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Disasters, (Natural) Hazards

Earthquakes

Tsunami

Floods

Severe Storms

Volcanic Eruptions

Terrorist Attacks

Pandemics

Climate Change



Economic Impacts of Disasters
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Economic Impacts of Disasters

Destruction of Physical Properties:

Production facilities, buildings

Infrastructure (roads, lifelines, etc.)

Human capital (labor)

(Economic) Damages

measured by assessing damaged property 

values



Estimated damages of 2011 East Japan Earthquake and 

Tsunami (JPY trillion)

Economic Impact: Damages
These estimates were 

released just two weeks after 

the event.

This estimate was released 

three months after the event.



Economic Impacts of Disasters

Disruption of Activities:

Disruption of productions

Transportation delays

Lost wages

Decreased demand (consumptions)

(Economic) Losses

estimated using economic models



Economic Impact: Losses

2011 East Japan Earthquake and 

(hypothetical) Tokyo Great Earthquake

(JPY trillion)



Damages and Losses

Damages: value of damaged capital stock

Losses: lost production opportunities (flows)

These should not be added together.

Losses are more useful and can be 

compared with macroeconomic indicators, 

such as GDP.



Losses: Propagation of Impact



Electronics

© TOYOTA Motor Corp.

Impact through Supply Chains

STOP



Five Types of Losses

Oosterhaven’s (2017) classification:

1) Decrease of production (supply)

2) Forward effect of supply shortages

3) Substitution effect for replaceable goods

4) Decline of intermediate and final demands

5) Backward and positive effects from recovery and 

reconstruction
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Models: Input-Output Model

Accounting framework and data

Simple structure and various extensions

Fixed coefficients (no price changes) 

Flow model



Application of Input-Output Model

2004 Indian Ocean Earthquake and Tsunami (Okuyama, 

2010)

Use of 2000 Asian International IO Table (IDE-JETRO)



© Hosoe, 2004

Models: CGE Model

Detailed economic simulation model

Price changes, substitutions, trades, etc. 

Enormous data requirement  

Need some skills to run the model  

Computable General Equilibrium



Application of CGE Model

Economic Loss Assessment due to Railroad and Highway 

Disruptions (Tsuchiya et al., 2007)

Industrial Sectors Industrial Sectors （（goodsgoods））

Business TripBusiness Trip

pi
k (0) , qi

k (0)

Prices of GoodsPrices of Goods

D
is

a
s
te

r
D

is
a
s
te

r

Labor, CapitalLabor, Capital

Transport Condition (cost)Transport Condition (cost)

Li
k (0) , Ki

k (0)

Equilibrium before a Disaster 

(Long-run equilibrium)

Equilibrium after a Disaster 

(Short-run equilibrium)

Li
k (0) , Ki

k (0)

pi
k (1) , qi

k (1)

（fixed）

Household Household （（consumptionconsumption））

di
k (0) di

k (1)

Qi
k (0), Xji

k(0), zi
kl(0) Qi

k (1), Xji
k(1), zi

kl(1)

ni
kl (0) ni

kl (1)

τ i
kl (0) , φ i

kl (0) τ i
kl (1) , φ i

kl (1)

E
n
d
o
g
e
n
o
u
s v

a
ria

b
les

E
x
o
g
e
no

u
s

v
a
ria

b
les

0 .0

2 .0

4 .0

6 .0

8 .0

1 0 .0

1 2 .0

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4

I: Route A and (a) are disrupted.

II: Two major routes are disrupted.

III: Based on II, the detour routes

are upgraded.
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Models: Econometric Model

Statistically rigorous and stochastic estimation

Forecasting capability for long-run impact 

Based on historical trends  

Unable to distinguish between direct losses and higher-

order (indirect) effects  



Measuring the regional economic effects of earthquakes 

and earthquake predictions  (Ellson et al., 1984)

Application of Econometric Model

Ellson et al., 1984
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Which Model to Use?

Purpose and timing:

Pre-hazard (policy evaluation)

detailed assessment needed

extended IO or CGE models

Post-hazard (budget determination)

quick and aggregated

long-run implications

IO model, Econometric model



Which Model to Use?

Particular aspect: 

Transportation, lifelines, trades

Detailed simulation of the aspect

integrated IO models

spatial CGE model

Demographic changes

Simulation of migration

extended IO model

spatial CGE model

Econometric model 



Final Remarks

 Models reflect only limited aspects of the reality.

 Models are assumption driven.

 Know the advantages and limitations of models.

 Interpret the results carefully. 

 The more sophisticated models become, the 

more precise input data will be required. (West 

and Lenze, 1994)


