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Abstract 

Implementing cluster policies is important to promote regional clusters. However, it has been difficult to estimate the quantitative 
impacts of such regional cluster policies. In this paper, we propose the method to evaluate the impacts of regional cluster policies 
quantitatively using network analysis. We focus on the structure of a large-scale inter-firm network in the Kanto and Koshinetsu 
region which includes ten prefectures around Tokyo and forms the largest regional cluster in Japan. The regional cluster policy 
called “New Coordination Business Support” has been implemented in the region. The policy aims at promoting the regional 
clustering by enhancing cooperation and coordination among small firms. We propose a new network measure to evaluate the 
coordination capability of a firm on the inter-firm network. Our results show that the proposed network measure can be used to 
evaluate the impacts of the regional cluster policy quantitatively.  
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Introduction 

 
In the last decades, there has been a widespread resurgence of interest in the economics of 
industrial locations, particularly in the issue of regional clusters [1]. Innovative milieu [2], 
technology districts [3], and regional innovation systems [4] are also used as regional 
innovation models although they tend to be used for different focuses, contexts, and 
applications. In these models, innovation is associated with places where relevant resources 
are easily accessed by firms in close proximity. Some regions have superior innovative 
capabilities, as evidenced by the localized production of patents [5, 6]. 

Porter argued that enduring competitive advantages in the current global economy lie 
increasingly in local things - knowledge, relationships, motivation - that distant rivals cannot 
match, while companies in a global economy can source capital, goods, information and 
technology from around the world [7]. Silicon Valley and the Route 128 zone of Boston [8, 
9], Cambridge [10], Baden-Württemberg [4] and “Third Italy” [11, 12] are typical example of 
such distinguished regions. 

Regional clusters can offer more opportunities for innovation than scattered locations, 
which is typically driven by reduced transaction cost [13], access to venture capitalists [14, 
15], local labor market pooling [16], entrepreneurial activity within the region [17, 18], 
enhancement of knowledge diffusion [19,20], and localized learning [19, 21]. Regional 
clusters are distinguished from pure agglomerations by their interconnected nature, i.e. 
clusters are characterized as collaborative networks and concentrations of collaboration and 
competition, which offer significant opportunities and stimulate economic development [7]. 
Another characteristic of regional clusters is the diversity of actors contained within. 
According to Porter [1, 7, 22], an industrial cluster includes suppliers, consumers, peripheral 
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industries, governments, and supporting institutions such as universities. In sum, the network 
among actors is the key to understanding the performance of regional clusters [23].  

Networks are especially important for small and medium-sized firms, since they lack their 
own resources to compete effectively with other firms [24, 25]. To overcome these 
deficiencies they must either depend on resource transfers from large enterprises or be linked 
to a community of small firms in which productive resources are jointly procured, developed, 
and utilized. Stinchcombe used the term, ‘liability of newness,’ to explain the higher rate of 
failure among young firms, which he attributed to the difficulties new firms have in securing 
the resources they need for survival [26]. This liability arises at least in part because young 
firms have less of the legitimacy needed to gain trust and support from other actors [27]. 
Dense networks can reinforce trust building. Trusting behavior affects the persistence of 
inter-firm networks and improves the quality of information flows critical to innovation [26]. 
The connection to market leaders or highly regarded firms could give a reputation or 
legitimacy to the young firm [28]. In this way small firms can become parts of a 'set of 
organization' [29], enjoy many of the advantages possessed by large firms, and consequently 
offer jobs of comparable quality. Especially for regional clusters consisting of medium and 
small firms, networking activity and the resulting network structure should play an important 
role.  

Understanding the network structure in the focused region and constructing relevant 
regional clusters is an inevitable step to grasping the current status of regional industrial 
structure and effective policy development. Several studies have evaluated the network 
structure quantitatively using network analysis [30, 31, 32, 33]. However, they have provided 
little empirical evidence with which to discuss and understand the impacts of regional cluster 
policies given the network structure. The aim of this work is to evaluate a regional cluster 
policy quantitatively based on the network structure and to discuss the way to promote 
regional clusters. We focus on the inter-firm network in the Kanto and Koshinetsu region 
which includes ten prefectures around Tokyo and forms the largest regional cluster in Japan. 
We analyze how the regional cluster policy called “New Coordination Business Support” 
affects the cluster formation in the region using network analysis. Our results give some 
important suggestions for quantitative evaluation of the impacts of regional cluster policies. 
In the following, we illustrate our research methodology. 
 
 

Methodology 
 
Inter-firm network 

The term ''network'' refers to a set of nodes and the relationships that connect them (see 
Figure. 1.). A social network can be defined as 'a set of nodes (e.g. persons and organizations) 
linked by a set of social relationships (e.g. friendship, transfer of funds, and overlapping 
membership). Because regional clusters are distinguished from pure agglomerations by their 
interconnected nature, the level of our analysis is inter-firm network and firm modules. In this 
paper, we regard customer-supplier relationships as links in the network among various 
relationships between multiple firms, because these relationships are known as the best 
source of information for Japanese firms. A white paper on small and medium enterprises in 
Japan reports that the top priority information channel for Japanese firms is the contact with 
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customers and outsourcing contractors [34]. Although there is a variance of emphasis 
between firms that have entered new fields and those that have not entered, customer-supplier 
relationships are cited as the remarkable information channel. Researchers also increasingly 
regard interaction within customer-supplier relationships as key to the successful 
management of innovation, as customer and supplier relationships play a critical role in 
knowledge development, resource mobilization and co-ordination [35]. The key characteristic 
of customer-supplier relationships in Japan is that the relationships with customers are more 
dedicated and long-term than in other countries [36, 37]. In the following, we explained our 
data and analyzing schema. 
 
Data 
As one of large-scale inter-firm networks in Japan, we focus on firms in the Kanto and 

Koshinetsu region which includes ten prefectures (see Figure. 2 and Table.1.) and forms the 
largest regional cluster in Japan. We select the firms on manufacturing industrial categories 
using the data from the Teikoku Data Bank. The data includes addresses and industrial 
categories of the firms. These firms comprise nodes in our inter-firm network. The data also 
includes up to five suppliers and customers for respective firm. We define these business 
transactions between firms as links. Each firm can link up to a maximum of ten other firms. 
Because business transactions include a range of traded volume, this restriction on the 
number of links enables us to extract not the entire business network in the region but just its 
essential features. One study reports that firms have an average of 10 important business 
relationships [38]. The obtained inter-firm network is non-weighted and non-directed. 
Subsequently, we extract the maximum connected component of the network. The resulting 
network has 27,418 nodes and 70,725 links. 
 

 
Figure 1.  Levels of analysis. (a) aggregates of firms. (b) inter-firm network. (c) firm modules. 

 
 

                                  Table 1. Firms in the Kanto and Koshinetsu region. 

 
Figure 2.  Kanto and Koshinetsu region. 

Analyzing Procedures 
Several regional cluster policies have been introduced into the Kanto and Koshientsu region. 

Prefecture # of firms 
Tokyo 10,293 

Saitama 4,056 
Kanagawa 3,537 

Nigata 1,720 
Nagata 1,719 
Gunma 1,717 
Ibaraki 1,363 
Chiba 1,363 
Tochigi 1,136 

Yamanashi 514 
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We focus on one regional cluster policy called “New Coordination Business Support”. The 
policy which is implemented by the Organization for Small & Medium Enterprises and 
Regional Innovation JAPAN (SMRJ) aims at promoting new coordination among small 
medium enterprises from different industries sections. The SMRJ certifies and give grants to 
a group of firms from different industrial sections which could potentially produce the new 
coordination business. Currently, about 150 firms are certified with the policy in the Kanto 
and Koshientsu region. We focus on 13 certified active firms and compare them with other 
uncertified firms in our data set in terms of their network measures as described in the 
following. Then, we evaluate quantitatively whether the policy is applied to relevant firms to 
promote regional clusters in the region. 
By its nature of the “New Coordination Business Support”, the certified firms should bridge 

between firms from different industrial sections. From the view point of network structure, 
the certified firms should be connected to the firms of different industries. As noted by 
Staudenmayer et al. [42], industries are characterized by inter-firm modularity 
which is known as 'a set of organizations' [29] in the inter-firm network. In the 
following, we regard tightly knit groups as modules, where dense intra-group 
links exist.  
In order to detect modules, we perform a topological clustering of networks. 

Although such a methodology had been difficult to achieve due to the difficulty in 
performing cluster analysis of non-weighted graphs consisting of many nodes, 
recently proposed algorithms [43, 44] facilitate fast clustering with calculation 
time in the order of O((l+n)n), or O(n2) on a sparse network with l links; hence 
this could be applied to large-scale networks. The proposed algorithm was based 
on the idea of modularity. Modularity Q was defined as follows [43, 44, 45] 
 

 

 
where Nm is the number of modules, ls is the number of links between nodes in module s, and 
ds is the sum of the degrees of the nodes in module s. In other words, Q is the fraction of links 
that fall within modules, minus the expected value of the same quantity if the links fall at 
random without regard for the modular structure. A good partition of a network into modules 
must comprise many within-module links and as few as possible between-module links. The 
objective of a module identification algorithm is to find the partition with the largest 
modularity. In our analysis, firms are divided into modules at the maximal value of Q. A 
module is a set of densely-connected firms and whole networks are connected by the links 
among modules. In this process, each module could be characterized with the industries or 
geographical properties of nodes that belong to the module. 

After identifying the modules in the inter-firm network, we calculate the coordination 
capability of each node, which shows how "well distributed" the edges of node are among 
different modules. In other words, the coordination capability shows how strongly and 
widely a firm is connected to other firms from different industries. The coordination 
capability of node i is defined as: 
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where M(i) is the module that node i belongs to and Link(m,m’) is the probability that there 
exist a link between module m and m’ and Sim(m,m’) is the similarity between module m and 
m’. The module similarity is defined as the cosine similarity between industry category 
vectors of modules. In addition to the coordination capability, we also calculate three kinds 
of network centralities [46]; degree, between, closeness, and two variables within-cluster z 
and participation coefficient P [45] to analyze the characteristics for each node.  
 
 

Table 2. Top 4 Modules and their representative sub modules in the Kanto and Koshinetsu regional cluster. 

 

Module Industrial category label  # of 
nodes 

#1 Publishing/Printing   
#1-1 Publishing 1,192 
#1-2 Printing 805 
#1-3 Medicinal chemicals 606 
#1-4 Corrugated board 565 
#1-5 Printing 531 
#1-6 Printing 514 
#1-7 Printing 457 
#2 Electronics   
#2-1 Optical machine 623  
#2-2 Electronics 484  
#2-3 Wireless communication 460  
#2-4 Machine component 448  
#2-5 Printed circuits 447  
#2-6 Printed circuits 435  
#2-7 Printed circuits 427  
#2-8 Semiconductor 392  

 

Module Industrial category label  # of 
nodes 

#3 Automotive / Metal  
#3-1 Automotive component 769 
#3-2 Construction machine 685 
#3-3 Metal stamping 683 
#3-4 Steel cutting 520 
#3-5 Sheet-metal 515 
#3-6 Mold 334 
#3-7 Automotive component 311 
#4 Concrete / Chemicals / Rubber   
#4-1 Concrete 436  
#4-2 Chemicals 337  
#4-3 Rubber 278  
#4-4 Rubber 213  
#4-5 Resin 188  
#4-6 Resin 164  
#4-7 Sheet-metal 164  

 
 

Table 3. Network measures of the certified firms on the policy. 
Firm Module coord z P Degree Between(10-4) Closeness 
A #2-2 0.666 1.643 0.639 21 4.17 4.30 
B #2-1 0.887 0.258 0.857 21 9.53 4.20 
C #3-10 0.613 0.602 0.580 10 2.39 4.33 
D #3-3 0.549 0.231 0.518 9 3.53 4.04 
E #2-8 0.913 -0.222 0.843 8 2.14 3.99 
F #1-2 0.234 0.340 0.218 8 1.75 4.41 
G #4-11 0.907 -0.035 0.816 7 0.873 4.68 
H #2-5 0.779 -0.065 0.734 7 0.612 4.47 
I #2-1 0.903 -0.222 0.734 7 1.39 4.11 
J #4-21 0.970 -0.676 0.833 6 3.37 4.27 
K #3-7 0.822 -0.204 0.720 5 0.839 4.22 
L #2-5 0.636 -0.065 0.560 5 0.575 4.55 
M #2-3 0.873 -0.251 0.800 5 0.710 4.06 
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Figure 3. Inter-module relations in the Kanto and Koshinetsu regional cluster. 

 
 
 

Results and discussion 
 

We obtained four large modules and their sub modules as shown in Table 2. Each 
module is assigned with a label of industrial categories. The label is automatically 
decided based on the most dominant industrial categories of firms in a module. 
The largest module #1 includes the firms of printing and publishing industries. 
Module #2 consists of the sub modules of electronics industries. Module #3 
consists of the sub modules of automotive and metal industries. Module #4 
consists of the sub modules of concrete, chemicals, and rubber industries.  
The Figure3 shows inter-connections among these modules. We assume that a 

certified firm on the “New Coordination Business Support” policy has the edges 
which are well distributed among different modules in the Figure 3, which 
indicates that the firm is connected to other firms from different industries. Table 
3 shows the coordination capability and other network measures of the certified 
firm on the “New Coordination Business Support” policy. For a respective certified firm, 
we compared its coordination capability with one of the uncertified firm with the 
same scale in the same module. The t-test (two-tailed, assuming equal variances) showed 
significant coordination capability of the certified firms as opposed to the non-certified 
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firms (p = 0.000918). This result suggests that the “New Coordination Business 
Support” policy is effectively implemented by promoting the certified firms to 
coordinate with other firms in different industries and the policy therefore contributes to 
networking in the cluster. The network measures including our proposed coordination 
capability can be potentially used to evaluate the impacts of regional cluster policies 
quantitatively given the network structure of a regional cluster. 

 
 

Conclusion 
 
In this paper, we proposed a new network measure to evaluate the impacts of regional cluster 
policies. We focus on the structure of a large-scale inter-firm network in the Kanto and 
Koshinetsu region which includes ten prefectures around Tokyo and forms the largest 
regional cluster in Japan. As the actual cluster policy, we focus on the “New Coordination 
Business Support” which has been implemented in the region to promote the regional 
clustering by enhancing cooperation and coordination among small firms. Our results show 
that the policy is effectively implemented by promoting the certified firms to 
coordinate with other firms in different industries and it therefore contributes to networking 
in the cluster. In the future work, we will apply the proposed measure to other 
regional cluster policies and design network-based quantitative measures to 
evaluate the impacts of regional cluster policies. 
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