
  

Abstract - Dense networks among organizations are 

expected to work as a conduit of resources and knowledge 

within regional clusters. In this paper, we analyzed 

structures of large-scale inter-firm networks in the Kanto 

and Koshinetsu areas which include ten prefectures around 

Tokyo and are the largest economic blocks in Japan. We 

found a marked difference among prefectures in terms of 

the network structures, which can not be detected only by 

geographical factors and regional industries. The results give 

some important suggestions for the enhancement of large-

scale regional clusters. The network structure showed that 

some prefectures are intensively developing their internal 

network connections while most of the prefectures are 

strongly connected to a center. The prefectures that are less 

connected to the center have a room to improve networking 

for the regional clusters. In addition, even among such 

prefectures, there is a clear difference in terms of their 

network positions. One prefecture has high network 

centralities and is maintaining certain amount of 

connections to other prefectures, which eventually 

contributes to economic revitalization in the whole areas. 

Another has less such external connections, which could 

raise a chance to accelerate the regional clusters by bridging 

such gap.  
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I.  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 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. 
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 Therefore, 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. Owen-Smith et al. [30] and Owen-Smith 

and Powell [31] investigated network structures 

consisting of biotechnology firms, pharmaceutical 

corporations, venture capitals, and public research 

organizations in the United States. They analyzed intra- 

and inter-cluster linkages, and showed that the Boston 

cluster occupied a central position in the network by using 

social network analysis and network visualization. 

However, previous studies have addressed certain scale of 

regional clusters [32, 33]. And they have provided little 

empirical evidence with which to discuss and understand 

the network structure of large-scale regional clusters that 

consist of several regions. In particular, there is the 

ongoing lack of studies on how to enhance the large-scale 

regional clusters by identifying and bridging the gap of 

networking. The aim of this work is to analyze structures 

of large-scale inter-firm networks of regional clusters and 

to discuss the route to enhance the construction of large-

scale regional clusters.  We examine inter-firm networks 

in the Kanto and Koshinetsu areas which include ten 

prefectures around Tokyo and are the largest economic 

blocks in Japan. Our results give some important 

suggestions for the enhancement of large-scale regional 

clusters. In the following, we illustrate our research 

methodology.  

 

 

II.  METHODOLOGY 
 

A. Inter-firm network 

The term ''network'' refers to a set of nodes and the 

relationships that connect them (see Fig. 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 

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. 
(a) (b) (c)

 
Fig. 1.  Levels of analysis. (a) aggregates of firms. (b) inter-firm 

network. (c) firm modules. 

 

 
Fig. 2.  Kanto and Koshinetsu areas. 

 

 

 

 

 

B. Data 

As one of large-scale inter-firm networks in Japan, we 

focus on firms that are located in the Kanto and 

Koshinetsu areas which are composed of ten prefectures 

(see Fig. 2.). We select the firms on manufacturing 

industrial categories (see Table I and II) using the data 

from the Teikoku Data Bank. The data includes the 

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, which is 

much larger in size than those of previous works [30, 31, 

32, 33, 39]. 

  TABLE I 

PREFECTURES IN THE 

KANTO AND KOSHINETSU 

AREAS 

Prefecture # of nodes 

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 

 

 

 

 

 

TABLE II 

MANUFACTURING INDUSTRIAL CATEGORIES 
 

Fiber, Lumber, Furniture, Pulp, Publishing/Printing, Chemical, Oil/Coal,  

Rubber, Leather, Ceramic, Steel, Metallic, Mechanics, Electronics 
   

 

 

 

 

 

 

 



 

C. Analyzing Procedures  

We analyzed the structure of inter-firm network by three 

levels; macro, semi-macro and micro. As the macro level 

analysis, the two properties well known as “small-world” 

were calculated. The first one, the clustering coefficient 

quantifies how well connected the neighborhood of the 

node are. The second one, the average path length (L) is 

frequently used to express the relative accessibility of an 

average node to the other nodes in a network, is defined 

as the number of links in the shortest path between two 

nodes, averaged over all pairs of nodes [40]. A small 

value of L indicates a small diameter of the network and 

that firms in the network can pool resources over 

networks via fewer paths, and in a network with small L 

structural holes are buried.  

As the semi-macro level analysis, we focus on 'a set of 

organizations' [29]. In the following, we name tightly knit 

groups as modules, where dense intra-group links exist. 

As noted by Staudenmayer et al. [42], industries are 

characterized by inter-firm modularity. 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(n
2
) 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 [43-45] 
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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. 
In the final step, as the micro analysis, the 

characteristics of hub firms are analyzed. We calculated 

three kinds of network centralities [46]; degree, between, 

closeness. In addition to the network centralities, we also 

calculated two variables within-cluster z and participation 

coefficient P to analyze the characteristics of clustered 

firms. These variables show how the node is positioned in 

its own cluster and between clusters [45]. This method is 

based on the idea that nodes with the same role should be 

at similar topological positions. These two properties can 

be easily calculated after clustering the network. Within-

cluster degree zi measures how "well connected" node i is 

to other nodes in the cluster, and is defined as  

 
where ki is the number of edges of node i to other nodes 

in its cluster si, ksi is the average of k over all nodes in si, 

and σksi is the standard deviation of k in si. zi is high if the 

within-cluster degree is high and vice versa. Participation 

coefficient Pi measures how "well distributed" the edges 

of node i are among different clusters and is defined as 

 
where kis is the number of edges of node i to nodes in 

cluster s, and ki is the total degree of node i (the number 

of edges of node i). Participation coefficient Pi is close to 

1 if its edges are uniformly distributed among all the 

clusters and 0 if all its edges are within its own cluster. 

Nodes with large z are strongly connected within the 

module. On the contrary, ones with large P are global 

hubs and connected among modules. This analysis 

enables us to extract not only the hub firms but also the 

roles of them in the network. 

 

 

III.  RESULTS AND DISCUSSION 

 

 Table III shows network properties of the Kanto and 

Koshinetsu (KK) cluster for macro analysis. It also shows 

the network properties of other regional clusters in Japan 

from previous studies [32, 33]. Compared with other 

regional clusters, the KK cluster has the large number of 

nodes and links. However, both clustering coefficient and 

path length of the KK cluster are close to the results of 

other regional clusters. As of other regional clusters, the 

KK cluster also has “small-world” properties where 

clustering coefficients are much larger than the ones of 

random network and the path length is close to the one of 

random network. 

 

 

TABLE III 

NETWORK PROPERTIES OF THE KANTO AND KOSHINETSU  

CLUSTER 
 

Region n k C L 

Kanto and Koshinetsu 

 (Random network) 

27,418 70,725 0.05 

(0.001) 

4.86 

(4.94) 

Osaka 8,834 43,092 0.04  4.60 
Kinki 5,437 25,310 0.05  4.54 

North-Kyushu 3,272 13,420 0.05 4.66 

n: number of nodes, k: number of links 

C: Clustering coefficient, L: Average path length 

 

 



 

  

 
Fig. 3.  Distribution of the modules for each prefecture in the Kanto and 

koshinetsu cluster.  

 

For the semi-macro structure of the network, we obtained 

modules as shown in Table IV.  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. There exist 

three large modules in the KK cluster. The largest module 

includes the firms of printing and publishing industries. 

Module #2 consists of the firms of electronics component 

manufacturers. And module #3 consists of the firms of 

automotive component manufacturers. The modules can 

be used for describing industrial characteristics of ten 

prefectures that forms the KK cluster. Each prefecture is 

characterized with the modules as shown in Fig. 3. For 

example, the large number firms of printing and 

publishing (module #1) are centralized in Tokyo.  

The machinery industries (module #2 and #6) are 

distinctive in Nagano and Nigata. In fact, many precision 

machinery firms are located in Nagano. Nigata is also 

famous for its machinery industry. Both Nagano and 

Nigata certainly play key roles in the machinery industry 

in the Kanto and Koshinetsu areas. However, as shown in 

Fig. 4, Nagano and Nigata are intensively developing 

their internal network connections compared with other 

prefectures which are strongly connected to Tokyo. This 

network structure indicates that Nagano and Nigata have a 

room to improve networking for the Kanto and 

Koshinetsu cluster.  

Although both Nagano and Nigata have internal network 

connections, our micro analysis that identifies hub firms 

with network centralities showed that they are different in 

terms of their network positions. Table V shows network 

 

  
Fig. 4. Distribution of links between prefectures in the Kanto and 

koshinetsu cluster. 

 

centralities of firms in each prefecture. Tokyo is 

obviously the highest centralities in the network. 

Surprisingly, Nagano has high network centralities. In 

particular, Nagano has high Degree centrality, which 

indicates that it is maintaining certain amount of 

connections to other prefectures. However, Nigata has 

less such external connections, which in turn could raise 

the chance to accelerate the regional clusters by bridging 

such isolation. There exist brunches of major companies 

in Nagata. Brunching the companies in the cluster might 

be one to bridge the gap. These large-scale networking 

activities could eventually contribute to economic 

revitalization in the whole cluster. 

 

 

IV. CONCLUSION 

 

 There is an increasing interest in inter-firm networks 

which is expected to work as a source of innovation by 

circulating resources and knowledge within the network. 

Aiming at enhancing the construction of large-scale 

regional clusters, we examine inter-firm networks in the 

Kanto and Koshinetsu areas which include ten prefectures 

around Tokyo. Our results give some important 

suggestions regarding how to construct the large-scale 

regional clusters while identifying and bridging the gap of 

networking. In the future work, we will address how 

actual policy could promote networking in the large-scale 

regional clusters given the identified structural gaps. 

 

TABLE V 

NODE CENTRALITIES OF THE INTER-FIRM NETWORK  
OF THE KANTO AND KOSHINETSU CLUSTER 

 

 
z P Degree Between(10-4) Closeness 

Tokyo 0.113 0.257 6.69 2.33 4.80 

Saitama -0.083 0.270 4.13 0.79 4.90 

Kanagawa -0.061 0.292 4.61 1.02 4.72 
Nigata -0.057 0.259 3.88 0.72 5.18 

Nagano 0.013 0.294 5.17 1.06 4.84 
Gunma -0.064 0.287 4.05 0.78 4.93 

Ibaraki -0.127 0.248 3.67 0.70 4.86 

Chiba -0.083 0.266 3.97 0.88 4.98 
Tochigi -0.097 0.255 3.69 0.67 4.97 

Yamanashi -0.061 0.240 4.32 0.86 4.98 

z: Within-cluster degree, P: Participation coefficient 

TABLE IV 

TOP 10 MODULES IN THE KANTO AND KOSHINETSU CLUSTER 
 

Module Industrial category label  # of nodes 

#1 Printing, Publishing 5,403  

#2 Electronics, Precision machinery 5,212  

#3 Automotive component 5,077  
#4 Concrete 3,304  

#5 Building component 2,376  
#6 Machine component 1,764  

#7 Industrial resin 779  

#8 Clothing 733  
#9 Shoes 403  

#10 Sign 372  
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