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Background

« On August 25, 2005, Hurricane Katrina
made landfall in the U.S. State of
Louisiana, where the city of New
Orleans is located.

« Devastation was immense, breaches
resulted in 80% of the city being
flooded. 1833 people lost their lives,
and 275,000 homes were either
damaged or destroyed.

« Private insurance companies paid 41
billion USD in claims, and the public
National Flood Insurance Program
(NFIP) paid 16.3 billion in building and
contents losses (Swiss Re (2020)).
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Objective

« The objective of this paper is o develop an indemnity CAT bond
pricing model to mitigate catastrophic flood losses, such as the ones
from Hurricane Katring, for Orleans Parish.

« CAT bonds allow reinsurers and local governments to cede this risk to
financial markets. For investors product is attractive since they can
diversify their portfolios with instruments which are not strongly
correlated with traditional assets like stocks and bonds.

«  We will use a public database on claims paid by the National Flood
Insurance Program (NFIP).
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About the database

« The subset taken from NFIP includes
over 2.5 million claims.

« Period from 1971 to 2021.

 Two key variables on losses paid by
the NFIP.

« Total losses = Building losses +
Contents losses.

 Heavy-tailed loss distribution.

« Adjustments were made for inflation
(2022 USD). Additionally, exposure
was taken into consideration in
preliminary analysis.
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Spatial distribution of losses
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Why a CAT Bond?

« Orleans Parish and neighboring o0
Jefferson Parish have 13.3% of all NFIP
claims for the period.

« |nthe case of Orleans Parish, most are
from Hurricane Katrina and amount
to over 7B in losses (2022 USD).

« CAT bond provides coverage for
what is hopefully a Yonce in a
lifetime” extreme event.

Quarterly Losses in Billions (2022 USD)
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CAT Bond Siructure
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New Orleans CAT Bond

«  We want to create a pricing model
for a CAT bond that could cover
losses proportional to those of
Hurricane Katrina.

« Our trigger will be denoted (M) and
the losses L, are a proportion of it. Our
face amount is 100.

« CATbond pays quarterly coupons (c;)
for three years on a floating rate (r;) +
a spread (s). We will also discount
with r;

«  Repayment of principal (€) depends
on the maximum flood loss recorded
for the duration of the bond.
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Pricing Model Assumptions

« Since principal payment is contingent . suueverwesnons = soooco uso

on future losses, we can only simulate -
the development of these cashflows.

«  We will use a Vacicek model to
simulate r;, using historical data from
3-month U.S. Treasuries.

« Forthe flood losses, we used a POT
model to find extremes and then
applied different distributions to find
the best fit (Exponentiated Weibull).
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Sample from Simulation

Quarter (1) L,/M ¢ C 7 & DCEF, 12
I 0.00 1228 0 004 091 11.19 p— 2 DCF, = 117.44
2 001 1238 0 004 083 10.26
3 001 1253 0 005 075 942 t=123..
4 000 1292 0 005 067 869
5 000 1342 0 005 059 7.97
6 000 1287 0 005 055 7.12
7 012 1328 0 005 049 647
8 000 1363 0 006 043 582
9 000 1341 0 005 039 525
10 000 1285 0 005 037 480
1 0.13 1305 0 005 033 432
12 000 1246 100 0.04 032 36.13

Table 1: Sample iteration from baseline simulation 11



BRIDGE TO TOMORROW N
2023 INTERNATIONAL ‘\
CONGRESS OF ACTUARIES % A ) e

28 MAY - 1 JUNE 2023 - SYDNEY

Base Model Resulis

CAT Bond Price

« Baseline simulation: tfrigger = 7B, roughly 200 LSRa g ol shrdaiime -
the losses for Orleans Parish in Hurricane e e
Katrina. e

« Risk premium used in discounting was 150
fixed at 5%, using the model from g .
Zimbidis et al.(2015), s = 8%

- The “fair price” of this CAT bond after 3 o0 RS SRR R S :
10000 iterationsis 118.53, i.e., the bondis ¢
sold at a premium. : |

« Thisis due to the rates dynamics and the o N
low probability of a “full’” catastrophe -

taking place.
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Sensitivity Testing
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Future Research

« More complex loss model, for example aggregate loss approach
with a Compound Poisson. This would address the possibility of
multiple catastrophic flood events for a given time period.

« Consider different payoff structures (i.e., binary).

« Could also be interesting to compare these results for neighboring
counties, or other vulnerable regions.

« Finally, not all countries have such thorough data on flood losses, so it
would be interesting to attempt this study with weather or
hydrological data.

14
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