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Abstract
This paper develops a methodology to predict the economic impact of major catastrophes, such as earthquakes and tsunamis, by means of the hypothetical extraction method and hypothetical average propagation lengths. The methodology is tested by means of a comparison of the pre-disaster regional economy (base scenario) with a series of post-disaster regional economies (scenarios with regional production shocks) to the Japanese inter-regional, inter-industry economy. Then, we can compile nine hypothetical I-O tables with post-disaster cases with the Japanese interregional economy. Besides, we can also analyze nine hypothetical average propagation lengths. Finally, we share our conclusion, considering the policy implications on the relation between the economic recovery after the major catastrophes and our results.
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1.  Introduction
This paper develops a methodology to predict the economic impact of major catastrophes, such as earthquakes and tsunamis, by means of the hypothetical extraction method and hypothetical average propagation lengths (Oosterhaven et al. 2013). 
Natural disasters, such as the 2011 earthquake and tsunami in Japan, have both short- and long-run socio-economic negative effects. In the short-run, it is plausible that all economic actors (firms, households, various governments) will attempt to return to pre-disaster status as much as possible. To describe this situational status, we use the inter-regional, input-output table for Japan in 2005 (Okuyama, et al. 1999, Okuyama and Chang 2004). 
The basic idea is to capture the short-run economic changes that would occur after a major disaster by means of the hypothetical extraction method (HEM). The HEM qualifies how much an economy’s total output would hypothetically decrease if an industry were to be “extracted” from that economy. By extracting the industry, both the local purchases by the industry (i.e., backward linkages), and the local sales from the industry (i.e., forward linkages), are eliminated, or hypothetically transformed from local purchases and sales transactions into imports and exports (Schultz 1977; Paelinck et al. 1965; Strassert 1968).
The methodology is tested by means of a comparison of the pre-disaster regional economy (base scenario) with a series of post-disaster regional economies (scenarios with regional production shocks) to the Japanese inter-regional, inter-industry economy of 2005. Then, we can compile nine hypothetical I-O tables with post-disaster cases for the Japanese interregional economy. 
Besides, we can also analyze nine hypothetical average propagation lengths.
In this paper, we use the concept of average propagation length (APL), which was presented by Dietzenbacher, Romero and Bosma (2005) and Dietzenbacher and Romero (2007), to predict the hypothetical supply chain with the post-disaster economy due to the production shocks.

II.　 Hypothetical Regional Extraction Model
In the full R-regions and n-sectors model, output is as follows:

.　　　　　　　　　　　　　　　　　　　　(1)

: output of the full R-regions and n-sectors, :regional input coefficients matrix of the full R-regions and n-sectors, : final demand of the full R-regions and n-sectors.
The above model is that of the well-known Leontief model. 
In Dietzenbacher et al. (1993) it was shown that Strassart (1968) model can be adapted so as to measure regional linkages. Instead of extracting a sector in a multi-sector framework, an entire region was hypothetically extracted within an interregional setting (Dietzenbacher and Van der Linden, 1997, 237). 
The objective of the hypothetical regional extraction approach is to qualify how much the total output of an R-region and n-sector economy would decrease if a particular region, say the rth, were removed from the economy. Initially, this was modeled in an input-output setting by deleting row and column n sectors in the region r from the  matrix. 
 matrix, they can simply replace by zeros. Decreasing value of trading goods and services due to the disruption of the natural disaster is distributed at the percentage of the trading of the intermediary goods into other industrial sectors in the other regions, and hypothetically transformed from local purchase and sales transactions in the region of the disruption due to the natural disaster into internal and foreign imports and exports in the non-disaster regions1).

=,                           (2)

where =: distributed input coefficient of decreased values from r-region to other regions.

Using  for the (R-1)n x (R-1)n without region r and  for the correspondingly reduced final demand, output in the ‘reduced’ regional economy is found as

 =.                                           (3)

                                                     (4)

: column vector of distributed final demand from r-region to other regions.

= (/)                                         (5)
:final demand of n-sector, : final demand of n-sector in the case of post-disaster,
 final demand of n-sector in the case of pre-disaster.

The deviation between the value of full R-region economy and rth-region reduced economy is as follows:

 - =                          (6)

 is one aggregate measure of the economy’s change (increase or decrease in value of gross output) if region r disappears, which is the measure of the “importance” or the total linkage (see, Miller and Blair, 2009, 563; see also Dietzenbacher and van der Linden, 1997). The normalization through division by total gross output () and multiplication by 100 produces an estimate of the percentage changes in total economic activity, 
which is  (see, Miller and Blair 2009, 563).

We suppose that the base scenario is almost the same as the 2005 Japanese Interregional Economy in the pre-disaster economic structure. 
[bookmark: _GoBack]
1. A production shock that nullifies all output of region r:                                                                                                                                               
This scenario may be run for each of the nine Japanese regions as follows: Hokkaido (Region 1), Tohoku (Region 2), Kanto (Region 3), Chubu (Region 4), Kinki (Region 5), Chugoku (Region 6), Shikoku (Region 7), Kyushu (Region 8), and Okinawa (Region 9).
In reality, a production shock due to even a major disaster is likely to only partially diminish the production capacity of only a subset of the industries. For testing the plausibility of our modelling approach, however, using an extreme scenario will give a clearer outcome than simulating a more realistic, i.e. less extreme, scenario’ (Oosterhaven, et al.,2013, p.5).

III.   Empirical Results of the Japanese Interregional Economy
We first discuss the properties of the short run non-disaster equilibrium, i.e. the base scenario.
· Japanese nine regions have twelve industrial sectors in each region in 2005 Japan interregional input-output table. We aggregate the industrial sectors from twelve to three sectors in every nine Japanese regions. The reason why the aggregation is necessary is that I need to show the results briefly.
· Sector 1 is agriculture, forestry and fishery industries. Sector 2 is mining, manufacturing, and construction industries. Sector 3 is Public utilities, Commerce and transport, Finance and insurance and real estate, Information and communications, Service Industries (See, Table A1).
· Kanto is the economically largest region,
· Possible re-exports of foreign imports are assumed to be zero. 
· In 2005 Japan interregional input-output table, we can sum up with the Japanese interregional economy in the pre-disaster case, where the unit of money is million JPY, as follows:
Regions that have net savings are Kanto, Chubu, Kinki, and Chugoku. Besides, net borrowers are Hokkaido, Tohoku, Shikoku, Kyushu, and Okinawa.
The foreign trade balance is positive, and thus value added exceeds regional final demand, i.e. national savings are invested abroad. 
Region 3(Kanto) is the economically largest region, Possible re-exports of foreign imports are assumed to be zero, and Total input equals total output for each industry, in each region.



III-1. The scenarios of the production shock due to the disruption of the natural disaster
The short run post-disaster equilibrium of a complete production stop in nine regions with Hokkaido to Okinawa is shown in Table 1. 
PSi : Nine scenarios of the Production shocks to the region i due to the natural disaster (i=1,…,9). Tr= i' x－i' x ̅(r) is one aggregate measure of the economy’s change (increase or decrease in value of gross output) if region r disappears, which is the measure of the “importance” or the total linkage. 
The normalization through division by total gross output (i' x ) and multiplication by 100 produces an estimate of the percentage changes in total economic activity, which is 
Tjr ̅=100*[i' x－i' x ̅(r) ]/i' x.

Table 1. Normalization to create percentage changes in total outputs with nine cases of the production shocks
Unit: %
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The short-run, post-disaster equilibrium of a complete production stop in the nine regions, Hokkaido to Okinawa, is shown in Table 1. 
In Table 1, the cross-pattern of zeros indicates the results of applying the hypothetical extraction method to the nine regions, from Hokkaido to Okinawa (Dietzenbacher et al. 1993; Sonis and Oosterhaven 1996; Oosterhaven et al. 2013). In a production shock to Hokkaido, for example, the non-disaster economy, the eight regions from Tohoku to Okinawa, does not shrink as it compensates for the loss from the production stop in Hokkaido. In addition, in the production shocks to the other eight regions (Tohoku, Kanto, Chubu, Kinki, Chugoku, Shikoku, Kyushu, and Okinawa), the non-disaster economy does not shrink either in the case of the production shock to Hokkaido. 
In particular, in the extreme cases, in the production shocks to Kanto, Chubu, and Kinki, the non-disaster economy of these three regions increases more drastically than the other production shock cases, due to the significant size of their economic activities. 
At first glance, the volume outcomes of the production shocks of a complete production stop in the nine regions Hokkaido to Okinawa look to be equal qualitatively. Further examination reveals that the rate of regional import in the non-disaster regions is exogenous to the post-disaster economy. In addition, the rate of regional value added in the non-disaster regions is also exogenous to the post-disaster economy.
The import of final goods is supposed to change proportionally with the rate of change of regional final demands in comparison to the pre- and post-disaster economies. In the region hit by production shock, the imports proportionally increase, and in non-disaster regions decrease. Furthermore, the foreign exports in the non-disaster regions show an increase.
In the scenarios of production shocks to Kanto, Chubu, Kinki, and Kyushu, the resulting trade deficits are rather large. As a short-run restriction from a natural disaster, the outcome is possible, but it is clear that with such a large trade deficit it would be impossible to sustain the economy.

IV.   Hypothetical Supply Chain with the Disruption of Production Shock
The methodology is tested by means of a comparison of the pre-disaster regional economy (base scenario) with a series of post-disaster regional economies (scenarios with regional production shocks) to the Japanese inter-regional, inter-industry economy of 2005. Then, we can compile nine hypothetical I-O tables with post-disaster cases for the Japanese interregional economy. 
Besides, we can also analyze nine hypothetical average propagation lengths.
In this paper, we use the concept of average propagation length (APL), which was presented by Dietzenbacher, Romero and Bosma (2005) and Dietzenbacher and Romero (2007), to predict the hypothetical supply chain with the post-disaster economy due to the production shocks.
A substantial body of literature is devoted to measuring the strength of the links between industries. Many studies address the question of how such interdependencies or linkages can be accurately measured (e.g. Chenery and Watanabe, 1958; Rasmussen, 1956; Miller and Lahr, 2001; Sonis, Guilhoto, Hewings and Martins, 1995). These studies have proposed various alternative measures for such inter-industry linkages. 
In this paper, we use the concept of average propagation length (APL), which was presented by Dietzenbacher, Romero and Bosma (2005) and Dietzenbacher and Romero (2007), to study a hypothetical average propagation length due to the disruption of the production shock hypothetically.
These chains differ from product chains, which focus on a single product, and hence, we term them production chains. We adopt the underlying concept of sequencing in supply chains by viewing production as a stepwise procedure. In the analysis of production processes, some industries are placed in the early stage, and others, in a later stage. 
Oosterhaven and Bouwmeester (2013) discuss that ‘the average propagation length (APL) has been proposed as a measure of a fragmentation and sophistication of an economy, and for a one-sector economy they show that the APL is strictly proportional to the macro multiplier of that economy’ (Oosterhaven and Bouwmeester, 2013, 481). Chen (2014) also extends the definition of APL to the grouping-APL from the double-counting of APL.
When we define average propagation, we analyse how a cost-push or a demand-pull propagates throughout the industries in the economy. According to Dietzenbacher, et al., (2005, 411-412), an initial demand-pull in industry i increases the output value in industry j by  (neglecting the initial effects).  is the Kronecker delta; i.e.  if i = j and 0 otherwise. The share  of this output increase requires only one round, but the share  requires two rounds to get from i to j.  denotes the element (i,j) of matrix , which differs from  ( Dietzenbacher, Romero, and Bosma, 2005, 411-412).

The average number of rounds required to pass over a demand-pull in industry i to industry j yields

    		(2-1)

Let the numerator of the right-hand side of (2-1) be denoted by , with H = . 
 
Then the terms  can easily be calculated by using

.

We can reduced equation (2-1) to (2-2) as the matrix V of APL as follows:

 (2-2)

Alternatively, in the same way, we can define the APL for a cost-push (Dietzenbacher, 1997; Oosterhaven, 1988). Analysing how a one-yen cost-push increase in industry j affects the total output of industry i, we find ++=. The APL for a cost-push yields 

 	(2-3)

Note that input matrix A and output matrix B are related to each other.

We first discuss the inter-regional inter industrial structure of the pre-disaster Japanese economy, i.e. the Base Scenario Case.

According to Dietzenbacher, Romero, and Bosma(2005, 415), in line with the development of the propagation length, the choice for the type of linkage is based on the total size of the cost-push and demand-pull effects. Ignoring the initial effects, these effects can be given by and , respectively. Along with the way of analysing of Dietzenbacher, Romero, and Bosma(2005),instead of using the Leontief inverse for the backward linkages and the Ghosh inverse for the forward effects, we take the average. So, the linkages are given by the elements of the matrix F, which is defined as follows (Dietzenbacher, Romero, and Bosma, 2005, 415):
   		(2-4)

“The element fij gives the size of the linkage and equals the average of the forward effect of a cost-push in sector i on the output in sector j and the backward effect of a demand-pull in sector j on the output in sector I” (Dietzenbacher, Romero, and Bosma, 2005, 416). 
A relationship between the figures in matrix V of an interregional APL and the linkages F  suggests that there could be an inverse relationship between APLs and elements fij .of the linkages F. 
The computing procedure of the economic distances from industry i to jndustry j is to take APLs into account only if the linkage is sufficiently large, using a threshold value. Further, the APLs are rounded off to the nearest integer. From the matrix V with APLs and matrix F with linkages, we can calculate a new matrix S as follows:

　(2-5)
where int() indicates the nearest integer to which has been rounded off. 
There seems to be an inverse relationship between APLs and elements fij. 

Figure 1. The Interregional, Inter-industrial APL of the pre-disaster base scenario
[image: ]
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Notes: Ri= Region i(i=1,…,9), and Ij=Industry j(j=1,2,3)
R1=Hokkaido, R2=Tohoku, R3=Kanto, R4=Chubu, R5=Kinki, R6=Chugoku, R7=Shikoku, R8=Kyushu, and R9=Okinawa. I1= agriculture, forestry and fishery industries, I2= mining, manufacturing, and construction industries, and I3= Public utilities, Commerce and transport, Finance and insurance and real estate, Information and communications, Service Industries.

The Pearson correlation coefficient between APL and the matrix F equals -0.47747. 
[R,P]=corrcoef(x,y)
x = vij , y = fij, 
R = -0.47747, P-value=0.000
Then, we can similarly construct a new matrix S of the Japanese regions as (2-5) where int() is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value = 0.02909 (See, Dietzenbacher, Romero, and Bosma, 2005, 416).

The backward and forward APLs will show that Industrial sector 2 and sector 3 in Kanto region, Industrial sector 2 in Chubu region, Industrial sector 2 and sector 3 in Kinki region, have very complex production chains with other regions, and these regions will be the hub-regions with other regional and interregional inter-industrial relationship.


Figure 2. The Interregional, Inter-industrial APL of the production shock to the Hokkaido
[image: ]
Notes: Ri= Region i(i=1,…,9), and Ij=Industry j(j=1,2,3)
R1=Hokkaido, R2=Tohoku, R3=Kanto, R4=Chubu, R5=Kinki, R6=Chugoku, R7=Shikoku, R8=Kyushu, and R9=Okinawa. I1= agriculture, forestry and fishery industries, I2= mining, manufacturing, and construction industries, and I3= Public utilities, Commerce and transport, Finance and insurance and real estate, Information and communications, Service Industries.
The Pearson correlation coefficient between APL and the matrix F equals 0.0672.
[R,P]=corrcoef(x,y)
x = vij , y = fij, 
R =0.0672, P-value=0.0698
We can similarly construct a new matrix S of the Japanese regions where int() is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value = 0.02570.
In a production shock to Hokkaido, the non-disaster economy compensates for the loss from the production stop in Hokkaido. So, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, sector2 in Chubu region, sector 2 and sector 3 in Kinki region, without the disaster region, Hokkaido region.

Figure 3. The Interregional, Inter-industrial APL of the production shock to the Tohoku
[image: ]
Notes: Ri= Region i(i=1,…,9), and Ij=Industry j(j=1,2,3)
R1=Hokkaido, R2=Tohoku, R3=Kanto, R4=Chubu, R5=Kinki, R6=Chugoku, R7=Shikoku, R8=Kyushu, and R9=Okinawa. I1= agriculture, forestry and fishery industries, I2= mining, manufacturing, and construction industries, and I3= Public utilities, Commerce and transport, Finance and insurance and real estate, Information and communications, Service Industries.

The Pearson correlation coefficient between APL and the matrix F equals 0.0574.
[R,P]=corrcoef(x,y)
x = vij , y = fij,
R = 0.0574, P-value =0.1218
We can similarly construct a new matrix S of the Japanese regions where int() is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value = 0.02540.
In a production shock to Tohoku region, the non-disaster economy compensates for the loss from the production stop in Tohoku. So, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, sector2 in Chubu region, sector 2 and sector 3 in Kinki region, without the disaster region, Tohoku.

Figure 4.　 The Interregional, Inter-industrial APL of the production shock to the Kanto
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The Pearson correlation coefficient between APL and the matrix F equals 0.0174.
[R,P]=corrcoef(x,y)
x = vij , y = fij,
R = 0.0174, P-value = 0.6390.
We can similarly construct a new matrix S of the Japanese regions where int() is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value = 0.02196.
In a production shock to Kanto region, the non-disaster economy compensates for the loss from the production stop in Kanto. Kanto is the economically largest region. As a result, the interregional and inter-industrial production chains have no hub-region with other regions. Due to the fact that there is no economically largest region, which is Kanto, due to the production shock, the interregional and inter-industrial production chains are very sparse with the inter-regional and inter-industrial nework.

Figure 5.　 The Interregional, Inter-industrial APL of the production shock to the Chubu
[image: ]
The Pearson correlation coefficient between APL and the matrix F equals 0.045769.
[R,P]=corrcoef(x,y)
x = vij , y = fij,
R = 0.045769, P-value = 0.2171.
We can similarly construct a new matrix S of the Japanese regions where int()) is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value a = 0.02400.
In a production shock to Chubu region, the non-disaster economy compensates for the loss from the production stop in Chubu. So, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, and sector2 in Kinki region, without the disaster region, Chubu. Besides, the production shock to Chubu region will tend to accelerate the over-concentration of population and economy to  Kanto region.

Figure 6.　 The Interregional, Inter-industrial APL of the production shock to the Kinki
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The Pearson correlation coefficient between APL and the matrix F equals 0.039754.
[R,P]=corrcoef(x,y)
x = vij , y = fij,
R = 0.039754, P-value = 0.2838.
We can similarly construct a new matrix S of the Japanese regions where int() is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value a = 0.02432.
In a production shock to Kinki region, the non-disaster economy compensates for the loss from the production stop inKinki. So, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, and sector2 in Chubu region, without the disaster region, Kinki. Besides, the production shock to Kinki region will tend to accelerate the over-concentration of population and economy to Kanto region.

Figure 7.　 The Interregional, Inter-industrial APL of the production shock to the Chugoku
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The Pearson correlation coefficient between APL and the matrix F equals 0.051948.
[R,P]=corrcoef(x,y)
x = vij , y = fij,
R = 0.051948, P-value = 0.1611.
We can similarly construct a new matrix S of the Japanese regions where int() is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value a = 0.02477.
In a production shock to Chugoku region, the non-disaster economy compensates for the loss from the production stop in Kinki. So, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, and sector2 in Chubu region, and sector 2 and sector 3 in Kinki region. Besides, the production shock to Chugoku region will tend to accelerate the concentration of population and economy to Kanto, Chubu and Kinki regions.

Figure 8.　 The Interregional, Inter-industrial APL of the production shock to the Shikoku
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The Pearson correlation coefficient between APL and the matrix F equals 0.050027.
[R,P]=corrcoef(x,y)
x = vij , y = fij,
R = 0.050027, P-value =0.1773.
We can similarly construct a new matrix S of the Japanese regions where int() is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value a =0.02570.

Figure 9.　 The Interregional, Inter-industrial APL of the production shock to the Kyushu
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The Pearson correlation coefficient between APL and the matrix F equals 0.055033.
[R,P]=corrcoef(x,y)
x = vij , y = fij,
R = 0.055033, P-value =0.1377.
We can similarly construct a new matrix S of the Japanese regions where int() is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value a =0.02479.

Figure 10.　 The Interregional, Inter-industrial APL of the production shock to the Okinawa
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The Pearson correlation coefficient between APL and the matrix F equals 0.06531.
[R,P]=corrcoef(x,y)
x = vij , y = fij,
R = 0.06531, P-value =0.0780.
We can similarly construct a new matrix S of the Japanese regions where int() is used to indicate the nearest integar to which has been rounded. For the calculations with the 34 sector classification, we have used a threshold value a =0.02289.
In a production shock to Shikoku, Kyushu, and Okinawa regions, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, and sector2 in Chubu region, and sector 2 and sector 3 in Kinki region. And, the production shock to each region will tend to accelerate the concentration of population and economy to Kanto, Chubu and Kinki regions. Besides, a production shock to Kyushu and Okinawa region will tend to accelerate the economic trade of goods and services with Honshu area.

V.  Concluding Remarks
We tested the hypothetical regional extraction model by pushing out the impact due to the hypothetical shocks, which are the production and infrastructure shocks of the disruption of the natural disaster, at each three sector per nine regions in the Japanese interregional economy. Then, we can compile nine hypothetical I-O tables with post-disaster cases with the Japanese interregional economy. Besides, we can also analyze nine hypothetical average propagation lengths.
In a production shock to each region, the non-disaster economy of eight regions does not shrink as with the case of compensating for the loss of the production stop with the damaged region. Besides, in the production shocks to other eight regions, the non-disaster economy also does not shrink as well as the case with the production shock to the damaged region due to the natural disaster. The import of final goods is supposed to be proportionally changed to the rate of change of the regional final demands in comparison with the pre- and post-disaster economy. For instance, the resulting trade deficits of the scenarios of the production shocks to Kanto, Chubu, Kinki, and Kyushu regions are rather large. As a short run restriction to a natural disaster, the outcome is possible, but it is clear that such a large trade deficit is impossible to have the sustainability of the economy.
The backward and forward APLs of the pre-disaster base scenario will show that Industrial sector 2 and sector 3 in Kanto region, Industrial sector 2 in Chubu region, Industrial sector 2 and sector 3 in Kinki region, have very complex production chains with other regions, and these regions will be the hub-regions with other regional and interregional inter-industrial relationship.
In a production shock to Hokkaido, the non-disaster economy compensates for the loss from the production stop in Hokkaido. The interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, sector2 in Chubu region, sector 2 and sector 3 in Kinki region, without the disaster region, Hokkaido.
In a production shock to Tohoku region, the non-disaster economy compensates for the loss from the production stop in Tohoku. So, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, sector2 in Chubu region, sector 2 and sector 3 in Kinki region, without the disaster region, Tohoku.
In a production shock to Kanto region, the non-disaster economy compensates for the loss from the production stop in Kanto. Kanto is the economically largest region. As a result, the interregional and inter-industrial production chains have no hub-region with other regions. Due to the fact that there is no economically largest region, which is Kanto, due to the production shock, the interregional and inter-industrial production chains are very sparse with the inter-regional and inter-industrial nework.
In a production shock to Chubu region, the non-disaster economy compensates for the loss from the production stop in Chubu. So, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, and sector2 in Kinki region, without the disaster region, Chubu. Besides, the production shock to Chubu region will tend to accelerate the over-concentration of population and economy to  Kanto region.
In a production shock to Kinki region, the non-disaster economy compensates for the loss from the production stop in Kinki. So, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, and sector2 in Chubu region, without the disaster region, Kinki. Besides, the production shock to Kinki region will tend to accelerate the over-concentration of population and economy to Kanto region.
In a production shock to Chugoku region, the non-disaster economy compensates for the loss from the production stop in Chugoku. So, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, and sector2 in Chubu region, and sector 2 and sector 3 in Kinki region. Besides, the production shock to Chugoku region will tend to accelerate the concentration of population and economy to Kanto, Chubu and Kinki regions.
In a production shock to Shikoku, Kyushu, and Okinawa regions, the interregional and inter-industrial production chains have several hub-regions with other regions, for example, the industrial sector 2 and sector 3 in Kanto region, and sector2 in Chubu region, and sector 2 and sector 3 in Kinki region. And, the production shock to each region will tend to accelerate the concentration of population and economy to Kanto, Chubu and Kinki regions. Besides, a production shock to Kyushu and Okinawa region will tend to accelerate the economic trade of goods and services with Honshu area.
The recovery from the great earthquake has faced many difficulties, including the sudden disruption from both the earthquake and the tsunami. The results of this article show that the disruption due to the production shock to each region will influence the major catastrophical changes with the interregional and inter-industrial economic structure, and the supply chains with the interregional and inter-industrial economic network. To recover from such tragic situations we have to implement all policy instruments at our disposal so that all the economic actors in Japan can attempt to return to a status that is as close to pre-disaster as possible.
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Appendix 
Figure A1. Japan nine regions in the interregional Japan IRIOT
[image: ]

R1. Hokkaido
R2. Tohoku (Aomori, Iwate, Miyagi, Akita, Yamagata, Fukushima)
R3. Kanto (Ibaraki, Tochigi, Gunma, Saitama, Chiba, Tokyo, Kanagawa, Niigata,
         Yamanashi, Nagano, Shizuoka)
R4. Chubu (Toyama, Ishikawa, Gifu, Aichi, Mie)
R5. Kinki (Fukui, Shiga, Kyoto, Osaka, Hyogo, Nara, Wakayama)
R6. Chugoku (Tottori, Shimane, Okayama, Hiroshima, Yamaguchi)
R7. Shikoku (Tokushima, Kagawa, Ehime, Kochi)
R8. Kyushu (Fukuoka, Saga, Nagasaki, Kumamoto, Oita, Miyazaki, Kagoshima)
R9. Okinawa


Table A1. Industrial sectors of Japan interregional input-output table
	
	Industry

	I1
	Agriculture, forestry and fishery

	I2
	Mining, Beverages and Foods, Metal products, Machinery, Miscellaneous manufacturing products, Construction


	I3
	Public utilities, Commerce and transport, Finance and insurance and real estate, Information and communications, Service Industries
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Ps1 PS2 PS3 PS4 PS5 PS6 PS7 PS8 PS9
Hokkaido, Industry 1 ~100.00] 595 8204 1662 2131 742 EXEl 932 061
Hokkaido, Industry 2 ~100.00] 515 7268 1487 1941 718 294 933 063
Hokkaido, Industry 3 ~100.00] 676 7655 1648 2077 792 310 982 064
Tohoku, Industry 1 221 10000 7505 1681 2086 725 305 925 063
Tohoku, Industry 2 283 10000 59.60] 13.08 18.20] 696 275 903 063
Tohoku, Industry 3 354] 10000 74.04 1669 2104 804 313 981 063
Kanto, Industry 1 224 515 10000 1583 2063 720 292 913 059
Kanto, Industry 2 328 477| 10000 1232 1781 646 261 873 061
Kanto, Industry 3 389 668 10000 1682 2094 8.00 308 971 061
Chubu, Industry 1 278 647 8027 -10000| 1939 703 281 923 059
Chubu, Industry 2 356 643 6868 -10000| 1577 600 260 877 062
Chubu, Industry 3 392 705 7886 -10000| 19.90] 782 300 964 061
Kinki, Industry 1 252 635 8317 1513[  -10000| 546 235 837 061
Kinki, Industry 2 352 632 7316 1057]  -10000| 450 203 800 061
Kinki, Industry 3 399 712 8218 1600[  -10000| 757 291 950 062
Ghugoku, Industry 1 275 681 83.60] 1673 1914 -10000| 216 654 062
Ghugoku, Industry 2 382 666 7534 1289 1511 -10000] 189 6.90 062
Ghugoku, Industry 3 402 718 7896 1665 19.42[ -10000| 259 884 064

ku, Industry 1 313 644 8172 1602 1758 227 10000 832 062

ku, Industry 2 378 665 7336 1335 1286 304 10000 749 063

ku, Industry 3 406 711 7781 1642 1855 656 10000 917 063
Kyushu, Industry 1 263 693 8421 1678 2018 386 277 10000 047
Kyushu, Industry 2 378 651 7297 1241 1679 408 217 10000 053
Kyushu, Industry 3 406 717 79.30] 1661 2006 677 289 10000 059
Okinawa, Industry 1 367 676 8326 1637 2058 663 294 073 10000
Okinawa, Industry 2 380 628 7816 1515 1853 669 280 257 10000
Okinawa, Industry 3 398 718 7865 1622 2025 757 307 847] 10000
Foreign Import industry 1 446 082 4302 544 1264 447 142 381 045
Foi 374 392 3851 1.30 1158 083 090 657 033
Foreign Import industry 3 363 416 7214 729 2206 451 196 1010} 138
Total Foreign Import 365 271 1678 ~744 314 -118 070 058 062
Total Value Added 012 068 646 417 215 191 045 055 -002
Total Regional Final Demand 012 085 1040] 564 362 211 050 171 004
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