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Abstract—Many industrial transaction networks were 

destroyed or restructured after the Great East Japan Earthquake 
in 2011. Some companies went bankrupt, but most survived the 
disaster. It was crucial for companies, especially those with 
business relations in affected areas, to know the sustainability of 
their transaction networks. In this study, we attempted to grasp 
the duration of companies in terms of their transaction 
metabolism. We obtained data from Teikoku Databank, Ltd. and 
analyzed 391,430 transactions between companies in the affected 
Tohoku district in the period from 2010 to 2014. We took the 
inter-firm transactions as links, and calculated their duration in 
each company during the designated period. We examined 
whether companies with a high rate of long-lasting links were 
well-equipped for the disaster, and found that link continuity did 
not always represent the duration of a company. We focused on 
the metabolism of the links in each company, which was defined 
by the diversity of their lasting rate. Examining the restructuring 
after the disaster, we concluded that the metabolism of the links 
indicated the characteristics of a company in industry transaction 
networks.  

I. INTRODUCTION 

Regional industrial performance has been repeatedly 
associated with clusters composed of geographically 
accumulated and interconnected companies [1][2][3][4]. 
Researchers have investigated the roles of these clusters, 
examining their convergence and agglomeration [2][3], or 
reshuffling in the regional industrial ecosystem [4]. Saxenian 
argued that the flexibility of inter-firm networks is critical in a 
competitive environment, such as Silicon Valley. Describing 
the revitalization of computer systems firms during the 
recession in the mid-1980s, she demonstrated that the 
redefinition of business relations among those firms helped 
account for the sustained dynamism of the regional economy 
[5], and clarified the dynamics of clusters correlating with 
industrial activities in particular regions.  

The network among diverse actors is a substantial 
component of a regional cluster[6]. Numerous studies have 
considered the theoretical aspects of regional networks, 
especially in the context of social networks, such as weak ties 
[7][8], structural holes [9], and knowledge channels and 
conduits [10], and researchers have applied their theories to 
empirical studies on innovation, using industrial data [11]. 
Enkel and Heil examined the potential absorptive capacity for 
cross-industry innovation, analyzing data on 215 bilateral 
cognitive distant collaborations between firms [12]. Gay and 
Dousset analyzed different time snapshots of 739 alliances in 
the biotechnology industry to understand the growth dynamics 
and structure of collaboration networks that bring innovation 
capacity [13]. Dyer and Nobeoka demonstrated the 

effectiveness of knowledge sharing of Toyota’s production 
network, revealing its process of creation and evolution 
towards a highly inter-connected structure [14]. However, there 
are fewer quantitative studies than theoretical studies. 

The dynamism of clusters and their network has also been 
investigated empirically. Yamashita et al. examined the 
agglomeration effects on firm location decisions, revealing that 
first-tier relations induce subsequent location, contrary to the 
third-tiers agglomeration effect making a location unattractive 
[15]. Hoetker et al. revealed the difference in the influences of 
a supplier’s relationships with customers on the supplier’s 
survival, depending on their modularity in the network. They 
demonstrated that the maximum relationship duration has no 
effect on supplier survival [16]. The ability of a company to 
respond to the changing requirements of the environment was 
defined and investigated as supply chain flexibility [17] or 
agility [18][19]. Yusuf et al. demonstrated that flexible and 
agile supply chains outperform less agile competitors in a 
turbulent business environment [20]. Giuliani examined the 
micro-dynamics of regional clusters and found that the network 
structure is stable, even if firms establish many new linkages 
over time, on a micro-level [21]. A supply chain network can 
be recognized as a complex adaptive system, that needs balance 
flexibility and control [22]. Tukamuhabwa et al. analyzed 91 
proposals to improve supply chain resilience, and found most 
of them were based on conceptual and theoretical research. 
They also revealed that of the few empirical studies, only two 
adopted a longitudinal approach [23]. Hohenstein et al. 
revealed a strong need for measurable studies with a clear 
definition, in their literature review of supply chain research, 
which were qualitative mostly. [24] 

Although there have been few quantitative studies on 
regional networks, several analyses have been applied using a 
large amount of industrial data [25][26][27][28]. These are 
valuable and highly objective analyses of structured data, 
showing the applicability of an existing network index to the 
industrial transaction network. Kajikawa et al. examined a new 
index named the “connecter hub,” to elucidate firms with many 
links to different clusters, demonstrating the potential of those 
firms to bury structural holes and improve the small world 
property of regional networks [26]. However, these researches 
investigated the data only at one time, providing a 
representative snapshot of a regional network, and did not 
capture the dynamic process of industrial activities. It is 
essential to understand the relationships between industrial 
dynamism and regional environmental conditions to provide 
information for political policymaking. Therefore, it is 
necessary to develop a useful quantitative index to investigate 
the dynamism of each company in a regional network.   
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overall, and on the prefectural, and industrial levels, for the first 
time.  

On the overall level, we detected a TC peak at around 0.8 
with a ridged distribution. On a prefectural level, Miyagi had 
the highest metabolism in the Tohoku region, and on an 
industrial level, the construction industry was the highest. 
These results suggest that the metabolism becomes higher 
when economic activity becomes more vital. Also, on an 
industrial level, we found that firms with completely fixed 
transactions tend to withdraw from the market in about 5 years, 
indicating the difficulty of adapting to environmental changes 
without new transaction relations.  

Next, based on our own definitions, we extracted 
companies with characteristics as Changers or Holders. As 
changes in transactions were supposed to correlate closely with 
changes in industrial contents, a Changer was considered to be 
a company with a high degree of economic innovation. A 
Changer had more suppliers than a Holder, and tendered to 
increase according to the vitality of economic activity, and 
similarly, the improvement of metabolism. These results 
indicate that areas or regions with high vitality of economic 
activity have more companies that undertake large business 
innovations. Therefore, a Changer can be prioritized as a 
support target when designing a regional innovation policy.  

In the Tohoku region, large public investment has 
supported the reconstruction efforts. In this study, we analyzed 
the business transactions of firms in six prefectures in the 
Tohoku region, and found that Miyagi Prefecture and the 
construction industry had high rates of metabolism. In addition, 
large demand for reconstruction seemed to have an effect on 
the transaction metabolism.  The analysis of micro-level 
dynamics in this study might reveal meso-level dynamics, that 
is, cluster or modular structural transition in inter-firm 
transaction networks. In future, we intend to apply these 
analyses to other regions and compare the results. 
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