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Backgrounds and Motivations

i = Implementing risk management in the
regional level is not an easy task

because

1) often important data is not available,
= e.g., fragility curves of industrial sectors,

resiliency factors which fits for local
situation

and

2) confusions In estimating impact are often
found.:

= e.g., stock and flow distinction, double
counting, etc.,



Backgrounds and Motivations

i = We are now on the stage to identify the
missing data and ideas for regional

disaster risk management and developing
data and models.



i We have focused on ...

= Empirical Research:
= Resiliency factor, Kajitani, et.al.

= SCGE models, Tsuchiya, et.al., for Static Loss
Estimation

= Theoretical Research:
= Endogenous growth model for disaster recovery

= General equilibrium models to find out the
consequences of the mitigation investment in the
long-run



Economic Growth Path under
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Actual Situation

eDisaster: High Spatial Correlation
=Local Damages

eMutually dependent industry

= Spill-over effect
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Heterogeneous Damages in Capital
= Existing capital in low productivity
because of the lack of the destroyed capital
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i We focus on

= How can we measure the economic
Impact of a disaster in the region?




i Introduction

= Loss Estimation of Catastrophic Disasters
= direct and indirect —Double counting?

= TO propose an consistent method to estimate
total economic loses.

= 10 show an method to estimate indirect loss

= Various (direct & indirect) impacts on both
damaged and non-damaged areas.

= Indirect effects can be too big to brush off,
especially if disaster hit an urbanized area, or
some facilities closely related to it.



Principles of Loss Estimation

¥

Total Loss = Direct Loss + Indirect

What are the direct and indirect losses?

How can we estimate them?

time
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i Damages In “STOCK?”

= STOCKS:infrastructure, building, production
capital, etc

- used repeatedly for producing services

s Value of STOCK:

= Present value of a flow of services which will be
produced in the future by the stock

s Economic losses In “STOCK”:

= Lost present value of services which could be
produced by the damaged / losed stock




* Direct Loss=Stock Loss

= 80% of “Stocks” are supposed to be lost by a
disaster
—\We loose 80 % of Production after Disaster
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* Indirect LosS

= Forgone flow of benefit/profit which could be
earned if the stock were not damaged, e.g.,
business interruption losses.
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Indirect Loss
$=Direct loss—Benefit of Restoration

= When we often talk about total losses,
effects of two different events
together: Earthquake and Restoration.

/| ndirect Loss Direct Loss Benefit of Restoration
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i Therefore,

s Jotal Loss
Restoration

=Direct Loss—Net Benefit of Restoration

= Indirect Loss—+ Cost of Restoration
Restoration cost should be regarded as the direct loss !

Hanshin Awaji Earthquake:
Restoration cost of highway bridges’ pillars were 2-
10 times larger than the construction cost.



Another consistent economic loss estimation method

Difference of discounted cash flows
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i Aggregation in a region

= During restoration stages, demand in
some sector will increase because of
restoration, e.g., construction.

s Question:

= Should we add the negative economic
loss (=positive benefit) In such sectors
to estimate consistent total economic
loss In industrial sectors?



Restoration Demand and Loss estimation
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Summing up difference of discounted cash flows

Answer: Yes
Difference of discounted cash flows aggregated over a region (ADDCL)

=Regional opportunity cost of a disaster
=

ADDCL =foregone revenue + restorattor expensAes

+revenue Incre oration demand

- increase In production cost of restoration

Business Cost for restoration

_ interruption loss = T (opportunity cost of labors
(foregone and capitals used for
revenue) restoration)

— Actual opportunity cost of a disaster



!'_ Case Study

Niigata Chuetsu Earthquake
2004.10.23



A Questionnaire Survey

+

= Targets: 6000firms in Chuetsu area

= Preriods:2005%7H ~91

= Non-manufacture and manufacture sectors
asked by the different questionnaire sheets

= Effective Answers:

Non-Manufacturing (521), Manufacture (328)
= Questions:

= Asset Losses, output losses, financial arrangement

after the earthquake, restoration actions, recovery
timings, etc.




i Physical Damages
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Physical damages and Seismic Intensity
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Estimated Total Economic Losses In Industrial Sectors

Period: Oct.2004-August.2005

 Construction(i2% 21.1 (J-105.1 7
Retail (155 - /V55) 35.6 8T
Restran/Hotels(EX & - 1&7H) 33.9 11.3
Medical/Education(E&E -84k -%k [11.9 2.3
B)

Service(Z N hH—E X) 83.4 -4.6
Food(EmEIE) 4.6 2.2
Textile(fk#E T %) 5.7 10.9
Steel/Metal (88 - £J8) 6.7 3.9
Machinery (%#5) 5.8 10.4
Ct);ther Manufactering(ZDh& |5.8 12.0
&)




i summary

s Total economic loss

= opportunity cost caused by both of
“the disaster” and “restoration actions”.

= [0 measure It, business interruption cost
(foregone profit) + restoration cost

= The cost can be also estimated by the
difference of discounted cash flows
with/without the disaster.




summary

= The total economic loss in a region can be estimated
by summing up the DDCF all over the industrial
sectors, including the sectors who gain from demand
Increase due to the restoration activities of damaged
sectors.

= In Niigata-Chuetsu Earthquake, relatively large
restoration cost was spent and business interruption
cost was also significant, but the business
Interruption cost over the region is relatively small
because the major part of restorations services may
be procured from the affected region. This point
should be investigated in the future study.



i Future Task

= What is the consistent way for
Economic loss estimation in the
dynamic context?

= Fragility functions of industrial facilities

= Restoration and Financial procurement
conditions



i CGE & Economic Growth model

= CGE with capital K'and labor L are fixed is
the projection of regional production Y and
Indirect utility U

t

= Using CGE model as a maXZU(CJﬂ
compounded

production function,

- t+1 (K I )
economic recovery V- (K
process can be = TKe L)
modeled by Yo =C +1,

subject to
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