Overview of Catastrophe Modelling
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Catastrophe Models Provide a Wide Range of Outputs
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Event Year Contract Loss Event Info
270007942 2353 1,995,714,211 Class 3 Hurr TX GOM
270003822 1143 1,994,490,277 Class 3 Hurr FL GOM GA
110044047 6410 1,993,822,104 MW 7.4 EQ Los Angeles
270021674 6488 1,992,783,613 Class 3 Hurr GOM AL FL GA MS
270018191 5445 1,992,529,830 Class 3 Hurr MA RI ME NY CT
270021539 6447 1,992,239,441 Class 3 Hurr FL BF
110010511 1539 1,991,950,215 MW 6.6 EQ Los Angeles
270014761 4407 1,991,795,632 Class 2 Hurr TX GOM LA
270029332 8763 1,990,905,697 Class 3 Hurr GOM FL AL GA MS
110014872 2164 1,990,461,843 MW 6.5 EQ San Francisco
270006759 1983 1,989,857,449 Class 2 Hurr LA GOM MS AL
270023332 6984 1,989,268,193 Class 3 Hurr SC TN NC KY GA
270008182 2423 1,989,078,459 Class 2 Hurr NC SC VA
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Agenda

Overview of three main modules

1. Hazard Module
« Event Catalogue
— Frequency
— Magnitude
« Ground Motion Intensity Calculations
2. Vulnerability Module
« Vulnerability Function
« Damage Ratio Distribution
3. Financial (Loss) Module
« Convolution
¢ Truncation
« Exceedance Probability Curves
« Percentiles

Risk Quantification
Use of Catastrophe Models in the Insurance Industry
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How Do Catastrophe Models Work?
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speed/ground shaking at
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Estimate potential
insured losses
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SECTION I: HAZARD
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How Uncertainty can be Captured within Catastrophe

Models —

D Primary uncertainty - addressed through the catalogue generation process

Hazard Engineering Financial
Event . Local Damage N Insured
Generation * Intensity Estimation Loss
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Sampling
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Catalogues Are Generated Through a Sampling
Process Involving Historical and Geophysical Data

|

e There is uncertainty associated
with the historical data and with .
the data used in describing the
catastrophic events

* Uncertainty is captured by y
creating distribution functions that
fit historical and geophysical data § 8

« These probability distributions are —
sampled to create a catalogue that V4

-

contains a set of physically

plausible events Depth —
Distribution Mechanism
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Alternative Catalogues Enable Users to Test the

Sensitivity of Model Results to Multiple Views of R 15

Standard Warm SST
Catalogue Catalogue
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Using Historical Data to Develop Stochastic Catalog  ue

100 Years
Historical Simulated

Power Law Distributions are Common to both Mortalit y
and Catastrophe Modelling 2l

Gutenberg-Richter Distribution

Log death rate

Log Number of events

. -2 y=-0.9813x+5.9463 o
[ R?=0.9828
T T T T T
20 40 80 20 100 3
T T T T
Age 4 5 6 7 g 9

Magnitude (M,,)

Data set: Male Assured Lives in the UK during the
period 1947-2003, obtained from the Continuous
Mortality Investigation Bureau.
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log(Y)=c; +c,M +cjlog(R+¢c,)+ S+s

where :

Y - ground motion or spectral values
M - magnitude

R - source-site distance

S - site factor

s — standard deviation

~f

Source

Spectral

} I Acceleration (SA)

SECTION II: VULNERABILITY




I:I Secondary uncertainty - addressed through the damage functions, which
produce a distribution of ‘ground-up’ loss for each location/coverage by event

Severe

Damage Ratio

Moderate

Intensity (e.g. wind speed, ground motion)
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Damage Ratio

(MDR)
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‘ Mean Damage Ratio

Intensity (e.g. wind speed, ground motion)
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Probability

Damage Ratio vs Damage Probability
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SECTION III: FINANCIAL
MODULE
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D Limits, deductibles and reinsurance are then applied to produce gross and net
loss distributions
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S:{S:ge ratio distribution by replacement Damage Ratio for a given intensity of shaking

Damage Ratio Distribution allowing for the all the different
values of damage ratio surrounding the mean damage
S
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Even for similar
buildings subjected
to the same
modelled intensity,
damage can vary

Sources of location
level variability
include
— Actual construction
quality
— Construction code
enforcement
— Limited data about
the risk

— Un-modelled
phenomena

Probability of Loss

Replacement Value = $50,000

Loss = Damage Ratio x Replacement Value

Mean

Loss
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Probability of Loss

Mean

Loss

Replacement Value = $50,000

Loss = Damage Ratio x Replacement Value

Probability of Loss

$35k

$5k

Loss

Applying $5,000 deductible only Earthquake policy covers 100% of $30k xs $5k
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Probability of Loss

Loss

Applying $30,000 limit only

$35k

b

Earthquake policy covers 100% of $30k xs $5k

Example:
Pr (X;=$250K and X,=$750K) = .0876 x .0121 = .0011
Repeat for every combination totaling $1M

PD- ) REIXP)

1=

Probability

Loss 1M

Sum of all probs. where total = $1M
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SECTION IV: RISK
QUANTIFICATION
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Loss ($M)
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Exceedance Probability

» The exceedance probability of a loss is the probability of a loss greater than or
equal to that loss; P(L )

 Consider loss output as probabilities, not return periods

[ )

“There is a 4.4% annual probability that a Katrina-sized
hurricane loss or greater could occur in the U.S.”

2009 2010 T
4.4% Probability 4.4% Probability
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Annual loss exceedance probability for
$125 billion U.S. loss:

1%

Loss exceedance probability for $125
billion U.S. loss over 10 years:

9.6%

| 1-(1-0.01)10 |

» Tail value-at-risk (TVaR): average of all simulated event losses beyond
specified probability, such as 1% or 0.4%
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EP with 5% and 95%
Conf Intervals — 100 locations
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* P1 shows that there is a 5% chance the loss won't exceed ~$6.9M
* P2 shows that there is a 95% chance the loss won’t exceed ~$18.7M
" #$ 33
range of potential losses at increases, the range around the
Useful for small number of locations
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Pricing
— Insurance
* Premium = f (AAL, SD, Expenses, Profit Loading, Com  mission etc.)
* “Prerisking”- Preview catastrophe losses to a policy before taking on risk
— Reinsurance
— Catastrophe Bonds

Reserving

» Solvency Il capital requirements are dependent on 99.5t percentile of loss distribution over one
year

Marginal impact
» Effect on portfolio PMLs (probable maximum loss) with and without policy

Portfolio Management

— Exposure Management
* Accumulation/Diversification
— Calculate zonal losses e.g. by state/region/county
— Inform business decisions on which zones to write cover

— RDS Scenarios

» Impact of Realistic Disaster Scenarios (RDS) to stress test portfolio for exposure to catastrophes
— ALERT

* Real Time Loss Estimation

Portfolio Optimisation
* Risk— Reward trade-off used to optimise policies in portfolio

Shane Latchman
slatchman@air-worldwide.com
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