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Abstract：
The purpose of this study is to examine the total economic impact caused by the Great East 

Japan Earthquake within the Interregional Input-Output Framework.
The large amount of the study about the economic impact of the Great East Japan Earthquake 

on 11 March, 2011 has been estimated and evaluated the forward and backward, and the direct 
and indirect effects. Thus we have to examine the estimation of the stock damages and economic 
damages.

In this study, the impacts from this event have spilled over from the damaged region to other 
regions, and the impacts have influenced the national economy as a whole. 

An extended Interregional Input-Output Table for Chubu region is composed of nine prefectures 
and the Rest of Japan. We intend to examine the total economic impact by the help of the Interregional 
Input-Output Analysis.

Keyword : total economic impact, Interregional Input-Output Analysis, the Great East Japan 
Earthquake

　東日本大震災の経済インパクトの推計：
地域間産業連関分析のフレームワーク

野　崎　道　哉

要旨：
本稿の目的は、地域間産業連関分析の枠組みにおいて、東日本大震災によって生じた経済インパク

トの推計を行うことである。東日本大震災による経済被害の推計に関しては膨大な研究が存在し、そ
の推計のパースペクティブに関しても前方連関効果、後方連関効果、および直接効果、間接効果など
様々である。我々は、ストック被害と他地域にわたる経済被害を地域間産業連関分析によって明らか
にする。本研究では、震災によって生じた経済被害の他地域へのインパクトがどのような規模である
のか、また経済被害が国民経済全体へどのような影響を及ぼすかについて推計を行う。

キーワード：総経済インパクト、地域間産業連関分析、東日本大震災
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I. Introduction

The purpose of this study is to examine the total economic impact caused by the Great East 
Japan Earthquake within the Interregional Input-Output Framework.

The large amount of the study about the economic impact of the Great East Japan Earthquake 
on 11 March, 2011 has been estimated and evaluated the forward and backward, and the direct and 
indirect effects. But, we have not yet obtained the total economic impact data of the Great East 
Japan Earthquake. Thus we have to examine the estimation of the stock damages and economic 
damages.

In this study, the impacts from this event have spilled over from the damaged region to other 
regions, and the impacts have influenced the national economy as a whole. 

An extended Interregional Input-Output Table for Chubu region is composed of nine prefectures 
and the Rest of Japan. We intend to examine the total economic impact by the help of the Interregional 
Input-Output Analysis.

The physical damages and economic losses from earthquakes, floods, and other natural disasters 
can have significant impacts on a region’s economy. Demands for estimating the economic 
consequences of these events (owing to costs for recovery and reconstruction), as well as the extent 
of the damages per se, can be immediate and pressing. Most analytical models of urban and regional 
economies, however, cannot confront these unscheduled and significant changes since they largely 
assume incremental changes in system over time. Moreover, the consequences associated with the 
event will be multifaceted and are likely to include significant damages for both the demand and 
supply of consumer goods. The difficulties associated with impact analysis of unscheduled events 
are, therefore, (a) distinguishing the direct and indirect consequences of the event ; (b) deriving 
multiple viable assessments at each spatial level, and (c) evaluating the reaction of households, 
which are poorly understood (Okuyama, Sonis, and Hewings, 1999).

Following the tragic earthquake and tsunami on 11 March 2011 in the Tohoku region, there has 
been an exceptional effort to support the Japanese people. The Japanese government and Japanese 
Joint Task Force have spearheaded the relief effort. However, others participating in the relief 
operations are using this event to think about and plan for the future as a means to support the 
future safety of the Japanese people.

This multifaceted catastrophe, which consisted of a magnitude-9.0 earthquake (and thousands of 
aftershocks), a massive tsunami, and problems with nuclear reactors, has illustrated that devastation 
does not adhere to administrative borders. Hundreds of communities in several prefectures have 
been affected and many layers of the Japanese bureaucracy—at the local, prefectural, and national 
level—have been involved. Because of the time necessary to coordinate the various jurisdictions, 
quick and effective responses have proven elusive (The Daily Yomiuri, 20 April 2011).

In this study, the extent to which the physical and economic impacts of this event have spilled 
over from the damaged region to other regions will be evaluated. Further, the study will examine 
how these effects have influenced the Japanese economy as a whole. Past research in this area 
provides some guidance in how to approach these analyses. Miyazawa (1976) formulated a matrix 
multiplier that combines Leontief ’s propagation process with the Keynesian propagation process in 
the form of the Leontief inverse multiplied by the subjoined inverse matrix. Moreover, Miyazawa’s 
(1976) internal and external multipliers were derived to analyze interregional linkages. Okuyama, 
Sonis, and Hewings (1999) analyzed the Great Hanshin Earthquake by utilizing the interregional 
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input-output table provided by the Ministry of International Trade and Industry of Japan (1990). 
The authors presented their analytical methodology using the Miyazawa’s framework and some 
extensions.

The aims of this paper are to evaluate economic impacts on unscheduled natural disasters to 
use the interregional input-output table for the Chubu region and the rest of Japan to estimate the 
economic damages of the Great East Japan Earthquake (see Nozaki, Ihara, and Tithipongtrakul, 
2011).

II. Input-Output Analysis of the Great Earthquake

As to the supply-driven Input-Output model, Oosterhaven(1988) pointed out that in the impact 
studies straightforward use of the model was criticized and a more careful estimation procedure 
was suggested. 

Oosterhaven (1996 ; 2012) compares the theoretical structure of the demand-driven model and the 
supply-driven model and presents the evaluation of conclusion that the demand-driven model may 
not be entirely plausible, but the supply-driven model is much less plausible.

And as Oosterhaven (1996) explained, in 1980’s, in spite of the implausibility of the application 
of the Ghoshian supply-driven model to the market economy, without the reservations uncritical 
generalizations appeared in the theoretical literature (Bon, 1988).

Dietzenbacher (1997) showed that the supply-driven input-output model became plausible, once it 
was interpreted as a price model.

Miller and Blair(2009) introduced the reconsideration of the Ghoshian model as a price model and 
the analytical tool of the linkage analysis.

We think that it is true about what Oosterhaven (1996 ; 2012) and Dietzenbacher (1997) explained 
when the market economy works normally.

And the simple Ghoshian quantity model will be applicable when the market economy does 
not work, and the supply chain are cut off within the interregional trade, for instance, the supply-
constrain economy as after the natural disasters.

Let us denote the direct damage ratio d (1 > d > 0). Now, let us denote the remaining production 
ratio λ, when λ = 1 – d. The ʻforward linkage effect’ suggests that industrial activities can affect the 
production of industrial goods which have been used as an intermediate product of that industry. 
The ʻ backward linkage effect’, in contrast, affects the production activities of another industry 
whose product demand variation is supplying intermediate goods to the industry. 

When we analyze the economic damage of the Great East Japan Earthquake, we treat the damage 
of the Tohoku region’s production as exogenous, and we analyze the forward linkage effects to 
other regions in Japan.
X is a column vector of the output, 

′
V
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We will analyze the backward linkage in terms of its propagation of the damaged production loss 
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throughout Japan using Leontief inverse models. When we analyze the economic damage of the 
Great East Japan Earthquake, we treat the damage of the Tohoku region’s production as exogenous, 
and we analyze the backward linkage effects to other regions in Japan. 

A is the input coefficients of intermediate goods, F is a column vector of the final demand.

Ghosh Model :

′
V

＝( − ) = ( − ′) (1)

∆ = d (2)

∆ ＝( − ) ∆ = ( − ′) ∆ (3)

where = .

∆ ＝( − ) ∆ = ( − ) ∆ (4)
where = .

(1)
Direct Economic Damages
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Ⅲ. Empirical Studies on the economic impact of the Great East Japan Earthquake

The scale of the earthquake and subsequent disasters’ damage was calculated by determining 
the total number of employees in the stricken area’s counties (which served as a proxy for output 
value of each industry in each prefecture in fiscal year 2008). Table 1 summarizes the estimated 
damage of the Great East Japan Earthquake as outlined by the Cabinet Office of the Government 
of Japan (2011).

An Interregional Input-Output Table is composed of Toyama Prefecture, Ishikawa Prefecture, 
Fukui Prefecture, Nagano Prefecture, Gifu Prefecture, Shizuoka Prefecture, Aichi Prefecture, Mie 
Prefecture, Shiga Prefecture and the Rest of Japan. Other, by using Interregional Input-Output 
Table in Japan (nine regions with National wide). An extended Interregional Input-Output Table 
be decomposed into eight regions Hokkaido, Tohoku, Kanto, Kinki, Chugoku, Shikoku, Kyushu 
and Okinawa, the central 17 inter-industry relations table between regions  (the “inter-regional 
extension table”) to reconfigure as other prefecture. 

Please see Table 1. This is the table of an extended Interregional I-O Table for explanation.

Table 1. An Extended Interregional I-O Table for 17 regions
Souces of interregional trade coefficients Appling trade coefficients to compile the I-O table

Name of Interregional I-O table Synbol Method Reference 
statistics

Interregional Input-Output Table
for Chubu Region C (trade coefficients for Chubu region)

to use 
directly

Freight 
Census 
2005Interregional Input-Output Table 

(9 blocks in Japan)

J (trade coefficients for 8 blocks of Japan other 
than
Kan (a deducted region with Shizuoka and 
Nagano from original Kanto region)
Chu (a added region with Shizuoka, Nagano, 
Fukui and Shiga to original Chubu region)
Kin (a deducted region with Fukui and Shiga 
from original Kinki region)

Note : We compiled an extended interregional I-O Table for 17 regions to refer a Freight Census 2005 in Japan
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Hokkaido Tohoku Kanto Toyama Ishikawa Fukui Nagano Gifu Shizuoka Aichi Mie Shiga Kinki Chugoku Shikoku Kyusyu Okinawa
Hokkaido J J J chu chu kin kan chu kan chu chu kin J J J J J
Tohoku J J J chu chu kin kan chu kan chu chu kin J J J J J
Kanto J J J chu chu kin kan chu kan chu chu kin J J J J J
Toyama chu chu chu C C C C C C C C C chu chu chu chu chu
Ishikawa chu chu chu C C C C C C C C C chu chu chu chu chu
Fukui kin kin kin C C C C C C C C C kin kin kin kin kin
Nagano kan kan kan C C C C C C C C C kan kan kan kan kan
Gifu chu chu chu C C C C C C C C C chu chu chu chu chu
Shizuoka kan kan kan C C C C C C C C C kan kan kan kan kan
Aichi chu chu chu C C C C C C C C C chu chu chu chu chu
Mie chu chu chu C C C C C C C C C chu chu chu chu chu
Shiga kin kin kin C C C C C C C C C kin kin kin kin kin
Kinki J J J chu chu kin kan chu kan chu chu kin J J J J J
Chugoku J J J chu chu kin kan chu kan chu chu kin J J J J J
Shikoku J J J chu chu kin kan chu kan chu chu kin J J J J J
Kyusyu J J J chu chu kin kan chu kan chu chu kin J J J J J
Okinawa J J J chu chu kin kan chu kan chu chu kin J J J J J

Source : Nozaki, Ihara and Thitipongtrakul (2011), p. 30, Figure 1.

Table 2.  The damaged stock of the Great east Japan Earthquake
Contents Damaged Stock (Unit : trillion yen)

Construction
(Houses, residential lands, Offices, Machines) 10.4

Lifelines (Water, Gas, Electricity, Communications 
and Broadcasting facilities) 1.3

Infrastructure
(Rivers, Roads, Ports, Sewers, Airports, etc.) 2.2

Agriculture and Fishery Industrial Facilities 1.9
Other Facilities 1.1
Total 16.9

Source : Cabinet Office Government of Japan, (2011)

Table 3.  The damaged stock of the Great east Japan Earthquake (CRISER)
Unit : million yen, %

Housing Stock Private Capital 
Stock

Social Capital 
Stock Total

Direct 
Economic 
Damage of 

Capital Stock

Direct Damage 
Rate of Capital 

Stock

Iwate 696,380 9,063,333 10,742,624 20,502,337 3,690,421 18.0%
Miyagi 2,074,190 17,590,221 13,480,209 33,144,620 6,628,924 20.0%
Fukushima 1,140,970 20,758,217 13,673,343 35,572,530 3,912,978 11.0%
Ibaraki 385,750 29,060,461 13,868,985 43,315,196 2,165,760 5.0%
Total 3,600,910 76,472,233 51,765,161 132,534,684 16,398,083 12.4%

Source : original capital stock data compiled by Dr. Suzuki (2001).

On the four prefectures of Iwate Prefecture Miyagi, Fukushima, Ibaraki were greater scale 
of damage caused by earthquake and tsunami, to estimate the income loss affected areas of the 
municipality affected by the following method. Upon estimation, for the sake of simplicity, let us 
assume that damage of the earthquake that occurred in all the Tohoku region to do the calculations 
money transferred to the amount of damage in Ibaraki Prefecture.

1) We estimate the number of employees by industry, municipal disaster, the ratio of employees in 
the economic census (small classification by prefecture). For selection of the municipality affected, 
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out of the “specific local governments affected”, was selected as the reference information published 
municipal newspaper, suffered from earthquake damage, the tsunami.

2) The total production by citizens and industry by prefecture of economic calculation by 
multiplying the rate of employees and the rate of directly damage ratio stock on each prefecture to 
calculate the loss of income by industry.

Using the extended “interregional Input-Output table”, a direct impact on economic losses in 
the Tohoku make an estimate of economic damage. Here, the affected municipalities have been 
assumed to identify the municipalities that are specified in the affected areas, production activities 
in the region has been stopped for one year.

The total loss of income of the damaged regions is about 1.105 trillion yen.

Table 3. The Loss of Income of the damaged regions
unit: million yen

Source : Nozaki, Ihara and Thitipongtrakul (2011), p. 30, Figure 1.
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Forward linkage occurs when the products of one industry is used as the raw material of another 
industry. It can involve an industry in primary production linking with an industry in secondary 
production. Forward linkage is when one industry is producing the raw material for another 
industry. 

In Table 4, Damaged output by the Great East Japan Earthquake of the forward linkage will be 
estimated about 1.924 trillion yen.

And Backward Linkage is the relationship between a firm or industry and the suppliers of its 
inputs, or raw materials. An increase in the output of the firm or industry is transmitted backward, 
yielding an increase in the demand for inputs. Development planners usually prefer to target 
industries with significant backward linkages, so that investments have additional multiplier effects 
in generating benefits for other sectors and in helping to further growth in input industries.

In Table 6, Damaged output by the Great East Japan Earthquake of the backward linkage will be 
estimated about 0.910 trillion yen.

IV. Concluding Remarks

As we analyzed in this paper, we reconsidered the traditional Leontief demand-driven model 
compared with the Ghosh supply-driven model in the line of the total economic impact stemmed 
from the East Japan Great Earthquake.

As to the supply-driven Input-Output model, Oosterhaven (1988) pointed out that in the impact 
studies straightforward use of the model was criticized and more careful estimation procedures 
were suggested. 

Oosterhaven (1996 ; 2012) compares the theoretical structure of the demand-driven model and the 
supply-driven model. He also presents the evaluation of conclusion that the demand-driven model 
may not be entirely plausible, but the supply-driven model is much less plausible.

Dietzenbacher (1997) showed that the supply-driven input-output model became plausible, once it 
was interpreted as a dual price model of the Leontief model.

Miller and Blair (2009) introduced the reconsideration of the Ghoshian model as a price model and 
the analytical tool of the linkage analysis.

We think that it is true about what Oosterhaven (1996, 2012) and Dietzenbacher (1997) explained 
when the market economy works normally. And the simple Ghosh quantity model will be applicable 
when the market economy does not work, and the supply chain are cut off within the interregional 
trade, for instance, the supply-constrain economy as after the natural disasters.

At last, but not least, it should be pointed out that we still have several problems unsolved in the 
line of theoretical and empirical issues.

Firstly, in this paper, we analyzed the economic impact stemmed from the East Japan Great 
Earthquake by the Ghosh model, but we also have to look for more plausible economic model to 
estimate the interregional economic damage within the interregional Input-Output framework.

Secondly, we have to estimate the interregional economic repercussion effects of the economic 
recovery of the damaged area of the Great East Japan Earthquake.

Thirdly, we also have to look for more plausible economic model depending on the change of the 
object of the analysis.



− 32 −

弘前大学大学院地域社会研究科年報　第11号

References
Ashiya, T. and Jinushi, T. (1999), “Estimating an Input-Output table for the economic impact study of the Great 

Hanshin Awaji Earthquake, ” Business Journal of PAPAIOS, 8 (4) : 6–14.
Ashiya, T. and Jinushi, T. (2001) ,“The Great Earthquake and Structural change of Industrial Classification”, The 

Kokumin Keizaigaku Zasshi, 183 (1) : 79–97.
Bon, R. (1988), “Supply-Side Multiregional Input-Output Models,” Journal of Regional Science, Vol. 28, No. 1, pp.41–50
Boscoianu, M. (2008), “Emerging Research Directions for Modeling the Impact, Short Time Recuperation and Long 

Term Recovery in the Case of Natural Hazards,” Environmental Problems and Development, 2008, pp.174–179.
Cabinet Office Government of Japan, (2011), “On the estimates of the damaged stock of the Great east Japan 

Earthquake,” Cabinet Office Government of Japan (Disaster prevention), June 24, 2011.
Chubu Region Institute for Social and Economic Research, (2011) “Interregional Input-Output Table for the Central 

Part of Japan, the year 2005”, Chubu Region Institute for Social and Economic Research
Cochrane, Halord C., (2004) “Indirect Losses from Natural Disasters : Measurement and Myth,” in chapter 3 of 

Yasuhide Okuyama and Stephanie E. Chang (edited), Modeling the Spatial and Economic Eff�encts of Disasters, 
New York, Springer.

Dietzenbacher, E. (1997), “In vindication of the Ghosh Model : a Reinterpretation as a Price Model”, Journal of 
Regional Science, 37 (4): 629–651.

Hosoe, N. (2011), “An Input-Output Analysis of Impact of Voluntary Self-restraint on the Recreation Industries,” 
GRIPS Discussion Paper 11–04.

Inada,Y., Irie, H., Shima, A. and Toizumi,T. (2011), “Macroeconomic Impact of the damage by the Great east Japan 
earthquake : the complex damage of earthquake, Tsunami, and nuclear power generation”, (in Japanese), KISER 
REPORT.

Ishikawa, Y. (2005) “Analysis of the Spatial Impacts of the Niigata Chuetsu Earthquake,” Doboku Keikakugaku 
Kenkyu Ronbunshu, 31.

Katada, T., Ishikawa, Y., Kimura, S. and Satou, T. (2004), “A Study on the structure of damage to establishments by 
the heavy rainfall disaster in Tokai region”, Doboku Keikakugaku Kenkyu Ronbunshu, 29.

Miller, Ronald E., and Peter D. Blair (2009), Input-Output Analysis: Foundations and Extensions, Second edition, 
Cambridge University Press.

Ministry of Economy, Trade and Industry (2005), An Inter-regional Input-Output Table in Japan.
Miyazawa, K., (1976), Input-Output Analysis and the Structure of Income Distribution, Springer-Verlag.
Nozaki, M., Ihara, T. and Thitipongtrakul, N. (2011), “How to Grasp the Economic Impact of the Great East Japan 

Earthquake : An Influence for Chubu Region” (in Japanese), Business Journal of PAPAIOS Input-Output Analysis 
‒ Innovation & I-O Technique‒, Vol. 19, No. 3.

Okuyama, Y. (2003) “Economics of natural Disasters : A Critical Review”, Research Paper 2003‒12, paper presented 
at the 50th North American Meeting, Regional Science Association International, November 20–22, 2003, 
Philadelphia, PA.

Okuyama,Y., Sonis, M. and Hewings, G.J.D. (1999), “Economic Impacts of an Unscheduled, Disruptive Event : A 
Miyazawa Multiplier Analysis”, in Understanding and Interpreting Economic Structure, G.J.D. Hewings, M.Sonis, 
M.Madden and Y.Kimura (edited), Springer-Verlag.

Okuyama, Y., Sonis, M. and Hewings, G.J.D. (2004) “Measuring Economic Impacts of Disasters : Interregional Input-
Output Analysis Using Sequential Interindustry Model”, in chapter 5 of Yasuhide Okuyama and Stephanie E. 
Chang (edited), Modeling the Spatial and Economic Eff�encts of Disasters, New York, Springer.

Oosterhaven, J. (1988), “On the plausibility of the supply-driven Input-Output model,” Journal of Regional Science, 
28 (2) : 203–217.

Oosterhaven, J. (1996), “Leontief versus Ghoshian Price and Quantity Models,” Southern Economic Journal, 62 (3): 
750–759.

Oosterhaven, J.(2012), “Adding Supply-Driven Consumption makes the Ghosh Model even more implausible, ” 
Economic Systems Research, 24 (1)  : 101–111.

Shuntaro Shishido (supervised), PAPAIOS (edited), (2010), Handbook of Input-Output Analysis, Toyo keizai shinpousha.
Suzuki, M., (2011), “The data source of the private capital stock, housing capital stock, and social infrastructure”, 

CRISER.
Yamano, N., Kajitani, Y. and Shumuta, Y. (2004), “Modeling the Regional Economic Loss of Natural Disasters : Indirect 

Loss Diffusion due to the Electricity Disruptions and Interindustry Economic Activities,” Regional Economic 
Applications Laboratory Discussion Paper, 2004, University of Illinois.




