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Executive summary

US hurricanes are by far the largest exposure of any Insurance-Linked Securities (ILS) portfolio.
A profound understanding of the impact of climate change on the risk of ILS portfolio is crucial for
attractive long term investment returns.

Twelve Capital, through its cooperation with climate-tech expert reask, expects a modest increase
in North Atlantic Hurricane risk over the coming decades as a consequence of climate change.
Future projected global climate model simulations, suggest that increased risk will not be felt
uniformly across the US coastline with the East Coast (north of South Carolina) potentially seeing
larger increases in landfall risk relative to the Florida and Gulf coastlines.

Forward looking views of landfall risk under possible future climates provide much needed insights
into how to potentially assess longer term risk-adjusted price movements or how risk can be
managed through portfolio diversification.

Climate variability will likely continue to drive US hurricane risk premia with increased demand for
ILS capital to help the (re)insurance industry manage capital-intensive peak peril US Hurricane
exposure.

Climate change research allows Twelve Capital an increased understanding of the climate
variability associated with both the current and future climate, helping to continuously improve its

investment process to build well-balanced Cat Bond and Private ILS portfolios.

Background

This research extends the North Atlantic hurricane
seasonal forecast and climate change
methodology, produced by Twelve Capital and
machine learning climate-tech firm reask, to assess
the possible impacts of climate change on North
Atlantic hurricane activity and landfalls. Twelve
Capital and reask have worked closely together,
since June 2018, to develop hurricane forecasting
tools using reask’s proprietary machine learning
algorithm.

Assessing climate change impacts on North
Atlantic hurricane

The forecast methodology moves beyond
traditional basin-wide hurricane activity metrics,
such as hurricane count, towards a more complete
insurance risk assessment framework that

incorporates a measure of regional hurricane
landfall risk.

The original reask algorithm used machine learning
techniques to estimate conditional landfall risk
distributions  considering three geographical
regions of genesis (Rodney and Loridan, 2019): the
Main Development Region (MDR), the East Coast
Region, and the Gulf region (see Figure 1). The
updated model now generates a machine learning
driven stochastic set that directly simulates storm
characteristics and landfall locations given a
certain state of the climate. This direct simulation
allows for the calculation of landfall risk along a
more granular coastline and is consistent with
simulation techniques used to develop catastrophe
models. Figure 2 shows the landfall regions, split
into three segments of coastline: the Gulf, Florida
and the East Coast.
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Figure 1: Model region classifications from the previous model

MDR Region East Coast Region

Source: reask and Twelve Capital.

The Community Earth System Model Large Ensemble climate database (“LENS2”, Rodgers et al., 2021) under
CMIP6 historical and SSP370 future radiative forcing scenarios is used to generate stochastic event sets of
the North Atlantic hurricanes for present and future periods.

Figure 2: Coastline landfall locations for the updated model
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Using the climate LENS2 model outputs, the itself is being sampled and generates around 900k
approach consists of a range of machine learning years of synthetic hurricane risk.

techniques to isolate climate modes of variability
known to drive hurricane activity, as well as to drive
each tropical cyclone of the event set based on the
knowledge of the climate.

This study is designed to quantify the variability in
projected landfall risk, focusing on trends between
1990-2020 (the control period), 2020-2040 and
2040-2060.

The variability in hurricane risk is then assessed

from (i) the variability in the climate state as

captured by these drivers and (ii) the variability in

hurricane risk given a certain state of the climate.

The algorithm relies on a set of 50 different model
simulations to ensure the uncertainty in the climate
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How might the landfall risk distribution shift
under a warming climate?

The simulated risk distributions over the periods
1990-2020, 2020-2040, and 2040-2060 are
projected to possible future climates using the
CESM2 SSP3.7.0 scenario?.

Table 1 and Figure 3 show the results of the
expected modelled shift in hurricane risk
incorporating the future climate SSP3.7.0 scenario.

There is a clear trend of increasing risk for the
number of hurricanes in the basin between control
period and projecting to 2020-2040 and 2040-2060
with the simulated risk distribution visibly skewed
towards higher risk levels (Figure 4).

Table 1: Expected risk for periods 2020-2040, 2040-2060 relative to 1990-2020 control period

2020-2040

2040-2060

1990-2020
Basin Activity 7.52
US Landfalls 1.68
Gulf Landfalls 0.74
FL Landfalls 0.59
East Coast Landfalls 0.49

Source: reask.

! The CESM2 Shared Socio-economic pathway (SSP) 3.7.0
represents a high greenhouse gas emission scenario where
CO2 emissions double by 2100 and estimated warming

8.88 (+18%) 9.58 (+27%)

2.13 (+26%) 2.32 (+37%)

0.89 (+19%) 0.91 (+22%)

0.74 (+26%) 0.81 (+38%)

0.68 (+38%) 0.80 (+64%)

between 1941-2060 increases by approximately 2.1°C. The
SSP3.7.0 was used as one of the scenarios to produce the
IPCC 6" assessment report on climate change.
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Figure 3: Geographical distribution of landfall risk between the periods 1990-2020, 2020-2040, 2040-

2060
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Figure 4: Simulated Basin wide activity for periods 1990-2020, 2020-2040 and 2040-2060
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Breaking the analysis out further, it can be seen in Table 2 and Table 3 that the increase is not uniform i.e.,
the East Coast is having a much larger relative increase in major hurricanes compared to Cat 1-3 hurricanes.

Table 2: Cat 1 to 3, expected risk for periods 2020-2040, 2040-2060 relative to 1990-2020 control
period

1990-2020 2020-2040 2040-2060
Basin Activity 5.30 5.70 (+7%) 5.70 (+7%)
US Landfalls 1.43 1.73 (+21%) 1.81 (+27%)
Gulf Landfalls 0.62 0.72 (+16%) 0.72 (+16%)
FL Landfalls 0.47 0.56 (+20%) 0.58 (+23%)
East Coast Landfalls 0.46 0.62 (+33%) 0.71 (+52%)

Source: reask.

Table 3: Cat 4 and 5, expected risk for periods 2020-2040, 2040-2060 relative to 1990-2020 control
period.

Metric 1990-2020 2020-2040 2040-2060
Basin Activity 2.22 3.17 (+43%) 3.90 (+76%)
US Landfalls 0.26 0.39 (+51%) 0.51 (+95%)
Gulf Landfalls 0.12 0.17 (+38%) 0.20 (+58%)
FL Landfalls 0.12 0.18 (+51%) 0.23 (+98%)
East Coast Landfalls 0.03 0.06 (+100%) 0.09 (+200%)

Source: reask.

Landfall risk is expected to increase across the increasing by upwards of 100% out to 2040-2060.
basin marginally more than the increase in activity This marked increase along the East Coast relative
with the largest increase observed along the East to the Gulf and Florida is primarily driven by two
Coast segment of coastline, landfall probabilities factors.
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Figure 5: a) Sea Surface Temperature anomalies and b) wind shear anomaly between 2020-2040 and
the control period 1990-2020.
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The first physical driver is a result of dominant Sea describes the higher impact along the East Coast
Surface Temperature (SST) patterns favouring relative to Florida and Guilf.
hurricane formation. Figure 5a shows the Sea

Surface Temperature anomaly patterns during the The second physical driver is a result of contrasting

peak of the hurricane season in August / wind shear patterns along the East Coast and the

September / October (ASO) between 2020-2040 Gulf and Florida coastlines. Figure 5b shows the

X wind shear anomaly patterns in ASO between
and the control period 1990-2020. The East Coast .
shows an increase in SSTs shifing to more 2020-2040 and the control period 1990-2020.

favourable conditions for Hurricane formation ';'e'g)h ?r: mgdesur;fg:]és gﬁ?gge\;ﬁ's\llﬁh('cvgsggyvﬁzg
further North. The contour lines show where the

contol period s 26°C whieh corresponds to an  STC%% Wbl (1 greer) fshore of e Eae Cone
approximate level above which increases in 9

temperature have less effect on hurricane activity. formation and intensification.
However, we see how this 29°C region stretches
further North in future periods. This in part
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Twelve Capital and reask — co-operation

Since June 2018, Twelve Capital and reask have worked closely together to further the development
of hurricane forecasting tools by using machine learning. Both parties believe that advancements in
technology and computing power can enhance ILS investment management.

reask is a catastrophe analytics specialist providing global solutions for tropical cyclone risk
management and forecasting. reask is based in Sydney with its team of experts in risk analysis,
machine learning and high performance computing. Their team has vast experience in natural
catastrophe modelling having developed their expertise from previous engagements at RMS, Willis
Re and other specialised firms.

Twelve Capital AG
Dufourstrasse 101

8008 Zurich, Switzerland
Phone: +41 (0)44 5000 120 Twelve Capital is an independent investment

manager specialising in insurance investments for
institutional clients. Its investment expertise covers
the entire balance sheet, including Insurance

About Twelve Capital

Twelve Capital (UK) Ltd
Moss House, 15-16 Brook’s Mews
London W1K 4DS, United Kingdom

Phone: +44 (0)203 856 6760 Bonds, Insurance Private Debt, Catastrophe
Bonds, Private Insurance-Linked Securities and

Ir\:\/elt}/e Ctapétai 1(DE) GmbH Equity. It also composes Multi Asset portfolios. It

gogg?inl\ifmr:h‘ecsermany was founded in October 2010 and is majority-owned

Phone: +49 (0)89 839316 110 by its employees. It has offices in Zurich, London
and Munich.

info@twelvecapital.com
www.twelvecapital.com
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Disclaimer

This material has been prepared by Twelve Capital AG, Twelve Capital (UK) Limited, Twelve Capital (DE)
GmbH or their affiliates (collectively, “Twelve Capital”). This material has been furnished solely upon request
and is intended for the recipient personally and may not be reproduced or otherwise disseminated in whole or
in part without prior written consent from Twelve Capital. It is expressly not intended for persons who, due to
their nationality or place of residence, are not permitted access to such information under local law as the
product may not be authorised or its offering may be restricted in certain jurisdictions. It is the responsibility of
every investor to satisfy himself as to the full observance of such laws, regulations and restrictions of the
relevant jurisdiction. This is an advertising document.

This information was produced by Twelve Capital to the best of its knowledge and belief. However, the
information herein may be based on estimates and may in no event be relied upon. All information and opinions
contained in this document are subject to change without notice. Twelve Capital's analyses and ratings,
including Solvency Il compliance analysis, Twelve Capital’'s Counterparty Credit Rating and Twelve Capital’s
Legal Rating, are statements of Twelve Capital’s current opinions and not statements of fact. Source for all
data and charts (if not indicated otherwise): Twelve Capital. Twelve Capital does not assume any liability with
respect to incorrect or incomplete information (whether received from public sources or whether prepared by
itself or not). This material does not constitute a prospectus, a request/offer, nor a recommendation of any
kind, e.g. to buy/subscribe or sell/redeem investment instruments or to perform other transactions. The
investment instruments mentioned herein involve significant risks including the possible loss of the amount
invested as described in detail in the offering memorandum(s) for these instruments which will be available
upon request. Investments in foreign currencies involve the additional risk that the foreign currency might lose
value against the investor's reference currency. Investors should understand these risks before reaching any
decision with respect to these instruments. The information does not take account of personal circumstances
and therefore constitutes merely promotional communication, and not investment advice. Consequently,
Investors are advised to take all necessary legal, regulatory and tax advice on the consequences of an
investment in the product. Past performance is no indication or guarantee of future performance. The
performance shown does not take account of any commissions and costs associated with subscribing to and
redeeming shares.

This material contains information about Twelve Capital and its products as at the date of this material. The
information contained herein is of a general nature and does not purport to be complete or contain all the
information that an investor should consider when making an investment decision nor does it contain all the
information which would be required in a disclosure document or prospectus prepared in accordance with the
requirements of the Australian Corporations Act 2001 (Cth) ("Corporations Act"). To the maximum extent
permitted by law, Twelve Capital makes no representation or warranty (express or implied) as to the accuracy
or completeness of the information contained herein and disclaims all responsibility and liability for the
information (including without limitation, liability for negligence). This material is for information purposes only
and is not a prospectus, disclosure document, product disclosure statement or other offering document under
Australian law or any other law (and will not be lodged with the Australian Securities and Investments
Commission (“ASIC”)). The material is not and should not be considered an offer or an invitation to subscribe
for or acquire securities or any other financial products. The material is available to persons who are
"wholesale" investors (as defined in sections 708 and 761G of the Corporations Act). Determination of eligibility
of investors for the purposes of the Offer is by reference to a number of matters, including legal requirements
and the discretion of Twelve Capital. To the maximum extent permitted by law, Twelve Capital disclaims any
liability in respect of the exercise of that discretion or otherwise. The distribution of this material in other
jurisdictions outside Australia may also be restricted by law and any such restrictions should be observed. Any
failure to comply with such restrictions may constitute a violation of applicable securities laws. By accepting
this material you represent and warrant that you are entitled to receive such material in accordance with the
above restrictions and agree to be bound by the limitations contained herein. This material contains certain
“forward looking statements”. Forward looking statements can generally be identified by the use of words such
as, “expect’, “anticipate”, “likely”, “intend”, “should”, “could”, “may”, “believe”, “forecast”, “estimate”, “target”
“outlook” and other similar expressions and include, but are not limited to, indications of, or guidance or outlook
on, future earnings or financial position or performance of the funds or Strategies mentioned. The forward-
looking statements contained in this material are not guarantees or predictions of future performance and

"« ” oo« "« ”oo« ” o« ” oo«

Page 8 of 9



twelve e ask
CAPITAL oo eSS

info@twelvecapital.com
www.twelvecapital.com

Marketing material for professional/qualified investors only

involve known and unknown risks and uncertainties and other factors, many of which are beyond the control
of Twelve Capital, and may involve significant elements of subjective judgement and assumptions as to future
events, which may or may not be correct. There can be no assurance that actual outcomes will not differ
materially from these forward-looking statements. A number of important factors could cause actual results or
performance to differ materially from the forward-looking statements, including the risk factors set out in this
material. Investors should consider the forward-looking statements contained in this material in light of those
disclosures and not place reliance on such statements. The forward-looking statements are based on
information available at the date of this material. Except as required by law or regulation, Twelve Capital
undertakes no obligation to provide any additional or updated information whether as a result of new
information, future events or results or otherwise. Indications of, and guidance or outlook on, future earnings
or financial position or performance are also forward looking statements. Twelve Capital does not guarantee
any particular rate of return or performance nor does it guarantee the repayment of capital invested or any
particular tax treatment.

This is marketing material in the meaning of MiFID II.
This is a marketing material in the meaning of FIDLEG.

Note to EEA investors: when distributed in the EEA, this information has been distributed by Twelve Capital
(DE) GmbH in accordance with the terms of its authorisation and regulation by the Bundesanstalt fur
Finanzdienstleistungsaufsicht (BaFin).

Note to US investors: Neither this information nor any copy thereof may be sent, taken into or distributed in
the United States or to any U.S. person (within the meaning of Regulation S under the US Securities Act of
1933, as amended). The products and services described herein may not be offered to or purchased directly
or indirectly by US persons.

Twelve Capital AG is licensed as "Manager of collective investment schemes" by the Swiss regulator FINMA.
Twelve Capital AG is incorporated in Switzerland, registered number 130.3.015.932-9, registered office:
Dufourstrasse 101, 8008 Zurich. Twelve Capital (UK) Limited is incorporated in England & Wales: company
number 08685046, registered office: Moss House, 15-16 Brook’s Mews, London, W1K 4DS. Twelve Capital
(UK) Limited is authorised and regulated by the UK Financial Conduct Authority and is registered as a
commodity pool operator (“CPO”) with the U.S. Commodity Futures Trading Commission (“CFTC”) and is a
member of the National Futures Association (the “NFA”) in such capacity. Such registrations and membership
in no way implies that the FCA, the CFTC or the NFA have endorsed Twelve Capital (UK) Limited’s
qualifications to provide the advisory services described in this document. Twelve Capital (DE) GmbH is
authorised and regulated by the Bundesanstalt flr Finanzdienstleistungsaufsicht (BaFin) in Germany. Twelve
Capital (DE) GmbH is incorporated in Munich, Germany, commercial register number (registry court: Munich)
HRB 252423, registered office: Theatinerstrasse 11, 80333 Munich.

© 2022 Twelve Capital. All Rights Reserved
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