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1978 2 2 1 1 6 1997 1 7 13 21
1979 1 16 5 22 1998 1 6 25 32
1980 1 5 10 16 1999 1 15 21 37
1981 1 9 5 15 2000 8 21 29
1982 3 8 2 13 2001 1 6 36 43
1983 1 9 10 20 2002 1 10 38 49
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1985 2 9 15 26 2004 1 5 36 42
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1990 3 12 15 2009 1 9 50 60
1991 7 12 19 2010 ) 37 42
1992 3 4 8 15 2011 1 13 38 52
1993 1 6 16 23 2012 0 9 47 56
1994 4 7 14 25 2013 3 15 75 93
1995 1 10 18 29 2014 1 0 7 41 49
1996 2 12 25 39
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Korea Risk Management Society Seminar
June 2M, 2016

Earthquake Risk Modeling and its
Application to Risk Management

Youngsuk Kim, Ph. D.

Principal Modeler, Model Development

Risk Management Solutions (RMS), Inc.

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016



OUTLINE

 |Introduction to CAT Models
« Earthquake and Risk Modeling
« Application of CAT models

« Earthquake Risk Management for Korea

Copyright © 2016 Risk Management Solutions, Inc All Rights Reserved. May 25, 2016 2



Rare and high consequent events

~

Limited Historical Record

Nat Cat Modelling Emerging Risks Capital Markets

— 2 - P —

opical & Extra- Severe Convective
tropical Cyclone Storm

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 ‘ 3
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EARTHQUAKE HISTORICAL PERSPECTIVE Erzincan, Turkey
1939 M7.9
Lisbon, Portugal Chile
1755 M8.7 2010 M8.8
Sanshi, China Tokyo, Japan . Chile Tohol«f<u, Japan
1556 M8+ 1855 M6.9 : 1960 M9.5 2031 M9.0

1400 1500 | 1600 1700 | 1800 . 1900 © i 2000

Pacific NW San Francisco

ndonesia

Central ltaly 1700 M9+ 1906 M7.8 3004M91 | g;;nﬁaggtg
1456 M7.1 : New Madrid Sichuan, fChina
1811-1812 M8+ Northridge 2008 M7.9
 Large catastrophic earthquakes 1994 M6.7
recur infrequently :
« Exposures are constantly 1 sichureh N2

changing
Source: NISEE

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 4



Natural catastrophes worldwide

EARTH Q UA Number of events (approximate)

Average number of natural catastrophes in

the United States increased from ~50 events ’_\\

in 1983-1987 to ~200 events in 2008-2012
865

775 775

1400

i

Cent
145

1983-1987 1988-1992 1993-1997 1998-2002 2003-2007 2008-2012

* Large catastrof
. f MNote: Includes geophysical events (earthquake, tsunami, and volcanoes), meteorological events (storms),
recur in requen hydrological events (floods), and climatological (extreme temperatures, drought, and forest fires)
Source: Munich RE NatCatSERVICE — as of January 2013
Exposures are 7
changing

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016

Source: NISEE
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Chile
10 M8.8

o%u,Japan
011 M9.0

Kfymamoto
2916 M7.0

uan, China
08 M7.9

ristchurch, NZ
011 M 6.8+



HOW TO QUANTIFY CAT RISK?

= The historically recorded loss record is not complete and must be supplemented
= Models provide a representation of complex physical phenomena

= Models allow for the calculation of future expected loss and the quantification of
uncertainty around results

= Models provide a common framework and metrics for describing catastrophe risk

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 6
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All Rights Reserved.

“Catastrophe modeling Is a risk management tool that
uses computer technology to help insurers and
reinsurers as well as business and government
agencies better assess the potential losses caused by
natural and man-made catastrophes.” from iii.org

m

Solution

For financial metrics

Cunfideryiab

®
»
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CATASTROPHE
SCIENCE

CAT
Model

INDUSTRY
KNOWLEDGE

TECHNOLOGY




WORLDWIDE CAT RISK MANAGEMENT
— RMS MODEL COVERAGE

AR
PO0ovD000s
pOOOOS

S
o
=
wn
()
2
i
)
()
>
c
o
O
)
P
)
>
)
w

Earthquake
Tropical Cyclone
Windstorm
Winter Storm
Flood

Terrorism
Pandemic
Longevity

0COC0CO®OO

May 25, 2016

All Rights Reserved.
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CAT Model Dev Team

S

Geotech

Eng.

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved.

May 25, 2016

Mathematics

MS
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CAT MODELING INDUSTRY

&
AIG] &

AXI( hannover re A CATLIN

e QBE g
Crizens O . Allianz @ R & \'\
A"state CAPITAL TOKIO MARINE USAA®

i !.l
' GLOBAL F&C
K A8 —_ amlin
i EVERES'\

CHUBB GREATAMERICAN. ;‘(ARGO GROUP
" INSURANCE GROUP }_4 'T- \’ leer
& StateFarm’ . Vi @) swiss Re

‘ Mitsui Sumitomo Insurance Group Munich RE — S N
MSIG : ephlla
@ FERMAT CAPITAL !
| ¥ Leadenhall

Capital Partners

CREDIT SUISSE

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 ‘ 11



IMS

EARTHQUAKE AND RISK
MODELING

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. @~ May 25, 2016



DAMAGE AGENT/IMPACT

* Primary Damaging Effects:
= Ground motions
= Ground deformation
= Fault rupture
= Liguefaction
» |Landslides
» Secondary Damaging Effects:

= Tsunami

= Fire Ignitions
(conflagration) Bldg/Cont

Infrastrucure

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 13



FRAMEWORK FOR EARTHQUAKE RISK MODELING

<)

Define Events Assess Ground Calculate Damage
Motion

Create a set of Calculate the Calculate the

earthquake ground motion average damage

events that for all sites due and associated

characterize to each uncertainty.

long-term stochastic event.

probabilities.

Damage Photo: O’Higgins Tower in Concepcion, Chile (RMS Recon)

©2013RiskNEAaTEMemntSoRutiors|dmg.nc. All Rights Reserved. Cunfideryiab

Quantify Risk

Calculate the
financial impact
for all
perspectives.

™
»



DEFINE EVENTS: LOCATION, GEOMETRY AND MAGNITUDE &

Location and Geometry Magnitude
Crustal Sources: Characteristic Magnitude
Faults well developed geologic structures The largest expected event on a fault
that have exhibited slip or pass events based on fault dimensions.
Background Seismicity Smaller events on Maximum Magnitude o
unidentified faults Largest credible earthquake taking into

account uncertainty in characteristic

Interface: Events between plates o | B

Subduction Sources:

75

Intraslab: Events within

7.0

Midocean Accretion zone where sediments
» In ocean

6.5

&0

5.5

5.0

4.5 r 1 ¥
L 10 100 1000 10030

Fault area, & (kma)

(Graphic from www.wbrschools.net) Hanks and Bakun, 2007

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 15



GROUND MOTION (PREDICTION EQUATIONS) &
GMPEs

: = Macroseismic Intensity (MMI, EMS, JMA)
Ground motion
intensities decay = Peak Ground Acceleration (PGA)
with distance from — Recorded measure of ground motion amplitude

the event source. = Spectral Acceleration (SA)

— Recorded measure of amplitude plus frequency

.i ' ”' | | 20 miles (32 km) away PGA

35 miles (56 km) away
“ 'W‘ i Ground Acceleration / A Amplitude
il

S e Time History | Nl
50 miles (9 k) avay STTRIRRRLIIIN \/ /VVV /VW Vv\/v T

Duration |

Soconds

Four seismograms showing waves getting smaller
with distance from the earthguake epicenter

(From “Living with Earthquakes in Nevada”)

Copyright © 2016 Risk Management Solutions, Inc All Rights Reserved. May 25, 2016 16



VULNERABILITY FUNCTIONS &

= Provide relationship between ground motion (Sa, PGA, MMI) and damage
(MDR) where

— Mean Damage Ratio (MDR) = Average Loss / Replacement Value
= Developed on the basis of:
— Scientific research and engineering studies
— EXpert opinion
= Calibrated with actual damage and loss data from past earthquakes

Vulnerability Function for Reinforced Concrete
(RC) Building

Mean Damage Ratio

_» i - —
Police Academy in Santiago, Chile (RMS Recon)

Ground Motion Measure

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 17



FINANCIAL MODELING: ALLOCATING LOSS

Ground Up Exposure Beta Distribution
Over Limits

= Loss for agiven eventis $20M
borne by multiple participants

= Variability around mean

drives potential loss to higher
|ayers Surplus Net Pre- Other

Layer CAT  Insurer

= Exceedance probability roa e
curves can be generated for "
eaCh partICIpant Underlying Coverage
Client
$0
0% Pro Rata 100% Probability

0 0.05 0.1 0.15

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 18



IMS

APPLICATION OF CAT MODELS

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016






APPLICATION OF CAT MODELS

Communicate
Risk «

» Underwriting

» Manage
Accumulation

» Risk Transfer

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 21

Respond to CAT «

Ensure Capital «

Adequacy




CALIFORNIA EARTHQUAKE AUTHORITY (CEA)

Private insurance companies stop/restricted
EQ coverage writing for RES after the 1994
Northridge earthquake

CEA formed and started its operation in

Dec. 1996 to provide EQ coverages for
home owners

CEA writes over 0.8MN policies. 75% of the
residential EQ insurance market in CA

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 22
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California Earthquake Authority
Claim-Paying Capacity

HOW CEA IS USING CAT MODELS

Post Earthquake Industry Assessment

Industry Assessment $1,656M
("2nd IAL")

Revenue Bonds

Traditional

(reinsurance)
Risk-Transfer
CAT Bond «

(e.g., URSA Re,
2015)

~25%

R | S k CEA Available Capital
Transfer

$4,705M

*Not drawn to scale Total Capacity $11,494M

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016 23



ILS HAS MANY TRIGGER FORMS

[N

Parametric Pure
Index Parametric

Modelled Loss

Transparency for Investor

Indemnity Industry Index

>
Basis Risk to Issuer m
©30RE RISk WS M SIS nkc All Rights Reserved. Cbrfdertal
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MORTGAGE DEFAULT RISK

Mw = 7.2 Peninsula seg. of San

"
Property value Andreas Fault
70
¥ $63.8
Down payment Net equity before disaster 460 - §55.1

L 4

$50 -
Dollars Scheduled outstanding

mortgage balance

Loss (Billions)
o
=

$4.1

Time Disaster $0 -

Residential Commercial

The mortgage industry = $400 MN defaulting
after the 1994 Northridge EQ

25

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016



IMS

EARTHQUAKE RISK
MANAGEMENT FOR KOREA

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. @~ May 25, 2016



CURRENT STATUS

. XX = AIAE (201 OFE 1)

— Ground-up loss calculation considering construction classes
for a real/ficticious event.

— Some of the methods/algorithms are outdated and need
Improvements.

» E45 BE (20 oFA )

— EQ cover is included after 2012

— Research on EQ insurance rate has performed.

— Research on assessing NAT-CAT insurance rate is on-going.

» Earthquake risk model (EQ CAT Model) for
Korea has not been developed

Copyright © 2016 Risk Management Solutions, Inc. All Rights Reserved. May 25, 2016
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CHALLENGES

Demand

Copyright © 2016 Risk Management Solutions, Inc.

Experience/
Technology

All Rights Reserved.

May 25, 2016

®
»

= Low Demand :

— Awareness of EQ risk in Korea is very low.

« General public, Korean insurance
companies as well as global insurance
market

— Typhoon/Flood risk gets higher attention.
= Data:

— Virtually no historical loss data

— No decent size events for
science/engineering advancement

— Low resolution data for inventory/exposure

28



CHALLENGES

Demand

Copyright © 2016 Risk Management Solutions, Inc.

Experience/
Technology

All Rights Reserved.

May 25, 2016

» Lack of Experience/Technology:

Modeling methodology for stochastic
simulation

Model integration

Computer tech for building a platform.

29



NEXT STEPS

Define model requirement of EQ risk management
Need enhanced collaboration among stakeholders

Encouragesto build infrastructure to develop CAT models based on the
requirement

Provide continuous support
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Magnitude 7.0 M,

2006.01.01~2006.05.23 J|2t2] #2 6.00| &2 & (http://www.emsc—-csem.org/)

Depth 10 kmE!
Epicenter (g 32°46'55.2'N 130°43'33.6°El]
Areas Kumamoto Prefecture, Kyushu,

affected  Japan'™®

Foreshocks 6.2M, April 14 2016
122636 (UTC), 212636
(JST)EAIIEIEE]

Casyetiies Foreshock: ¢ dead, 1,108 ir‘-_iure::l

Mainshock: 40 dead. 2,021

injured

Total: 45 dead, 2 missing, 3,129

injured =]

Date February 6 2016

Origin time  03:57:27 (Taiwan time, Date April 16, 2016
UTC+8) -37 Ut

Magnitude 6.4 M,

Magnitude 7.2 M,
Depth 23.0 km (143 mi)

Depth 21.0 km (13.0 mi)

—~ Epicenter (g 0.371°N 78.940°WH
; s aden 130 coeel]
Epicenter & 22.94°N 12059°F Type Trrustt
Areas Republic of China (Taiwan) Ecuador, Colombia, Peru

affected

VIO (Severe)

: i T Al
Max. intensity VI { Very strong! intensity

Foreshocks 4.8 M,
Aftershocks 1,034 as of 07:50 ECT
{12:50 UTC) April 281 4
Casualties 661 k|||ed 9 missing and 27,732
injured®

Casualties 117 deadHl
550 |n|ured
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Date

Crigin time
Magnitude
Depth
Epicenter
Type

Areas affected

Max. intensity
Tsunami

Casualties

April 18 1906
05712 local time

78 M M

5 mi (8.0 km)=l

& 37.75°N 122,55 Wi
Strike-slipl!

Morth Coast

San Francisco Bay Area
Central Coast

United States

¥I (Extreamalil
yesl®l

3,000+

As damaging as the earthquake and its aftershocks were, the fires that burned out of
control afterward were even more destructive.l22l |t has been estimated that up to 90%
of the total destruction was the result of the subsequent fires.12lWithin three days, 24l
over 30 fires, caused by ruptured gas mains, destroyed approximately 25,000 build—
ings on 490 city blocks. One of the largest of these fires was accidentally started in a
house on Hayes Street by a woman making breakfast for her family. This came to be
known as the "Ham and Eggs Fire". Some were started when firefighters, untrained in
the use of dynamite, attempted to demolish buildings to create firebreaks. The dyna—
mited buildings themselves often caught fire. The city's fire chief, Dennis T. Sullivan,
who would have been responsible, had died from injuries sustained in the initial quake.
[251 |n all, the fires burned for four days and nights.
Due to a widespread practice by insurers to indemnify San Francisco properties from
fire, but not earthquake damage, most of the destruction in the city was blamed on the
fires. Some property owners deliberately set fire to damaged properties, in order to
claim them on their insurance. Capt. Leonard D. Wildman of the
U.S. Army Signal Corpsl28l reported that he "was stopped by a fireman who told me
that people in that neighborhood were firing their houses---they were told that they
would not get their insurance on buildings damaged by the earthquake unless they
were damaged by fire" . [2Z
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1906 San Francisco earthquake

Date

Crigin time
Magnitude
Depth
Epicenter
Type

Areas affected

Max. intensity
Tsunami

Casualties

April 18, 1906

05:12 local time
78 M M

5 mi (8.0 kmj<!

& 37.75°N 122,55 Wi
Strike-slipl!

Marth Ceast

San Francisco Bay Area

Central Coast
United States

¥I (Extreamalil
yesl®l

3,000+

A KA

Insurance Facts

Of the $235 million in insured losses, only about $180 million,
or $3.75 billion in 2005 dollars, was paid out in claims as
many financially—strapped insurers could pay only a share of
the actual losses.

Insurers settled approximately 100,000 claims.

At least 12 American insurers went bankrupt as well as one
Austrian and one German company.

The amount paid in claims was roughly 100 times the amount
paid for fire insurance polices that year.

The earthquake losses effectively wiped out the industry profit
earned over the preceding 47 years

The losses occurred despite the fact that earthquake exclu—
sions were already standard in 1906.

Of the buildings destroyed, only 2 percent were from the
quake, while the remaining 98 percent were destroyed by fire.
Dynamite was used to level buildings in the path of the fire in
an attempt to create a fire break. This resulted in new fires
and is believed to have caused more damage than it pre—
vented. Dynamited buildings were covered under property
policies.

10
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1906 San Francisco earthquake

Date
Crigin time
Magnitude
Depth
Epicenter
Type

Areas affected

Max. intensity
Tsunami

Casualties

April 18, 1906
05:12 local time
78 M M

5 mi (8.0 kmj<!

& 37.75°N 122,55 Wi
Strike-slipl!

Marth Ceast

San Francisco Bay Area

Central Coast
United States

¥I (Extreamalil
yesl®l

3,000+

St =& 1906 AHLetA|AD K| &

UE ALK 2+
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Date

COrigin time
Magnitude
Depth
Epicenter
Type

Areas affected
Total damage
Max. intensity

Peak
acceleration

Casualties

January 17, 1995
05:46:53 H

69 M, *H

17.6 km (10.9 mi)
& 34.59°N 135.07°¢ ™
Strike-slip &

Japan

$£20C billion UsD B
Shindo 7

08 g

5.502-6,434 killed <
36,896-43,792 injured =
251,301-310,000 displaced

i
o

GIFIG PLATE

Thrust

L

Gret Hanshin earthquake as the worst earthquake that struck
ever since the Great Kanto earthquake in 1923.

Damage was extremely widespread and severe. Structures irrepara-
bly damaged by the quake included nearly 400,000 buildings,2l'2 nu-
merous elevated road and rail bridges, and 120 of the 150 quays in
the port of Kobe. The quake triggered around 300 fires,B which raged
over large portions of the city.l'®IDisruptions of water, electricity and
gas supplies were extremely common. In addition, residents were
afraid to return home because of aftershocks that lasted several days
(74 of which were strong enough to be felt).

12
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Great Hanshin earthquake

Origin time
Magnitude
Depth
Epicenter
Type

Areas affected
Total damage
Max. intensity

Peak
acceleration

Casualties

January 17, 1995
05:46:53 M

6.9 M, &

17.6 km (10.9 mi)
& 34.59°N 135.07°¢ ™

Strike-slip =

Japan

$200 billion USD Bl
Shindo 7

08 g

5.502-6,434 killed <
36,896-43,792 injured =
251,301-310,000 displaced

[

Korean Fire P

1995 SHAITHAIA

0l Xl

AIHAL 2HH
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Date

Origin time
Duration
Magnitude
Depth
Epicenter
Type

Areas
affected

Total
damage

Max.
intensity
Peak
acceleration

Tsunami
Landslides

Foreshocks

Aftershocks

Casualties

11 March 2011

14:46:24 J5T (UTC+09:00)
& minutes™

9.0 M, FIE

30 km (19 mi)

G 35-322°N 142 369°E
Megathrust

Japan (shaking, tsunami)
Pacific Rim (tsumami)

Tsunami wave, flooding,
landslides, fires, building and
infrastructure damage, nuclear
incidents including radiation
releases

X ( Vialenn
299 g

Up to 40,5 m (133 f)

in Miyako, Iwate, Tohoku

Yes

List of foreshocks and
aftershocks of the 2011 Tehoku
earthquake

11,450 {as of 3 March 2015
15,804 deaths [®

6,152 injured,®

2,562 people missing)

Aot =& 2011

Pacific Ocean

TRENCH

LITHOSPHE]

A 220,000-barrel (35,000 m3)—per—day!252l oil refinery of Cosmo Qil Company was set on

fire by the quake at Ichihara, Chiba Prefecture, to the east of Tokyo.[2581254] |t was extin—
guished after ten days, injuring six people, and destroying storage tanks.25510thers halted pro—
duction due to safety checks and power loss.[2561257] |n Sendai, a 145,000-barrel

(23,100 m3)—per—day refinery owned by the largest refiner in Japan, JX Nippon Oil & Energy,
was also set ablaze by the quake.[22l Workers were evacuated,28lput tsunami warnings hin—
dered efforts to extinguish the fire until 14 March, when officials planned to do so.22l

An analyst estimates that consumption of various types of oil may increase by as much as
300,000 barrels (48,000 m?®) per day (as well as LNG), as back—up power plants burning

fossil fuels try to compensate for the loss of 11 GW of Japan's nuclear power capacity.25912601
The city—owned plant for importing liguefied natural gas in Sendai was severely damaged, and
supplies were halted for at least a month.2811

In addition to refining and storage, several power plants were damaged. These include Sendai
#4, New—Sendai #1 and #2, Haranomachi #1 and #2, Hirono #2 and #4 and Hitachinaka #1.

262
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Korean Fire Protect
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126" 44'

129° 58°

00 5%

Quaternary Faults

Area A
Pyeonghae

Area B
Jabuteo
Deckgok

Area F
Galgok I~ Ilf
Wangsan

Area G
Madang I~ Il

Area H
Jinhyeon
Jinti
Shingye
Gamsansa
Hwalseongri

Area K
Guman
Hajeang

Area L
Janghang

Area M
Eupcheon
Suryum

Area N
Sulma
Doya
Jwadong

Area O
Gusan

YSF: Yangsan Fault
USF: Ulsan Fault
IGF : llgwang Fault
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7 Of7|El 23afie| 2Lt

/ %y ‘ o - 2250|772, S350| 958, &0
Eurasian Plate 1 ) . 103_5'_' DJ'O'" Ecél-
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- 2250 908, £x0]| 1038, S350

1123 QH0j| =2f

PACIFIC PLATE
It’s subducting Under N. AM. Plate
73 8.9 Mag. and Filipino Plate

Filipino
plate
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Great Seoul earthquake (simulation)

Great Busan earthquake (simulation)

Great Hanshin earthquake

g -
3 }n'?'_

Date January 17, 1995

Origin time 05:46:53 M
Magnitude 69 M, 1

Depth 17.6 km (10.2 mi) I
Epicenter (@ 34.59°N 135.07°€ ™
Type Strike-slip [

Areas affected Japan

Tt Damaged buildings 400,000 el
Max. intensity  Shindo 7

Peak 08 g

acceleration

Casualties 5,502-6,434 killed &

36,896-43,792 injured [
251,301-310,000 displaced
2]

ﬁﬁﬁﬁﬁ
xxxxx

NNNNN

Date March 21, 2011

Origin time

Magnitude 6.5 Mw |

Depth

Epicenter Jung-ju, Seoul, Korea
Type

Areas affected Korea

Tc Damaged buildings 584,000 A
Max. intensity

Peak

acceleration

Casualties 115,000 killed

104,000 homeless

K& ANEe0IE8(E2 ST X2

nnnnnnnnn

Date

Origin time
Magnitude
Depth

Epicenter

Type

Max. intensity

Peak
acceleration

Casualties

hhhhh

March 21, 2011

6.5 Mw

Dongrae—ju, Busan, Korea

Areas affected Korea
To Damaged buildings 237,000 g

37,300 killed
33,000 homeless

EFE W), SIS THHHS Al A E
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