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I Topics

Update on Oasis Software
 Features

« Performance

« Reliability
Deployment Options
Oasis Family of Software

« Risk Explorer

« Forcasting

Open Data Standards
Oasis Projects GXM
Models in Oasis

Oasis, the future and innovation




I Update on Oasis Software - Features (BH)

« Full OED Validation

* Financial Module Completeness
«  Memory usage optimisation

« Stochastic Disaggregation

» Post Loss Amplification

*  Geocoding Plugin

* Full Documentation rewrite

Platiorm 3 1o the. L) Lls| > no Issues so far

ut Platform 3 [stable and rehable L M| 10| SO
| Integration method of development where any.

functionabty to slow “absolute” rather than Rolled

Rolled over to s

(ol
%

group




Update on Oasis Software IF EUWS (250 samples)

Performance - Standard Models

H Execution

B Preparation |-

« Benchmark exercise
« 258,518 location real portfolio
* 4 production models
2 standard Oasis Models
« 2 Complex Model implementations

v1.15 v1z27 w1.27 Distributed

. GUL, Gross and Reinsurance ELTs

« Sampled losses GC CAFL (250 samples)

« Comparisons m Execution
e V115 (May 2021) vs. V1.27 (Apr 2023) | = Preparation |
* Single server - 1 x 64 core instance
. Distributed platform - 8 x 32 core instance

v1.15 v1z27y v1.27 Distributed




Update on Oasis Software

Performance - Complex Models

Complex models don't use Oasis standard
data formats.

Less pronounced improvements seen.

More model-specific work required to
optimise performance.

- CLUSEQ

. model runs limited to ~110 chunks.

« JBAUSFL

«  Significant improvement in
execution (18m -> 6m).

« Large data read speed an issue in
distributed platform.

. Lot 3 aims to address this.

CL USEQ (30 samples) M Execution

v1.15

v1.27

H Preparation

vw1.27 Distributed

JBA USFL (9 samples)

e M Preparation

v1.15

vlz2y

M Execution

w1.27 Distributed




Update on Oasis Software - Reliability (BH)

Key metrics from Guy Carpenter Oasis Usage 2022

2,013

14 million

- Number of analyses completed

- Number of users

- Average number of locations
modelled per week

- 1t time success rate




Update on Oasis Software - Reliability (BH

Further Improvements..

<

OED Validation

Majority of the 4%
errors due to

iIncorrectly coded
OED files

Input files are now
validated on
presentation to
catch errors early

Camel

New tool built to
quickly build Oasis
environments

Configurable by
model and
software version

Allows for rapid
deployment of
environments for
testing &
recreating issues

Continuous

Integration

Oasis service to
host commercial
models and
automatically test
against new
versions of the
software

Ensures that all
models work with
all versions of
Oasis

Being rolled out to
all models
throughout 2023

O



I Deployment Options (BH)

Cloud

LOSS MODELLING
FRAMEWORK

/A AZU e o Google Cloud

Hosted

MOODY ’S 5 Products  Services  Solutions  Resources  Company

Moody’s RMS to Enhance
Intelligent Risk Platform by

Integrating Nasdaq Risk Modelling
Platform for Oasis Based Models

ﬂ Nasdaq

Powered by Aon

7.')

X CEEDANCE

(O



DEFINE PAYOUTS AND REVIEW OUTPUTS

Define trigger levels and payout amount/percentage per trigger

I Oasis Family of Software

Trigger Payout_Percentage Payout_Currency

ug.okm/h 2.000.000USD

Interrogate results and drivers, sensitivity test

1540km/h Insert new slide £,600,000U57 . N
different assumptions, download results

178okm/h S 6.000,000U50

grognd : [ OQAS\S Risk Explorer D saeiome  Blintoduction ? Help B Bxposur
m Exhibit 1 Expected Loss and Distribution by Calculation Method

OASIS RISK EXPLORER

Open-source, web-based tool: an insurance simulation model to quantify risk and test potential Jre—
insurance covers
a
+ Tool is transparent, open-source and support capacity development in risk analysis; understanding of uncertainty; enable end-users = SEASONT 1B0.TME HavE MAMIND.SPEED | TRIGOER.PAYOLT g . .
to embed their own assumptions and local data and knowledge 1 1g78288N10185 178 1978-10-25T: RITA 2222 USO8 ooo.000 E"““ -
2 KM 1304 o
= Cover all perils globally for user-defined locations B J— - I
" v . N M CLARA 1206
* Users choose from standardised historical data sets, upload their own data or use stochastic event sets from catastrophe models N -
5 1e81zaNoTI63 1981 1g81-1-z3T104500Z IRMA 1025 USD6.000.000 win
Eg " EZ Ed s 7
* Users define own vulnerability levels and test impact of different assumptions on potential payouts 6 1681365N0TIY 1981 1g81-12-25T0315,007 Lez 1397 LSz 000,000 STl | Fans |isest Recovey 5 Hghes!
7 P— 08 2083-2-20To70000Z QRCHID = USD2.000000 Cprstes L Weswsae L st S s g Srian L
* Support end-users in developing their understanding of risk modelling through an interactive Ul and full documentation Measure Historical_Loss | Unweighled_Simulation_Loss | Welghted_Simulation_Loss
. O . o Cxpected Loss 3060767USD | 2304326050 2.457266USD
June 2022 Version 1 demo for Tropical Cyclone released - welcome additional end-user engagement to refine the Hodeling Standard Devidion | 3564979050 ey

design and functionality to finalise full multi-peril version for release in October/November 2022

Insurance
Development
Forum

Oasis Forecasting




ODS - Steering Committee

« The ODS SC meet 3-4 times a year and is chaired by Oasis LMF. The following companies are represented at the
SC.

« Governed using Github semantics for major/minor updates and patches. 'Day-to-Day’ implementations and issues
raised on Github Repo.

« Starting to put together sub “working groups” to focus on specific projects, i.e. technology, expanding LOB etc

OOSS s pllNasdaq @ corelosic  S2AIR
72

Powered by Aon ZURICH dSCO

AON ®9 GUY CARPENTER bms. LI*I*LI

WillisTowers Watson

LLOYD'S D &icermen @2@ PERILS

Munich RE = RenaisanceRe> @ Swiss Re

)



I Oasis Model Coverage

Over 100 models from various providers

AMBI=NTAL

a company of Royal Haskoning DHV

CorelLogic @

e an
4> 1S
il ]

SOLUTIONS

S>> 50

@ COMBUS Powered by Aon

BT @swiske 8
GuyCarpenter

p
)
y

|||
1
[ ]}

I|
10
11
1
|'|'|

1!

=

* JBA - ‘Global flood model’ available on the Oasis platform (except Antarctica)
CorelLogic - Committed in making all models available on the Oasis platform

OQS\S

©) GEM

GLOBAL EARTHQUAKE MODEL
working together 1o assess nsk

]
[T]H] [w]

CYBER

——
RENEW RISK

13 § ——




Innovation

* Global Exposure model / IED
* Validation
* Models

BIG TICKET LAUNCHES FIRST CLIENT-FACING ‘OPEN BANKING’
INFRASTRUCTURE FOR INSURANCE

Shared corporate data platform that will tra
for risk

nsform the $1tn global commercial insurance industr

Big Ticket enables process and product

Powered by "AP| first” ligita

iirastructure connecting the entire
commerclal insurance value chain.

14
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Sompo International




Using Oasis in
SCOR rpractice

The Art & Science of Risk Simos Koumoutsais

Global Head of Cat R&D
06/09/2023

Oasis Insight Conference 2023, Zurich




Outline

OasisLMF is a mature product now that is being used in an operational
setting.

« Examples of how Oasis is used in insurance: Guy Carpenter, SCOR
The «Nazare» project
Some key points to consider for adopting Oasis
« ODS

SCOR

The Art & Science of Risk



Oasis at SCOR

« Operationally effective multi-vendor modelling

approach developed over the last decade. OQS\S e
« Gives us access to more models and provides a }
more comprehensive View-of-Risk including a Moopys M
measure of uncertainty and helps to build _
confidence internally and with clients. @CDMBUS KatRisk
» OasisLMF is key for our multi-vendor modeling P _
strategy: AON V= \Verisk

a) Develop our own in-house cat models (e.g.
California Wildfire)

b) License 3" party models
SCOR

| The Art & Science of Risk



Oasis at SCOR

« Currently, we host a small internal OasisLMF environment.

« Operationally embedded in our pricing and accumulation workflows,
Including a high level of systems integration.

« Looking at implementing the new Oasis distributed platform in-house.

platiorms Risk Analytics et Internal Capital

(SCOR VOR) Model

Pricing Tool

| SCOR

The Art & Science of Risk



Oasis at GC

* Need for an efficient platform where a broad range of in-house produced and
3'd party models could be hosted and run.

« Externally hosted environment, +50 users, +100 analyses per week

AWS
-
Risk Analytics
» plNasdaqg NRM
1"’ . C]__' (GC VoR)

Vendor Loss
platforms

SCOR

The Art & Science of Risk



The «Nazare» project

* Financial and resource support in Q2 2021 from Oasis members in order to
accelerate the development of the Oasis platform.

* Technical Steering Group (TSG) was responsible to steer Oasis
developments in two directions:

Worker 1

1. Oasis Enterprise platform

* Distributed environment S
enabling analyses at scale
Worker N

« Easy deployment into the cloud

SCOR

The Art & Science of Risk



The «Nazare» project

* Financial and resource support in Q2 2021 from Oasis members in order to
accelerate the development of the Oasis platform.

* Technical Steering Group (TSG) was responsible to steer Oasis
developments in two directions:

2. Core Oasis Development
« Prioritization of developments by the Oasis members

« Performance, stabllity, correlation, disaggregation,
convergence, etc.

SCOR

The Art & Science of Risk



Which deployment option to adopt?

« Many options available for adopting Oasis: internal vs. external, stand-alone
vs. platform

 Different needs depending on number of users, number of models, license
and/or build models, internal expertise, cost, etc.

« Additional key considerations:
« Alignment relative to internal approved technologies
« Expertise on the Oasis technology stack (e.g., docker, linux)
« Cloud server requirements

SCOR

The Art & Science of Risk



How many samples should | run?

« Guidance is not often provided by model
developers. 0

« Depends on the portfolio, the peril-region, the 50
model, the output levels, etc.

* Increasing number of samples increases
compute and memory requirements, i.e., closely
linked with performance and stabillity.

Portfolio with 100K risks

% Error

* Tools: .
 Convergence tables from Oasis . |
. . . . 0
» Tests are needed with different portfolio sizes 0 20 4 60 8 100 120

: : : # Samples
 Still a challenge: Large portfolios with losses

required at granular level.
SCOR

| The Art & Science of Risk



Efficiency Is key

* Open Data Standards brings efficiency: C S
« Easy sharing of data, Open Dot Standards

« Using multiple models,
« Switching between vendors

* Provides opportunities to build tools around it (e.g., visualization tools,
tools for model evaluation and model calibration, automated

documentation, and others).

 The Open Data Transformation Framework (ODTF), which will enable a
fully transparent data conversion, is critical to its success.

SCOR

The Art & Science of Risk
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AL INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Applled Researc ASSOC
HurLoss Hurricane Catastrophe Mo Jeli
OASIS Insight Conference

Zurich

September 6, 2023

© 2023 Applied Research Associates, Inc. ¢ ARA Proprietary

NATIONAL SECURITY INFRASTRUCTURE ENERGY & ENVIRONMENT HEALTH SOLUTIONS



' ‘ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
A l_

Who We Are

= ARA Is aresearch and engineering company dedicated to solving critical

problems to improve our safety and security

= We provide an independent view of hurricane risk with many applications, both

within and beyond insurance

= First Principles — Hazard and loss modeling starts with physics, then claims, not

.
VICE Versa ~ RN = Actul
T A~ — & Model
TN WK 2
- L
<h¥ ~ AN (74
N el e AP i IS A — =1 — :
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HRH © 2023 Applied Research Associates, Inc. ¢ ARA Proprietary

www.ara.com



' ‘ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
A l_

ARA’s Explicit Modeling

- Hazard model provides a basis for structural

design (buildings, bridges, offshore wind, solar),

not just cat modeling

- Damage based on 3-D computer modeling — including modeling of individual

building envelope components and the effects of building code changes over time

* Able to quantify nonlinear interactions of “secondary modifiers” which cannot

be gleaned from claims data alone

HRH © 2023 Applied Research Associates, Inc. ¢ ARA Proprietary

www.ara.com



%; INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

&
ARA - JBA Joint Wind and Flood Model

dail - = /i
e f’& anrz)::ipaly ;
" (mm)
40°N- -
35°N-
200
L
30°N-, )
- 100
25°N- ¢ Q-\'
“\
A, _@,t“
: 3 3 3 3 3 3
S 5] ()] L;: [} ~ ~
Tropical cyclone rainfall Simulation of catchment response Data Granularity

HRH © 2023 Applied Research Associates, Inc. ¢ ARA Proprietary

www.ara.com



' ‘ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
A l_

ARA Introduces Climate Change Effects

* Climate change: Direct link between global circulation model outputs and ARA

hurricane hazard model inputs

_NE Coast (VA-ME)

) Sor
Bl Reference Model g ZZZ
IRCP 8.5 2021
[ IRCP 8.5 2050 gooz|
0 L] 2 mE=R
1 2 3 4 5

Intensity Category

095 |  Gulf (TX-AL) . Florlck

‘ SE Coast (GA-NC) ‘

0.2 — : : :
g5 | | 5 5 04 M ]
2 02 B B (] 20.15 1 2
7] wn 7]
= £ £ 0.08 1
50.15 1 5 s
) 3 04 : 3006 ]
3 0.1 . ) oy
§ u§ §0.04f -
50.05 | 5 0.05 IH 8 0.02" IIH 1
[T [T [T

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Intensity Category Intensity Category Intensity Category

HRH © 2023 Applied Research Associates, Inc. ¢ ARA Proprietary

www.ara.com



' ‘ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
XY/

Storm Parameters

ARA Pioneering Climate Methodology at Date & Time i
Couple global circulation model environmental ?fj‘piggjgjljmg
data outputs with hurricane track and wind field wind Shear
models
Relative Intensity

- Model is able to quantify the net effect of changes (REgresson Mete)

In multiple environmental parameters on the

hurricane risk Central Pressure,

RMW, B

* Increasing wind shear reduces relative intensity 1-D Ocean Mixing Isothermal Layer
Model Depth & Bathymetry

* Increasing SST reduces RMW and increases B
New Central

Pressure
* Increasing SST leads to more intense events;
Increasing wind shear reduces intensity and

Storm Parameters
frequency. at Date & Time i+1:

Position, Heading,

HRH Translation Speed
\ © 2023 Applied Research Associates, Inc. ¢ ARA Proprietary

www.ara.com




' ‘ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
A l_

Transparent and Easy to Use

* Most extensively peer-reviewed hurricane cat model in both open literature and
by government agencies and private institutions

7 imsurance - BOE M ¢y
rl" Regulation : — \.H)

Ocean Eneroy Manacewent "
wovds market assoaation

FLORIDA COMMISSION ON HURRICANE
LOSS PROJECTION METHODOLOGY

FEMA
 Available on Oasis
* Open platform with standardized workflow and financial module CX)SIS

* Open Data Standards O DS

Open Data Standards

* Nasdaq Risk Modelling for Catastrophes

.s\‘\ L 1
. . PR \ ‘\ \ I“\-
’ »"A ° o2 1
* Moody’s RMS Intelligent Risk Platform (coming soon R ..t-‘ FAbe s
=1 ] ‘ =
== 2§38== -:;— - : -
e, J’; Giin ’l' ., =
?’Z:T.“.r'\% ”' ';i ” & [:""
':7':;:-.‘— S 20sord i itverl
s- ” Intelligent
.HRH ~: =/) Risk Platform
’,.' = u-- 2
© 2023 Applied Research Associates, Inc. ¢ ARA Proprietary ;.75.-':-_-'-'_(} ,//"0 'I ' ' .

www.ara.com
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Our values

g

We are open and
transparent

F © Fathom

v

We make a
difference

v

Science is in
our DNA

v

We are
dynamic

fathom.global



Our research output

10

pieces of published
research in 2022

‘ F © Fathom

9

papers on track
for publication in 2023

79620

combined
research citations of
our team's papers

fathom.global

?

ongoing
industry accelerator
projects:
SWOT, FCDO, CReDo,
Met Office etc.

*accurate as of August 2023



fathom.global

How Is this possible?

Team build — Our team primarily

consists of scientists,
academics and developers

30
25

20

— We're beginning to build
out our commercial

15 function

10

— We are getting better at
finding new ways

of connecting research to
iIndustry

0
Technical Management Marketing Sales Product

2023 =2022 =2020
‘ F © Fathom




fathom.global

¢

Our products &

Relative Risk: 500,128
Risk Category: 52/100

I
Q
©
2 (o)
2 £
i ©
I 3
o =
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© <
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I5)
I =i
he! w
9 &
o @©
TH O

FABDEM

Flood Maps Risk Scores Catastrophe Models Global Terrain Data

E *Available via the Fathom API, Fathom Portal, On premise or through a third party platform
© Fathom




fathom.global

Communicating the complex

o

i 2
. S 7 = —
Fathom Global Flood 4 Valha S
Map: Methodology U g i o, S
Documen tation :
y \ .
L

Fathom's Product Methodology Metadata Customer support
Stack docs

‘ F © Fathom
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What next?

— Focus on closmg any gaps in our insurance
offering

= \Working collaboratively with the mdustry} bund

relevant and useful products Lt f f
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AON

Impact
Forecasting

Oasis Insight Conference

Zurich
September 2023

¥ \‘\

y
/4
YROY —
L o8
N "‘ﬁx‘s’.“ -

Impact Forecasting
Proprietary & Confidential



What do Impact Forecasting offer?

Peak-Perill Custom Data for
Models Models Underwriting

Climate
Change
Solutions

Event
Response

AON



Impact Forecasting
Global catastrophe model development team

0011

0101

- 30,000
| events
modelling experts over | in Cat Insight

| 8
5 time zones models database
AON



Supporting the Open Cat Modelling community

Aon and Impact Forecasting support through....

: : Hazard and Open Exposure Data
c%?éﬂ?at(i)oan&esnloﬁwse Vulnerability model (OED) and Open
g formats Results Data (ORD)
« ELEMENTS * Interoperability « Exposure schemes
» Oasis LMF, Nasdaq  Standardisation » Sharing data
etc.

AON

Community

Involvement

« Working groups
» Events like this!



Are you concerned about peak peril catastrophe risk?
Explore Impact Forecasting’s peak peril models

US hurricane model with Florida recently certified

« US earthquake based on the latest USGS :
seismic hazard updates ol
@
« Europe Windstorm model covering 22 countries b A

« Japan typhoon model covering wind, surge and
flood = s

« Japan earthquake model used by large mutual N 6
insurers

AON



Does low resolution data restrict your ability to price risk?

1

Hazard and
risk insights

Hazard and risk
maps for flood,
wind, convective

: [ ; * : P . N storm and
10-25cm : LS ; earthquake at
26-50cm &} o gt >N .
&% g N e -3 . location level
- cm & [ & -y X ) X ‘\‘ 5 2

I 76- 100 cm
M 101-150cm
W 151-200cm
& . > 200 cm
v’ . Waterbody
SR AN

AON

Access Impact Forecasting’s high resolution underwriting data

W

Integration

Access through
your systems or
Impact
Forecasting
platforms.

Better
Decisions

For risk selection
and pricing
strategies



Can you quantify climate change impacts on physical risks?
Model climate scenarios to price risk today and tomorrow

Focused Solutions Full suite of platforms and services
* Focus on peak territories, physically based studies » Development findings directly incorporated to our platforms
* Robust approach with future climate change event sets * Full support from Aon and Impact Forecasting teams

Embedded into
New scientific Impact

research Forecasting
models

Regional and
local insight

Partnerships with academia Support for specific use cases
+ Solutions using the latest research outputs + Climate adjusted modelled losses provided for specific use cases
» Region and peril specific — strong physical risk consideration » Exposure data and model results in standard formats

AON



Are you lacking relevant, up-to-date info on events?
Impact Forecasting’s Catastrophe Insight can help

Global Coverage Available for US Hurricane, Euro Windstorm and Japan Typhoon Available for modelled perils

Catastrophe Reporting AER Loss Forecasting AER Post-Event Analysis Event Response Package

Package with final modelled footprint, includes Event

Detailed coverage of ongoing natural disasters, Personalized report based on numerical Provides initial loss estimation based on overview document, Shapefile or GeoTIFF
providing information, data and scientific weather prediction data. Includes detailed loss measured data. Usually provided within 24 footprints, and optionally oasis-format hazard files.
background. forecast for an impending disaster. hours after the event’s peak.
AON k " &
ﬂ ::l::nu«o.:\;::mmﬁri\_’ L % ; !! s 5 . e
—_— ~ = - B 3
Weekly Cat Rep! ,/'f S o i

e e *_/ 3 "'ﬂ g

B S i e
Bt -
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v S padd B A :
b—-" L 9 e
2 £ 5
[ B 4 %; : Porsto Lo R " g
| LEvent_ID AREAPERIL_ID INTENSITY_BIN_INDEX PROB
201 40246 17| 0000005
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Thank You

chris.ewing@aon.com

www.impactforecasting.com



mailto:chris.ewing@aon.com
http://www.impactforecasting.com/
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RENEW RISK SURREY

Risk Analytics and Modelling
for Renewable Energy

Ashima Gupta

Chief Executive Officer

Dr Joshua Macabuag
Chief Product Officer

Prof Subhamoy Bhattacharya : \

Chief Scientist

Gaurav Chawla

Exec Chair




“Renew Risk provides world-class risk analytics and modelling
solutions for renewable energy asset finance and insurance
starting from offshore wind farms”

R
RENEW RISK

56



RENEW RISK | IMPROVING RENEWABLE ENERGY FINANCING

WHY RENEWABLES?

Exponential growth of renewable energy needs financial risk solutions

—
RENEW RISK

Problem

"Capacity Crunch”

\nsurance

s 2
= Q
2 =
- o
3 S
: 3 3
Ineffective fo) 3

. : . s, &
Financial Planning % &

2,
S

o

& High Credit Costs

Solution

~ World's first deep-science SaaS for

RENEWRisk  financial life-cycle of Offshore projects

Catastrophe Risk Modelling

v For (Re)lnsurers & Brokers
v’ Live product, patent protected
v’ Pricing, Capacity, Capital

Financial Planning (Debt/Equity)

v’ Faster & efficient costing solution
v' Cost saving on personnel

Credit Scoring / Debt

v’ Faster & efficient credit decisioning
v Reduced Losses
v' Reg compliance

57



RENEW RISK | IMPROVING RENEWABLE ENERGY FINANCING

THE GAP M
Models needed for regions of peak exposure growth

 New assets in NatCat regions
for first time

* No commercially-available Offshore-Wind-Specific Cat Models

models currently

C i - X - L P
g d VA ; X
¥ X s ) i < v
i :

» US Hurricane available now
» In development:

» Talwan Earthquake & Hurricane
k » Japan Earthquake & Hurricane

/

e 1

I.trellectual European
Property Q Patent
Office Office 58

UNITED STATES
PATENT AND TRADEMARK OFFICE



RENEW RISK | IMPROVING RENEWABLE ENERGY FINANCING

INDUSTRY EXPOSURE DATABASE

—
RENEW RISK

Model unique offshore assets

 Turbines, Cables, Substations e All assets, now and scheduled

Sppwater Wind Massachusetts

3 Bst 1 T
...... i 1 %n yard Power
BE i 58 c i

Offshore substation

BTTAYINE OffshoreMW - g Hudie: outh A (OCS-A 0543} - Proposed Lease Area
unity Offshare Wind
=arshork 5

e
: ik ight Wi
3 W
Tl
A \:J ?J 3 Wind Maryland (MarWVin)
llomeantus

e
L]
Central fiantic Call Area B Centrdl Atlantic CallArea E

Wind turbines Onshore substation

Transmission

eBayTest Site
F:r ject

tan - West Wind Energy Area

Palmetto Wind Research é' A 0545
P
Grand StandGfCallarea SA 054
V
Cape Romain -Z3i rea

.‘)}/4/ &anyan - Call Area
s CharlestodT Call Area

» Enables modelling of risks with minimal information
Open Data Standards » Significantly saves modelling time
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OFFSHORE HAZARD

—
RENEW RISK

Unique Offshore Condition

* Hurricane —Wind, Wave & Current MAXIMUM

« Earthquake — Shaking, Landslide, Liquefaction * Independent Validation INFORMATION
* Wind and sea modelled with global leader: DH;El %)
The expert in WATER ENVIRONMENTS Ottawa
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VULNERABILITY MODELLING

Limited claims exist, so Engineering Methods
Turbines, Blades, M&E, Cables, Substations

—
RENEW RISK

Ve o Nomenclature
\ (
Performance Requirements. Obtain Turbine Data Obtain Metocean Data Perform Seismic and —
1. ULS check: Tsunami Hazard Analysis
< oz ; 1. Rotor Diameter 1. Wind speed Design Workflow
(1L Pe should remain lastic 2. Rated power and wind 3. Turbulence Perform seismic and 9
1) Foundation shou o colapse . o tsunam hazrd analysis | L.___......ooo... >
RNA 4“ f‘* < 0.4 3. Mass data (RNA 3. Wave height and period ods e on and 2. Obtain contributing
(IR Sccaersans 0.7 assembly and tower] damping curv earthauake scenarios for
(i) Permanent ti at top o Vi hesght and tower « Vister dept given retum period Data flow
S s chact, dimensions (Sources: @)onine | | T | T %
(i) Quantiy fatigue demage databases, (b) site

[Sources: (2) Design codes, brochures]
(b) Certification Bodes,

(<) Turbine Manufacturer] 3

[Sources: (a) Manufacturer, | |measurements, (c) Design
® | codes]

e e Seismic Workflow
)
o

Tsunami Workflow

Input Data

Estimate preliminary pile dimensions

: 10- Step Methodology

R -p| 1. Estimate mudiine bending moments based on operational
condition (wind + wave loads) & ULS

i 2. Wall thickness from pile drivability

3. Embedded length from settlement criteria

Define appropriate p-y curves
for different layers

H (i) Non-liquefiable soil
() Liquefiable soll
(i) Partially liquefiable soi

Pile Di

H Structural Analysis

Perform analysis to obtain structural demands on the
undation-tower system for the following cases:

H 1. Earthquake + Wind + Wave Loading
i |impose soil displacements from SRA at fixed ends of

2.Impose soil settiements at ends of the <
q-2/tZ curves

3. Tsunami + Wind + Wave Loading:
Impose Tsunami ioads an the tower

Obtain engineering demand parameters for
tower-foundation system

=39 1s performance criteria met
for each hazard level?

-

Estimate Depth of Liquefaction

1. Use simplified methods to obtain
Fs against liquefaction triggering

< 2. Estimate extent of liquefisble layer(s)
3. Check for potentially layers where
Strain softening might oceur
B Abicus/CAE 2021 [Viewgees: 1]
@) [ie Model Vempot Yiew Instance Cavtmint Festyre Iocls Plugeing lep T
xx -
i were i @ 4w FNTLH B R
U@ bmaaa i
Tsunami Hazard b AR P LRIO00FITO
(1) Obtain tsunami wave height WA I = = -
(i) Obtain tsunami speed P \odel  Resuits Modue [Sassomzy M Modst | Mecer1 M <l
5 Mocel Datanase 'E v
B 4 [
= -~ [4 Msteiale |

Not Liquefiable

Y
‘ Perform Total
Stross Sita
Response Analysis
(SRA)

" Are there layers which
‘can under rapid loss
& rgo

of strength or stiffness?

Obtain lateral ground

Obtain vertical ground

_____ displacement
(soil settiement) along
pile length

FINISH

= [y Predfine Feids
Mg Remeshing Rules
izston Tasks

B o
g Adsotiey Procesics
B Co-arecpccs

mass M5

rotational inertia J
rotating! Q0
(aerodynamic damping)

Height L—

diameter D(z)

wall thickness t(z)
berding stiffness El(z)
shear properties G, k(z)
mass per length m(z)
compressive force P(z)
(structural damping)

AT T e

MDR
o
&

Wind Speed (m/s)

/> The best in Engineering

» Additional Offerings:

Risk Engineering Reports

-

» Expert support for OWF Specialty risks
» Design/construction reviews and other inputs to
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MODEL DEPLOYMENT RENEW RS

Accessible via Nasdaq Risk Modelling for Catastrophes

LSS MOCELLING B
RO

B sclected Analysis 20136

OQSs\S
= « Standardized Loss Metrics

Inputs GUL EF Curve - Sample Open Data Standards
Specification Value ® AEP
1 exposure location count 901 ® OEp
2 total TIV 6,260,659.567 »
c
3 modelled locations 901 é
=
Parameters £
Specification Value L aWS 1
- T ! « Available on Nasdag and AWS
1 event set P
2 event occurrence id It
3 numb

renewrisk [UAT]

MODELS

Vendor Model Perils Countries Version Asset Versions Supported OED Versions Description

Vendor filter Model filter Perils filter Countries filter Version filter OED version filter

b

Vel "
I NEUSTC

Worker version:
1.3.5

Data version: 1.3.5
Keys version: 1.3.5

NEUSTC WP3




RENEW RISK | IMPROVING RENEWABLE ENERGY FINANCING

THE TEAM RENEW RS

Skillsets: Risk Modelling, Engineering, Insurance, Fintech Software, Sales and Entrepreneurship.

| ASHIMA GUPTA PROF SUBY BHATTACHARYA DR JOSH MACABUAG GAURAV CHAWLA

CEO Chief Scientist Chief Product Officer Exec Chair

S e S e

Product and client Professor of Offshore Wind Model Validation/Development for: FinTech Entrepreneur

delivery, experience in Insurance & Author two industry-standard books World Bank, SCOR, Amlin, Argo
Banking, incl Renewable Energy PhD in Cat Modelling (WRN)

Formerly IHS Markit Energy
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CLIENTS, PARTNERS AND INVESTORS

RENEW RISK
Going to market with robust ecosystem of insurance companies, academia, partners and investors
( : ]
7 | Clients ] ~
» -
w TOKIO MARINE MCG”_L P
Q\ HCC ;\JD PARTMERS Convex
- /
( N\
Investors
4 \ g Angel Investment N
‘ne
INSURTECH Planet OUTRUN FUTURE
GATE WAY Cap]ta] VENTURES ENERGIES
- /
( ]
/ L Partners J \
1 ~ UNIVERSITY OF /7 \afishore
OQS\S sz i Nasdaq  risklayer & &Rk (&
analysing and managing catastrophe risk P
- /
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Mrs Ashima Gupta
Chief Executive Officer
Ashima.Gupta@renew-risk.com

————,_

RENEW RISK

Improving Renewable Energy Financing

CONTACT US

Dr Joshua Macabuag Mr Gaurav Chawla
Chief Product Officer Exec Chair
Joshua.Macabuag@renew-risk.com Gaurav.Chawla@renew-risk.com

Company Number 13769364 - incorporated in England in 2021

Prof Subhamoy Bhattacharya
Chief Scientist
Suby@renew-risk.com
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- Martin Bertogg

Open Source Assets in

Swiss Re: A Glass Half

¥ Head Cat Perils, Swiss Re
Full or Half Empty?




Covering the Globe with nat cat modelling capabilities:
A need to find new ways of procurement of risk insights

Swiss Re’s global nat cat book! Powerful resources

[llustrative

o . ~200
‘)

® models, covering >90%
© o of global insured
%D Sy ® °*° exposures
(@] o ® .08
@ @o
..

p.

“o saf ) ~30
8. ? 4 secondary perils’ risk views
o4 % added or enhanced since
¢ 2019

°® ®
-® 50+
European ®
Earthquake Tropical cyclone windstorm Secondary perils fuII-time scientists

Annual expected loss contribution _
Extreme loss contribution” I

H T Based on portfolio as of 1 January 2023, net of retrocession. Area of bubble proportional to annual expectegil . :
@ SwissRe |, o Tl Vo f195fin Bertogg | OASIS conference Sept. 2023 | Catastrophe Perils, Swiss Re



A '
f/ == A
/ )
Y./ y ™
/.

\ B3

Technical

Earthquake | _
o Steering Group: .
China: Industr modelling
GEM & OASIS 1Sty capabilities:
learning on == . ,
as game enabling co- ==
changers neutral R development as:e&‘ ==
J grounds N P 3§

@ Swiss Re






CL\SIS @ Swiss Re
FRAMEWORK

Institute

New Ways to look at David Schenkel

Flood Risk at the & B L ead of Product,
L ocation Level |




REOR in Latin means think and compute %20 is the URL encoding symbol for the white space
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REORao

Al is the new flood defence

David Schenkel
Head of Product

david@reor20.com

o ‘ Bty WY T e T AR | 3 =y s e L TR YR AR Ty e i
Zurich, 11.09.2023 c esa buslness incubation centre Cofprdinied L Lab UPScaler REOR20 All rights Reserved ~
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http://danny@reor20.com

3 major issues with flood risk models to

understand risk at the location level
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How it should be: Calculation with buildings




REOR"°
Maximum depth

2.00m

with buildings

1.00m

0.25m X without buildings




2.00m

1.00m

0.25m

REOR=°
Average depth over time around the building

with buildings

Y without buildings

_—

Time




same risk?
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REOR"°

High Fidelity Modelling:

Expensive, tedious - and
nearly impossible to scale

Zurich, 11.09.2023 REOR20 All rights Reserved



REOR"°

X  We taught an Al the physics of
flood

making it
+100’000s times
faster & simpler

REOR20 All rights Reserved



REOR

REOR

FloodSelect

Visual risk exploration for Deepdives
Provide rich set of data on the risk in
Wh ere we stan d o the vicinity of the property to better

assess and de-risk

REOR
{ ‘ \Q\ Factor Score —
& /\lﬂﬂ |
h & |
.. where we go
Location & Propert APl returns property-specific Rule-based Acceptance :
> b risk score. eep Flood Policy
Characteristics REOR20 risk scores and Pricing

Zurich, 11.09.2023 REOR20 All rights Reserved



Implications

- From point-based to property-based lookups
- Need for up-to date building & defences datasets
- Aggregation and disaggregation per building

- Re-calculation of risk for new urban developments

Zurich, 11.09.2023
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Thank you! \ v

David
Head of Product &

david@reor20.com

)
g—o Lloyd’s //4
@ esa business incubation centre ' .§-O-O UPScaler REOR20 All rights Reserved

Zurich, 11.09.2023 Somicariand Lab SWISS ENTREPRENEURS FOUNDATION
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Oliver Wing Petr Puncochar
Chief Research Global Head of Flood
Officer, Fathom Model Development,
Impact Forecasting

Handling Complexity
in Flood Models: A

Close Look at Hazard
and Exposure Data

Federica Remondi

Jane Toothill
Managing Director Flood Lead,
JBA Risk Swiss Re

Management
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Current and future flood models face challenges that require a robust while flexible
approach

Robust, granular and continental-

scale hydrodynamic model

High-performance hydrodynamic model that

can take advantage of high-resolution geo

datasets, while being process-based and

representative also in data scares regions.

> Speed-efficient model codes for GPU and
cloud computing

> Lidar DTM, building footprints

> Hydrography and flood defences data

> Compound events: Combination of sub-
perils and consequent events

Urbanization

Simulate urban flash flooding in light of

increasing population densities and built-up areas

> Megacities in South(east) Asia

> Heavy rainfall patters

> Poor flood defense infrastructure maintenance
and upgrade

Climate change

Make sure our models are de-biased
and represent current risk view. Include
climate change scenarios and achieve
stochastic simulations.

> Impact of higher rainfall intensities

> Impact of sea level rise

Exposure data quality and transparency > Assess future exposure

Collect and include in submission data accurate
exposure, claims, policy information

> Disaggregation assumptions

> Uncertainty handling

Vulnerability

Update vulnerability functions per occupancy, line of
business, country.

> More sharing and use of claims data

> |mpact of debris, social inflation

@ Swiss Re
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The increase in built-up areas is a global phenomena also seen in regions exposed to

flood risk

Growth rate of built-up surfaces
between 2003 and 2023,

in and outside areas exposed

to inland flooding

United States (USA) (23%)

. 31%

Mexico (50%)

. 37%

Columbia (20%)

. 46%

B Within inland flood hazard maps
up to 500 years return period

Qutside inland flood hazard maps

Canada (22%)

' 36%

Nigeria (76%)

United Kingdom (17%)

B 23%

.2% . 34% ’ 17%

ltaly (22%) South Africa (46%)

Germany (23%)

. 29%

France (27%) Poland (33%)

- 22%

.29% - 25%

Israel (30%)  Thailand (43%)

P o , 55%

Czech Republic (25%)

Malaysia (39%)

. 37%

China (68%)
50%

Japan (19%)

. 41%

India (71%)

38%

Philippines (34%)

. 28%

Indonesia (25%)

. 33%

Australia (36%)

. 32%



The growth rate of built-up areas in regions highly exposed to flooding is rarely lower
than the one in the least exposed regions

100%
Growth rate of built-up surfaces between 2003 and 2023 in

areas exposed to b0 years return period inland flooding and outside

80%
I Within 50 year return period inland flood maps

QOutside 500 year return period inland flood maps
60%
40%
20%
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Population growth is similarly reflecting built-up trends, showing no major correlation
to flooding risk

80%
Growth rate of population between 2003 and 2023 in areas exposed
70% to b0 years return period inland flooding and outside
60%
B Within 50 vyear return period inland flood maps
50% Outside 500 year return period inland flood maps
40%
30%
20%
. | | I |
0%
- . I
-10%
2 @ & O 2 A 0 0 > N Q QO D = O . ® o Q&
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Sharing flood exposure data at high resolution is not a yet the norm also in the
re/insurance key markets, increasing uncertainty in the model outcomes

% TIV received in treaty submissions at address/exact level*

Which
assumptions do
80% 20-40% we take?
How can we
reduce
uncertainty?
USA, Germany & Australia China & India
In few key markets sharing exposure In large markets we still see a
at lat/lon level is becoming a standard lack of transparency

*Source: Swiss Re. Confidential and indicative data.

@ Swiss Re Federica Remondi | Oasis Conference 06.09.2023
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Model Validation: Are

There Opportunities to
Improve How This is
Done and the Data

That's Used?

OQNS\S s @ swissRe
Institute

Dickie Whitaker

Chief Executive,
Oasis LMF

Nigel Winspear

Head of Natural Catastrophe
Analytics Research, Sompo
International

Malcolm Haylock

Head of Catastrophe
Modelling, Fathom

Guido Felder

Oriol Gaspa Rebull

Lead Catastrophe Researcher,

Head of UK Property
Analytics, Aon ‘ Zurich Insurance
Reinsurance
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A’ SOMPO INTERNATIONAL

Promise. Trust. Protect. At the center of everything we do.

Catastrophe Model Validation

What and How?

Sept 6, 2023
Oasis Zurich
Dr. N. Winspear
V1.1




. SOMPO INTERNATIONAL
Ag e n d a Promise. Trust. Protect. At the center of everything we do.

Core guestions to be addressed

Emphasis on both questions

Tailor effort to match [the materiality of the peril]
Designing the content in advance

Remember what it is not

gk
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. . . k’ SOMPO INTERNATIONAL
MOdel Valldatlon - reSO|VeS to 2 Core questlons Promise. Trust. Protect. At the center of everything we do.

Validation is ... the process by which you determine whether the external catastrophe model
provides a valid representation of the catastrophe risk for your portfolio [LMA (2012) - Validating
external catastrophe models under Solvency li]

This resolves to two core questions:

1. Does the model adequately represent the system being modelled?
‘Goodness of fit’ of the model and its components against historic data likely to have been used to build
and calibrate it. Says little to nothing about the suitability of the model for use with a specific portfolio.

2. How well does it predict using unrelated data not used to build/ calibrate the model?
Focuses on the predictive skill of the model with respect to portfolios that were not used to build or
calibrate it.

Model validation should ideally be designed to answer both questions, in a way that reflects the relative
materiality of the peril.
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https://assets.lloyds.com/assets/pdf-model-validation-lmalloyds-cat-models-and-solvency-ii/1/pdf-model-validation-LMALloyds-Cat-Models-and-Solvency-II.pdf

) B SOMPO INTERNATIONAL
Tal | O r eﬁo rt to m atC h Promise. Trust. Protect. At the center of everything we do.

Tailor the work to the materiality of the peril
Materiality can be assessed at a high level and then mapped to different categories of model validation study

OEP 1:100 VaR % of Gross Materiality Validation Questions
example GWP) - example
>20% High Comprehensive Q1, Q2
>5<=20% Medium Intermediate Q1,Q2
>2<=50p Low Basic Q1, Q2

<=2% Immaterial Light touch Q1

Place equal emphasis on answering both questions
In practice we often see excess focus on Q1 but little on Q2, or vice versa.

Imbalance leads to the risk of improper risk assessment due to subsequent
use of the model ...

« without knowing if it is a good fit to the peril [Q1]
 for portfolios for which it is not well calibrated [Q2] Ql




Plan the content in advance

—

W

) SOMPO INTERNATIONAL

Promise. Trust. Protect. At the center of everything we do.

Validation Validation Questions | Example of Content
Category Module Addressed

Comprehensive/ QRS
intermediate validation

Hazard
validation

Vulnerability
validation

Geocoding

Basic Loss
validation

Light touch Loss
validation

Q1, Q2

Q1

Q1, Q2

Q2

Q1, Q2

Q1

Industry back-testing, scenario testing, historic loss comparison (modelled vs. actual).
Own portfolio back-testing, scenario testing, historic loss comparison (modelled vs. actual).

Model parameter sensitivity testing (choice of event catalogue, demand surge, sub-perils...)

Overview of peril hazard implementation in the model.
Event rate benchmarking by sub-peril, by region.

Event footprint intensity benchmarking by sub-peril, for selected events/ event sources.
Portfolio sensitivity to changes in primary & secondary exposure attributes.

Location level reconstruction of damage curves.

Testing for regionalization in vulnerability modelling.

Portfolio impact of disaggregation of aggregate exposures.

Portfolio impact of geocoding at different spatial resolutions.

Reuse existing vendor industry loss validation work and add back-testing of industry loss
experience from own testing. Consider adding back-testing of own portfolio loss experience.

Simply reuse existing vendor industry loss validation work.
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L.’ SOMPO INTERNATIONAL

Promise. Trust. Protect. At the center of everything we do.

Remember what it 1s not
.

1. Development of an ‘own view of risk’
1. Often assumed that model validation will result in a view of risk
2. Model validation lays the foundation for subsequent development of a view of risk
3. View of risk development needs input from a much wider panel of experts — actuaries,
exposure managers, underwriters — and will need to be revised much more regularly
than the model validation exercise — hence flows from the validation exercise

2. Functional verification

1. We assume in good faith that the model works as intended on receipt
1. Functions correctly — policy conditions, hours clauses, inuring order of layers, etc.
2. Financial calculations are implemented in a way that is generally accepted
3. All vulnerability sensitivity combinations make sense

2. We do not spend time verifying these things work — this could easily consume the
entire validation project duration, without addressing either of the 2 core questions

3. This is a very important topic — but very few perform exhaustive verification testing.
Potentially a systemic risk to the industry. This risk could be largely eliminated by

creating an independent industry body to assume this important role on our behalf.
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AON

Oasis Event

Oriol Gaspa Introduction

September 2023
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AON

Aon’s perspective on Model Evaluation Needs

Aon continually evaluates a large range of models on behalf or for clients

The risk landscape has become increasingly complex and has led to a proliferation of models; by peril and
country globally. Climate change is creating further uncertainty and is a key driver of the hardening market.

50+ countries 40 of the
available models
500+ vendor model Multiple alternative now hgve, or V.V'" o3 : :
20+ Perils . : . ; releasing, a climate 1,000+ views of risk
views of risk to > views of risk from
change component to evaluate.
evaluate. research partners. . :
across multiple time
7 Established horizons and
vendors climate pathways.

Proprietary & Confidential

102



Aon’s ecosystem of Model Validation

Large global Super regionals & Regionals Global Re Specialty Casualty, Cyber & Motor

Validation of model changes
Evaluation and opinion of underlying methodologies
Analysis on portfolio model accuracy
Validation of actuarial profiling
Benchmarking of underlying exposures, modelling assumptions and loading factors
Advise on the model of choice
Suitability of climate models

Design of a bespoke View of Risk

Model comparison

AON Proprietary & Confidential 103
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¢d ZURICH

Simplifying model validation
through transparency and
standardization

Oasis Conference 2023, 6 September 2023

Guido Felder
Lead Cat Researcher
guido.felder@zurich.com




Two perspectives on model validation

Scientific perspective

Does the model reflect scientific
state of the art?

- Publications

- Open data

- Emerging tools and methods
(Al)

- Academic network

Cross-peril correlation

Global consistency

Secondary perils Consistency with observed data

Comparison with other models Intra-peril correlation

Performance Loss metrics Operational stability

Non-modelled financial structures Group impact

Relative loss contribution by LOB

Claims size distribution
Other factors (PLA, ALAE, CBI)

Uncertainty assumptions
and loss sampling method

¢ ZURICH

Business perspective

Is the model appropriate for the
business needs?

- Claims history
- Portfolio structure
- Exposure data standards

- Local expertise

(

= “
/

1

. i

© Zurich



Example for the need for transparency

Question Does the hazard module reflect current conditions?

Points to consider Vintage of data set(s) used for event set generation
- Varying input time series
- lrregular update cycles
- On-levelling to current conditions

Underlying assumptions
- Short vs. long time series
- Extremes vs. outliers
- Climate change vs. natural variability

- Other dynamic components (e.g. poleward shift of TC tracks)

Consequences - Need to get in touch with developers
- Take actions (or not)

- Ensure consistency across different models and vendors

¢ ZURICH

Natural variability Long term average

AN

A/\AAA A
A

Large scale oscillations Trends (climate change)

Has detrending been applied? Is it still valid?

© Zurich



Simplifying model validation through transparency and

standardization

¢ ZURICH

N

Insurer view

Internal validation will remain

Need for transparency on models (incl. limitations)
Limited data sharing capabilities due to legal restrictions

One (!) industry standard for technical documentations and

Model provider view
*  Exposed to market conditions

* Low motivation for transparency around limitations and
deficiencies

e |P considerations

validation reports would reduce non-value adding workload * Increasing demand for transparency

Opportunities for industry collaborations

More transparency could help both sides — Insurers benefit from facilitated
validation, vendors can proof they’re indeed best in class

Standardization of validation reports and skill scores
Further standardization of formats

...and many more

Zurich



CL\SIS @ Swiss Re
FRAMEWORK

Institute

Malcolm Haylock

InsuranceHead of Catastrophe Modelling,
Fathom




)
()]
=
(5]

=

3

™
N
o
N
oy
o
Qo
=
@)
o
o
@
n
£
©
c
2
)
>
N

nference,

sis Co

Oa

‘ F © Fathom



fathom.global

Is there a common understanding of what matters?

North Atlantic Basin TC Statistics

Genesis counts (Avg/yr
(Avg/yr) 1020

Genesis pressure (hPa)
1020

Average pressure (hPa)

a)yg | b) c)
& d ]
201 1000 1000 I I
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Bloemendaal, N. et al (2020). Generation of a global synthetic tropical cyclone hazard dataset using STORM.

Scientific Data, 7(1), 1-12. https://doi.org/10.1038/s41597-020-0381-2
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Why the difference?

Historical Stochastic
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Developers and users need to validate models, but can we
do this more efficiently?

Developer —
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How Do We Get There?

- What users need from developers
 Open channels of communication.

« Model documentation that is

»  Scientific — clear, concise, objective and reproduceable.
Covers key uncertainties and sensitivities.

« Key data exhibits in order to interrogate the risk drivers in a model.
Users should not need to reverse-engineer models to understand them.

-  What developers need from users
 Open channels of communication.
* Guidelines on what diagnostics are necessary for a user to understand a model.
 Feedback on the diagnostics to improve the model.
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Legal notice

©2023 Swiss Re. All rights reserved. You may use this presentation for private or internal purposes but note that any
copyright or other proprietary notices must not be removed. You are not permitted to create any modifications or
derivative works of this presentation, or to use it for commercial or other public purposes, without the prior written
permission of Swiss Re.

The information and opinions contained in the presentation are provided as at the date of the presentation and may
change. Although the information used was taken from reliable sources, Swiss Re does not accept any responsibility
for its accuracy or comprehensiveness or its updating. All liability for the accuracy and completeness of the
information or for any damage or loss resulting from its use is expressly excluded.



