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North American Wildfire

" Recent Events

" Changing Risk Environment
= Available Tools

= Evaluation

" Conclusions
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CA Wildfire State of the Market
Top 20 Most Destructive Wildfires

Top 20 Most Destructive California Wildfires:
Number of Structures Destroyed
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. Structures destroyed in 2017 & 2018 wildfire seasons Structures destroyed before 2017

67.3% of structures in top 20 were destroyed in last 14 months

Cal Fire data as of 11/25/2018

© 2018 Willis Towers Watson. All rights reserved. Proprietary and Confidential. For Willis Towers Watson and Willis Towers Watson client use only.
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Questions

" |s wildfire risk changing?
" |If so, why?
" How well can we quantify wildfire risk?

© 2019 Willis Towers Watson. All rights reserved.
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Model Performance
Notable Wildfires

Carr (2018) Camp (2018) Woolsey (2018)
14,500 1,500
structures burned structures burned

1,857

structures burned 16 OOO+ 18 OOO+
Within perimeter Within perimeter

60% Extreme 16% Extreme 9% Extreme

40% High 64% High 63% High

0 Moderate to 20% Moderate 28% Moderate

Negligible risks
O Negligible risks 16 Negligible risks

© 2018 Willis Towers Watson. All rights reserved. WillicRe LI"1"k1 6



|dfire Modeling
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Choosing a Wildfire Model
Overview of available tools

AIR Wildfire Model (new)

AIR Wildfire Model (pre-2018)

Willis Re Overview Market Ut
For many portfolios results are increasing New to market
Stochastic model that has not been updated since Most utilized
original release 10+ years ago probabilistic model

CoreLogic® RQE Brushfire Model

Overall vendor has become a distant third to AIR and

. Some usage
RMS in the past decade

RMS Probabilistic Model

New RMS Model with a planned release in late 2018 /

Unreleased
early 2019

Willis Re Wildfire Hazard Score

Up to date scientific modeling that outperformed other

- ) New to market
vendors in 2017 fires

CorelLogic® Risk Score

Tool that combines wildfire with 8 other hazards to 2nd most utilized risk
develop a single score scoring tool

FRAP Score

Location based hazard score based upon geography
sourcing data from California Department of Forestry Limited usage
and Fire Protection

Historical Wildfire Frequency

Used to identify the frequency of wildfires affecting
individual locations sourcing data from California Limited usage
Department of Forestry and Fire Protection

ISO FireLine Score

Provides a score for the risk factors of fuel, slope, . .
Most utilized risk

access and does not consider weather or proximity to .
scoring tool

vegetation

RedZone

Wildfire tracking, exposure assessment and

. Some usage
underwriting g
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RMS Wildfire Hazard Score

Utilizes several data sources to estimate hazard in and

S
around high-risk wildland-urban interface Ome Usage

Wildfire Hazard Potential Score

Hazard score based tool that has not been updated in

Limited usage
several years

Wildfire Defense Systems®

Combines professional wildfire consulting with wildfire

A . Limited usage
suppression services

© 2019 Willis Towers Watson. All rights reserved.




Willis Re Wildfire Score
Model Foundation — USFS

" 50,000 years of stochastic wildfires
developed by the US Forest Service

" Developed by leading wildfire science
research group in the country

" Latest and highest resolution data sources
available

" Dataset updated on regular basis
" Highest resolution data source available
" Employs cutting edge fire physics
" Evaluates the risk of large wildfire

occurrence and its interaction with
populated regions

Resistance to Control Weights

Crown Fire Events

© 2018 Willis Towers Watson. All rights reserved.
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Willis Re Wildfire Score
Model Foundation — USFS

Deterministic, physically-based fire propagation considers the following:

\
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Wind Fuel Moisture

Elevation Slope Fuel / Vegetation

FireLine considerations

Synthetic weather generated nationally, with hourly characteristics including:
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Temperature Wind Speed Humidity
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Willis Re Wildfire Score
Willis Re Proprietary Model Components

® Historical wildfire occurrence based
on 100 years of data

" Considers frequency of small fires that
are not modeled in stochastic dataset

" Analyzes the most extreme types of
wildfire risk, such as crown fires

" Considers regional efficiency of
suppressing wildfires

" Contemplates distance from the
wildland urban interface (WUI)

" The WUI is the intersection of
populated and wildland regions

WillisRe Li'I'li “** -

Wildland Urban Interface

© 2018 Willis Towers Watson. All rights reserved.
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AIR 2018 Wildfire Model

First updated stochastic
wildfire model in nearly ten
years.

First stochastic wildfire model
with coverage outside of

California

Release comes at a time of
changing risk perceptions for
wildfire
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A Verisk Business
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New Touchstone v6 AIR Wildfire Model

Expanded model domain:

Arizona, California, Colorado, Idaho, Montana,
Nevada, New Mexico, Oklahoma, Oregon, Texas,
Utah, Washington, Wyoming

= Previously California only

Entirely new hazard module,
which uses weather and wildfire relationships in relation to ecological regions (Ecoprovinces)
= Landscape ecology considered with historical fire data
= Fuels data updated to now include LANDFIRE 2014 along with 40 Scott Burgan fire
behavior fuel models
= Weather patterns now considered year over year to determine fire size and number of
fires per year

Prior model used LANDFIRE 2007, 13 Anderson fuel models for fire season, and was based on statistical
distributions of historical wildfire activity.

WillisRe LI"I"kI 13
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New event catalog

1. 1991 Oakland Hills, CA
2. 1993 Laguna Canyon, CA
10,000 ygar Includes fire 3. 1993 Old Topanga, CA
stochastic = letiers 4. 2000 Cerro Grande, NM
catalog of . 5. 2002 Rodeo-Chediski, AZ
729.836 defined by the 6. 2003 Cedar, CA
events hours clause 7. 2003 Old, CA
8. 2007 Witch, CA
9. 2010 Four Mile Canyon, CO
10. 2011 Bastrop, TX
: : 11. 2012 Waldo Canyon, CO
Minimum fire L7 igitoriesl 12. 2013 Black Forest, CO
Size IS SUEIE e e 13. 2015 Butte, CA
available 14. 2015 Valley fire, CA
100 acres N e 15. 2017 Mendocino Lake Complex, CA

16. 2017 Thomas, CA
17. 2017 Tubbs/Atlas fire, CA

Previous Model

= Included only 211,040 events

=  Did not include fire clusters

=  Had 640 acre minimum fire size

© 2017 Willis Towers Watson. All rights reserved. WillicRe LI"1"k1 14



New Touchstone v6 AIR Wildfire Model

Fire spread model incorporates four types of fire spread:
= Surface

= Canopy

= Surface to canopy

= Fire branding /spotting

Wildland Urban Interface (WUI) penetration algorithm to advance fires into urban
areas

= Previously based on distance into the urban area instead of burnable fuels

New secondary risk characteristics introduced
= Defensible space
=  Firewise community

Damage estimation uses flame length as intensity parameter
= Prior used windspeed.

New Loss calculation for risks with unknown characteristics

© 2017 Willis Towers Watson. All rights reserved. WillicRe LI"1"k1 15



AIR 2018 Wildfire Model
Model Domain & Data Sources

Model Domain

Historical wildfires
Ecoprovinces

Weather

Fuels

Wildland Urban Interface
wind

USFS Fire Occurrence Database
USFS Ecoregions

US CPC

Landfire 2014

2010 USFS WUI (Martinuzzi)
NOAA NARR Model

© 2019 Willis Towers Watson. All rights reserved.
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s Wildfire Risk
Changing
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Changes in Wildfire Risk in the Western US

Three Possible Mechanisms
Climate f Exposure /\ Land Use

Change Change e History

7\
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Climate Change

" [ncrease in Moisture Variability

= PDO
" ENSO
" Snowmelt Timing

= Spatial Distribution of the Forest Area
" Sensitivity to Water Balance

= N Rockies
= N California

A

Western US Forest Wildfires and Spring-Summer Temperature
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Climate Change

Wildfires are increasing and wildfire season is

getting longer in the Western U.S.
Regions of Notable Increase .
M Colorado
% Northern California ﬁ?‘i.ﬂ?&? :Iflﬁﬁfgs |
per year

biggerthan 1,000 acres  1980-1989 1990-1999 2000-2012
Regions of Lower Increase

~140 ~160 ~250
N Southern California

Average length of wildfire season

Early 1970s: 5 months

lll
1 TL 1
|\

¥ Arizona M HD E @ M Wr~ \¢

Today: 7+ months

If increased risks are largely due to changes in climate during recent decades, then

restoration and fuels treatments may be relatively ineffective in reversing current
wildfire trends.

© 2019 Willis Towers Watson. All rights reserved.
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Exposure Growth

State Rank Total area Area of WUI (km?2)
Expansion of Percent

WUI Area Change in

km2 1990 2000 2010 (km2) WUI Area

1990-2010 1990-2010
L Idaho 1 216,442 2,451 3,318 4,220 1,769 72.20%
Y Montana 2 380,831 3,168 4,079 5,304 2,135 67.40%
- Colorado 3 269,602 5,713 7,600 9,438 3,725 65.20%
. Utah 4 219,884 2,197 2,735 3,549 1,352 61.50%
‘ Nevada 5 286,380 1,513 2,069 2,440 927 61.20%
. Wyoming 6 253,334 1,541 1,868 2,412 871 56.50%
‘ California 41 423,967 22,618 24,375 27,026 4.407 19.50%

© 2019 Willis Towers Watson. All rights reserved.
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Summary

" [t isn’'t immmediately clear which is driving the most significant changes in
wildfire risk, changing weather patterns or changes in exposure.

" But both are contributing.

" Today’s models rely on historical information to predict extreme future event
frequencies.

" Spatial Changes

" Frequency Changes

" Intensity Changes

= All invalidate this assumption

" Modern models are undoubtedly an improvement over prior tools and can
assist in pricing, underwriting and portfolio management.

© 2019 Willis Towers Watson. All rights reserved. WillisRe LI"I'K]



Willis Re disclaimers

This analysis has been prepared by Willis Limited and/or Willis Re Inc. and/or the “Willis Towers Watson” entity with which you are dealing (“Willis Towers Watson” is defined as Willis Limited,
Willis Re Inc., and each of their respective parent companies, sister companies, subsidiaries, affiliates, Willis Towers Watson PLC, and all member companies thereof) on condition that it shall be
treated as strictly confidential and shall not be communicated in whole, in part, or in summary to any third party without prior written consent from the Willis Towers Watson entity with which you are
dealing.

Willis Towers Watson has relied upon data from public and/or other sources when preparing this analysis. No attempt has been made to verify independently the accuracy of this data. Willis
Towers Watson does not represent or otherwise guarantee the accuracy or completeness of such data nor assume responsibility for the result of any error or omission in the data or other materials
gathered from any source in the preparation of this analysis. Willis Towers Watson shall have no liability in connection with any results, including, without limitation, those arising from based upon
or in connection with errors, omissions, inaccuracies, or inadequacies associated with the data or arising from, based upon or in connection with any methodologies used or applied by Willis
Towers Watson in producing this analysis or any results contained herein. Willis Towers Watson expressly disclaims any and all liability, based on any legal theory, arising from, based upon or in
connection with this analysis. Willis Towers Watson assumes no duty in contract, tort or otherwise to any party arising from, based upon or in connection with this analysis, and no party should
expect Willis Towers Watson to owe it any such duty.

There are many uncertainties inherent in this analysis including, but not limited to, issues such as limitations in the available data, reliance on client data and outside data sources, the underlying
volatility of loss and other random processes, uncertainties that characterize the application of professional judgment in estimates and assumptions. Ultimate losses, liabilities and claims depend
upon future contingent events, including but not limited to unanticipated changes in inflation, laws, and regulations. As a result of these uncertainties, the actual outcomes could vary significantly
from Willis Towers Watson'’s estimates in either direction. Willis Towers Watson makes no representation about and does not guarantee the outcome, results, success, or profitability of any
insurance or reinsurance program or venture, whether or not the analyses or conclusions contained herein apply to such program or venture.

Willis Towers Watson does not recommend making decisions based solely on the information contained in this analysis. Rather, this analysis should be viewed as a supplement to other
information, including specific business practice, claims experience, and financial situation. Independent professional advisors should be consulted with respect to the issues and conclusions
presented herein and their possible application. Willis Towers Watson makes no representation or warranty as to the accuracy or completeness of this document and its contents.

This analysis is not intended to be a complete actuarial communication, and as such is not intended to be relied upon. A complete communication can be provided upon request. Subject to all
terms of this Disclaimer, Willis Towers Watson actuaries are available to answer questions about this analysis.

Willis Towers Watson does not provide legal, accounting, or tax advice. This analysis does not constitute, is not intended to provide, and should not be construed as such advice. Qualified advisers
should be consulted in these areas.

Willis Towers Watson makes no representation, does not guarantee and assumes no liability for the accuracy or completeness of, or any results obtained by application of, this analysis and
conclusions provided herein.

Where data is supplied by way of CD or other electronic format, Willis Towers Watson accepts no liability for any loss or damage caused to the Recipient directly or indirectly through use of any
such CD or other electronic format, even where caused by negligence. Without limitation, Willis Towers Watson shall not be liable for: loss or corruption of data, damage to any computer or
communications system, indirect or consequential losses. The Recipient should take proper precautions to prevent loss or damage — including the use of a virus checker.

This limitation of liability does not apply to losses or damage caused by death, personal injury, dishonesty or any other liability which cannot be excluded by law.

This analysis is not intended to be a complete Financial Analysis communication. A complete communication can be provided upon request. Subject to all terms of this Disclaimer, Willis Towers
Watson analysts are available to answer questions about this analysis.

Willis Towers Watson does not guarantee any specific financial result or outcome, level of profitability, valuation, or rating agency outcome with respect to A.M. Best or any other agency. Willis
Towers Watson specifically disclaims any and all liability for any and all damages of any amount or any type, including without limitation, lost profits, unrealized profits, compensatory damages
based on any legal theory, punitive, multiple or statutory damages or fines of any type, based upon, arising from, in connection with or in any manner related to the services provided hereunder.

Acceptance of this document shall be deemed agreement to the above.

© 2019 Willis Towers Watson. All rights reserved. WillicRe LI"1"k1 25



Vendor Disclaimers — 1 of 2

Work containing Risk Management Solutions (RMS) output

“This report, and the analyses, models and predictions contained herein (“Information"), are based on data provided by Willis Re Inc., Willis Limited and their respective affiliates (hereinafter
collectively “Willis”) and compiled using proprietary computer risk assessment technology of Risk Management Solutions, Inc. ("RMS"). The technology and data used in providing this Information
is based on the scientific data, mathematical and empirical models, and encoded experience of scientists and specialists (including without limitation: earthquake engineers, wind engineers,
structural engineers, geologists, seismologists, meteorologists, geotechnical specialists and mathematicians). As with any model of physical systems, particularly those with low frequencies of
occurrence and potentially high severity outcomes, the actual losses from catastrophic events may differ from the results of simulation analyses. Furthermore, the accuracy of predictions depends
largely on the accuracy and quality of the data used by Willis. The Information is provided under license to Willis and is RMS’ proprietary and confidential information and may not be shared with
any third party without the prior written consent of both Willis and RMS. Furthermore, this Information may only be used for the specific business purpose specified by Willis and for no other
purpose, and may not be used under any circumstances in the development or calibration of any product or service offering that competes with RMS.

The recipient of this Information is further advised that RMS is not engaged in the insurance, reinsurance, or related industries, and that the Information provided is not intended to constitute
professional advice. RMS SPECIFICALLY DISCLAIMS ANY AND ALL RESPONSIBILITIES, OBLIGATIONS AND LIABILITY WITH RESPECT TO ANY DECISIONS OR ADVICE MADE OR
GIVEN AS A RESULT OF THE INFORMATION OR USE THEREOF, INCLUDING ALL WARRANTIES, WHETHER EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO, WARRANTIES
OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT SHALL RMS (OR ITS PARENT, SUBSIDIARY, OR OTHER AFFILIATED
COMPANIES) BE LIABLE FOR DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY DECISIONS OR ADVICE MADE OR GIVEN AS A
RESULT OF THE CONTENTS OF THIS INFORMATION OR USE THEREOF.”

Work containing AIR Worldwide Corporation (AIR) Touchstone output
IMPORTANT NOTICE and DISCLAIMER
AIR Worldwide Corporation and Willis Re Inc. or Willis Limited

The attached Touchstone reports are provided to you in confidence, and you may not cause or permit disclosure, copying, display, loan, publication, transfer of possession (whether by sale,
exchange, gift, operation of law or otherwise) or other dissemination of the Touchstone reports (or details of the methodology and analysis employed to develop the Touchstone reports) in whole or
in part, to any third party without the prior written consent of Willis Re Inc. or Willis Limited and AIR Worldwide Corporation (“AIR”).

Notwithstanding the foregoing, you may disclose the Touchstone reports associated with your reinsurance or risk transfer programs to insurance regulators and disclose, in confidence, to your
rating agencies, reinsurers, actuarial consultants, managing general agencies, risk managers, investment bankers (but not in connection with the placement of any insurance-linked securities) and
auditors (but in no event to any entity in the business of developing loss estimation models), provided that, in the event of any such disclosure, you clearly acknowledge in writing that AIR owns the
exclusive right and title to the Touchstone reports and the methods employed to develop them.

You may not alter or remove any copyrights, trade secret, patent, proprietary and/or other legal notices contained on or in copies of the Touchstone reports. The existence of any such copyright
notice on the Touchstone reports shall not be construed as an admission, or be deemed to create a presumption, that publication of such materials has occurred.

The Touchstone reports are intended to function as one of several tools which you will use in analyzing your estimated and potential losses from certain natural hazards. The estimation of hazards
and potential losses involves uncertainties and depends on environmental, demographic and regulatory factors beyond the control of Willis Re Inc., Willis Limited and AIR. The Touchstone reports
depend on data and inputs which you have supplied. The assumptions and methodologies used by AIR in creating Touchstone may not constitute the exclusive set of reasonable assumptions and
methodologies, and the use of alternative assumptions and methodologies could yield materially different results. The loss probabilities indicated by the Touchstone reports are estimates of the
magnitude of losses that may occur in the event of such natural hazards; they are not factual and do not predict future events. Actual loss experience can differ materially.

No responsibility is or shall be assumed or implied by Willis Re Inc., Willis Limited or AIR for loss or damage to you resulting from inaccuracies contained therein nor shall Willis Re Inc., Willis
Limited or AIR be liable to you or others for any adverse results experienced in utilizing the Touchstone reports

© 2019 Willis Towers Watson. All rights reserved. WillicRe LI"1"k1 26



Vendor Disclaimers — 2 of 2

Work containing CoreLogic output

This report contains CoreLogic Confidential Information and i) recipient agrees to treat this report as strictly confidential; and ii) in consideration of having been provided access to this report,
recipient agrees that CoreLogic has no liability for such report or other information derived from the report or any use that may be made thereof by recipient.

Work containing/using Kinetic data

The TAOS real-time hazard and impact forecast information is provided “as is" and without warranties as to performance or any other warranties whether expressed or implied. The user is strongly
cautioned to recognize that natural hazards modeling and analysis are subject to many uncertainties. These uncertainties include, but are not limited to, the uncertainties inherent in weather and
climate, incomplete or inaccurate weather data, changes to the natural and built environment, limited historical records, and limitations in the state of the art of modeling, as well as limits to the
scientific understanding of storm weather phenomena. Anyone making use of the hazard and impact information provided by KAC, or the information contained within, assumes all liability deriving
from such use, and agrees to "hold harmless" any and all agencies or individuals associated with its creation. The user agrees to provide any subsequent users of this data with this disclaimer. The
publication of the material contained herein is not intended as a representation or warranty that this information is suitable for any general or particular use.

Work using S&P ratings

Copyright © 2018, S&P Global Market Intelligence (and its affiliates, as applicable). Reproduction of any information, data or material, including ratings (“Content”) in any form is prohibited except
with the prior written permission of the relevant party. Such party, its affiliates and suppliers (“Content Providers”) do not guarantee the accuracy, adequacy, completeness, timeliness or availability
of any Content and are not responsible for any errors or omissions (negligent or otherwise), regardless of the cause, or for the results obtained from the use of such Content. In no event shall
Content Providers be liable for any damages, costs, expenses, legal fees, or losses (including lost income or lost profit and opportunity costs) in connection with any use of the Content. A reference
to a particular investment or security, a rating or any observation concerning an investment that is part of the Content is not a recommendation to buy, sell or hold such investment or security, does
not address the suitability of an investment or security and should not be relied on as investment advice. Credit ratings are statements of opinions and not statements of fact.

Work including MarketStance material or data (credit such information in exhibits)

This report contains material from Intellistance LLC, DBA MarketStance®© and Intellistance LLC retains copyright to such material.

© 2018 Insurance Services Office, Inc. All rights reserved. Confidential and Proprietary
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