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Catastrophe Reinsurance Pricing
The nNnTraditional o Model

A Catastrophes are, by their nature, rare events

A Bef or enodellecka gie 6 pri ci ng was based upon recent | o
A Pricing at near return period dictated by recent history (burning cost)
A Pricing at far return periods set by minimum return requirements (minimum rate on line)

AConcept of fAthe banko and fipaybacko prevai

AWhen | oss occurred reinsured was in effect call
A If bank insufficient then rates in future years increased so that reinsurer was paid back over a fixed
time period

A But these arrangements were non-contractual, market practice only

A Result was that catastrophe reinsurance pricing was very reactive
A When losses occurred prices increased steeply
A In period of no losses prices tended to drift down due to market pressure

A Exacerbated by tendency for some reinsurers to exit post-loss and new entrants emerge when
rates are high
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Catastrophe Reinsurance Pricing
1990s UK Catastrophe Example

A Catastrophe Market in 1990 was already stressed
ALarge A1 in 1000 w-i8AJd §$Do3rlm (ofigima \&lues per Mufich Re)
A Other market losses: Piper Alpha and Hurricane Gilbert (1988), Hurricane Hugo Exxon Valdez tanker
(1989) tested catastrophe and specifically the LI
A Storm 90A or Daria in January caused insurance losses event greater than 87J i USD 5.1m
A Followed by a series of other smaller storms including Vivian in February costing USD 2.1m
A In 1991 UK catastrophe prices reinsurance prices spiked in reaction to these losses

A Prices more than tripling on average (source Willis Re)

A Prices continued to increase in 1992 (impact of Hurricane Andrew) and 1993 as the LMX spiral, partially
caused/revealed by this sequence of losses reduced ability of reinsurers to protect themselves so further
reducing capacity

A Prices peaked in 1994 with UK catastrophe reinsurance rates over 5 times 1990 levels
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The Answer : Catastrophe Modelling

Event &

Hazard
A In 1984 Don Friedman @ reerortation
published a paper outlining
how to model catastrophe
losses using simulated events Exposure - .

A Put into practice by Karen
Clark, working fro reinsurance
broker Blanche, in the late 80s
for US Hurricane (cleverly she
kept the IPR)

A In early 1991/2 London
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reinsurance broker Greig e
Fester created the first UK choom
storm and flood models csoom
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Peak Gust (m/s)

Model Research & Evaluation

A Willis Re has a specialised team dedicated to the analysis and evaluation of catastrophe models,
aiming to assist our clients in developing a thorough model understanding and of risk.

A Composed by experts on each peril, the Catastrophe Model Research & Evaluation (MR&E) team has
developed a very structured and systematic framework within which the evaluation of available
catastrophe models takes place. Some of the tasks undertaken by the MR&E include:

AR v13.0 Model Rating Model Weighted Rating
Magnitude (Mw) Weight Model A Model B Model C _Model A Model B Model C
MODEL BACKGROUND
v - Most recent release 1 8 6 8 0.08 0.06 0.08]
Frequency of update 2 8 8 7 0.16 0.16 0.14
2 TOTAL 3 16 14 15 0.24 0.22 0.22]
Poland 12375 Warszawa-Okecie (MeteoGroup Data) B ENC RSN TER
Model technology and bias correcfion 3 7 6 7 0.21 0.18 0.21]
| RMS V11 . - Frequency calibration 4 8 7 7 0.32 0.28 0.28]
W Observations o 8¢ . v Event data and rates 4 8 7 8 0.32 0.28 0.32]
p Implementation of clustering 3 8 6 7 0.24 0.18 0.21]
Country coverage 3 8 9 6
Historical windfield reconstructions 4 8 4 6
N Representation of hazard 5 8 6 8 0.40 0.30 0.40|
£ Topography/orography 3 4 4 4 0.12 0.12 0.12
Y Roughness data and method a 7 7 7 0.28 0.28 0.28]
W L2 Windspeed directionality 3 5 8 7 0.15 0.24 0.21]
ot % s - Windspeed calibration/validation 5 6 6 6 0.30 0.30 0.30
| Hazard resolution 3 6 6 6 0.18 0.18 0.18]
OEP Curves (Ground Up) - Short Return Periods TOTAL 27 a4 a1 a4 1.75 1.58 1.73]
VULNERABILITY/EXPOSURE
30,000 Claims data inventory 5 4 4 5 0.20 0.20 0.25
—ROEI4GU Historic Trending method 3 4 4 7 0.12 0.12 0.21
Lines of business (incl. specialised|linesy 7 5 8 0.28 0.20 0.32
sl Event IDs Quality of industry exposure databpse 3 6 5 7 0.18 0.15 0.21
Primary and secondary modifiers 3 7 5 7 0.21 0.15 0.21]
1-871 \ulnerability calibration/validation a 6 6 6 0.24 0.24 0.24]
AREEL 2- Daria Treatment of unknown data 4 7 6 7 0.28 0.24 0.28}
. TOTAL 26 41 35 a7 1.51 1.30 1.72]
= AQEVI4GUHisoric | 3- Vivian INFORMATION/ACCESS
- 4- Anatol Modelling documentation 4 6 2 8 0.24 0.08 0.32]
2 om0 | ® AMS30falG) | 5. othar Access to model data 3 3 3 9 0.09 0.09 0.27
e Historie ) Information on validation methods a 5 3 8 0.20 012 0.32]
= 6- Martin Vendor transparency 4 5 3 8 0.20 0.12 0.32]
E 7-Erwin Loss completeness 4 5 6 7
02 4 68 1012 M - ol OTAL
Return 3 5 g MARKET CONSIDERATIONS
i = 9- Klaus Model market perception a 6 a 7 0.24 0.16 0.28]
§ 2o @ 10- Xynthia Model use 4 7 5 8 0.28 0.20 0.32
H 39 TOTAL 8 13 9 15 052 0.36 0.60
3 1o ] TOTAL MODEL RANKING
H £ 10,000
3 g
£ £
H 3
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Model Research & Evaluation Il

Model Conditioning
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Willis Re View of Catastrophe Risk

Willis Re View

g of Catastrophe Risk

February 2016

To assist clients, Willis Re has developed its own view of catastrophe risk
for allmajor perils and territories globally

Wik Fia s ghoben B for ol main e party commarial vendor Catastphe modiis o
hcip It cliants quenty k. Thisa mockis s GoMpla risk quentisation tocks that arc based
on axturmiva sckntil analysis Despits Sis, thans hava boen sapectar shosks when maior
fom varts R noruToe. Wik R Sockes 2 full indorstanding of what i med it captred

I s modals and how i conser and Incarmntes o
modkiing. This anaios o chats ¥ ,

mitica Hir owe sk

This viaw & mairtansd by o conjunction with
tha rianENa resmrnes of th Wil Fiosaarh Nawor.

Wik Fia takes & tual approach:

medkis: It P cur Mods
Fiasaarh and Evaksation ams implement approprista aciustmants aftar n dapth sty and
comparisan of 5 the modal eompanans.
- Whars o wel 2, our Aalytics and
Mot Dewsiopman twam bults Tam. Vs tais aventacs of our witkly skiled sxparts, ard
craw dracity O th BrTscar sxtamal Bcacamic rescursas of tha Wilks Ressarch Natwork.

= &
* bt

Maxoo =Y Garbbean
Fueriofico [§
Costa Rlca Fr——
Colomtia il ——
Bomooe [
Paru

Famgay [

oo [

P

Earthouaka =

- B
wat ]

Pancamic n

Sovara Thurlarsion Willis Scenario-basad Model
Storm Eurga =

Tarrorsm & ]

-
Teunami e |

= B
o a

s g

wnzrsiom 52 |

Covraga

Worldwide map showing where the Willis Re View of Catastrophe Risk
supplements exis hird party commencial vendor modelk.

Swedan
e i /TEn
8]
Garmany —
- ZEd .. R
2| s 4]

e T

— Franca
EuEI.m "Eﬂ p—
= 4] = .. Romana EFEE
Badims®
Switzsrand

e e ow

* Baitics - Exinnia, Latva, Lithuri
* Bafkans = Alarts, Bosria and Hornagovna, Bugari, Croatis, Knsow, Maoodoni,
Wortinagr, Sarbla

Catastrophe management services

Cur Gatestrophs Managemen! Sarioes Uit hosts our vendor modaing, modal intarpratson

20t now modal bulding n ona Ietagratod cam.

Tha LIk draws on tha aaxparicnos o 100 oolaguas wordwi who 2o doccatad i

quantitying and Rtpating 0 FEX possd by R oF Mar- Mt harards.

Cur speoaiists bring tha East of local axpartiss 2nd hub knowians i dalver oo sanioss

o our canks wharsvar thay ars nisded and provids advics on 3 rengs of busnsss
reguistory damands,

and cptmizaton.

Mioded research and eveluation - model Interpratation

Wik Fls axparts a7 dedicaled 1 tha analysis, mwkaation and acjstmant o catesopha
mocas, This sam has cavelcpsd o highly % for srmaabion
and arfusstment of axdamal estmghe modsis. Deap Insghs inio tha modss ors
v ar soct g
Déhwaan our speckaiss, our Ciants and the modkd vandors. This proosss ralks o the sgriscnt
Miatwort:

Analytics and moded development - new model bulidng
Cur Analytics znd Modsl D trats on Wil Fie’s catastropts

g The BovanCE combiring
surznos ndusiny axperisncs wih expert knowladon, o quantity th finencial impect f
meatural and man.mace catestrophas on aur dknts: portnkos Bonoss ha word. The ey 0oL
5 0 busking mockis whers 1o ralabia risk QLERtaCalion ool st

=
crm. St o Jepm
H E
el Taw:
- NG

M E

S e

=1 ndoresa
ro- Trren o
- ™ sma [0

Agena g
Saud Amba [
Now Zasiand

Soutn atrica: [P e

Enhancing and validating existing models, building new where needed

© 2016 Willis Towers Watson. All rights reserved. Proprietary and Confidential. For Willis Towers Watson client use only.

WillisTowers Watson LiI*"I"ll 7



The Brave New Modelled World

A Prevailing view was that new modelling would damp reinsurance pricing movements

A Pricing now technical rather than reactive
A New market entrants in Bermuda aggressively predicated their offering on this new technical approach
A Beginning of breakdown of old bank/payback model
A Insuredswer e tempted by | ower prices of new techni
agreements
A Threat of Capital Markets entry to market was widely believed to further constrain pricing

A New Bermuda capital could leave as fast as it arrived, triggering price increases?

ABut capital market players, with fAinfinite cap
post loss?

A Prices declines steadily from 1994 to 2000 as confidence In the modelling increased and memory of
1990 weakened, helped by a benign period for European Storms and the broader global catastrophe
market
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But shocks still have an impact

A 9/11 in 2001 provided an unexpected shock to the system

A Not a UK loss, not a natural catastrophe, but a major threat to the health of reinsurers
A Market Loss circa USD 32m, over 50% higher than the highest natural catastrophe, Hurricane Andrew
A P&C insurers suffered real losses to their capital (chart below source Insurance Information Institute)
A Price impacts were felt throughout the market, UK prices jumped despite there being no underlying
change to the assessed UK catastrophe risk and no actual UK catastrophe losses
A The reactive kick-up in pricing was not limited to the UK i all markets showed a similar picture
A Although not a model failure, the multi-class nature of loss caused reinsurers to question their base
assumptions
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Post 9/11
A series of disappointments

A The catastrophe market has proven to be very resilient in the current millennium despite
a series of major events, each revealing a flaw in underlying modelling assumptions
A Hurricane Katrina: Levee burst/flood not modelled

Hurricanes Katrina/Rita/Wilma: Hurricane clustering

Sichuan Earthquake: Missed fault

Japanese Earthquake: Tsunami not modelled, intensity of earthquake on fault

New Zealand Earthquake: Liquefaction impacts, intensity of earthquake on fault, aftershocks

Australian Flood: Unmodelled, scale/intensity, classification (riverine vs flash flood)

A Thai Flood: Unmodelled, contingent business interruption claims, scale

A But the re/insurance industry remained resilient to all of these despite modelling flaws

A Why? Despite problems with catastrophe models, their introduction has lead to as greater
appreciation of risk, portfolio development, aggregate control and data quality

A Capital market involvement in reinsurance is growing BUT not reason for stability

A Capital markets took fright after fAmodel error
parametric trigger
A Now back, largely driven by seeking any asset with a return with low correlation to market risk

A Ironically, it was market risk that caused the biggest impact on re/insurers, the 2008/2009 asset
crash, but no significant long-term casualties (other than AIG)

LD D> D D> >
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Pricing trends from 4 major markets
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The Psychology of Catastrophe Model Use

A The human dimension catastrophe model use cannot be overlooked

Aln 1990s the London mar ket particularly was |l osing bus
A Reinsurance brokersodo, then modelling firmés, catastrop
A At least we had a new rational way to access the value of, and price, reinsurance

But é

A The early catastrophe models were oversold and over bought
A Modellers downplayed the inherent uncertainty in the models
A Model Abuyerso didnét want to hear about wuncertainty
A Early commercial (vendor) models were black boxes
A Modellers protected their IPR jealously
Alt was the age of fthe computer says noo (or mor
A Insurance companies had little in-house expertise in catastrophe modelling
A Many reinsurers bought into the idea without necessarily investing in understanding
A There were beacons but most of the re/insurance market was pretty naive
A The capital markets even more so i no differentiation between models
A In retrospect were we lucky that the late 1990s were mostly benign but things were changing
A Greater engagement with science
A Growing technical teams in reinsurance brokers to fAdec
A Growing in-house expertise in reinsurers and larger insurers
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Scientific Engagement

A In the 1990s the industry began to engage
with academia

A Greig Fester Hazard Research Centre at University
College London

A Risk Prediction Initiative driven by the Bermudan

Biological Research Station e o ot B
A  TSUNAMI: UK market scientific consortium lead out of orgponn, ) I B BRroL . ?”A'N:?F{‘I‘Sc‘-’é
the British Antarctic Survey — Colorado -
A But initial engagements had limited success —_— O m —
A . . . . CALLE ;»«}:j GFZ corpaStateUniversity
A Language/communication difficulties imperial College  [TTITTATM e =
B . L o Gegoml ™ Homesaet  \CIT A . ey lanesste
A Tough to implement findings within existing models e g TENAY @ (Jics Rndes -
A Lack of time/personal to take results forward . SR .
A But the situation is improving @ ruverrox Qm.mm
A Financial modelling tools (eg Igloo) allowed imported B Ui sy £ NS \Vharton
. Reading = % % Walker i} AR
catastrophe modelling results to be amended and Ly U of i ie
stressed r—

A Better research engagement models emerged, eg Willis Willis Research Network Members

Research Network
A More fiscientific staffo within reinsurance brokers and
re/insurers to review and incorporate scientific findings

A Many insurers now have Chief Scientific Officers
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Regulatory drivers

A Regulation also encouraged the change towards a more considered approach
A Banking-led principles based regulation placed onus on firms to understand their own risks

A UK led the way with creation of FSA in 1997

A The Basel process inspired ICAS regulatory framework required UK insurers to access their capital requirement

A Most larger firms interpreted this as meaning they should build a stochastic capital model

A Alarge driver of most firms capital was catastrophe risk

A Solvency Il has cemented this change

A\ There is much that can be said against Solvency 1|11 (th
Solvency Il is bloated, over bureaucratic, expensive and a general pain in the é .
But at the heart is the excellent concept of fAown Vview

Firms cannot shelter behind the opinions of others, they must own their own risk assumptions

This has given further impetus to closer scientific engagement and a more academic approach

Vendor catastrophe modellers had to be far more open about the assumptions within their models

Suddenly the | anguage changed, now |l onger fitrust us we
but we can help youo

A Similar regulation is emerging across the world

> > > > > P

A Encouraged by the International Association of Insuran
A ICPs also require firms to test their own risk assumptions
A Even the US, which wondét even contemplate the principl

(Own Risk Solvency Assessment)
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So where are we now

A We have a much more resilient catastrophe re/insurance industry
A Much more scientific
A Much more technical,
A Much smart

A Capital mar kets arendt mugs either
A Growth in catastrophe funds matching reinsurers in technical knowledge
A Also provide glue to ensure capital sticks if a major loss occurs

A All'in the garden is not perfect

A Not all the world is modelled

Not all perils are modelled

Not all risks are modelled (residential property bias)

Many perils are intrinsically difficult to model (especially flood)

The uncertainty is models arguably is still inadequately understood

A But there are many reasons for optimism
A Models improve as understanding improves

> > > > >

A Use becomes more intelligent fimodels advise, they do
A Governments and other industries are beginning to embrace the approach
3 A1l in 100 initiativeo: endorsed by FSB
3 Enhanced recognition that insurers are onto something
A Methods being applied to other perils
3 eg drought, terrorism, cyber, pandemics
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Some caveats

A |s there potential systemic risk from model use?

A Regulators (eg Solvency Il) are avoiding endorsing a model or models (like Florida) rather
encouraging companies to take their own view of risk

A BUT in practice difficult to be the one different from the others
AfiDondt get sacked for buying | BMo = fiDon
A Need contrarians to ensure robustness?

A Be wary of surprises

A Many Japanese insurers suffered more form the Thai Floods than the Japanese
Earthquake/Tsunami

Altoés the unknown unknowns that hurt every ti me
A New potential users of catastrophe models risk making the same mistakes as the
re/insurance companies made in the early days

A Naive use, wanting to believe
A But there are reasons to hope that lessons have been learnt
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