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Industrial clusters extracted from the trade network 
between Taiwan and Japan
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Abstract:
In our globalized world today, supply chains are induced by the industrial outputs. 
In addition, they are cross-boundary. For example, an automobile are assembled in 
Japan, its intermediate (or engine) is produced in Germany, and its intermediate 
(or iron ore) is dug out. This supply chain is constructed as the trade network of 
transactions between industries. Taiwan and Japan frequently trades with each 
other. In the future, to foster their economic growth, it is important to arrange the 
environment for innovation with respect to productivity or technical collaboration. 
This study aims at detecting industrial clusters from industrial trade network 
among Taiwan and Japan. The concept of an industrial cluster is captured by the 
relationships between industries which have transactions with each other. Detecting 
current industrial clusters quantitatively, we consider what kinds of policies are 
effective toward industrial development or technical collaboration.
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1. Introduction
　In our globalized world today, supply chains are induced by the industrial outputs. In addition, 
they are cross-boundary. For example, an automobile are assembled in Japan, its intermediate (or 
engine) is produced in Germany, and its intermediate (or iron ore) is dug out. This supply chain is 
constructed as the trade network of transactions between industries. Taiwan and Japan frequently 
trades with each other. Figure 1 shows the trend of international trade between Taiwan and 
Japan from 2010 to 2017. From the figure, we can see that international and economic connection 
is getting stronger. In the future, to foster their economic growth, it is important to arrange the 
environment for innovation with respect to productivity or technical collaboration. In other words, 
for our development, it is important to make a good use of our interdependence which is getting 
deeper.
　Among academic areas of economics or management, based on the expectation for innovation or 
high productivity by industrial accumulation, the concept of industrial cluster is proposed (Feser et 
al., 2000; Porter, 2000; Kelton et al., 2008; Delgado et al., 2010). In several researches, industrial 
cluster is quantitatively captured as the economic relationships between industries which have 
transactions with each other (Kagawa et al., 2013). In these days, supply chain induced by one unit 
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of production is getting multinational and complicated. By quantitatively extracting sub-groups (or 
cluster) in which industries have relatively large transactions, we can understand which industries 
are strongly connected with each other.
Therefore, this study aims at analyzing current clusters and consider what is desired for our 
economic development, using the trade network between Taiwan and Japan.

Figure 1. The trend of international trade between Taiwan and Japan from 2010 to 2017.
(Unit: 1000 JPY)
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2. Methodology
2.1 Constructing trade network graph
　In this paper, Input-Output table is employed for getting the information about the connection 
between industries (Miller and Blair, 2009). In this table, the amount of transactions between industries 
are described in monetary base. The intermediate matrix is described as . Here, is the 
intermediate inputs from industry to industry . The large transactions are considered to be large 
edges between industries. This information is useful for constructing the transaction network.
　Recently, Multi-Regional Input-Output tables (: MRIO) have been developed (Timmer et al., 
2015). Figure 2 shows the structure of MRIO. Here, shows intermediate inputs from industry  

in region to industry in region , shows final demands of region toward industry in 
region , shows exports from industry in region , shows imports to industry in region
, shows value added in industry in region , and shows total outputs of industry in 
region and industry in region respectively, shows the number of industries, and shows the 
number of regions.
Although MRIO also include national industrial transactions, they are ignored in this study to 

capture the trade network . Then, the trade network matrix in this study is 
described as follows;

.

　The concept of the network is as figure 3. The broken lines are excluded. Using this trade 
network matrix, we could quantitatively extract industrial clusters.

Figure 2. The structure of MRIO framework.
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Figure 3. The concept of trade network in this study.

2.2 Extracting using spectral clustering method
　From the trade network, it is difficult to intuitively define the clusters, because there are many 
patterns of allocation of industries. The clustering method is to extract the dense parts from 
network information and it has been especially developed in the area of image segmentation (Lee 
and Seung (1999); Shi and Malik (2000); Lee and Seung (2001)). The basic one is to reiterate 
dividing network into 2 parts solving eigenvalue problem (Shi and Malik (2000)). However, this 
method lacks the clear criterion about the number of times implemented and it tends to result 
in arbitrary analysis to some extent. Therefore, as overcoming method, this research employ the 
multiway normalized cut of spectral clustering (Ng et al. (2001); Azran and Ghahramani (2006)). 
Using this method, it is possible to simultaneously assign nodes to plural clusters with objective 
index under given number of division.
　Throughout the analysis, industries and amounts of transactions are regarded as nodes and edges 
respectively on the context of networks. It is difficult to test all combination patterns about which 
industry should belong to a cluster from the network information (Bolla (2011)). Spectral clustering 
method tries to extract the information about to which cluster each node should belong from the 
resulting eigenvectors, after solving eigenvalue problem which contains network information. 
Eigenvectors for smaller eigenvalues could make better clustering assignment.

is defined as equation (1) and the index shows how densely the nodes are collected 
within each cluster or how far each cluster are apart from each other (Shi and Malik (2000); von 
Luxburg, 2007; von Luxburg et al., 2008). The smaller the value of is, the better the clustering 
assignment would be.

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
　 (1)

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
 (2)
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Here, is the number of clusters, is a universal set of nodes, is yth cluster which consists of 
nodes, is degree of node , and . is vector and its factor is 1 if node
belongs to , otherwise 0. The role of is to assign nodes to clusters and it is available by solving 

the eigenvalue problem of . is so-called Laplacian matrix. In this study, is 
set to 70, expecting that each cluster has around 10 industries. The algorithm of spectral clustering 
is as follows.
Algorithm
Input: The network information (: matrix )
Output:

1: Calculate and solve the eigenvalue problem of .
2: Set the eigenvalue and corresponding eigenvectors .
3: Prepare and get after applying -means method to 1,2.
4: Get following .

3. Data
　In this study, EORA MRIO table is employed (Lenzen et al., 2012; Lenzen et al., 2013). This 
table covers 187 countries and totally 15909 sectors. Taiwan has 162 industrial sectors and Japan 
has 401 industrial sectors. In this study, the table at 2013 is employed. The industry list is shown in 
Appendix.

4. Results
　The set of industries/areas are assigned to clusters following spectral clustering method. The 
number of clusters is 70. Figure 4 shows top 10 clusters according to the trade volume in clusters. 
Clustering list is also shown in Appendix. Red nodes are industries in Japan and blue ones are 
Taiwan. The thickness of lines are relevant to the transactions between industries/countries.
 Figure 5 shows the cluster which is relevant to making cell phone. From this figure, it is found 
that semiconductor from Taiwan is essential for the production of cell phone in Japan. In addition, 
these transactions are also relatively large compared with the entire trade network. Figure 6 shows 
the cluster which is relevant to making computer components. Semiconductor’ in Taiwan also links 

１　�In case that nodes are normalized to 1, the smallest eigenvalue of Laplacian matrix is 0 and 
corresponding eigenvector is 1. The fact that all elements of vector are 1 is equal to the fact that all 
nodes belong to a single cluster, In other words, they are not divided at all. Therefore, 2nd smallest 
eigenvalue and corresponding eigenvector are employed for -means method. (Meila and Shi (2001)).

2　� -means method is reiteration of adjustment from initial random assignment. Therefore, the final might 
depend on the initial assignment to some extent. In this study, -means method is reiterated by 100 
times. The final assignment is employed following the smallest from 100 results.
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with other Japanese industries in other cluster. ‘Semiconductor’ in Taiwan also links with other 
Japanese industries in this cluster. We can see that although these 4 industries frequently trade 
their goods with each other, Japanese industries are considerably supported by ‘Semiconductor’ 
industry in Taiwan. Figure 7 shows the cluster which is relevant to making electronic precision 
instruments. From this figure, we could see that several industries from both countries are fully 
connected with each other and expect the potential for innovation or industrial accumulation for 
high productivity. But, for instance, ‘Research and development’ industries are excluded from the 
cluster. For mutual innovation, such an industries should be involved in the cluster.
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Figure 5. The cluster which is relevant to making cell phone.

Figure 6. The cluster which is relevant to making computer components.
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Figure 7. The cluster which is relevant to making electronic precision instruments.

5. Conclusions
　This paper constructed the industrial trade network from regional input-output table, or EORA 
MRIO table, and quantitatively extracted the industrial clusters using spectral clustering method. 
Relatively large 10 clusters are found like figure 4 from the trade network which consists of 563 
industries/prefectures, 401 in Japan and 162 in Taiwan respectively. The findings are as follows;
1) Several industrial clusters are found, including electronic precision instruments cluster, cell 
phone cluster, end so on.
2) For mutual innovation or economic development, promoting industries should be involved in the 
cluster, such as ‘Research and development’ industries, for instance.

　It is expected that policy implementation like supporting industrial development could be 
effective when administrators from each country cooperate with each other. Applying research 
framework of the paper to the international technical cooperation for our future could contribute to 
production innovation or activating their economy after expansion of industrial infrastructure.
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Appendix 
　Table 1 is the industry list. Table 2 shows the clustering result.

Table 1. The industry list.
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Table 1. The industry list (continued).
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Table 1. The industry list (continued).
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Table 1. The industry list (continued).
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Table 1. The industry list (continued).
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Table 2. The clustering list.


