Preview of the New AIR South

America Earthquake Models
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 New Hazard Modeling: Data & Methods

* New Vulnerability Modeling: Data & Methods

* Model Validation: Component-Level & Loss Estimation
« Software: New Features for South America
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New Hazard Modeling
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South America Is One of the Most Seismically Active
Regions of the World

2010 Maule Earthquake

1960 M9.6 Earthquake
Length: 1000 km
Width: 100 — 150 km
Maximum Uplift: ~ 5.7 m

Maximum Subsidence: ~ 2.3 m

3 e =5 - o ) €3 'v, T
% S > d earthpiake worldwide

CONFIDENTIAL ©2015 AIR WORLDWIDE



The AIR Earthquake Models for South America Is
Receiving a Comprehensive Update

Industry
Exposure
Database

New Shake Catalog
Damage Seismicity
. Time-Dependent
Function Model

Methodology
AlIR

Intensity

New Risk Earthquake Modeling

Types
yP Models for GMPES

Industry Facilities, Soil Maps

Bl SOu
America

- Liquefaction
New Seismic Risk

Design
Codes Tsunami
Risk on the
Pacific Coast
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Stochastic Event Generation Requires Latest Data
Sources and Knowledge

Historical earthquakes, fault
parameters, and GPS data constrain
the magnitude-rate in a seismic

source zone

Driven by
Historical earthquake
catalog for M24 from
1471 - 2014

Driven by:
Historical catalog
Fault slip rates
GPS data

Cumulative Rate

Magnitude

Seismic Source Zone Model

» Historical earthquake
catalog data

» Fault slip rates

» GPS strain rates
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Seismic moment rate
(Seismic budget)
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The History of Past Events Is of Great Importance
for Characterizing the Seismic Hazard

Extensive evaluation of data sources
including work of the
Global Earthquake Model GEM

science for a changing world

Homogenization of data to moment

magnitude (Mw) scale

Compilation of unified, comprehensive

* Magnitude (Mw)
- 45
+ 56

6-7
° 7-8

catalog of 47k events Mw=4 from 1471

to 2014 based on a catalog quality and

magnitude scale
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Characterizing Subduction Zone Locking and Deformation

Subduction Zone Locking Pre-2010 Maule
GPS Stations :

Creeping Subduction Zone

Locked Subduction Zone

| |
Unlocked Locked

CONFIDENTIAL ©2015 AIR WORLDWIDE



There Is a Need for Multi-Mode Time-Dependent Rupture Probability
Models for Subduction Zones

Historical Earthquake
Rupture Areas

@® Historical Epicenters
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Standard Versus New Approach to Time-Dependent
Modeling

Stochastic Renewal Model View

Stress : St
1 1 -1 ot

Time Time
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Advantages of the AIR Time-Dependent Rupture
Probability Model

Earthquake

e Scenarios
Likelihoods of earthquakes are

guantified using physical data:

« State of locking on the
subduction interface

« Impact of historical
earthquakes

AIR time-dependent model can capture
complex rupture dynamics kinematic modeling
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Ground Motion Prediction Equations (GMPES)
Are Updated Using Latest Research
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Most Recent Geological Maps and Microzonation
Studies Are Used To Create Soil Maps

SERNAGEOMIN

Ministerio de Mineria D D
SERVICIO
GEOLOGICO @ fUﬂVl&l %UNGEMMET’
COLOMBIANO Fundacion Venezolana de
INVESTIGACIONES SISMOLOGICAS

Gobierno de Chile

Caracas
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The Need for a Tsunami Model Was Greatly Felt After the
Destructive 2010 Maule Earthquake
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Numerical Modeling Best Captures Tsunami
Complexities

schematic domain configuration for an event
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Liquefaction Risk Is Modeled Explicitly

Comuna de Huaipan

Rio g
92 San Pedro de  pag %1

EVALUACION PRELIMINAR

DE PELIGROS GEOLOGICOS:

AREA DE CONCEPCION-TALCAHUANO-
HUALPEN-CHIGUAYANTE |*

REGION DEL BI0BIO

MAPA 12.2;

Simulated Water Table Depth

Lbwady Ocken
REPUBLICA DE COLOMBIA (m below land surface)
MINISTERIO DE MINAS Y ENERGIA . <=0.25
Instituto Colombiano de Geologia ¥ Mmeria
INGEOMINAS Wm025-25

Em25-5

mms5-10
" E310-20
Geologia de la 20 40
Plancha 266 40 - 80

Villavicencio =-380

Liquefaction Hazard Maps

Surficial Geology Maps Groundwater Depth Maps
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New Vulnerability Modeling
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Vulnerability Update Uses State-of-the-Art Engineering
and Data for Damage Estimation

Building/Content/BI

Industrial Facilities New New New
Infrastructure New New New
Builder’s Risk New New New
Auto v New New v/ Existing model

 New methodology for shake damage estimation

* Building code—based vulnerability classification for each country
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The Updated Damage Functions Are Generated Through
Extensive Engineering Analyses
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Stringency of Seismic Design Code Is an Implicit Measure
of Seismic Resistance in Vulnerability Assessment

Seismic Code Levels to Classify Vulnerability

in AIR Model
will, Clese Description
(code level) P
Without seismic consideration, mostly
Pre . o
refers to non-engineered buildings
I - - - - - - .
Low | With minimal seismic consideration
I
Moderate I With moderate seismic consideration
1]
I
High Il With stringent seismic consideration
1]
I
Special With very st_rlnger_It seismic
consideration
v
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AIR Analysis of Building Code Evolution in Colombia
Was Reviewed by Local Experts
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Regional Variation in Vulnerability Is Considered

Using Seismic Design Zonation

NSR-10 — Capitulo A.2 — Zonas de ica y movimientos sismicos de diseri
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AIR Model Captures the Temporal and Spatial Variation
of Vulnerabillity by Incorporating the Code Evolution
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Complex Industrial Facilities Are Modeled Using
Dedicated, Component-Based Damage Functions

* Power Plants *Heavy Fabrication and +Chemical Processing
» Water Systems Assembly * Metal and Mineral
» Gas Processing » Light Fabrication and Processing
Systems Assembly » High Technology
» General Building/ * Food and Drug * Mining

Construction Contractors Processing * Oil Refineries
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The Updated Models Support Infrastructure Systems
with an Improved Set of Vulnerability Functions

——Single Span Bridge

——Multispan simply supported
CONCRETE Bridge
———Multispan simply supported

/1/]/ .
1/ e
1)

‘% 7 CONCRETE Bridge
(-4 ——Multispan continuous STEEL
TS Bridge
E // ——General Concrete unknown
© span Bridge
2 // General Steel unknown span
e Bridge
= // / Unknown Bridge excluding
» major bridge
% Major Bridge
| 4 |
0.00 0.50 1.00 1.50 2.00 2.50
PGA (g)
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The Updated Model Supports the Builder’s Risk
Line of Business

Risk for buildings under construction is characterized by time-variability of vulnerability and replacement

r 3
A

Vulnerability

Replacement Value

- -
Ll Ll

Construction Time Construction Time

phagé\‘t‘ Foungé | S _Phasel: Exterior
Substruéture A - (Fre Mg a0k Dealdne) B |-—Wall-Door|& Windows Mechanical, Electrical

Construction time is broken down to four distinct phases

CONFIDENTIAL ©2015 AIR WORLDWIDE



Ground Settlement Is the Salient Parameter in Estimating
Liquefaction Damage

Empirical relationships provide an estimate
of ground displacement using the ground
motion parameters and soil properties

Settlement

AIR damage functions are developed
by leveraging existing studies and
using observational data from Japan
and New Zealand earthquakes

Damage Ratio

Ground Settlement
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AIR Tsunami Vulnerability Model Accounts for Three

Damage Determinants

PN

Inundation depth} -

. Velocity

Sea level /-"'"
75\
_-—'/ 2l 0
N \\\-_ )/
\\\ el —'_j'.' /
Hydrostatic force Drag force

AIR tsunami model accounts for:

* Inundation depth d = Equivalent inundation
*  Flow velocity v d+v?/2g
» Debris factor

_-Zasoas: SHERASEEECS

San Antonio, 2010 Maule Earthquake

f»- N £ - t“fm- 2 A S ;
Port debris observed after 2010 Maule Earthquake
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Validation and Software
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Time-Dependency of AIR’s Catalog Should Validate With
the Energy-Release Observed in Maule 2010 Event

Magnitude-Frequency Plot: Region of the 2010 Maule Earthquake

Mendoza

Rate
|

3 TD
3 TID
3 Historical
E|
]

| [ I I [ [

5 6 7 8 9 10

Magnitude (Mw) N | {
L1 7D Stochastic 2M8.0

B 2010 Maule Rupture
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Time-Dependency of AIR’s Catalog Should Validate
With the Absence of ‘Great’ Event in Peru Since 1746

Rate

Magnitude-Frequency Plot: Region Near Lima, Peru

| I T O V1T I W AT I W N1

TD
TID
Historical
Locked (red) subduction zone
In the region around Lima, Peru (designated
area in yellow)
I I I I I
6 7 8 9 10

Magnitude (Mw)
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Modeled Ground Motion Intensities Match Observations
In the Major Affected Provinces in the 2007 Pisco Event

s Chincha Province @ Pisco Province @ Ica Province @

S

SAN JOSE DE LOS MOLINOS

SALAS
GROCIO PRADO :
PUEBLO NUEVO INDEPENDENCIA
CHINCHAALTA SAN CLEMENTE - Ve
sS4 1 1 STA
LA TINGUINA YAUCA DEL ROSARIC
PISCO SUBTANJALLA
SUNAMPE
ALTO LARAN
TUPAC AMARU INCA ey AL
TAMBO DE MORA ; EITES
0S AQ
CHINCHA BAJA
MM' MM' MMI PUEBLO NUEVO YAUCA DEL ROSARIC
B v " B -<v SAN ANDRES L R
B v B v B v
= v v
= = PACHACUTEC

VI [ | wi [ vi
— _ PARACAS —

Vil | vin Vil
1 1VIH INDEPENDENCIA ‘:Vlll L ]Vl” SANTIAGO

IX 0 SAN CLEMESTE 85 IX 0 35 7 X 0 4 sK‘
B > x B > x B > ix

Chincha Alta 7.5 7 San Clemente 7.5 8 Ica 7 7

Tambo de Mora 7 7.5 Pisco 8 8 Santiago 7 7
Chincha Baja 7.5 7.5 San Andres 7.5 7.5 Tate 6.5 7
Paracas 7.5 7.5
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AIR Carefully Validated Tsunami Extents and
Maximum Heights Against Historic Event Data

2010 Maule Tsunami - City of Constitucion
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AIR Participated in a South American Seismology Summit and
Collaborated with Local Experts

CONGRESO LATINOAMERICANO DE
SISMOLOGIA |

JULIO 23 - 25 DE 2014
BOGOTA, COLOMBIA

» Dr. Diana Comte, Departamento de Geologia y
Geofisica, Facultad de Ciencias Fisicas y Matematicas, 7 %) UNIVERSIDAD
Universidad de Chile #cl DE CHILE

« Dr. Carlos A. Vargas, Profesor Asociado en

Departamento de Geociencias, Universidad Nacional de
Colombia

UNIVERSIDAD

NACIONAL
DE COLOMBIA

* Dr. Daniel Carrizo, Departamento de Geologia y
Geofisica, Facultad de Ciencias Fisicas y Matematicas,
Universidad de Chile

A UNIVERSIDAD
A DE CHILE
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Vulnerabllity of South American Construction Revised and
Validated Against Recent Event Observations and Local Studies

Mean Damage Ratio

New Damage Functions Align Better with Recent Event-based Observations
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AIR Considers Multiple Data Sources for Validation
Including Local Expertise and Global Best Practices

A

Universidad
de los Andes

Prof. Luis Yamin
Universidad de Los Andes, COLOMBIA

Prof. Fabricio Yépez
Universidad San Francisco de Quito,
ECUADOR

Prof. Juan Carlos de la Llera Martin
Pontificia Universidad Catolica de CHILE

Prof. José Grases
Universidad Central de VENEZUELA

Prof. Jorge Olarte
Universidad Nacional de Ingenieria,
PERU
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Probabilistic Risk Assessment Program
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EARTHQUAKE « WIND + FLOOD J—
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New 1Km Resolution Industry Exposure Databases
Allows AIR to Better Validate Model Loss Estimates

Exposure Data
Collection

Risk Counts

* Population &
Economic Censuses
* Housing Surveys

Risk Attributes

» Occupancy
 Construction & Height
* Floor Area

Total Exposure

.
Total Replacement Value

Construction Costs ”
igh

| |
Low

* Costing Manuals
» Construction Indexes
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Historic Event Losses for Significant Earthquake

Events Provide Important Guide Points for Validation
|

Economic Losses for Colombian Earthquake Events 1990-Present
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Model's Loss Distribution by Region Matches the
Regional Losses from Reports — 2007 Pisco

Modeled and Reported Contributions to Loss at Department Level
90%

m Reported Contribution B Model Contribution
80% -

Source: INEI (2007), Census of the Areas
Affected by the Earthquake
70% -

60%

50% -

40% -

30% -

20% -

10% -

s

ICA LIMA HUANCAVELICA

0% -
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Model Correctly Reproduces the Pisco Earthquake Observed
Loss Ratios at the Province Level — Chincha, Peru

Modeled Ground Chincha Province
Motion *Spectral Acceleration Sa 0.3 sec (Q)

Modeled vs. Observed Loss Ratios Chincha Province
SAN VICENTE DE CANETE WE
Observed Observed AIR
District Damage Damage Modeled
SEOCIOERADO . Lower Bound Upper Bound Damage
0, (v (v)
ALTO LARAN e 35% 35%
0, (1) (v)
CHINCHA ALTA Az < 35%
SUNAMPE 0, 0, [v)
St CHINCHA BAJA AL — 30%
0, (1) (v)
TAMBO DE MORA EL CARMEN 20/’ 39A) 33/)
0, 0, (v)
GROCIO PRADO 28% 48% 41%
0, 0, 1)
S PUEBLO NUEVO = — e
a 0.3 sec (g9) EL CARMEN
0, 0, 0,
I <005 SUNAMPE 30% 20% 38%
[ oo0s5-0.15
3 (+) 0, o,
E, g TAMBO DE MORA A5 CEb s
D 0.50 - 0.70 INDEPENDENCIA
\—] 0.70 - 1.00 S HD{ LEME \”7425 -
[ > 1.00 MA . -
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2010 M8.8 Event in Concepcion, Chile Provided

Good Data Source of Claims Data for Validation
J N

= Reported

mAIR

Ground Up Losses

Portfolio A Portfolio B  Portfolio C Portfolio D Portfolio E
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Touchstone’s Flexible Options Allow for Separate Evaluation of
Tsunami and Shake Losses and Improved Disaggregation

Analysis Target: |

Loss Diagnostics

| Analysis Settings |
Reinsurance
Output

Analysis Management

New Detailed Loss Analysis

Pisco_Exposure_DR -

Analysis Settings

Y/Catastrophe Peril Analysis

Event Set: ‘World AP {2014) - Scenarios

Perils: [ Earthguake N
Earthguake Shake /[ | wind
|:| Fire Following

Event 5et Filter: Filters not applied
Demand Surge: Ll with @ Without
Financial Settings:  Correlation:

Tropical Cyclone

|:| Storm Surge
[] Precipitation Flood

M 4

[] severs storm
[] sewere Thunderstarm

Winter Storm

i@ Apply event set filter

o e
Select Custom Curve

@gatio m

Average Properties:

For Invalid Con/QOce Pairs:

Apply location terms for residential contracts:

Flexibility: Loss Medification Factor

Baseline Analysis:

off i
oft A
lgnore *

AlR default behavior =

Mone

vL/

-

CONFIDENTIAL

Other Perils:
[] inland Fleod
Wildfire/Bushfire
Terrorism

Coastal Flood
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AIR’s Touchstone Platform Allows Analysis of Exposure
Distribution and Deterministic Studies Relative to Hazard

AR s
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o @ =
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AlIR’s New South America Earthquake Models Set
the Bar in Terms of Scope, Innovation, and Quality

« Tsunami modeling for the
Pacific Coast subduction zone
from Chile to Colombia and
liquefaction

* New risk types: industrial,
public infrastructure, CAR
builder’s risk

« Extensive validation of
components, loss outputs
using real loss data and with
inputs from local engineers and
geo-scientists in each of the
modeled countries
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Additional Resources on the AIR Website

2015 AIR WORLDWIDE

en o & B

AIR Currents CONFERENCE

— April 8 — 10t in Boston

.

This month read about:

| I I I O C u S The AIR blog about risk, modeling, and industry buz4

Locked and Loaded: New Research Results for South America Earthquake
October 09, 2014

Amidst the sweet serenade of Salsa and Latin folk music, attendees at this year's
Latin American Seismology Congress in Bogota, Colombia were treated to a series of
: groundbreaking (pun intended) research results from AIR's seismic hazards team
serald Galgana

Author(s)

Modeling Seismic Risk in South America: Five Years After the 2010 Maule Categories:  Earthquakes
Earthquake

On the fifth anniversary of the devastating temblor, we take a look at how earthquake modeling in the region

has improved
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