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Natural Hazard Risk and Cat Models
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Earthquake
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Tropical Cyclone (Hurricane)

Tropical Cyclone Windspeed Scale

|1 Minute Maximum Sustained Winds
Category I

strength
knots mph kmh

Tropical Depression [MTDN | <34 a9 <3
Tropical Storm [NNENN | 34-63 973 2118
Huricane | Call | 6482 7485 11953
Wrrcere [GAEN]| mes | sero | 15
Inense Hurricane  [NGARGNN | 95113 | 111430 | 178210
intense Hurricone |GG 1144135 | 131455 | 211250

oo rurcre [NEHEN s | wss | s

N s (] 2] =0 e .
Saffir-Simpson Hurricane Intensity Scale
Source: NASA

Source:_NOAA
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Extra Tropical Cyclone (Windstorm)

NCEP/NCAR Storm Tracks
Reanalysis Dec 1, 1981 — Feb 28, 1982

20 : Frequency of Storms

A PRI LY o XITDAL WITHN 4 VDTS OF 1440 BN,
AT MIEST 1060 M, LOGATED RETWESN +54 01 —64 DEGHERS LTTTURE,
% VIR, PRESSURES ARR SKUPLKD HVERY 18 MDURS

Source: NASA

Source: NOAA
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Windstorm v Hurricane

Source of energy

Damage distribution

Typical scale of damage

Speed of motion of
storm

Typical damaging
“Longevity”

Maximum possible
windspeeds

Typical Latitudes
(Northern Hemisphere)

Structure

Tornado

Jet-stream at approximately
8-10km

Asymmetric:
Right hand side of storm

200 — 1,000 km

50 — 100 mph

12 hours — 1 day

Gusts to 125 mph
(c.f. Cat 2 Hurricane)

40 — 70 degrees

Cold air wraps round into the
centre

The sea surface: when
temperatures > 26¢

Symmetrical:
All round the storm

50 — 200 km
0 - 25 mph

1 day — 2 weeks
(if remains over sea)

Gusts to 200 mph
(Cat 5 Hurricane)

10 — 30 degrees

Warm air in the centre
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TORNADO ACTIVITY IN THE UNITED STATES*

Summary of Recorded F3, F4, & F5Tornadoes
Per 3,700 Square Miles (1950 - 1998)

* Basad on NOAA, Starm Preciction Center Statistics
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The town of Tewkesbury on 22 July
2007, and during normal conditions
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Hailstorm
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Natural Disasters 80 — 08 - Deadliest

Crverall Insured
Date Loss event Region losses* losses* Fatalities
(USSm) (USSm)
26.12.2004 Earthquakes, Tsunami | South Asia 10,000 1.000 220,000
20-30.4.7881 Cyclone, storm surge |Bangladesh 3,000 100 139,000
8.10.20085 Earthquake Pakistan. India 5,200 5 83,000
2-5.5.2008 Cyeclone Marngis Myanmar 4,000 84,500
July-Aug 2003 Heat wavs Eurcpe 13,500 10 70,000
12.05.2008 Eathguake China 85,000 3od 70,000
21.6.1850 Earthquaks Iram 7,100 100 40,000
2-18.12.1858 Flash flood, landslides |Venezusla 2,200 220 30,000
26.12.2003 Earthquaks Iram 500 18 26,200
7121888 Earthquaks Armenia 14,000 25,000
* Criginal values

© 2003 Minchener Rlckvarsicharungs-Gegelschall, Geo Rlsis Research, MalCASERVICE

A5 & January 2002
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Natural Disasters 80 — 08 - Costliest

£ 2003 Minchener RNckversichenings-Geaelscnall, Gen Rlsis Research, NaICRSERMICE

Owverall Insured
Date Loss event Region losses® losses® Fatalities
[USSm) (LUISEm)
25-30.8.2005 Hurricane Katrina USa 125.[]{”]! &1 BCD] 1.322
17.1.1855 Earthguaks Japan: Kobe 100,000 3,000 8,430
12.5.2008 Earthguaks China: Sichuan B5.000 300 70,000
17.1.1894 Earthquake USA: Northridge 44,000 15,300 &1
£-14.5.2008 Hurricane lke USA, Caribbean BE.E{Id 1 S.IJCEI\ 158
May - Sep 1998  [Floods China 30.700 1,000 4,158
23.10.2004 Earthguaks Japan: Miigata 28.000 TR 45
23-07.8.1882 Hurricane Andrew Usa 28,500 17,000 g2
June - Aug 1986 |Floods China 24,000 450 3048
7-21.9.2004 Hurricane hvan USA, Caribbean ZE.E{II][ 13.5[10] 25
* Orgiral waues

A5 & January 2003
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What is a cat model?

Vulnerability

Exposure

Damage
Calculation

Risk Characterisation

Policy
Conditions
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Financial

Insured
Loss

Vendor Models
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There are a variety of commercial vendor models,

the main ones are:
= RMS

= AIR

= EQECAT

Plus broker developed models, usually to

complement the vendor models
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Simple Cat model output

Event Freq

0.20
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.05
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o

Modelled Events ~ EVent Specific

Loss

5
10
10
10
20
20
20
50
100
200

Cat model output is normally
provided in a file giving the
details of all the events:

» Event Loss Table (“ELT”) —
RMS terminology

+ Event by Event (“EBE”) —
EQECAT terminology)

Portfolio Specific

Common Measures
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The Occurence Exceedance Probability
(“OEP”) gives the probability of a loss of a given

size or larger in a

year.

The Annual Exceedance Probability (“AEP”)
gives the probability of total losses in the year of a
given size or larger.

The Actuarial Profession
making financial sense cof the future



10/14/2009

Measurement using Simulation

Trial Loss 1 Loss 2 Loss 3 Losses Loss

1

© 0o ~NO UL WN

=
o

10
15
18

5
10
25

5
15
10

10
20

Total Max
0 0
10 10
15 15
18 18
5 15 5
10 30 10
45 25
5 5
15 15
15 10

Example
= 10 trials
= 15 losses

= Total losses and
maximum single
loss calculated for
each trial
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Measurement using Simulation: AEP

Trial Loss 1 Loss 2 Loss 3 Losses Loss

roOoNEB oo ws o

25
10
18
15

5
15
10
10

5

20
10

10

Total  Max
45 25
30 10
18 18
15 15
15 5
15 15
15 10
10 10

5 5
0 0

Sorted by total losses

= 1in 10 year
aggregate loss = 30

Note strictly we should interpolate to
get percentiles, but we haven’t done
here and in subsequent slides. In
the example here 30 is in fact the
85t percentile (1 in 7 year)

The Actuarial Profession
making financial sense cof the future



10/14/2009

Measurement using Simulation: OEP

Total — Max Sorted by max loss

Trial Loss 1 Loss 2 Loss 3 Losses Loss

7 25 20 45 25 .

. 18 s (13 = 1in 10 year event
3 15 15 15 —_

9 15 15 15 IOSS - 18

2 10 10 10

6 10 10 10 30 10

10 10 5 15 10

5 5 5 5 15 5

8 5 5 5

1 0 0

Note the Max Loss gives an approximation to the true OEP — for
example, it does not use the information given the 2nd and
subsequent largest losses in the year.
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Uncertainty in Modelling

Lots of sources of uncertainty in Catastrophe

modelling.

One way to classify these uncertainties:

= Primary - “whether or not an event happens and
if so how big it will be” (not in terms of loss)

= Secondary - “it is the uncertainty in the amount
of loss given that a particular event has
occurred”
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Secondary Uncertainty in Cat Modelling

Sources of secondary uncertainty include:

= Hazard Uncertainty (e.g. ground motion
attenuation or terrain effects)

= Vulnerability Uncertainty
= Specification Uncertainty (e.g. detail of model)
= Portfolio Data Uncertainty
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Secondary Uncertainty in Cat Modelling

Loss amounts normally expressed as distributions
and parameters of distribution given for each
event — e.g.

= RMS — beta distribution used

= EQECAT - different distributions used for
different perils / territories: lognormal, beta or
normal

= AIR — no explicit secondary uncertainty
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Loss

Model results

Return Period

10/14/2009

Many models, many
results...

Model strengths and
limitations

Performance against
historic events?

Limited data for calibration
by modelling companies

= Access to loss information

= Industry exposure

Exposure data limitations?

Applications
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Applications
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Practical Issues
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Communication: Return Periods

What is the return period for an event?
At a specific location or for a region?
For the hazard or its impact?

For that specific peril or for any peril?

= For a specific portfolio, a combination of
portfolios, or for the industry?

Gross, reinsurance recovery or net
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Communication: Return Periods

Gross Recovery 10 xs 10 Net
Loss 1 Loss 2 Loss 3 Total Loss 1 Loss 2 Loss 3 Total Loss 1 Loss 2 Loss 3 Total
0 0 0
10 10 0 0 10 10
15 15 5 5 10 10
18 18 8 8 10 10
5 5 5 15 0 0 0 0 5 5 5 15
10 10 10 30 0 0 0 0 10 10 10 30
25 20 45 10 10 20 15 10 25
5 5 0 0 5 5
15 15 5 5 10 10
10 5 15 0 0 0 10 5 15
90th percentile 30 90th percentile 8 90th percentile 25
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Combining OEPs*

= Two independent OEPs

Return Period A B AB A+B AB/A+B

1in 10 years 125 20.8 33.9 33.3  102.0%

1in 20 years 29.8 38.9 60.9 68.6  88.8% |

1in 25 years 37.7 46.8 71.6 84.5 84.8%

1in 50 years 67.3 761 1116 1434  77.9% o
1in100years 1083 1161 1560 2244  69.5% Significant
lin150years 1308 1450 1879 2758 es1y% L diversification,
1in200years  146.9 1661 2114 3129  67.6% Increasing
1in 250 years 160.9 1826 2297 3435  66.9% towards tail
1in500years 2221 2381 2814  460.2  61.2%
1in1,000years 2721  289.8 3232 5619  57.5%

* Different perils, portfolios or regions
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Combining OEPs

= Two linked OEPs with severe tails

Return Period A B AB A+B AB/A+B

1in 10 years 0.0 - 0.0 0.0 102.5% )

1in 20 years 0.5 - 0.5 0.5 108.2%

1in 25 years 0.9 - 1.0 0.9  109.6%

1in 50 years 4.4 - 5.9 4.4  132.0% Catastrophic
1in 100 years 14.7 0.0 26.4 148 178.6% B sub-additivity
1in 150 years 25.9 4.4 54.2 30.3 178.7% failure

1in 200 years 36.0 20.2 80.9 56.1 144.1%

1in 250 years 45.3 41.2 105.2 86.6  121.6%

1in 500 years 80.4 146.5 210.6 226.9 92.8% -

1in 1,000 years 135.4 290.6 359.7 426.1 84.4%
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Combining Secondary Uncertainty

CatlossA
e o
Conelati

Cat Loss B

Event In Loss Qut

elation
elation

Corelati

Caonelation

Cat Loss A Ceded il

Event In Loss Out

Correlation

Separate portfolios

* Need to capture secondary
uncertainty correlation implied
by cat model

= > 0% but less than 100%

Split portfolio
= | osses arise from the same
original risks

= Suggests secondary uncertainty
correlation of 100% (or close to)
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Risk Appetite / Rl buying

= Can lead to potential misunderstanding of
reinsurance buying policies

= Buying to a given loss return period:

= By peril, by region?
= All perils, by region?
= All perils, all regions?

»= Managing net aggregate risk appetite

The Actuarial Profession
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Risk Appetite / Rl buying - Example

= Reinsurance attaches at £20m with limit up to 1 in 200

= Internal expectation that a 1 in 200 event will cost £20m

= But exposure to many perils all protected to 1 in 200

= 1in 200 net aggregate loss could be many times expected £20m

Gross OEP Net OEP Net AEP
Return Period A B AB A B AB A B AB
1in 10 years 12.5 20.8 34.1 12,5 20.0 20.0 13.9 22.5 27.6
1in 20 years 29.8 38.9 60.9 20.0 20.0 20.0 20.0 26.8 35.4
1in 25 years 37.8 46.5 71.6 20.0 20.0 20.0 20.1 28.5 38.3
1in 50 years 67.3 76.3 112.0 20.0 20.0 20.0 23.7 35.4 45.9
1in 100 years 108.2 116.5 156.1 20.0 20.0 20.0 31.8 42.8 57.1
1in 150 years 130.4 144.4 188.4 20.0 20.0 50.2 38.9 47.0 69.5
1in 200 years 146.8 166.0 211.4 20.0 20.0 74.2 40.4 52.0 86.7
1in 250 years 160.8 182.9 229.5 33.8 37.1 92.8 45.8 57.7 104.7
1in 500 years 221.5 237.7 279.6 94.5 91.7 143.5 98.5 100.0 157.2
1in 1,000 years 271.4 287.6 323.0 144.4 141.6 187.2 148.4 151.0 202.2
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Convergence

= The DFA result will contain ‘stochastic error’,
important to ensure sufficient simulations are run:
= Compare to output from vendor models, both as a

check on convergence and that the correct ELTS are
being used

= No set rules for number required, will depend on:
= Peril
= Simulation technique used (e.g. use of Latin Hypercube?)

The Actuarial Profession
making financial sense cof the future

17



Convergence - WSSS

1in 100
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Convergence - EQ
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Convergence

= Practical constraints limit the number of trials
possible

Gross PML Group RI

Local RI Group
Capital
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Considerations for Integration in ICAS

= Which catastrophe model should be used? Are
adjustments required?

= Are all natural catastrophe exposures covered?, e.g.
dam burst in UK or Ireland river flood

= UK River Flood hours clause treatment
= Are all losses in the company from the same
event linked?

= Are results from the capital model consistent
with original cat model output?
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Embedding the Capital Model

» Reinsurance value analysis
» Reinsurance premium allocation
= Technical pricing
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Risk Selection and Underwriting

= Qutput from models can be used to support
underwriting

= Can identify areas that have high exposure to
natural perils,
= reduces risk as measured by the model but,

= some models do not have the required level of granularity
or credibility — especially true in “emerging” markets.

= can conflict with internal view of risk.
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Rating Agency Considerations

Agency Return Period | Gross/ Net Annual / | Individual /
OEP Aggregate
S&P Model 1in 250 only Gross with Annual Aggregate
associated
reinsurance
AM Best Greater of 1 in 100 Gross and net OEP (and Wind and quake separate.
WS and 1in 250 EQ | independent TVaR) TVaR is aggregate.
+2nd |oss greater of 1
in 100 WS and 1 in
100 EQ
Fitch Various 1 in 10 to Gross and net Annual Aggregate

1000

independent

Other issues

= Clustering / Seasonality

= Climate Change

= Post Loss Amplification
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Summary
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Summary — “Getting the balance right”

Cat models...

* have enormous influence in our industry

= are complex and not well understood

= results can be misinterpreted and misused

Important to understand issues and moderate
their influence on decision making
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