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1. Background

B \Whatis Risk?
B Spatial and Temporal Heterogeneity
® Where? When? How often? How Strong?
B Policy-Making
® Target Users: National/Province/County Govs.

® \What-if scenario:
» Casualty
» Building Damage
» Economic Lose
» Evacuation Population

B Other DRR Practice
® RIisk transfer
® FEducation



1. Background: Framework

Hazard
Intensity and probability
@pacity of reducing hazard ) Vulnerability —
—> —» Loss/Risk
Inventory of Exposure Capacity of
population/property L Reducing
Vulnerability

@apacity of Modifying Exposure ————

B Risk Quantification
» Quantitative
» Semi-quantitative
» Categories



1. Background: Database

Exposure Data

B Earthquake B Population
B Flood ® County/township/zip-code
=l Typhoon ® I1km*1lkm
m GDP
m  Drought ® County/township/zip-code
B Snow Storm ® 1km*1km
B Sand Storm B Building
B Storm Surge ® Year
B Landslide ¢ Story
® Type
SR ® Occupancy
B Frost G5
B Forest Fire B Infrastructure
B Grassland Fire ® Transportation
B Chemical incidents ¢ Utility : :
® Evacuation site
i ® Hospital
Auxiliary Dataset m crops

B GIS, social-economic ® Wheat, Corn
B Coping capacity...... — "

Loss Data

B MoCA Statistics
® 1949-2009
® County-level
® Province level
® Hazard-specific

B [nsurance Data
® Policy
® Claim

B Case Study Data
® Earthquakes

Flood

Typhoon

Drought

Wildfire

B Satellite-based
® \Wildfire
® Drought
® Earthquake
® Flood.........



1. Background: Typhoon Risk
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2. Cat Model: Introduction

EXTREMUM

QUAKELOSS

ACOMPUTER TOOL TO ESTIMATE BUILDING DAMAGE AND
HUMAN LOSSES DUE TO EARTHQUAKES ANYWHERE IN THE
WORLD

RIM[SH
Central American Probabilistic Risk
Assessment (CAPRA)

CATS is a powerful disaster analysis system Yor Natural and
Technological Hazards.

BEFORE disaster strikes

o Creste pradnin sormarion for sraimsng snd plaanis,

o Creste cootiageny plaas with CATS comprrhemine pepulation and tnlr astrwoinre data
WHEN Sraaster uriiey

o Assess the sBeciod popalatien qobchi and scourabeh

% 4

Florida Public Hurricane Loss

-

i —
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»Stochastic Event Module: Track and Intensity Modeling
»Hazard Module: Wind and Rainfall Modeling
»Vulnerability Module: Linking Hazard and Loss

»Risk Module: Statistics, Actuary, Cost-Benefit Analysis



2. Cat Model: Components

Yulnerabllity
Model

Exposure

Hazard Model
Data Capture azar ode

, Gvoundup‘
\. Loss Module

| Ground-up Loss Data

Financial
Module

Policy/Line

Data Capture External Data

Results Viewing
Module

General Framework of Catastrophe Model for Insurance Industry



2. Cat Model: Components

Initial simple statistical models
A
|

Foundation of cat
modelling Loma Prieta
companies Earthquake

|

Loss calibrated probabilistic models

A e |

Hurricane Northridge Kobe
| 1088 | 1989 | Andrew Earthquake

Earthquake

! ==

Windstorms

Anatol, Lothar
& Martin

!

| 1000 || 1001 || 1002 | 1993 | 1994 || 1095 | 1096 || 1007 || 1908 | 1999 |

—

Clustering | 2000 || 2001 || 2002 || 2003 || 2004 || 2005 || 2006 || 2007 || 2008 || 2009 | | 2010 | ?
European
windstorms / T /‘ /‘ /‘
U.K. Floods U.S.terrorist  Hurricanes Hurricane Windstorm Hurricane
attacks of 2004 Katrina Kyrill Ike
Y J \ J

First numerical models

|

New generation numerical models
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2. Cat Model: Event Generation
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2. Cat Model: Incentives

\ANFEAIAT HIINNRINRRIFE FRITIAR

The :ﬁltamu 1|-Ietalb

THE BIG ONE

Hurricane of our nightmares
1S knocklng at the front door

Andrew
| kills 4 in

| Bahamas
Floridians flee
today’s landfall f

nnnnnnnnnnnnnnnnnnnnnnnnnnn

Hurricane Andrew (1992): $16 bllllon In msured Iosses and $26.5
billions in total losses expressed in 1992 dollars



2. Cat Model: Event Generation
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Annual Typhoon Occurrence Probability: Fitting and Event Gen.
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Moving Velocity: Auto-relation



2. Cat Model: Event Generation
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Moving Direction: Markov chain with optimal sampling



2. Cat Model: Event Generation
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2. Cat Model: Event Generatl
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SST, outflow temperature, wind shear, etc.




2. Cat Model: Event Generation
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2. Cat Model: Event Generation

Genesis, Moving, Landing, Decay (filling) and Lysis
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Historical tracks (62 yrs) and stochastic event set (620 yrs) i

(Key parameters: Time, location, PO, RMW, MWS)
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2. Cat Model: Event Generation
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2. Cat Model: Event Generation

Nantong City, Jiangsu Province

Historical tracks (62 yrs) and stochastic event set (620 yrs) —



2. Cat Model: Wind Hazard
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Local roughness effects due to landuse are modeled (24 types)



2. Cat Model: Wind Hazard
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Directional topographic effects of elevation are modeled (8 directions)



2. Cat Model: Wind Hazard
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2. Cat Model: Wind Hazard

Typhoon 195921
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2. Cat Model: Wind Hazard

Typhoon 201334 (Haiyan)
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2. Cat Model: Wind Hazard
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Wind hazard assessment with simulated historical windfields (rp: 20a)



2. Cat Model: Wind Hazard
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2. Cat Model: Rainfall Hazard

1) Rain rate & radius
R,+(R . —R,))-(r/r r<r
R(r): 0+( m O) ( m) m
R.-exp(—(r-r,)/r) r>r,

where r, is the radius of maximum rainfall and r, is the surrounding rainfall. "+
the Ry,and R, are the mean rainfall rates at r, and r,,, respectively.

2) Rain rate & wind speed

& K45
30° . 20°

R, =a, +bU
R =a,+bU -
r, =a; +bU
rr=a,+bU
U=(V,—-10)/12

20°

where U is the standardized MWS. a; and bi are the coefficient by linear
fitting.

10°

=

P Ligh - 305.34

hwmi(mo}

A § sz 2. = ... S

120°

Linking Rainfall Rate with Other Typhoon Parameters
(Similar to R-Cliper Model)




2. Cat Model: Vulnerability
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Case study of Typhoon-induced flood (Fitow, 201323)




2. Cat Model: Vulnerability
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2. Cat Model: Vulnerability
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2. Cat Model: Vulnerability

Empirical Vulnerability Curves Developed.:

» Residential
» Commercial
> Industrial

» Buildings
» Contents

» More than 100 curves

» With actual insurance policy/claim data, government
statistics, and field survey
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2. Cat Model: Risk Metrics
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2. Cat Model: Hazard

Communicate model uncertainty to users is critical
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Storm surge modeling with historical typhoon events and stochastic events

(1) Probable Maximum Storm Surge Inundation Maps by Typhoon Intensity Scale
(2) Storm Surge Inundation Maps by Return Period



3. Application Example: Storm Surge Hazard Assessment
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Rubber tree damage caused by strong winds (2009, Hainan)



3. Application Example: Weather index-based Insurance

Traditional insurance v.s. index-based insurance?

Benefits: Challenges:
» No moral hazard » Basis Risk
» No adverse selection » Model Bias
» Lower operating costs » Technical limitations of
> Transparency. Insurable hazards
> No cross-subsidization » Market limitations of
> Immediate disbursement Insurable hazards

» Education.
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(eQtT :d1) sso

(eog :d1) sso7

3. Application Example: Weather index-based Insurance
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Expected Loss by Return Periods ->
The premium is decided by the modeling result
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Thank you.



