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BACKGROUND

The growing threat of natural hazards, resulting from climate
change, and the disasters they may bring have become a
matter of national and international concern particularly for
countries located along the Pacific Ring of Fire (Asian
Development Bank, 2013).
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BACKGROUND

 According to Kelman, Gaillard, and Mercer (2015), disaster
risk is largely determined by vulnerability, which is primarily
driven by factors such as poverty.

 Conversely, disasters have also been identified as a major
cause of poverty since a majority of the poor depend on
agriculture as a means of living.

 Poverty incidence and economic losses are worsened because
economic sectors are interdependent thus causing disruptions
in one sector to cascade to previously unaffected sectors.




BACKGROUND

Disaster risk analysis is imperative to ensure that limited resources
are allocated efficiently.

INPUT-OUTPUT ANALYSIS

* To capture the sector-specific effects of natural hazards

* Great Hanshin Earthquake of Kobe, Japan in 1995 (Okuyama
et al, 2004)

* Great East Japan Earthquake (Kajitani and Tatano, 2014)

* Hurricane Katrina of the United States of America (Crowther,
et al., 2007)




BACKGROUND

INPUT-OUTPUT ANALYSIS

* contains a key characteristic necessary for disaster-risk
estimation and this is its ability to fully capture the
relationship and interactions of economic sectors

» widely used tool for disaster impact and risk evaluation




SIGNIFICANCE

Existing web-based open-source tools, which were
created to help policymakers make more-equipped
disaster risk management decisions, do not make
use of this model.




SIGNIFICANCE

Since existing tools only provide a general scope of
the impact of disasters, there is still a need to
develop a science-based tool that is able to
estimate the economic impact of disasters caused
by natural hazards to various sectors.




OBJECTIVES

Disaster-Risk Estimation and Analysis with Leontief Models
(Disaster-REALM)

* first web-based freeware for disaster risk assessment
using input-output models

» fully captures the interdependence of each sector in the
economy

» determines a disaster’s sector-specific effects:
* Economic Loss
* Degree of Inoperability




OBJECTIVES

Disaster-Risk Estimation and Analysis with Leontief Models
(Disaster-REALM)

» Users can simulate disasters by simply specifying the
magnitude of the initial perturbation

* Natural Hazards: typhoons, earthquakes, droughts, and
volcanic eruptions

* Other Scenarios: workforce absenteeism, pandemic
outbreaks, and shortages in oil production




OBJECTIVES

Disaster-Risk Estimation and Analysis with Leontief Models
(Disaster-REALM)

 User-friendly and easily accessible

* Immediate scientific estimates of a disaster’s sector-
specific impacts

* Aids stakeholders in determining which sectors to
prioritize and in evaluating the costs of each policy

* Accessible through disaster-realm.net




METHODOLOGIES

Disaster-Risk Estimation and Analysis with Leontief Models
(Disaster-REALM)

* Leontiet’s 1973 Nobel Price-winning Input-Output (I-O)
Model (1936)

* Two components:
* Inoperability Input-Output Modelling Tool (static)
* Dynamic Inoperability Input-Output Modelling Tool (dynamic)




Basic Leontief Input-Output Model

* Leontief (1936) models the flow of transactions among buyers
and sellers by assuming that each sector produces
homogeneous goods and that each firm produces a unit of
output from a fixed amount of inputs (Miller and Blair, 2009).




Basic Leontief Input-Output Model

The model is expressed as: X = AX +y

where A = technical coefficients matrix (how much input sector j needs
from sector i to produce its output)
x = total output vector (total output produced by sector i)
y = final demand vector (final demand for sector i's output)




Basic Leontief Input-Output Model

X = A X + Yy
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Inoperability Input-Output Model

Developed by Haimes and Jiang (2001)
Inoperability is defined as:

« "the inability of a system to perform its intended function” as a result of
a perturbation or external shock (Haimes and Jiang, 2001)

* the normalized production loss caused by perturbations

« failure to produce output




Inoperability Input-Output Model

Inoperability is defined as: q = A*q + ¢’

where q = inoperability vector (ranges from O (normal state of a system)
to 1 (total failure))
A" = interdependency matrix (represents the additional
inoperability sector i contributes to sector ))

c* = perturbation vector (reduction in demand for each sector’s
output because of shocks like disasters)




Inoperability Input-Output Model

Inoperability is defined as:

q = A'q + c¢°
e

Sectori's Amount of Amount of
failure to indirect direct failure
produce failure it (Initial
experiences reduction in
(from the the final
sectors it demand for
depends on) its output)




Inoperability Input-Output Model

Economic Loss: monetary equivalent of the inoperability
caused by a perturbation

EL = gx
= inoperability * sector i's normal output level




Dynamic Inoperability
Input-Output Model

* developed by Lian and Haimes (2006)
* accounts for the dynamic nature of the effects caused by a perturbation

* accounts for an economy’s slow recovery, as well as the additional
disruptions that will trickle down from the time of the initial perturbation
to the economy’s full recovery at time T

* allows for a more realistic assessment of the risks caused by a disaster
given the full duration and dynamic nature of the recovery process




Dynamic Inoperability
Input-Output Model

The DIIM is defined by:

q(t + 1) = q(®) + K[A*q(®) + c*(t) — q(D)]

Where q = inoperability vector

A* = interdependency matrix

q;(0)
ln[ql(Tl)

c* = perturbation vector Diagonal matrix of k; = (1 il

the dynamic recovery process of sector i

K = resilience matrix

t = time indicator




Dynamic Inoperability
Input-Output Model

The DIIM is defined by:

q(t+1)

-

Sector i's
production
failure
at the next
time period

= q() + K[A*q@®) +c*(t) —q@®)]

N e

Sector i's Sector i's recovery and
production additional losses from the
failure current to the next time
at the period

current time
period




Dynamic Inoperability
Input-Output Model

Economic Loss: Given that this model accounts for the dynamic recovery
process of the economy, economic loss is the sum of the economic losses
across T time periods. It is defined as:

EL; = E[Qi(t) * Xi]

t
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CASE STUDY:

5% reduction in
agricultural output
caused by a typhoon
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Inoperability Input-Output Model (lIM)

* The IIM Tool allows users to simulate an initial perturbation and
measure the immediate impact of this perturbation to the
economic system without accounting for the response or
changes in the system over time.




Step 1: Select Country

IIM Tool

Select ¢
Country  [EEErTsse.
Japan




Step 2: Select Year and Disaggregation

IIM Tool

Select Philippines
Country

Select Year
L 2000 Philippines 11 Sectors

2000 Philippines 60 Sectors
2000 Philippines 240 Sectors
2006 Philippines 11 Sectors
2000 Japan 13 Sectors

2011 Japan 13 Sectors

2011 Japan 53 Sectors

2011 Japan 80 Sectors




Step 3: Encode Initial Perturbation

1IIM Tool

Salect Country Philippines

Select Year & Sector 2000 Philippines 11 Sectors
% Reduction in Total Output
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Private Services

Government Services
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Select Country Philippines

Select Year & Sector 2000 Philippines 11 Sectors
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Static Results

Top 5 Sectors (Inoperability)

Top 5 Sectors (Economic Loss)

Economic Loss

Sector Degree .o.f
Inoperability
Agriculture,
Fishery and 5.55%
Forestry
Mining .and 123%
Quarrying
Electricity, Gas o
and Water 0.33%
Manufacturing 0.25%
Finance 0.15%

Sector (in Million PhP)
Agriculture,
Fishery and £3,809.71
Forestry
Manufacturing £829.91
Trade P99.31
Private Services P88.21
Electricity, Gas 544 51

and Water
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Dynamic Inoperability Input-Output
Model (DIIM)

e Unlike the IIM Tool, the DIIM Tool now allows the users to
measure the impact of an initial perturbation in a dynamic
setting. This means that users can now observe the effects of a
disaster while accounting for the duration of the economy’s
recovery process and the additional disruptions that may take
place after the perturbation is initially experienced.




Step 1: Select Country

DIIM Tool

INOPERABILITY ECONOMIC LOSS

Philippines

Japan




Step 2: Select Year and Disaggregation

DIIM Tool

Philippines INOPERABILITY  ECONOMIC LOSS

S ———
v

2000 Philippines 11 Sectors
2000 Philippines 60 Sectors
2006 Philippines 11 Sectors
2006 Philippines 60 Sectors
2006 Philippines 240 Sectors




Step 3: Select Type of Disaster and
Recovery Period

DIIM Tool

Select INOPERABILITY ECONOMIC LOSS

Country

Select Year
& Sector

Type of
Disaster

Recovery
Period




Step 4: Encode Initial Perturbation

Select Perturbations

Agriculture, Fishery and Forestry

Mining and Quarrying

Manufacturing

Construction

Electricity, Gas and Water

Transportation, Communication and Storage
Trade

Finance

Real Estate and Ownership of Dwellings
Private Services

Government Services




Step 4: Encode Initial Perturbation

DIIM Tool

Select Country Philippines INOPERABILITY ECONOMIC LOSS
Select Year & Sector 2000 Philippines 11 Sectors

Type of Disaster

Recovery Period

Sector | Select
Perturbations

Initially affected sector/s (in parcantage %)
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DIIM Tool

Select Country Philippines INOPERABILITY =~ ECONOMIC LOSS

125

Select Year & Sector 2000 Philippines 11 Sectors

100 9538124

Type of Disaster © 8506054
L ] 8131488
a2
L] 8 75 6936814
® ; 5821569
g 50.58253
g 0 43:23799
o
L] 34:21511
L FESSEFE]
o 25 19,53989
L ] 1264206
G.53946 706753 GAGA71 4 qeqen
0004557 0.21053 0.25664 003622007 0 015431 0.B33380.5220.33035 0.1 8616
0
0 4 8§ 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 B4 B8
affected sectorfs {in percentage %)
- Agriculture, Fishery and Forestry == Mining and Quarrying Manufacturing
Construction % Electricity, Gas and Water
ricult; Fomtnr # Transportation, Communication and Sworage Trade - Finance
Ag e, th.ry and -&~ Real Estate and Ownership of Dwellings Private Services
- Covernment Services
Export to CSV
Sactor Economic Loss in Million PhP Economic Loss Rank
Agriculture, Fishery and Forestry 1,274.95 1
Mining and Quarrying *14.87 6
Manufacturing ra73.42 2
Construction r2.21 9
Electricity, Gas and Water r21.03 5
Transportation, Communication and Storage *12.76 B
Trade Pz 3
Finance 14.80 7
Real Estate and Ownership of Dwellings ™1.68 10
Private Services r28.81 4
Government Services #0.00 1

Print
Total Economic Loss in Million PhP: 1, 676.89



Select Country Philippines

Sealect Year & Sector 2000 Philippines 11 Sectors

Type of Disaster

a8 e0

-
.
o
e

Initially affected sector's {in percentage %)

Agriculture, Fishery and Forestry

DIIM Tool

INOPERABILITY  ECONOMIC LOSS

0.06 —
pgs 005
005 gloasie
0.04263
003537
0.04 003636
Z T m
z o.o::mq
o AN
g 908 Q02652
g b.o2267
- b
. v.01938
001536
“opi21e
0.01 ht * 000887
S DOOBLS 000423
0.00258 0.002860.0024° 0.00293
o Doge0zs D008 SR Siaser e bttt 00RO Ghn 00 S b : 000
0 10 20 30 a0 S0 60 70 80 50
Nurmber of Days
& Agriculture, Fishery and Forestry == Mining and Quarrying Manufacturing Construction #- Electricity, Gas and Water
-# Transportation, Communication and Storage Trade <@ Finance -+ Real Estate and Ownership of Dwellings Private Services
- Government Services
Export to CSV
Sector Final Inoperability Per Sector Inoperability Rank
Agriculture, Fishery and Forestry 0.668264 1
Mining and Quarrying 0141321 2
Manufacturing 0.029808 A
Construction 0.002751 9
Electricity, Gas and Water 0.038441 3
Transportation, Communication and Storage 0.008922 8
Trade 0.014350 7
Finance 0.017713 5
Real Estate and Ownership of Dwellings 0.002330 10
Private Services 0.015&98 ]
Government Services 0.000000 1

Print



Philippines

2000 Philippines 11 Sectors

o990

a2
o
o
a

nitially affectad sector/s (in parcantage %)

Agriculture, Fishery and Forestry

DIIM Tool

INOPERABILITY  ECONOMIC LOSS

0.004 —
0.003 0.002880.00288
0.00'2'65 0.00272
= 0.00239 0&“;‘:“5
= 0.00 000223
& 000198
= 0.002 0.09’85 174
&
=] 0.001552 0.00152
= ¥ e Y
0.00 116
0.001 0.000790.000790 o077
’,pv-r-" : 0'0006962000590-00049
085" 00004 1 n0028+0.0003 028" 2.
0 oo‘f{ 310.000050.000070.00007.0.00006 0.
0 Aaraa i dhos i . -
0 10 20 30 40 50 a0 70 80 90
Number of Days
=+ Mining and Quarrying Manufacturing Construction  -% Electricity, Gas and Water
<% Transportation, Communication and Storage Trade - Finance -+ Real Estate and Ownership of Dwellings Private Services

-»- Government Services



Select Country Philippines

Sealect Year & Sector 2000 Philippines 11 Sectors

Type of Disaster

a8 e0

-
.
o
e

Initially affected sector's {in percentage %)

Agriculture, Fishery and Forestry

DIIM Tool

INOPERABILITY  ECONOMIC LOSS

0.06 —
pgs 005
005 gloasie
0.04263
003537
0.04 003636
Z T m
z o.o::mq
o AN
g 908 Q02652
g b.o2267
- b
. v.01938
001536
“opi21e
0.01 ht * 000887
S DOOBLS 000423
0.00258 0.002860.0024° 0.00293
o Doge0zs D008 SR Siaser e bttt 00RO Ghn 00 S b : 000
0 10 20 30 a0 S0 60 70 80 50
Nurmber of Days
& Agriculture, Fishery and Forestry == Mining and Quarrying Manufacturing Construction #- Electricity, Gas and Water
-# Transportation, Communication and Storage Trade <@ Finance -+ Real Estate and Ownership of Dwellings Private Services
- Government Services
Export to CSV
Sector Final Inoperability Per Sector Inoperability Rank
Agriculture, Fishery and Forestry 0.668264 1
Mining and Quarrying 0141321 2
Manufacturing 0.029808 A
Construction 0.002751 9
Electricity, Gas and Water 0.038441 3
Transportation, Communication and Storage 0.008922 8
Trade 0.014350 7
Finance 0.017713 5
Real Estate and Ownership of Dwellings 0.002330 10
Private Services 0.015&98 ]
Government Services 0.000000 1

Print



Dynamic Results

Top 5 Sectors (Inoperability)

Top 5 Sectors (Economic Loss)

Sector

Economic Loss

Sector Degree .o.f
Inoperability
Agriculture,
Fishery and 0.668264
Forestry
Mining and 0.141321
Quarrying
Electricity, Gas
2nd Water 0.038441
Manufacturing 0.029808
Finance 0.017713

(in Million PhP)
Agriculture,
Fishery and P1,274.95
Forestry
Manufacturing £273.42
Trade P32.11

Private Services P28.81
Electricity, Gas 57103

and Water




SUMMARY

* Disaster-REALM'’s capabilities illustrated through a case study:

 Overall, results show that some of the most heavily affected
industries include trade and finance, whose operations are often
thought to be unconstrained by disruptions experienced by the
agriculture sector.

* Results highlight the fact that this powerful tool is able to reveal
unapparent connections and interdependencies between sectors
within the economy.

* Hence, this stresses the importance of assessing the impact
and potential risk of disasters using a tool that is able to
account for the complex structure of the economy.




CONCLUSION

e Disaster-REALM

« web-based freeware that allows users to measure the impact of
disasters by simulating an initial perturbation
* Foundation: Input-Output analysis
* accounts for the inter-industry relationships within the economy

* allows users to measure the per-industry effects of a disaster when
industries are interdependent

« Components:
* [IM Tool: measures the immediate impact of disasters

 DIIM Tool: measures the dynamic impact of disasters by accounting for
the dynamic nature of disruptions and recovery processes of economies




CONCLUSION

e Disaster-REALM

 aims to help policymakers strategize optimal policy measures by
creating summary charts and graphs that report each sector’s
economic losses and degree of inoperability

* ranks the sectors according to those that are most at risk in the
event of a specific disaster in order to determine the vulnerable
sectors that policy measures should be designed towards




RECOMMENDATIONS

* The features of this tool may also be explored by
measuring the impact of other hazards such as:

» drought, earthquakes, pest infestation, reduction in oil
production, food supply shortage, pandemics, and workforce
absenteeism which may result from other climate change
induced disasters




disaster-realm.net
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Inoperability Input-Output Model

Developed by Haimes and Jiang (2001)
Inoperability is defined as:

« "the inability of a system to perform its intended function” as a result of
a perturbation or external shock (Haimes and Jiang, 2001)

* the normalized production loss caused by perturbations




Inoperability Input-Output Model

Inoperability is defined as:

q=A*q+c'or q=(I-A")""c
ranges from O (normal
state of a system)

where q = inoperability vector to 1 (total failure)

Xi—Xj

with each element gq; = —
l

where x; = ideal level of output production
X; = degraded level of output production




Inoperability Input-Output Model

Inoperability is defined as:
q=A*q+c*or q=0-A")"1c*

where q = inoperability vector
A" = interdependency matrix

\ represents the additional

inoperability sector i
contributes to sector j

X
* ]
al’j = al'j _xi




Inoperability Input-Output Model

Inoperability is defined as:
q=A*q+c*or q=0-A")"1c*

where q = inoperability vector
A" = interdependency matrix
c* = perturbation vector

\. represents the reduction of final

demand, normalized according
to the ideal output level or
¢ =®""(c-9




Inoperability Input-Output Model

column sums of (I — A*)~ 1

Inoperability is defined aS/  inoperability multiplier
q=A*'q+cor q=(1-A")"1c 1

rate of increase in the level of

: . inoperability caused by an
where q = moperablhty vector additional perturbation

A" = interdependency matrix
c* = perturbation vector




Inoperability Input-Output Model

Inoperability is defined as:

q=A"q+c*or q=({—-A")"1c*

Economic Loss: monetary equivalent of the inoperability
caused by a perturbation

EL = gx




Dynamic Inoperability
Input-Output Model

The DIIM is defined by:

q(t + 1) = q(®) + K[A*q(®) + c*(t) — q(D)]

natural log of the initial inoperability
over the inoperability at time when

Where q = inoperability vector there is full recovery
* . .
A” = interdependency matrix ({
In|-4
c® = perturbation vector ~ Diagonal matrix of k; = [‘“(T” or the
(1 au)—> interdependency

K — reSI|Iehce matrlx/ the d)/namlc recovery process of sector i index of sector i

t = time indicator




