuxi, 4.Xuzhou, 5.Changzhou, 

6.Suzhou, 7.Nantong, 8.Lianyungang, 9.Huaian, 10.Yancheng, 11.Yangzhou, 12.Zhenjiang, 

13.Thaizhou, 14.Suqian, 15.Hangzhou, 16.Ningbo, 17.Wenzhou, 18.Jiaxing, 19.Huzhou, 

20.Shaoxing, 21.Jinhua, 22.Quzhou, 23.Zhoushan, 24.Taizhou, 25Lishui.  
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Figure 2-2. The location choice of new firms in YRD 
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Chapter 3 The Determinants of Regional Innovative Capability in China: in a Prefectural Level 

3.1 Introduction 

As a driving force for urban development, the innovative capability of regions has attracted great 

attention in the literature. Researchers and policymakers are interested in the determinants of regional 

innovative capability that stimulate the growth of regional innovative activities. Through observing the 

distribution of innovative activities, it is found that these activities are concentrated in some regions. 

In the 1990s, the New Economic Geography Theory arose and “the love of variety” is used to 

summarize the reasons of a concentration of people, firms, public service and innovation (Fujita et 

al.1999, Fujita et al.,2018). Consumers agglomerate into a place where the variety of consumption is 

greater and consumers can achieve higher utility under a given budget constraint. The firms also enjoy 

the variety of input goods to upgrade their productivities. Similarly, the utility of residents will be higher 

by enjoying a greater variety of public service. The situation of innovative activity follows suit. The 

region where the variety of innovators is greater could promote the region to be more creative. 

This phenomenon also appears in China, where the economic and innovative activity is concentrating 

in the eastern region after the Reform and Opening-up. Based on the data from the State Intellectual 

Property Office of the People's Republic of China (SIPO), the ratio of the patent applications in the 

eastern provinces to the total had increased from 66% in 2001 to 74.4% in 2008. The innovative activity is 

concentrated in the eastern region of China. The eastern region of China has an advantage in natural 

conditions. However, the second nature plays a more important role in developing innovative creativities. 

It is worth exploring the determinants of the innovative capability of regions in China. 

The most frequently mentioned determinants of innovative capability of regions are R&D 

expenditures (Jaffe 1989, Feldman and Florida 1994, Audretsch and Feldman 1996, Crescenzi and 

Rodríguez-Pose 2011), variety of regional knowledge (Jacobs 1969, Gleaser et al. 1992, Audretsch and 

Feldman 2004, Frenken et al. 2007), human capital such as people work in the universities or R&D 

institutes (OECD 1995, Amable and Petit 2001), the market structure (Cohen and Levin 1989, Carree 

and Thurik 1999, Buesa et al. 2010) and so on. 

China has a strong power to control its economy activities by administrative methods. The 
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administrative policies play important roles in affecting the innovative capability of regions. The most 

characterized policy to stimulate regional innovation is the establishment of the National High-tech 

Industrial Development Zone (NHIDZ) in China. Because it is designed to achieve the strategy of 

developing national high-tech industries and commercialize research results smoothly. 

In the existing literature, due to the constraint of available data and the actual needs of attracting 

foreign investment, most research on the regional innovation distribution and its determinants are 

analysis at a provincial level or focus on the influence of FDI. For instance, Liu and Sun (2009) use 

methods such as rank-frequency to compare the spatial distribution of innovative activities in China and 

the U.S. 

The main findings in the literature are the rapid growth of invention patents in China and the 

concentration of innovative activities from inland areas to coastal areas. These studies are mostly based 

on provincial data, which is a wide range, but innovative activities are concentrated in a narrow range in 

the prefectural level. 

Recently, studies on the prefectural innovation creativities are emerging. For instance, Tan et al. 

(2017) using a panel dataset of the granted patent in 336 cities examined the spatial impact on the 

regional innovation by using Gini coefficient, Moran’ I and spatial Durbin model. Their research showed 

that the invention patent is mainly concentrated in large coastal cities, and the spatial autocorrelation of 

the invention patent is insignificant. 

Thanks to the recently available patent database which removes the limitation of data,  it is possible 

to explore the determinants of regional innovation at prefecture-level from many different angles and 

using new methods to learn more about the situation of innovation in China. 

This chapter aims to explore the determinants of the innovative capability of regions in China. We 

also examine whether the administrative policy plays the function of enhancing the innovative capability of 

regions or not. Through using the interaction term of the variety of innovation and NHIDZ, we estimated 

the effectiveness of the policy. This chapter contributes to examining the policy effect of establishing a 

high-tech zone in China. 

Using the panel data on Chinese invention patent applications at a prefectural level including 286 

prefectures during 2001-2008, this chapter will show that variety of innovation and high-tech zone have a 

positive effect on regional innovative capability, but those effects are over-estimated as we can see that their 
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interaction term have negative coefficients. 

The rest of this chapter is organized as follows. Section 2 introduces the NHIDZ and develops five 

hypotheses on the determinants of the innovative capability of regions. The model and measurements of 

variables are presented in Section 3. Section 4 presents data, empirical method, and results. The conclusion 

is presented in Section 5. 

 

3.2 The determinants of the innovative capability of regions 

3.2.1 The role of NHIDZ in the innovative capability of regions 

The National Hi-Tech Industrial Development Zone (NHIDZ) is defined as a specific industrial 

zone that is concentrating on promoting the development of high-tech industries. In 1991, China State 

Council approved 26 prefectures to set up NHIDZ. Then more 25 prefectures were added in 1992. The 

total number of NHIDZ was kept at 53 for ten years after Shannxi Yangling Agriculture Hi-Tech Industrial 

Development Zone was approved in 1997. 

Being different from these industrial zones are called “China National Economic and 

Technological Development Zones” which aims at increasing economic growth and attract foreign 

direct investments (FDI), NHIDZ focus on encouraging local firms to produce new products and to be 

innovative. 

The most fundamental task of NHIDZ is developing high-tech industries with a nationally created 

intellectual property. To achieve this task, some preferential policies are formulated for high-tech firms 

in costs production, increasing returns, and other aspects. 

For the sake of reducing production costs, the preferential policies include administrative 

procedures, tax policy, and financial support. For example, high-tech enterprises registered at NHIDZ 

are approved to simplify the procedure of obtaining a license to import raw materials and parts from 

overseas. The tariff will be exempt when exporting high-tech products. Banks provide loans and bonds 

services to help high-tech enterprises’ financing. 

To support firms to increase profit, the preferential policies include independent pricing, 

accelerated depreciation on equipment, and exemption from the obligation to purchase government 

bonds. In China, commodity prices are subject to NDRC’s recommendation. However, enterprises 
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located in the zones benefit from preferential approval for their new product to stimulate enterprises’ 

innovation. Through reducing the burden on high-tech enterprises, it is expected to attract more high-

tech enterprises to aggregate in the zones. 

Besides, other preferential policies to the zones include a tax credit for the construction of zones. Or 

senior personnel will be given priority to be employed in the zones. 

Because of these functions of NHIDZ, the high-tech industries developed in the high-tech zones. 

It is the original intention of the Chinese State Council to establish the NHIDZ. The effectiveness of 

high-tech industrial zones has been discussed in many pieces of literature. 

Some empirical analysis shows that the industrial zone has a small effect on promoting the 

commercialize of research results or enhancing innovation. For instance, Felsenstein (1994) examined 

the relationship between innovation and science park and found that the science park has effects on 

entrenching innovation rather than inducing it. But there also exists some literature which confirms that 

the industrial zone has a positive influence on the firms’ innovation. Albahari et al. (2013) show that 

firms located in the S&T park have a better innovation performance. 

In the context of China, Lai et al. (2005) explored the effects of the industrial cluster and regional 

economic policy on innovation capacity by comparing the developed cluster in Shanghai, Kunshan, 

Shenzhen, and Dongguan. Fan (2003) evaluated the technology innovation capacity of 52 national high-

tech development industrial zones in China. 

The existing literature sheds light on the innovation performance of firms located in the high-tech 

industrial zone to examine the relationship between the industrial zone and regional innovation 

capability. It is not appropriate to use the innovative performance of companies within an industrial 

park to represent the innovative capability of the entire region. Therefore, in this chapter, this 

relationship will be examined by using the number of annual patent applications as a proxy of regional 

innovative capability. 

To identify the effect of NHIDZ on the regional innovative capability more precisely, the dataset 

includes the information regarding whether each prefecture owns an NHIDZ or not. It is expected that 

NHIDZ will have a positive effect on promoting the innovative capability of prefectures. The hypothesis 

is as follows. 

Hypothesis 1: The prefecture which has an NHIDZ will have a higher innovative capability. 
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3.2.2 Other determinants of the innovative capability of prefectures 

3.2.2.1 The variety of innovative activities 

The diversity of knowledge plays a vital role in fostering the innovative capability is generally 

argued in the literature (Jacobs 1969, Duranton and Puga 2001, Berliant and Fujita 2011). The more 

differentiated new knowledge exists in the region, the easier to create a new idea through getting 

inspiration from different types of knowledge. The variety of innovative activities in a region will 

generate knowledge spillover to fostering the regional innovative capability. The hypothesis is given as 

follows: 

Hypothesis 2: The higher of the variety of innovation in one prefecture, the higher innovative capability of 

this prefecture. 

 

3.2.2.2 The innovative inputs 

The knowledge production function, originally developed by Griliches (1979), shows that the 

generation of a new product upon innovative inputs such as R&D expenditure and human capital. The 

R&D expenditure and the number of educated students are essential factors on the regional innovative 

capability. Sufficient resources for innovation are necessary conditions for generating plenty of 

innovation output. Thus，two hypotheses are given as follows: 

Hypothesis 3: The more R&D expenditure costs in the prefecture, the higher innovative 

capability of the prefecture will be. 

Hypothesis 4: The greater number of educated student residents in the prefecture, the higher innovative 

capability of the prefecture will be. 

 

3.2.2.3 The market construction 

Chinese domestic market consists of firms of five types of ownership and their mixture. Such a 
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market structure also affects the innovative capability of prefectures. A region with a higher weight of 

state-owned enterprises may have less marketization. As Nie et al. (2016) pointed out, the state-owned 

enterprises and collective enterprises have a high proportion of zombie company which should have 

gone bankrupt but still operated by the subsidiary of government. It is a disadvantage for generating 

innovation in a low marketization region. Accordingly, the hypothesis is given as follows: 

Hypothesis 5: Prefectures with a higher level of marketization will have a higher innovative capability. 

Considering the knowledge spillover from FDI as being pointed out in the literature, the market 

with a greater presence of foreign enterprises will improve the innovative capability of this prefecture. 

Then the hypothesis is given as follows: 

Hypothesis 6: The higher the influence of FDI in the prefecture, the higher innovative capability the 

prefecture will be. 

 

3.3 The model and measurement of variables 

3.3.1 The model 

The most commonly used empirical approach to discuss the determinants of regional innovation 

capacity is the knowledge production function that was initially developed by Griliches (1979). In this 

chapter, a modified knowledge production function proposed by Buesa et al. (2010) is adopted. The 

model is defined as follows: 

𝑃𝑎𝑡𝑒𝑛𝑡𝑟,𝑡 = 𝛼0 + 𝛼1𝑅𝐷𝑟,𝑡−1 + 𝛼2𝐻𝐶𝑟,𝑡−1 + 𝑀𝑆𝑟,𝑡−1𝜂 + 𝛽𝐻𝑍𝑟           (9) 

                        +γ𝑉𝑅𝑇𝑟,𝑡−1 + 𝜀𝑟,𝑡 

where 𝑃𝑎𝑡𝑒𝑛𝑡𝑟,𝑡 is the number of firms’ patents applications in prefecture 𝑟 at time 𝑡, 𝑅𝐷𝑟,𝑡−1  is 

the log of R&D expenditure of prefecture 𝑟 at time 𝑡 – 1, 𝐻𝐶𝑟,𝑡−1 is the human capital given by the 

number of college students in prefecture 𝑟 at time 𝑡 – 1, 𝑀𝑆𝑟,𝑡−1 is the market structure of 

prefectures expressed by the degree of marketization and globalization in prefecture 𝑟 at time 𝑡 – 1, 

and 𝐻𝑍𝑟  is a dummy variable representing whether there is a national high-tech industrial 



45 

 

development zone in prefecture 𝑟. The latter takes the value 1 if the prefecture has an NHIDZ and 0 

otherwise. The number of NHIDZ was almost unchanged during the period of this chapter. The 

number had remained at 53 (include the four municipalities) until Ningbo City received approval to 

set up a new one. Thus, 𝐻𝑍𝑟 is treated as invariant with time. 𝑉𝑅𝑇𝑟,𝑡−1  is the variety of innovation 

in prefecture 𝑟 at time 𝑡 − 1. The last term 𝜀𝑟,𝑡 is an idiosyncratic error. 

Considering that there is a time lag between the development and application of patents, the time of 

information of prefectures are using the year before application years to control it. 

Because the dependent variable is a count data, a Poisson regression or a Negative Binomial 

regression is usually used to analyze it. Given that the dependent variable data contains lots of zeros, 

and the largest value is higher than a Poisson distribution predicts, the negative binomial regression is 

adopted. 

 

3.3.2 The measurements of variables 

Figure3-1 shows the distribution of patent applications in prefectures in China. The left map shows 

that innovation activity is agglomerated in the eastern areas of China in 2001. The right map shows that 

most of the innovation activities were sustaining agglomerated in the eastern area, but some prefectures 

in the middle area of China were growing the innovative capabilities in 2008. However, paying attention 

to the number of patent applications, it can be found that innovation rapidly grew in the metropolis such 

as Shenzhen, Beijing, Shanghai, where has the advantage of diversity. 

Table 3-1 shows the definition of variables and their resource. The period of this chapter is 2001-

2008, and it covers 286 prefectures of China. We try to explore what are the determinants of the 

innovative capability that brought about geographic distribution in this chapter. The summary statistics 

also are appended in the table 3-1. 

Table 3-2 shows the correlation of variables. All the independent variables are positively correlated 

with the invention of patent applications. For checking the multicollinearity of independent variables, 

the variance inflation factor (VIF) test is adopted following Tavassoli and Carbonara (2013). The results 

show that all independent variables got a value between 0 and 1 in the test, indicating the 
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multicollinearity does not matter the empirical results. 

 

3.3.2.1 Dependent variable 

There are many contributions in the literature concerning regional innovation capacity and make use 

of many data like R&D expenditure, the profit of new product or patent as proxies of innovation capacity. 

For the previous literature, measurements of innovation capacity are classified by the production 

process into innovative inputs, innovative outputs and innovative agents (Sirilli 1998, Godin 2002a, 

Godin 2002b, Ratanawaraha and Polenske 2007). 

The mainly used innovative inputs data in the empirical research are R&D expenditure, 

employment in high-tech manufacturing, or creative sectors. For instance, Feldman and Lichtenberg 

(1998) using a database of funding for research projects in the EU to measure the spatial distribution of 

innovation. However, the OECD manual (2002, p.19) points out the error that possibly exists in 

measuring R&D is “the difficulty of locating the cut-off point between experimental development and 

the related activities required to realize innovation.” This makes this measurement a limited quality when 

measuring innovation capacity. 

The mainly used innovative outputs data in the empirical research are patent counts and new 

products counts. There are a number of previous works on innovation use patent counts as a proxy (Pakes 

et al. 1984, Acs et al. 2002, Buesa et al. 2010). Patents could reflect the technological change so that 

they are expected to indicate the new technology creation. However, Hall et al. (2001) argued that simple 

patent counts show the technological importance or value of inventions but don’t show the economic 

importance or value of patents. To remedy this issue, patent citations are often used instead of simple 

patent counts. Hamaguchi and Kondo (2016) used Japanese patent citations as an indicator of high-

quality innovation in their research to study the interregional knowledge turnover effects on the quality 

of innovation. 

Albeit the innovation counts are used as proxies of innovation, it basically based on surveys of 

firms which make this kind of data is unavailable in some countries and exist a problem of time continuity. 

For example, Feldman (1994) used the number of new products introduced to the market to explore the 

spatial distribution of innovation activities in the U.S. 
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Innovative agents such as the R&D institutes, universities, new firms or publications on the R&D 

outcomes are used as proxies of innovation because the agents directly produce innovations (Adams 

and James 2002, Zucker et al. 1994, Feldman and Linchtenberg 1998). However, as Schumpeter 

considered, after implementing commercialization of the new product is called the innovation. The 

innovative agents are not a good proxy for innovation. 

In conclusion, patent counts relatively have the advantage to be the proxy of innovation capacity. 

For the firms are much more motivated to apply patents (Buesa et al. 2010) due to the high cost in the 

process of applying for patents, patents are better to explain the innovation especially when studying in 

a regional level. Besides, a long time period of the patent database is available gives it an advantage in 

over other measurements. Thus, in this chapter, we use the patent data as the proxy of innovation capacity. 

In this chapter, limited by the source of data, a kind of patent counts is adopted as a proxy of 

regional innovation capacity. The database of patent applications matched with ASIE is obtained from 

the Chinese Patent Data Project (He et al. 2018). In China, there are three kinds of patent include 

invention, external design, and utility model. Due to the limitation of data, it is hard to obtain 

information on the citation of patents. For controlling the quality of patents, in this chapter, only 

invention patents data are used to indicate the innovation capacity of prefectures. The database is a micro 

dataset with 332,682 records, in which the addresses of firms are contained. The number of invention 

patent applications in prefectural level are counted by year. In order to match with available data of 

regional information, data of minority autonomous prefectures are excluded. 

 

3.3.2.2 Independent variables 

As explained in the last section, The China City Statistical Yearbook only provides information 

about 286 prefectures, excluding minority autonomous prefectures. Thus, the number of prefectures in 

this chapter is 286. Based on the discussion in section 2 on the determinants of regional innovation 

capability, we employ the following measurement of these determinants. 

(I) Variety of innovation: The Herfindahl-Hirschman Index (HHI) is often used to enumerate the 

degree of concentration of the market. In this chapter, the inverse of HHI is used to calculate the index 

of the variety of innovation. The patent database is classified into 2-digit industrial sectors and 286 
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prefectures by years. The index of the variety of innovation is given by:  

 𝑉𝑅𝑇𝑟,𝑡 = 1/ ∑ (
𝑥𝑖𝑟,𝑡

𝑥𝑟,𝑡
)2𝑁

𝑖=1        (10) 

where 𝑥𝑖𝑟,𝑡 is the number of patent application in industrial sector 𝑖 in region 𝑟 at time 𝑡. And 𝑥𝑟,𝑡 is the 

total number of patent applications in region 𝑟  at  time 𝑡. The higher value of HHI, the higher degree 

of concentration will be. In other words, the variety is lower when the value of HHI is high. For 

convenience, the inverse of HHI is used in the regression. The prefecture has more varieties of 

innovation is expected to be more innovative. 

(II) Innovative inputs：According to the theory of knowledge production function, there is a 

correlation between innovative output and innovative input (Griliches 1979). In this study, two kinds of 

innovative inputs are considered. One is the government expenditures on R&D，the other is human 

capital.  

The variable 𝑅𝐷𝑟,𝑡 in the model is calculated as the log of R&D expenditure in region 𝑟 at time 𝑡. 

Following the literature, it is expected to have a positive effect on the innovative capability of 

prefectures. 

The variable 𝐻𝐶𝑟,𝑡 is calculated as the number of college students in region 𝑟 at time 𝑡. The region that 

has a higher proportion of educated students has a higher innovative capability. 

(III) Market structure: The market structure has a powerful influence on the innovative capability 

of prefectures in the context of China. The market structure is measured in two ways: one is named 

marketization that is calculated by the ratio of the output of non-state enterprises to the total in region 

𝑟 at time 𝑡. The prefectures with higher marketization are more favorable to the innovative capability 

of prefectures. The other one is globalization that is calculated by the ratio of the output of foreign 

enterprises to the total in region 𝑟 at time 𝑡. In the literature, FDI is shown that has a positive effect on 

the innovative capability of provinces. In the level of prefectures, it is expected to have a positive effect 

on the innovative capability as well. 

(IV) NHIDZ dummy: To identify the difference of innovative capability affected by the NHIDZ, the 

NHIDZ dummy is used in the model. The function of NHIDZ to promote innovative capability is 

discussed in section 2. It can be expected that the prefecture that owns an NHIDZ has a higher 
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innovative capability. 

 

3.4 Data, empirical method and results 

3.4.1 Data 

The raw data of patent applications has 332,682 records. After dropping the records of firms located 

in the minority autonomous prefectures, we are left with 326,123 records to be used in this chapter. 

Using the reference table of international patent classification and national industrial classification 

published by SIPO, the 2-digit industrial classification is matched with the patent data. These records 

are also tagged by prefecture-level locaton indicator for each year. The dataset of this chapter is a panel data 

with 286 prefectures in the period of 2001-2008. 

Due to the lack of information in the China City Statistical Yearbook to calculate the market structure, 

AISE database is used. Using both firms’ address and ownership information included in AISE database, 

we can calculate the ratio of the output of different ownership to the total output. 

 

3.4.2 Empirical results 

We adopt the negative binomial regression to estimate equation (1). The results are reported 

in Table 3. The results of the random-effect model with a cluster-robust error are shown in column  (1). 

The coefficients of R&D expenditure and human capital are positive and significant as expected. They 

show that innovative inputs have significant effects on the regional innovative capability. If a prefecture 

were to increase its log of R&D expenditure by 1%, the difference in the log of expected innovative 

capability would be expected to increase by 0.212unit, while holding the other variables in the model 

constant. In the same way, the increment of human capital gives a slight effect on the innovative 

capability by only 0.003 unit. The hypothesis 1 and 2 are confirmed. 

The influence of marketization is positive and significant as expected, too. The result shows that 

the less local influence of the SOEs is in a prefecture, the stronger innovative capability of the prefecture 

will be. If a prefecture were to increase its marketization by 1%, the difference in the log of expected 
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innovative capability would be expected to increase by 0.9 unit, while holding the other variables in the 

model constant. Hypothesis 3 is confirmed. 

However, contrary to expectation, the estimated coefficient of globalization is negative and 

significant. That means hypothesis 4 is rejected. The result shows that if a prefecture were to increase 

its marketization by 1%, the difference in the log of expected innovative capability would be expected to 

decrease by 0.422 unit while holding the other variables in the model constant. It indicates that the 

expected technology diffusion from FDI is not relevant at the prefecture level. 

Variety of innovation is positive and significant as expected. If a prefecture were to increase its 

variety of innovation by 1%, the difference in the log of expected innovative capability would be 

expected to increase by 0.106 unit, while holding the other variables in the model constant. Hypothesis 

5 is confirmed. 

NHIDZ is positive and significant as expected. If a prefecture were to set up an NHIDZ, the 

difference in the log of expected innovative capability would be expected to increase by 0.233 unit, 

while holding the other variables in the model constant. Hypothesis 6 cannot be rejected in the random-

effect regression. 

The intercept term is negative and significant. That means when all independent variables in the 

model are evaluated at zero, the log of the expected count for the innovative capability of prefectures is 

-2.193 unit.  

The results of the fixed-effect model with a cluster-robust error are shown in column (2). The 

effects of the log of R&D and Human capital are similar to the results of the random-effect model. But 

other variables are different in the effectiveness. The effect of marketization is stronger than that 

estimated in the random-effect model. 

Globalization is negative and significant. It is robust with the random-effect model but contrary to 

expectation. The result means that if a prefecture were to increase its globalization by 1%, the difference 

in the log of expected innovative capability would be expected to decrease by 0.942 unit while holding 

the other variables in the model constant. Hypothesis 4 is rejected. 

Variety of innovation is positive and significant as same as in the RE model. But its effectiveness 

is smaller than that in the RE model. Only 0.083unit log of expected innovative capability would be 

expected to increase if the variety of innovation were to increase by 1%. And NHIDZ is insignificant 
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in the FE model. 

The result of the LR test with a pooled negative binomial model is reported in Table.4 as well. It 

shows that the null hypothesis of alpha equal to zero is clearly rejected. That means the panel negative 

binomial regression is a preferred choice. Besides, because of the dispersion parameter r and s are 

significantly over 0, it means that the overdispersion exists and is better to use a negative binomial model 

than a Poisson model (see the manual of STATA of command xtnbreg). 

 

3.4.3 The results including the interaction term 

In order to check the effect of NHIDZ on the innovative capability of prefectures better, an 

interaction term of NHIDZ and variety of innovation is included in the models and the results are shown 

in Table.4.  

Column (1) shows the results of the RE model, including the interaction term. Comparing with the 

result excluding the interaction term, most variables exhibit their effectiveness on the innovative 

capability of prefectures. But the effectiveness of NHIDZ has a significant difference from the one 

excluding interaction term. In the RE model, the coefficient of NHIDZ changes from 0.233 to 1.092 while 

remaining statistically significant. In the FE model, the coefficient of NHIDZ changes from 0.04 to 

0.793 and becomes significant. 

The interaction term of NHIDZ and variety of innovation is negative and significant both in the RE 

model and the FE model. Checking the z-statistic on the interaction term, it is - 3.35 in the RE model 

and -3.46 in the FE model. It indicates that this interaction term improves the goodness of fit of the 

model (Karaca-Mandic et al. 2012). When NHIDZ changes from 0 to 1, will increase the log of expected 

innovative capability, but the effectiveness will be decreased by the cross partial effect. At the same 

time, the effectiveness of the variety of innovation on the innovative capability of prefectures will 

decrease when a prefecture owns an NHIDZ. 

 

3.4.4 A discussion of global spatial autocorrelation 

The analysis of this chapter implies a premise that all regions have a spatial random distribution. 
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But as shown in Figure 3-1, it seems that the spatial autocorrelation exists in the concentrated regions. 

Thus, a test for global spatial autocorrelation needs to be held. The Moran’s I is a widely used method 

to test that (Cliff and Ord 1970; Anselin 1995). In this chapter, the Moran’s I of each year in the period 

are calculated and reported in Table 3-5. All results are insignificant. It suggests that the distribution of 

the innovation creativities cannot reject a spatial randomness hypothesis. 

3.5 Conclusion 

This chapter analyzed the effect of (i) NHIDZ, (ii) variety of innovation, (iii) innovative inputs and 

(iv) market construction on the innovative capability of prefectures in China. The results of the 

empirical analysis show that innovative inputs give a positive impact on the innovative capability of 

prefectures. The marketization affects the innovative capability of prefectures strongly in a positive way. 

However, the effect of globalization is contrary to the expectation that has a negative effect on the 

innovative capability. Variety of innovation has a positive effect on the innovative capability of 

prefectures and NHIDZ does the same. However, the interaction term of them is negative and significant, 

indicating the cross partial effect weaken the marginal effects of NHIDZ and variety of innovation when 

they influence the innovative capability at the same time. 

The conclusion of this chapter could be summarized as follows: 

(I) A prefecture with more innovative inputs such as R&D expenditure or human capital has a better 

expression on the innovation activities. Some inland prefectures with a relatively abundant innovative 

resources could be expected to raise the innovative capability in the long term. 

(II) The market construction affects the innovative capability. The higher marketization of a 

prefecture, the high the innovative capability of the prefecture will be. The policy implication of this 

result is that police makers should promote marketization and reduce subsidies to SOEs. But the result 

of effect of foreign firms which is expected to have a knowledge spillover on the innovative capability 

of prefectures, showing a contrary result with the previous literature (Chueng and Lin 2004). 

Policymakers usually believe in that FDI could improve the local innovative capability so that many 

preference policies for attracting FDI are made, but the result in this chapter shows that more FDI output 

shares is give a negative effect on the innovative capability. 
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(III) Variety of innovation impact upon the innovative capability of prefectures positively. The 

diversity of innovation improves the prefectural creativity indicates that police maker should encourage 

all kinds of industries to be innovative, rather than supporting single industry. 

(IV) NHIDZ has a positively effect on the innovative capability of prefectures as expected. These 

preference policies for the NHIDZ worked on the improvement of prefectural innovative capability. 

However, the endogenous problem disturbs this conclusion in this chapter. To deal with it, a method of 

instrumental variables will be in the next stage. 

The interaction term of NHIDZ and variety of innovation show us the limitation  of policy 

implication. The NHIDZ could impact upon the prefectural innovative capability effectively, but the 

effectiveness will be discount by the cross partial effect of NHIDZ and variety of innovation. NHIDZ 

has a problem which has been argued in many pieces of literature is the industrial convergence in most 

of NHIDZs in China. It may can explain why the interaction term is negative. 

(V) This chapter explored the determinants of the innovative capability of prefectures. It 

highlights the effect of NHIDZ on the prefectural innovative capability and found that the NHIDZ really 

has a positive effect on increasing the innovative capability, but the effectiveness will be discount by 

the cross partial effect. It is speculated that the result is related to industrial convergence problem. 

Remind the policymakers to need to coordinate the relationship between industrial diversification and 

convergence when making policies to promote the regional innovative capability. 
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Figure 3-1. Distribution of the number of patent applications over Chinese prefectures (2001 and 2008) 
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Chapter 4 Localization of Innovative Activities in Yangtze River Delta, China 

4.1 Introduction 

Previous studies show that are innovative activity more concentrated in some points than the 

general economic activities (Carlino and Kerr, 2014; Buzard and Carlino, 2013; Chatterji et al., 2014; 

Fornahl and Brener, 2009). As a means of gaining competitiveness, innovation capability is important 

for both firms and economic development of regions. The issues of innovation received many 

attentions of scholars. Some studies focus on the internal organization structure, the R&D effort and 

other factors affecting on the innovation capability of firms (Calantone et al., 2002; Romijn and 

Abaladejo, 2002). Other studies pay attention to the regional innovation capability following 

Marshall’s (1890) argument of a knowledge spillover. In this view, location matters to firms’ 

innovative activity (Asheim and Gertler, 2006; Lai et al., 2015; Buesa et al., 2010).      

Due to the limitation of data and other conditions, previous research on innovative activity have 

been carried out either at macro-level or specific case studies. Recently, owing to wider availability 

micro-level data makes it possible to grasp the innovative activity at a business unit level (Fornahl and 

Brener, 2009). However, the innovative activity in the developing countries are still unclear. Most 

empirical researches on developing countries are done at a macro level. The emerging countries like 

China shows not only a rapid economic growth but also significant technology development. It is 

important to investigate the factors affecting innovative activity of China’s manufacturing industries 

by using a micro data. 

To fill this gap, this chapter aims to explore the localization of innovative activity of industries in 
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China. Although China is a big country, the innovative activity tends to usually take place in a narrow 

space. Our study focuses on the Yangtze River Delta (YRD) region. Yangtze River Delta region is one 

of China’s most developed regions with intense industrial agglomeration. Also, the Yangtze River 

Delta is the most active region in innovative activity. According to the Patent Statistics Brief (2018) 

published by SIPO, the spatial distribution of the number of patent activities, including the number of 

patent applications, authorizations, valid patents and PCT patent applications, are concentrated in the 

Yangtze River Delta and the Pearl River Delta. Therefore, we can expect that analysis of the 

localization of innovative activity in Yangtze River Delta will be very insightful to understand the 

nature of innovative activity of China.  

We use a Chinese patent database available in by Harvard Dataverse to measure the innovation. 

For a detailed analysis of the localization of innovative activity in YRD region, we conduct sector-

by-sector analysis. 

The distribution of China’s innovative activity has been examined by some empirical studies. 

Most studies use a provincial data and found that the innovative activity in China are unevenly 

distributed in the eastern developed provinces. (Sun, 2000, 2003; Cao and Qin, 2012; Bickenbach 

and Liu, 2014) Recently, Ma and Liu(2019) studied the concentration of innovative activity in China 

focusing on the three mega-economic zones of Beijing-Tianjin-Hebei(JJJ), Yangtze River 

Delta(YRD) and Pearl River Delta(PRD) by using several types of innovation proxies like patent 

applicants, R&D expenditure and other variables.  

Studies on the distribution of innovative activity in developed countries find that the innovative 

activity are more concentrated in some specific areas than general manufacturing. We will ask 
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whether the same conclusion can be obtained in Chinese case. In the existing literature, the 

concentration of innovative activity is measured by various scalar indices such as local Gini 

coeffecient, EG index and General Theil index. However, these methods are fundamentally aspatial 

without any expression of spatial dimension; therefore, it is hard to get the image of actual location 

of innovative activity.  

To examine the concentrated degree of innovative activity and to get a spatial image of the 

localization of innovative activity in YRD, following Duranton and Overman (2005), this chapter 

uses a spatial continuous-distance approach to explore the detailed localization of industrial 

innovation in YRD. This approach is used in this chapter basing on the idea of comparing the 

distribution of distances between pair of innovation enterprises in an industry to the hypothesis that 

their locations are randomly chosen from the locations of all enterprises in the same industry in 

YRD.  

 The results show that the tendency of innovative activity to localization is not appeared in all 

industries that enterprises are actively innovating. And some findings are interesting. For instance, 

the cotton textile and printing and dyeing finishing is regarded as a labor-intensive industry but its 

innovative activity are concentrated than general economic activities. Also, we found that the 

localization of innovative activity is independent of its localization of general economic activities in 

the same industry. 

 The rest of the paper is organized as follows. In the next section we will introduce the database 

we use and how we construct our data set. The methodology of our study will be presented in section 

3. Section 4 presents the results and we conclude in section 5. 
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4.2 Data 

4.2.1 Data source 

The Yangtze River Delta region includes 11 prefecture-level cities in Shanghai and Zhejiang 

Province and 13 prefecture-level cities in Jiangsu Province. Our analysis uses the manufacturing 

enterprises in the Yangtze River Delta region. The manufacturing industry consists of the two digits 

industry classification of 13-37 and 38-43 in the National Economic Industry Classification (GB/T 

4754-2002).  

In this chapter we use a micro data set from two database: the patent database from the State 

Intellectual Property Office (SIPO) and the Annual Survey of Industrial Enterprises (ASIE) that 

administered by the National Bureau of Statistics of China. This database is provided by He et al. 

(2017) at the Harvard Dataverse. Because their patent database only contains the information on 

patents applied by enterprises and the industrial enterprises number. In order to obtain more 

information of enterprises we matched the patent database with ASIE by ourselves.  

 Since ASIE database only collected the data of state-owned enterprises and collective-owned 

enterprises before 1998 and the criteria of inclusion for firms changed in 2011, the period of the 

matched patent database is restricted in 1998-2009 in order to cover the ASIE data. See He et al. 

(2017) for a detailed explanation. 

Considering innovative activity is an ongoing process, this chapter pools the 1998-2009 

manufacturing companies in the Yangtze River Delta region and removes duplicate values based on 

the company's code and name. After matching the last two databases, a total of 176,251 enterprise data 

was obtained, including 8585 patent-pending companies. Also, considering that the Yangtze River 
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Delta region is one of the most economically intensive regions in China, it is necessary to select more 

detailed classification in order to better grasp the agglomeration of innovative activity in different 

industries. However, due to the difference in innovative activity in different industries, too detailed 

classification will cause some industries without data on innovative activity. Taking into account the 

above situation, this chapter divides the manufacturing industry into three-digit classification.  

 For the confidence of estimated result, we selected these industries with sufficient level of 

innovative activity to estimate their kernel density function. We selected industries having more than 

1% of the number of patent-applicants of ll firms in 1998-2009. Table 1 presents a list of those 

industries. From the list we can see that there are 34 industries are active in innovative activity and 

most industries belong to technology-intensive industry or capital-intensive industries but some 

labor-intensive industries appear in the list, as well. 

 

4.2.2 Space coordinate conversion processing 

Our analysis requires the distance between firms as an important variable, we obtain geographic 

coordinates from the enterprises’ address information. We use XGeocoding software for geocoding 

and the Gaode map to query coordinates information.  

Figures 4-1(a-d) are map of location information for four industries which innovative activity 

are localized and have the most active innovative activity in YRD: Manufacture of Special Chemical 

Products(SIC266), Manufacture of pumps, valves, compressors and similar machinery(SIC354), 

Manufacture of Vehicles(SIC372), Manufacture of Electronic industrial apparatus(SIC392). The dots 

present the location of innovation enterprise and crosses present the location of other enterprises 

without patent application in this period in the same industry. Each map shows that the innovative 
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activity is more concentrated relative to the distribution of general economic activities in the same 

industry. It also can be seen that most innovative activity are localized at Shanghai or cities near to 

Shanghai. In next section, the methodology we use to evaluate the degree of localization will be 

introduced. It could make us a more precise image of the concentration of industrial innovative 

activity. 

4.3. Methodology 

In this chapter, we refer to the spatial kernel density estimation method proposed by Duranton 

and Overman (2005) and use R language to program the calculation process and then simulate the 

result. 

 

4.3.1 Estimating K-density 

In this chapter, to assess the concentration of innovation enterprises with regard to their industry, 

the estimation process is subdivided into the following steps: Firstly, using the latitude and longitude 

data of each enterprise prepared in advance, the distance matrix after pairing between each two 

enterprises is calculated. The number of enterprises with innovative activity of a specific industry is 

𝑛 , so it has a total of 𝑛 ∗ (𝑛 − 1)/2  different distance pairs. The kernel density function of the 

bilateral distances at any distance 𝑑 is given by equation (11): 

𝑘̂(𝑑) =  
1

𝑛(𝑛−1)ℎ
∑ ∑ 𝑓(

𝑑−𝑑𝑖𝑗

ℎ
)𝑛

𝑗=𝑖+1
𝑛−1
𝑖=1                      (11) 

where 𝑑𝑖𝑗  is the distance between enterprise 𝑖  and 𝑗 , ℎ  is the bandwidth which is calculated 
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following Silverman (1986).3 𝑓 is a Gaussian kernel function. This function will be simulated relying 

on randomly extracting 512 distance-pairs by Monte-Carlo simulations 1,000 times.  

4.3.2 Counterfactual and confidence band 

The second step is to construct a counterfactual and define the confidence bands to compare the 

actual k-densities to the counterfactuals. In this chapter, the counterfactual is constructed as the 

location of innovation enterprises to be randomly chosen from all the location in the same industry 

including innovation enterprises and general enterprises. It helps us to look at the localization degree 

of innovative activity in an industry relative to the localization degree of that industry. Under the 

hypothesis, the k-density function is estimated 1,000 times to obtain the points that are included in the 

95% confidence intervals in the same way we did for the actual locations.  

Following Duranton and Overman (2008), we firstly simulate the k-densities over all possible 

distances. Then comparing the actual k-density with the counterfactual k-densities, if for short 

distances there are ‘abnormally’ high values for the distance density which is bigger the counterfactual 

density then the 𝑘̂(𝑑)  could be interpreted as localization. On the contrary, if smaller than the 

counterfactual density in the short distances then the 𝑘̂(𝑑) could be interpreted as dispersion.  

Now we present specific definition and calculation methods for confidence band. Following 

Duranton and Overman (2005, 2008), we define and compute both local confidence bands and global 

confidence bands. We define an upper 2.5% and a lower 2.5% confidence level for distance d, it 

makes that 2.5% of the randomly generated k-densities lie above it at distance d, similarly 2.5% of 

 

3 In this chapter, the bandwidth is calculated as: ℎ = 0.9 ∗ (
𝑑𝑖𝑠0.75−𝑑𝑖𝑠0.25

1.34
) ∗ 𝑛

−
1

5, in which  
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which lie below it at distance d. At this point, we have local confidence bands, but this only allow us 

to observe the situation for a given distance d. Following Duranton and Overman (2005, 2008), we 

only pay attention to the short distances which the threshold is decided by the median of all distances 

that between two innovation firms over all industries. Through calculating we got a threshold of 158 

kilometers, so we draw global confidence bands as the sum of distances in the interval between 0 and 

158 kilometers. 

To compute global confidence bands, we denote the upper global confidence band by 𝑘̅(𝑑) for 

innovation enterprises in an industry. If there exists at least one 𝑑 ∈ [0,158] makes 𝑘̂(𝑑) > 𝑘̅(𝑑) 

established, the innovation enterprises in this industry could be said to exhibit localization (at a 5% 

confidence level). Similarly, we denote the lower confidence band by 𝑘(𝑑). If 𝑘(𝑑) < 𝑘̂(𝑑) for at 

least one 𝑑 ∈ [0,158]  and they don’t exhibit localization then we could say that the innovation 

enterprises in this industry exhibits no stronger localization vis-à-vis general tendency of same industry. 

Based on the definition, we could compute the degree of localization for the innovation enterprises of 

an industry. As this method is presented by Duranton and Overman (2005), we call the index by DO 

index. The indexes of localization and dispersion are defined as follows: 

Γ(𝑑) ≡ max (𝑘̂(𝑑) − 𝑘̅(𝑑), 0),                    (12) 

Ψ(𝑑) ≡ {
max(𝑘(𝑑) − 𝑘̂(𝑑), 0) 𝑖𝑓 ∑ Γ(𝑑),𝑑=158

𝑑=0

0                                         𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.
                     (13) 

The localization of innovative activity in an industry is detected when the k-density lies above 

the upper global confidence band. For the situations the k-density lies below the lower global 

confidence band or never above the upper global confidence band, it is detected as dispersion of 

innovative activity in an industry. 
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4.4 Results 

The results of 34 industries that are the most active in innovative activity present in Table 4-2. 

From Table 4-2 we can see that not in all industries the innovation enterprises are more concentrated 

relative to the general enterprises in the same industry. Among the selected 34 industries, 15 industries 

their innovative activity are localized in a short distance. However, there are 19 industries their 

innovative activities are active but no stronger localizaiton.  

When we look at the results of industries their innovative activities are localized, we found that 

there are two patterns of localization in these cases. The one is innovative activity are only 

concentrated at a certain range of distances in the interval [0,158]. Printing, textile processing and 

Dyeing of Cotton & Chemical Fibers (SIC171), Textile Products Manufacturing (SIC175),  Synthetic 

Material Manufacturing (SIC265), Special Chemical Product Manufacturing (SIC266), Glass and 

Glass Products Manufacturing (SIC314), Non-ferrous Metal Rolling (SIC335), Structural Metal 

Products Manufacturing (SIC341), Fan, Weighing and Packaging Equipment Manufacturing (SIC357), 

General Parts Manufacturing and Mechanical Repair (SIC358), Electrical Manufacturing (SIC391), 

Transmission and Distribution and Control Equipment Manufacturing (SIC392), Manufacture of 

Wires, Cables, Cables and Electrical Equipment (SIC393), Communication Equipment Manufacturing 

(SIC401) have a tendency of cluster in a certain range of distances. Among these, Printing, textile 

processing and Dyeing of Cotton & Chemical Fibers (SIC171), Glass and Glass Products 

Manufacturing (SIC314), Structural Metal Products Manufacturing (SIC341) have a relatively far 

distance in concentration which are more than 100km.  

The other one is innovative activity are concentrated in two ranges of distances in the interval 
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[0,158]. Vehicle Manufacturing (SIC372), Lighting Equipment Manufacturing (SIC397) have a 

tendency of cluster in two certain range of distances. 

To show the localization of innovative activity in an industry graphically, we illustrate the same 

four industries are refered in Section 2 in Figure 2 (a-d). The actual k-density is presented by the blue 

line, local confidence bands by the black dotted lines and global confidence bands by black lines. The 

results from those figures consist with information conveyed on the maps in Figure 4-2(a-d). 

Innovative activity in Special Chemical Product Manufacturing (SIC266), Vehicle Manufacturing 

(SIC372), Transmission and Distribution and Control Equipment Manufacturing (SIC392) are 

localized relative to the industries. However, even though Pumps, Valves, Compressors and Similar 

Machinery Manufacturing (SIC354) is active in innovation, its innovative activity is dispersed in YRD. 

In addition, due to YRD is one of economic activities are the most agglomerated areas in China, 

in 3 digits classification most industries are localized, it is curious whether the agglomeration of 

economic activities is related to the concentration of innovative activity. In order to examine this, we 

compute the DO index of the 16 industries that their innovative activities are localized with the 

counterfactual enterprises in these industries are randomly chosen their location from all industries. 

By using the Spearman-rank correlation, we examine the correlation between the index of localization 

of innovative activity in the industry and that of localization for the industry relative to the whole 

industries (as Duranton and Overman did, 2005, 2008) and the result shows that it is insignificant. 

Thus, it can be concluded that the localization of innovative activity in an industry is not related to the 

localization of the industry to the whole. 

The results show that not all industries with sufficient level of innovative activity tend to 
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concentrate to take advantage of the externality of knowledge spillover. And the competitiveness of 

firms in the same industries seems have no impact on the localization of innovative activity of that 

industry. 

4.5 Conclusion 

In this chapter we explored the localization or dispersion of industrial innovative activity in YRD. 

This helps us to know more detailed facts of the localization of innovative activity in different 

industries. We find that not all industries that actively engage in innovative activity are localized. We 

also find in these localized industries, the concentration degrees are different and some even has two 

ranges exist concentration.  

We also find an interesting result that Printing, textile processing and Dyeing of Cotton & 

Chemical Fibers (SIC171) which is regarded as a labor-intensive industry but its innovative activity is 

more localized relative to general production activities in the same industry. One possible explanation 

is the tacit knowledge plays an important role especially in the labor-intensive industry.   

Then we check the correlation between the localization of innovative activity in an industry and 

that of localization for the industry relative to overall manufacturing and find that they are uncorrelated. 

This suggests that industrial agglomeration in China is not a factor in promoting the concentration of 

innovative activity. 

As knowns, China’s government has a great influence on industrial innovation through taxation, 

subsidies and other policies. It is interesting to look at if the localization or dispersion of innovative 

activity in an industry is affected by these policies. In future research, we will analyze the factors that 
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influence the concentration of industrial innovative activity.  
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Figure 4-1. a. Printing, textile processing and Dyeing of Cotton & Chemical Fibers (SIC171) 

 

Figure4-1. b. Pumps, Valves, Compressors and Similar Machinery Manufacturing (SIC354) 
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Figure4-1. c. Vehicle Manufacturing（SIC372） 

 

Figure4-1. d. Transmission and Distribution and Control Equipment Manufacturing（SIC392） 

 

 

Figure 4-1. Maps of four illustrative industries 
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a. Printing, textile processing and Dyeing                        b. Pumps, Valves, Compressors and Similar 

of Cotton & Chemical Fibers (SIC171)                           Machinery Manufacturing (SIC354) 

 

 

         

           

c. Vehicle Manufacturing（SIC372）                          d. Transmission and Distribution and  

Control Equipment Manufacturing（SIC392）  

 

 

Figure 4-2. k-density, local confidence intervals and global confidence bands for four illustrative 

industries 
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Chapter 5 Conclusion 

This study has investigated the importance of external environment and the characteristics of 

enterprises or industries to regional economic development. Our conclusion can be summarized as 

follows. Firstly, the role of externalities is fully demonstrated in our study. In Chapter 2, by exploring 

the factors affect the location choice of new firms in the Yangtze River Delta we find that firms make 

different choices under different ownership. Regional market potential is important to private firms 

but not to FDI. However, the congestion effect likes air pollution has a negative effect on both of them. 

In Chapter 3, we have examined that the diversity of knowledge plays an important role in affecting 

regional innovative capability. We also find that the construction of industrial zone may do not promote 

the regional innovative capability in the absence of other conditions. It indicates that external 

environment is essential for the development of regions.  

Secondly, we can observe that different firms or industries react differently to the external 

environment so it is need to implement different policies for different objects. In Chapter 2, we 

considered the characteristics of firms then we find that the industrial agglomeration is important to 

FDI but not to private firms. In Chapter 4, we originally estimated the localization of innovation 

activities in different industries. The results show that not all industries have a tendency to concentrate 

the innovative activity to benefit from the knowledge spillover. The localized innovative activity of an 

industry is not related to the concentration of economic activity in the same industry in Yangtze River 

Delta.  

 Comparing with previous researches, our study has some improvements as follows: firstly, we 
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use a micro data which provides more detailed information including spatial information and others. 

This allows us to explore issues from richer perspectives. Secondly, with the development of 

technology, some methods that were difficult to implement in the past, such as geocoding, can be 

applied to research easily now. This allows us to do more spatial exploration to better understand the 

regional economy. Lastly, the phenomena we have found provide a direction for further research. 

In the future, we will develop a more detailed study of the factors affecting the localization of 

innovative activity in different industries.  
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