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General Framework of Catastrophe Model

Average Annual Loss,

Catastrophe Event Module Loss Exceeding Probabilities,
Loss scenario....
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Main Data Sources to Develop Event & Hazard Modules

-1 05 02 0 02 05 1

02 03 04 05 06 07 08 09

1

UK Met Office

Hadley Centre
Global Sea Ice and Sea
Surface Temperature

(0.5 GB)

g

NASA & JAXA
TRMM (Tropical Rainfall
Measuring Mission )
(120 GB)

ECMWF

ERA-Interim Reanalysis
Dataset




Event Module

Generate a series of possible typhoon events with full
spectrum to the target region(e.g. Western North Pacific

or Specific Region)
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Generate Stochastic Typhoon Events

Typhoon Genesis Typhoon Tracking _
Model ma TYPhoon Lysis Model

Genesis ol Typhooen Track of Typhoon Lysis of Typhoon

* Location (Spatial) Center of Typhoon  Location
(Longitude; Latitude) (Longitude, Latitude) (Longitude, Latitude)
* Date (Temporal) Intensity

(month; day) (Central Pressure)
Translation Speed
Heading Direction

Date (Temporal)
(month, day)




Hazard Module

Calculate Wind speed, Rainfall volume, Flood

Intensity of interested sites, based on typhoon’s
parameters (track, central pressure, translation speed),
sea & atmosphere & site conditions (terrain, land cover).




Central Pressure of Typhoon
(Typhoon Category )
Sea Surface Temperature

Translation Speed of Typhoon
(Asymmetry Effect)

Heading Direction of Typhoon
Surface Roughness (Land Cover)
Orography Roughness (Terrain)
Topographic effect

] RapidScat subset rom 2015-10-17 11:44:00Z to 2015-10-17 13:17:002

Central Pressure of Typhoon
(Typhoon Category )

Distance to Typhoon Center
Sea Surface Temperature
Vertical Wind Shear

Wind Speed & Direction at Site
Terrain Effect

(Slope & Elevation)

MOIS* Flood Map

* Ministry of Interior and Safety

JRC Flood Map
Historical Inundation




Wind Hazard Module Structure ", A g]

Event
Moedule

Typhoon parameters:
\J—l/ « Track(Time, Longitude, Latitude)

« Head Direction
« Translation Speed

Hazard

uloduls - Central pressure Surface Wind
(Land cover, Terrain, Topographic Effect)
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Rainfall Hazard Module Structure

Meso-Scale Asymmetry Symmetry distribution Small-Scale land effect

Vertical Wind
Shear Effect

R-CLIPER
Model

Terrain Effect

\Y[eYe =]

Effects of Vertical Wind Shear on Hurricanes

N ..
Prevailing y AL cfo°| alln; depleltekd
\ of moisture sinks
‘\ %
wind S ‘\‘r WAAN \h and warms
- Moisture condengeS' """\ '\ |1\ \
and precipitate‘f; \\\\\\\\\\\\\\\\\\\\\\
aircools @' '\ 00 ' ‘
\\\ A
’ s Rain

- 4y

Moist, warm dow
air rises

Rainfall Model

Rainfall Concentration

Rainfall Concentration (Windward side)
(Left Front of Vertical Shear Direction) 13




Flood Hazard Module Structure

Model Rainfall return
Rainfall period for each
Module basin

Estimated rainfall Estimated rainfall Estimated

Pl return period inundation

location

Flood maps for each
return period
10,20,50,100,200,500

Model Event
Sets
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Exposure Module

Store and provide the information of exposure(risk type,
risk location, value, policy conditions)
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Exposure resolution

Exposure resolution

Zone |: t
Province :
1 o

Prefe cture
Rough o \

Pref 5 vg‘@* 5
G . -

o M Kilometers
r 02040 80 120
=

72390 TS
5 v ‘l.~-0"“ i
g = .
5 [ IKilometers
02040 80 120

im M By building information dataset

By Coordinate oy
Detail : F [

Value -Grid 1kmx1km
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Exposure data Source

Open Data Portal -

Building Information Dataset (2017.12 updated)
(MOLIT, Ministry of Land, Infrastructure and Transport)

Atotal of 13.9 millions buildings in the dataset.

Major Building Attributes

* Location (GIS shape file)
 Structure type

» Occupancy

* Building height

* Approval date

* Building Area

Classifi

"fl\
A

cation of Occupancy

Code Korean English
1000 g9=59 House
1001 =g House
1002 T8 M ultiH ouse
1003 -5 M ultiFam ily Housing
1004 T An O fficial Residence
2000 F554 A parm entH ouse
2001 o} E A parm ent
2002 dRlEe Tow nhouse
2003 oA o) ¢ M ultiFam ily House
2004 AgANA A L iving Convenience Facility
2005 SoA A Am enities
2006 Bk W elfare Facility
2007 7] &AL Dom itory
3000 152 N eighbothood L iving Facility (Categoty 1)
3001 23 Retail Store
e 3 3002 FHSMH Restaurant
Classification of structure type o o T
Code Korean English 3004 SRl A Comm on Bathhouse
10 |47z M ixed stucture 3005 |eldl Clinic
11 |oErx Brick smctm 3006 A&7 A thletic Center
12 |[2=rx Biogk simeme 3007 ST EAIA Comm unity Facilities
13 (M3 =z Stone stucture 3008 WA A Substation
19 |[7]gfx=4 3z 0 ther stucture 3009 &3 Pum ping Station
20 |2adEFZ Concrete stucture 3010 AT A W ater Purifier
21 |ASEIYETE Reinforced concrete stucture 3011 o9 & Shelter
22 |ZYAZEZAYETZE |Precast concrete stucture 3012 T34 Public Toilet
29 |VEEZIAYETZE 0 therConcrete Stiucture 3013 A g Laundty
30 |(A=7= Steel stucture 3014 BRIk A DentalClinic
31 |dwrEETx G eneral steel structure 3015 el A Clinic
2 |[AzdzTz L ight eight steel stucture 3016 |d%4 A cupuncturst
33 |BFolZ4x Steel pipe stucture 3017 Al O steopenia
9 947 % e p—— 3018 |z M idw ife C linics
40 |[HFHIFACYETZE |Steel rinforced concrete stucture 3019 s Table Tennis Court
41 |HA=ZIYgET=E Steel fram e stucture 3020 AFE= G ym nasium
42 |AEFHIEZAYETE Steel reinforced concrete structure 3021 o232 A Village Hall
49 QE}ié%ﬁE%iaE? 0 ther steel reinforced concrete stuctures 3022 oesshEL A Community Center
= 3023 0235 TE% A TownHall
50 |[HT% W ood stucture 3100 TIAA Public Facilities
sl E?}i‘?}' General tree stucture 3101 A A G ovemm entO ffice
g; ;];;ii é";;ﬁ;“:sm 3102 @A Police O ffice
3103 oA Police Box

21NA
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Exposure data Source

Spatial resolution of o BuildingCountGrid

0-5

1 km X 1km 6rid of s UL RS Y - R
building information has been B R B
s % | 642-1006

established as important base of e T pl oo ke =l
Exposure Module. PR e T 1507 - 2152

2152 - 2821
2821 - 3648
3648 - 5620




Vulnerability Module

Calculate damage ratio of interested target based on
Hazard Intensities (wind speed, inundation depth) at




Hazus®-MH 2.1

Structure Type
Light steel
12%

Korea Building Type

Building Height

B Building

structure + interior

B Content

due to cladding
failure and water
infiltrate

Impact

Glazing

Coverage

Masonry
37%

Structure Type

Flying Object

N
>

8%

Reinforced
Concrete
25%

Reinforced
Masonry
3%

15%

146
Curves

|Flood Depth (m) Wind speed (m/s)

Building Type Steel Frame -
Cover
ilding Hei 8
o Bidg ok Building Height
Roof Material Missel Enviorment
© Metal Concretr NA Yes © No NA

Building HeightClass
1~3 Low 4~7 Middiur® > 8 High NA

Glazing Cover Ratio %

0~25 26~50 9 51~100 NA
Roof Type
© Flat Gable Hip NA

o 2]
21212522-Reinforced Concrete_Bldg_Concrett
41021200-Wood_BIdg_NA_Hip_1~3 Low_2F I
61001100-Lightweight steel structure_Bldg_N.
51021200-Masonry_Bldg_NA_Hip_1~3 Low_2'
11113832-Steel Frame_BIdg_Metal_Flat_>8

v — Reinforced Concrete_Bldg_Concrete_Gable_4~7 Middium_8F_26~50_No ~  Wood_Bldg_NA_Hip_1~3 Low_2F_NA_NA
v — Lightweight steel structure_Bldg_NA_Hip_1~3 Low_1F_NA_NA
v = Steel Frame_Bldg_Metal_Flat_> 8 High_8F_51~100_No

= Masonry_Bldg_NA_Hip_1~3 Low_2F_NA_NA

Damage ratio (%)
o
o
|
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Factors Considered in Flood Damage Functions

Flood Damage
(Building, Contents)

v’ Structure Type A i S o GG SRR 5
v' Building Height A
v Occupancy

v Flood Gate Inundation depth

v Raised Ground § Flood Hazard Flow Velocity

v — (intensity) Duration of Inundation

Water Conditions

Salt, Mud, Contamination



Bl Loss (induced by typhoon-flood event)

Business Interruption: The loss of income that a business suffers after a disaster

Most business interruption insurance covers
the following items:

SDt;urggggl Profits
Fixed costs
Temporary location
\ / Commission and training
Utility Equipment Eosl
Damage Damage Extra expense

Employee wages
Taxes

22



Bl Loss (How to calculate Bl Day)

Business Interruption Time
P~ dﬁ‘:fﬁ::;mo 1RES 0 60 360 720Single Family Dwelling
) ) = 2RES 0 10 120 240Mobile Home
Label Occupancy Class 0% 2% 10% 50% | 100% 3RES 0 60 480 960Multi Family Dwelling
RES3 Multi-Family Dwelling 0 0 0.5 1 1 ARES 0 45 360 480Temporary Lodging
RES4 Temporary Lodging 0 o 0.5 1 1 5RES 0 45 360 480Institutional Dormitory
RESS Institutional Dormitory 0 0 0.5 1 1 6RES 0 60 480 960Nursing Home
RESG6 Nursing Home 0 0 0.5 1 1 7COM 1 9 81 144Retail Trade
COMI  |Retail Trade 0s |01 | o1 | 03 | 04 8COM 1 18 81 144awholesale Trade
COM2  |Wholesale Trade 05| 01| 02 | 03 | 04 JEOM L 1o il T geronallais 'Repa fSeiviEes
COM3 Personal and Repair Service 0.5 0.1 0.2 0.3 0.4 igggm ; 42 ;é ]fégg;%flf:/s':l?nn;:g:fgzgtﬂtii:m:es
COM4 Professional/Technical/Business Services | 0.5 0.1 0.1 0.2 0.3 12COM 2 67.5 270 360Hospital
COMS Banks/Financial Institutions 0.5 0.1 0.05 0.03 0.03 13COM 2 67.5 135 270Medical Office/Clinic
COMG  |Hospital 05101 ]| 05 0.5 0.5 14COM 2 20 180 360Entertainment & Recreation
COM7 Medical Office/Clinic 0.5 0.1 0.5 0.5 0.5 15COM 2 90 180 360Theaters
COMS Entertainment & Recreation 0.5 0.1 1 1 1 16COM 0.5 60 180 360Parking
COM9 Theaters 0.5 0.1 1 1 1 17IND 5 90 240 360Heavy
COMI10 |Parking 0.1 | 0.1 1 1 1 18IND 1 18 72 144Light
INDI1 Heavy Industrial Factory 0.5 0.5 1 1 1 19IND 2 18 72 144Food/Dru_gs/ChemicaIs .
IND2 Light Industrial Factory 05| 01| 02 0.3 0.4 20IND 2 18 72 144Metals/Minerals Processing
IND3 Food/Drug/Chemicals Factory 0.5 0.2 0.2 0.3 0.4 ;;:Eg i i; 122 i;—gglc?:slﬁzzgglogy
IND4 Metals/Minerals Processing Factory 0.5 0.2 0.2 0.3 0.4 23RES 0 46.7 360 640Average
INDS5 High Technology Factory 0.5 0.2 0.2 0.3 0.4 24COM 2 90 180 360Average
INDG6 Construction 0.5 0.1 0. 0.3 0.4 25IND 5 90 240 360Average

(Hazus MH2.1) (Hazus 99)

500

400 / N Nfou(Rbmfrfmg) MOd(Rbmfrfmg)

/

z -
[=1 -~

200 - —— Loss of Use

~
/ N
100 — - — — — Business Interruption
—
-
-
o =
o 10 20 30 40 50 60 70 80 20 100

Building Loss (%)
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Financial Module

Calculate possible losses based on different financial
perspective, e.g. ground up loss, insurance loss (event
losses , loss exceeding probabilities, annual average




Major Model Results — PML Curve & AAL

PML (Probable Maximum Loss) Curve

14.0% | | . % % )
High e==GROUNDUP

<= 12.0% ’
> ——GROSS
o 10.0% p—
[ —
" 8.0%
3
— ;
6.0% // L
= | < » o
/ :
2.0% // ’,"' ‘é | HEaa e ke
Low g ° = ol W *“" ) AAL/Sum Insured (%)
0.0% Low
200 300 400 500 600 900 1000 =
Return Period (yr) e e e : High
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Briefiintroduction of KIDI

,E@@[m

e~ SNHIEEEE &= 7 |
- &Hﬂ il i
.
2

A ‘-m‘?. o B
",'f‘ ™ ~
u 4 A% =" = vl

@;: *.arr =




KIDI Pandemic Model Overview

Effect | 1120 - _ _
seoul 7180 {_}_-%r . P
. Gangwon —— 81~90 u _,.i_\,,.:)

————— e New cases

2. Location

1. Probability -~ O/ Counter Measure

of Pandemic

AT f
C st D

— e

1
1
1
1
1
of Outbreak - :
-_-_'_'_'_“‘—'—'r'—'-—{;)‘ut Gysongnam I
i \ leju
J \ ) 1
[ i 3. Vaccine I
';’ i Effect I
:' | 2 | |
w - ]
P | \O 'S ~ '
'. : I = :
L Ne
\ ! 3. Infectious_ness © I
\ : & Lethality I
\ r
k! / 6. National : Days
1
1
1

Prevention
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Pandemic Model — Outbreak(Probability of Pam ‘

Qutbreak Frequency

Spanish Flu Asian Flu

o DO

, Russian Flu Hong Kong Flu

Swine Flu MERS COVID-19

* Influenza Virus: Spanish / Asian / Russian / Hong Kong / Swine
Corona Virus : SARS /MERS / COVID-19

Incursion of Pandemic (to Korea)

Outbreak Frequency

Ex) Influenza occurs every 10 years

Outbreak location

Ex) Outbreak location of Influenza : USA

Probability of Incursion
Ex) From USA to Korea : 10%

28



Pandemic Model — Spread

SEIR(Susceptible-Exposed-Infectious-Removed) Model

Vaccine Effect

Quarantine
compartment

29



Pandemic Model — Prevention

Vaccine Effect Counter Measure
- Vaccine development & approval process - Social Distancing
- Vaccine efficacy - Lockdown

<Pfizer vaccine development & approval process (EUA)>

COVID-19 Clinical trial phase1/2 Clinical trial phase2/3 FDA approved EUA Vaccination start in
Outbreak start start Korea

Preclinical study start

Obtained COVID-19 Apply for MFDS(Korea) approved
genome sequence Emergency Use Authorization Pfizer vaccine
Development process Approval process Vaccination

(10 months) (4 months) (2 month) 30



Pandemic Model — Waves

Duration

- Pandemic is not a “one time” event

- Periods of ililness may come in multiple

“Waves”
_ . Period
Disease Duration
(yy/mm/dd)
'02.11.16.
SARS 8 months
-‘03.07.05.
. ‘09.04.24.
Swine Flu 18 months
-‘10.08.10.
7 months “15.05.20.
MERS ‘
‘19.12.01.
COVID-19 =
- Present

Data source : WHO

4,500

3,500

5,000

<Daily cases in Korea (COVID-19)>
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