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Key messages

1. The Nat Cat Validation Working Party’s first phase of work is
complete

* a report detailing the validation framework proposed including case studies
will be published in Spring 2017.

2. Embedding Solvency Il in Catastrophe Risk Management is

challenging for various reasons
« process uncertainty, model complexity, Sll requirements, organisational
design and resource constraints — we need to get back to basics and make
validation more relevant to business

3. Counterfactual analysis, a scenario testing technique we explain

and illustrate via a case study helps us do this:
« it's easy to implement, stimulates engagement because it is rooted in history
and achieves the goal of increasing risk awareness amongst decision-makers
» Actuaries with no inquisitiveness / curiosity need not apply
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Test Topics

Test Structure

Test Tools
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Hazard Leverage

» Event Set internal and
Vulnerability external
Data % resource
Design
Results
Key drivers Key assumptions
Governance

Key switches / options

Key distribution choices and
parameters
Expert judgements
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Nat Cat Validation Working Party
Consistent Unbiased Test Structure
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Nat Cat Validation Working Party (5
Range of Test Tools and (target) Conclusions

»
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Case Studies
Demonstrate application of the framework

1.

Back-test: validate third-party vendor UK windstorm cat model
vulnerability curves against internal claims history

Sensitivity test: investigate sensitivity of assumptions made about
earthquake seismic resistance of insured property in Taiwan in order to
decide whether or not to load for corrupt building practice

Stress test: assess whether range of events in the stochastic catalogue
includes plausible stress scenarios

Reverse stress test: Validate Cat Risk loss distribution against most
probable stresses that would threaten viability of the risk carrier

Benchmark test: Compare internal calibration of clustering of European
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Key messages

1. The Nat Cat Validation Working Party’s first phase of work is
complete

2. Embedding Solvency Il in Catastrophe Risk Management is

challenging for various reasons
 process uncertainty, model complexity, Sll requirements, organisational
design and resource constraints — we need to get back to basics and make
validation more relevant to business

3. Counterfactual analysis, a scenario testing technigue we explain
and illustrate via a case study helps us do this
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Challenges to embedding Solvency Il

1. Objective: help senior management / Board gain comfort over the modelling
methods and results used in catastrophe risk management in support of key
decisions — help them make sense of the numbers

2. Challenges: complexity of processes modelled, modelling techniques, overly
detailed validation, automated processes devoid of fundamental analysis

3. Implications: Risk insights either not revealed or where revealed do not
always find their way to those at the front-line: e.g., underwriters and
reinsurance departments

A
4. Guidance: Depth
« less regulatory “tick-box” exercises 9 Q
= more focus on application in decision- !
making — e.g., portfolio / capital
management, pricing, exposure monitoring >
and business planning Frequency
= Dynamic validation cycles to keep pace % s
with decision-making , A e ity
of Actuaries

26 September 2016 9



Key messages

1. The Nat Cat Validation Working Party’s first phase of work is
complete

2. Embedding Solvency Il in Catastrophe Risk Management is

challenging for various reasons
« process uncertainty, model complexity, Sll requirements, organisational
design and resource constraints — we need to get back to basics and make
validation more relevant to business

3. Counterfactual analysis, a scenario testing technique we explain
and illustrate via a case study helps us do this
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Counterfactual Analysis
Goals

1. Understand counterfactual analysis as a validation tool

2. Understand how to apply the approach as illustrated in the context of
the 2016 Fort McMurray wildfires

3. Understand the benefits of this approach
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Landslide in Ronchi di
Termeno, northern ltaly,
21 January 2014
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Extreme events have either happelreg
before, nearly happened or might
have happened '

2015 Plenary: Modelling: The Next Generation <47 | Institute
Dr Gordon Woo RN | 20 i
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Counterfactual Analysis
Available scenario tools

Counterfactual
scenarios
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Counterfactual Analysis
Introduction

» Recognises that what happened was not inevitable, but is only one
realisation of numerous alternative possibilities
» Allows us to access more data points: losses are rare, near misses
are common
« We consider the historical record and ask:
« what if things had gone wrong? (in the case of near-misses)
» whatif things had turned for the worse? (in the case of a loss
event)
* More relevant for region-perils not modelled by third-party vendor cat

models
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System Hazard Exposure
characteristics behaviour distribution

Loss frequency and
severity computation

Scenario identification

Communication
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Counterfactual Analysis
Case Study: 2016 Fort McMurray wildfires
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Counterfactual Analysis
Case Study: 2016 Fort McMurray wildfires

» Case Study: We consider the
wildfires that affected Fort
McMurray, in Alberta Canada in
early May 2016

» Facts: most costly natural disaster
in Canada to date, surpassing the
2013 Alberta floods, and indeed the
costliest wildfire event in the world

Feort McMurray, Alberta

Canada; Wildfire
M Esti . meter

5+ 30 Miles
BN S

According to data from Property Claim Services (PCS), Alberta wildfires are estimated to cost the
insurance industry US$3.5bn, at the lower end of AIR Worldwide’s loss forecast range of US$3.4bn —
US$6.9bn and Morgan Stanley’s estimated loss range of US$3bn - US$7bn. The Insurance Bureau
of Canada reported a lower estimate of $2.73bn on 7 July 2016. These estimates exceed previous g;;@
insured loss records of US$1.9bn for the 2013 Alberta floods and US$1.6bn for the 1998 Quebec ice , \
storm (Sigma reports)
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Counterfactual Analysis
Case Study: 2016 Fort McMurray wildfires

Curiosity: a pOSS|bIe near-miss?

Could prevailing winds have allowed — el R

Canada; Wildfire
B Estimated Fire Perimeter

the wildfire to engulf high value ol

sands facilities north of Fort

McMurray?
Little or no business interruption (BI) losses from oil sands projects were included in the
estimates (see previous slide). However, Bl can be a significant loss driver as illustrated by %;5 Institute
Alberta Sands (2011) and Suncor (2005) losses where finalised Bl claims totalled US$250m ’ ‘ and Faculty
and $830m respectively (Canadian Underwriter) of Actuaries
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2016 Fort McMurray wildfires

Market benchmarks

in % equity YE'15
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Following companies did not provide the details of the individual events: Arch, Argo, Axis, Blue Capital, Endurance, Hiscox, Zurich
Aviva, Markel, Swiss Re and XL only provided the loss amount for the Canada wildfires.

16.4%
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2016 Fort McMurray wildfires

Haza rd mapS System Hazard
characteristics behaviour
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2016 Fort McMurray wildfires

Factors of influence

System Hazard
characteristics behaviour
ANATOMY OF A FOREST FIRE
FUEL LOADS WEATHER TOPOGRAPHY
WWMM&WMM“MMM Weather a major role in the birth, growth TWWMM:M&NWMW
them. This can include everything from trees, underbrush and dry grassy and death of a wildfire. Drought leads to mmhd«mmhy it relates to wildfire
fields to homes. The amount of flammable material that sur a fire extremely favourable conditions while rain nmmmmm the faster the fire travels. Fires
Is referred to as the fuel load. Fuel load is measured by the amount raises the amount of moisture in fuels, which travel in the direction of the ambient wind, which usually flows
of available fuel per unit area, usually tons per acre, suppresses potential blazes. mammnyua mlm fuel
25 further up the hill me and heat
o e e
W?"‘W struggle to come back down because it is
Wumﬁm Moagld not able to preheat the downhill fuel as
1 Tree crown fuel < well as the uphill.
Tree crown fires are so Heat
intense, they're difficult to T affects the
control. of wildfires, The
M::l‘mm
receive radiant heat from
- the sun, which heats and
.~ dries potential fuels. For
e~ this reason, wildfires tend

’ to rage in the afternoon,
when temperatures are at
their hottest.
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Source: National Post, May 2016
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System Hazard
characteristics behaviour

1. Frequency (ignition):
« anignition source (human / natural)
* High temperatures,

» Low humidity / no precipitation

2. Severity:
« availability of dry vegetation,
« supportive local topography and

« gusty wind conditions
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2016 Fort McMurray wildfires
Pyrocumulonimbus

NSy
WINDY CONDITIONS DOWNBURSTS LIGHTNING
Wildfires can develop their own wind The column of hot air, S'I'RII(ES

patterns, called fire whirls, which
influence how the fire travels. Fire can
generate wind that can be 10 times faster
than the ambient wind. Indrafts. or gusts

calleda ction urbul inthe
colummn, rises quickly but atmosphere can

can collapse abruptly when  cause lightning
itcomesinto contact with  strikes. Lightning
cooler air, That downburst  can strike outside
can scatter fire and debris  the existing fire zone
outward or explode into and ignite a new fire
more intense flames. in anew location.

of up to 90 km/h, can overpower outside ]

winds. They can cause the fires to move o
in unexpected directions and with
unexpected intensity.

-

System Hazard

characteristics behaviour

“‘Weather plays a major role
in the birth, growth and
death of wildfires — but
Intense fires can create their
own circumscribed
conditions — as in Fort
McMurray” [National Post]

Institute
and Faculty
of Actuaries

26 September 2016

24



System Hazard
characteristics behaviour

Wind Speed over the Last 2 Weeks (daily data) for Fort McMurray

Frequency

/_,/\ Computation
B e T

Temperature over the Last 2 Weeks (daily data) for Fort McMurray
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2016 Fort McMurray wildfires ExposUre
Market and portfo”o perspectives distribution

OILSANDS FEELING THE HEAT

Dozens of vilsands projects surround Fort MeMurray

Aurora North
(Syncrude)
Fort Hills Imp-ialOI
(Suncor. undor —l | ?

construction)
(c;nmn Natural)—

Jackpine l(ﬂuskvtnmxy)
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(&mor)
River

J,.,.....c T:.,...

f Janvier

. (Statoil) —o

N <m*)" (MEG Energy)
(oo I -
KEY o MR, (TNl ‘MM) .
::;:: (Comonss Emey) 2
Regioinal municipality of Wood Butfalo (Canadian Natural) ©° g:;; Institute
s _ _ _ _ ; \ and Faculty

Source: National Post (left) and SCOR Business Solutions geocoded locations (right) of Actuaries
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2016 Fort McMurray wildfires
Range of (adverse) scenarios considered ik

1. Higher loss to Fort McMurray town
*  90% of FMM remained intact
* In contrast, third of 2011 Slave Lake destroyed

2. Increase wildfire duration
« Slave lake wildfire out of control for 2 days
 Fort McMurray = +38 days
» Accelerated loss beyond 30 — 60 day deductibles for industrial risks

3. Damage to Oil Sands facilities
« High concentration of assets
« Spared by change in winds from prevailing southerly to westerly
* What if strong southerly winds persisted?
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2016 Fort McMurray wildfires
Financial Liability Considerations

Severity
Computation

» Contract attachment and exhaustion points and overall TIV

Damage rates needs to consider:

» Underlying deductibles on industrial risks: 30-120 day time-based
deductibles

* Occupancy type and its relationship to assumed production
downtime

« Range of reasonable damage rates rather than a single point

estimate
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2016 Fort McMurray wildfires Severity
1. Damage to FMM Town

Computation
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2016 Fort MCMurray wildfires Frequency and

Severity

2. Wlldﬂ e Durathﬂ Computation

* Frequency: Estimate persistence of the “30-30-30" rule

« Hazard extent: hourly wind direction data from local weather
stations to estimate as-if fire footprint

« Severity:
» Ensure availability of dry vegetation for wildfire spread
« Consider large firebreaks, though not unreasonable to
assume limited effectiveness of fire suppression efforts
while extreme hazardous conditions persist

Y
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2016 Fort MCMurray wildfires Frequency and
Severity

3. Damage to oil sands facilities e e

* Frequency:
* hourly wind direction data from local weather stations to estimate likelihood
of wildfire spread to oil sands facilities around Fort McKay
« As at May 6™ one in eight chance of fires spreading north
« Hazard extent:
* hourly wind direction data from local weather stations to estimate as-if fire
footprint
» Average speed of fire spread = 40m / min (CatlQ) => southerly prevailing
winds could have fanned wildfires toward oil sand facilities within one or
two days
» Possible accelerated spread due to pyrocumulonimbus clouds ignitions
« Severity:
» Ensure availability of dry vegetation for wildfire spread
« Consider large firebreaks, though not unreasonable to assume limited
effectiveness of fire suppression efforts while extreme hazardo
conditions persist ; i\
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2016 Fort McMurray wildfires
Proximity to Extreme Loss

Actual loss ranked
against range of
scenarios computed

Percentiles or more
qualitative:
conservative, best

estimate, optimistic
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Applications in decision-making
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Counterfactual Analysis
Benefits and Limitations

Compels us to explore the characteristics of a system and the
mechanism for producing loss, thus revealing (potentially hidden)
lessons from the past:

Can help make sense of modelled numbers, but also reveal proximity
to extreme loss for poorly modelled region-perils

Catastrophe Risk: Tsunami, liquefaction, earthquake aftershocks and
contingent business interruption

Man-Made catastrophes: Cyber, Terrorism

Mitigates the prospect of an unpleasant surprise as it reduces
outcome bias*

Complementary rather than stand-alone as this is not a push oé;yge
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by the outcome of the decision: i.e., no/small losses => good UW decisions rather than good luck



Counterfactual Analysis
Application in decision-making

» Improve risk selection in underwriting / pricing

» Refine the reinsurance / retrocession purchase decision

» Improve transparency in exposure management (setting and
monitoring capacity)

» Develop Board understanding of proximity to extreme loss
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Counterfactual Analysis
Goals

1. Understand counterfactual analysis as a validation tool

2. Understand how to apply the approach as illustrated in the context of
the 2016 Fort McMurray wildfires

3. Understand the benefits of this approach
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Resources

SCOR Technical Newsletter — coming soon!

http://www.rms.com/blog/2015/11/03/learning-more-about-catastrophe-risk-
from-history/

https://www.actuaries.org.uk/documents/plenary-5-modelling-next-
generation-gordon-woo

Fort McMurray weather station statistics

Wildfire spread animation:
http://news.nationalpost.com/news/canada/watch-the-fort-mcmurray-fire-
spread-over-18-days-in-may-beastly-blaze-just-wont-die-growing-to-423000-
hectares
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Questions

The views expressed in this presentation are those of invited contributors and not necessarily those of the IFOA. The IFOA
do not endorse any of the views stated, nor any claims or representations made in this presentation and accept no
responsibility or liability to any person for loss or damage suffered as a consequence of their placing reliance upon any
view, claim or representation made in this presentation.

The information and expressions of opinion contained in this publication are not intended to be a comprehensive study,
nor to provide actuarial advice or advice of any nature and should not be treated as a substitute for specific advice
concerning individual situations.
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