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Some facts and stats

1960 - 1990 number of natural catastrophes doubled...
.... insured losses increased nearly seven times.

Due (in part) to increased population in risky areas...
...but also due to an increase in the level of risk.

2005 was the worst year ever for property insurers
o USD 95 bn dollars relates to the US hurricanes alone

o the Lloyd’s incurred claims of USD 6 bn to help people hit by
Hurricanes Katrina, Rita, and Wilma.



Table 12

The 40 most costly insurance losses 1970-2009

Insured loss™
(INUS0 m,
Indaxad to 2009) Victims'! Date (start)  Event Country
71163 1838 26.0B.2006  Hurricans Katrina US, Guif of Mexico, Bahamas,
flocds, dams burst. damage to ofl rigs Morth Atlaritic
24479 43 23.08.1992  Hurricane Andraw; floods S, Bahamas
22767 2082 11.09.2001  Tarror attack on WTC, Pantagon and other bulldings us
20278 B1 17.01.1984  Northridge sarthquake (M 6.6) uUs
19940 136 06,00,2008  Huricang lke: floods, offshore damage S, Carlbbaar; Gulf of Maxico et al
14642 124 02.08.2004  Hurricane hvan: damags ta allrigs US, Carlbbaar: Barbados atal
13807 356 19.10.2006  Hurricana Wilma: flcods US, Maxico Jamalca Haltl at al
110E2 a4 20.08.2005  Humicane Rita: floods, damags to oll rigs LS, Gulf of Maxico, Cuba
0148 24 11.08.2004  Humicane Charlay: floods US, Cuba, Jamaica et al
8809 Bl 27.08.1991  Typhoon Mirailla/Na 19 Japan
7916 71 15.09.1989  Hurricane Hugo US, Puarto Rico at al
7672 a5 26.01.1990  Winter storm Darla Franca, UK, Balglum, NL et al
7475 110 25121989  Wintar storm Lathar Switzarland, UK. France at al
5309 54 18.01.2007  Winter storm Kyrlll: floods Garmany, UK NL Balgium at al
5857 22 16.10.1967 Starm and floods In Europe Franca, UK. Matharlands ot al
Chile EQ E348 a8 26.08.2004  Hurricane Frances LS, Bahamas
5242 B4 25021990  Winter stormNlan Europa
5206 26 22.00.1999  Typhoon Bart/No 18 Japan
4549 500 20.08.1998  Hurricane Georges: floods US, Carlbbaan
43649 41 05062001 Troplcal storm Allison: flocds us
4321 3034 13.09.2004  Humicane Jeanna: floods, landslides US, Carlbbaan: Haitl 2t al
4074 45 06.00.2004  Typhoon Songda/No 18 Japan, South Koraa
3088 135 26.08.2008  Hurricans Gustav: floods, offshore damage US, Carlbbear: Gulf of Mexico et al
3740 45 02.06.2003  Thundarstorms, tornadoas. hall us
3637 70 10001999  Humicane Floyd, floods LIS, Bahamas, Columbia
3631 167 06.07.1988  Explosion on platform Piper Alpha UK
New 3630 59 01.10.1965 Hurricana Cpal: floods US, Mexico Gulf of Maxico
Zealand 3482 5425 17.01.1995  Graat Hanshin santhquake (M 7.2) In Kobs Japan
EQ 3372 25 2401.2000  Winter storm Klaus France, Spain
o 3083 45 27121999  ‘Wintar storm Martin Spain, Franca, Switzarland
Winter " 2017 248 100219093  Blizzard, tornadoas. floods US, Canada, Maexico Cuba
Storm 27656 a8 06.08.2002  Savera floods UK Spain. Garmany. Austrlaet al
Xynthia 2680 26 20.10.1991 Forast firaswhich spraad to urban araas, drought us
26867 = 06.04.2001 Hall floods and tomadoas us
2675 4 26062007 Haawy ralnfall floods UK
2640 30 1808.2003  Humricane Isabal Us, Canada
2010 update 24E8 a0 050819968  Hurricana Fran us
Source Munich RE 2454 20 03.12.1989  Wintar storm Anatol Danmark. Swadan, UKat al
2448 4 11.08.1992  Hurricane Inikl US, North Pacific Ocaan
23617 - 20081979  Hurricane Fraderic us

Source: Swiss Fe, sigma catastrophe database
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The “near term” view

Catastrophe modelling companies have offered conditional models
Variety of names:

o “Nearterm”

o Warm SST conditioned

o “Medium term”

Typically a 5 year average

Variety of procedures

o Expert elicitation

o Internal view

o Weighted Ensemble Average






The basic simulation examined i this paper 1s as follows:

Simulate the number (ng from the random variable Ng) of hurricanes
that form in the North Atlantic Basin;

Simulate the the number (n; from the random variable N;|Ng) of these
that make landfall;

Simulate the number no of these which hit a major city or commerical
centre (see simple model below) , from the distribution No|Np;

Simulate the saffir simpson strength of each storm that makes landfall
sai,...8ay, from the iid random variables SA;, 5A45,...SAN, - assume this
1s Independent to landfall location, uniformally sample ne of these, which
are deemed to be the city hits, assume a 1-1 correspondence (sa;) between
strength of a city hit and financial loss (S; = S(sa;)) distribution;

Calculate the Premium charged (using a Krepps [1] formula) as Fy =
1
E(N¢)E(S)+ 30% (E(S}EVAR(NQ) + E(NC)VAR(S)) 2,

Calculate the insurance (underwriting) profit as Py — > %, S;.



In the control we'll assume that Np ~ poisson(A), where A = 7, this is the
average number of hurricanes per year since 1955 rounded up (to very approx-
imately allow for over-dispersion, the true mean i1s 6.1 with a variance of 6.8).
See the plot below which compares histogram of actual hurricane numbers to a
poisson(7) distribution sample:
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Figure 1: Histograms of actual hurricane counts per year (left) and simulated

(right)

Assume that Np |Np ~ binomial(Ng, q), where g=24%, (based on HURDAT
data).



A simple model of whether a major city 1s hit 1s defined as follows:

e The US east coast 1s around 12000 miles long;

e Assume that each hurricane falls into a ‘slot’ exactly 300 miles wide - so
there are 40 such slots on the US coast;

e Assume there are 10 major population centres on the coast

e Say that each city 1s sufficiently far away from the others, so there 1s a
zero probability of a hurricane hitting two - also assume that each city is
in the middle of a coastline ‘slot’ (defined above);

e Assume that a hit on each coastal slot 1s equally likely, and therefore there
is a 10/40 probability (call this ‘¢’ below) that a landfalling storm will hit
a major city - assume the loss would otherwise be zero.

——f— | — ——f—

Using the above model the number of city hits is No| N ~ binomial( N .c).
Or equivalentlyN¢ ~ poisson(A.q.c)



The landfall intensity distribution is calculated from the following table (based
on HURDAT data from 1955 to 2009):

saffir simpson landfall count since 1955

1 31
2 20
3 23
4 5
2 2

Assume the losses are related to saffir simpson score as follows:

saffir simpson (sa) loss S(sa) USDbn

1 1
2 3

3 15 2 1
4 70

5 110

0.02
1

exceadance probability

 2/3 rds of years have zero loss

» P(Katrina size loss=USD40bm) 3.3%
....(cf AIR 3%) L

* P(KRW=USD80bn} 1/80
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- Np|Ng ~ binomial(Np, q)
=2

Npg ~ poisson(\)
A =T

o Generated?
o Landfalling?
e Where?

e How big?




P= E(Nc)E(S)+30% (E(S)2’VAR(N¢) + E(Nc)VAR(S))

[Nl

Pricing variants:

ahkwbE

Basin frequency known approximately — reduce diize
Basin frequency known approximately — change puenrate
Basin frequency known — change premium rate
Landfalling frequency known — change premium rate
Landfalling known, severity known approximately



1. Basin frequency known approximately

—reduce line size

‘high'
‘medium’

f(ng) =

‘How'

ny > E(Ng) + -IC-CT(iVB}
ny € [E(Ng) — k.o(Ng),E(Ng) + k.o(Ng)]
ny < E(Ng)— k.c(Npg)

= standard deviation, k=0.4, so n<6= “low”, n=@gh”

season frequency (f)

low 30 %
medium
high 27 %

P (season frequency= f)

3% <

Company acts unilaterally....

underwriting profit = ¢

r 1
By =% .~ S i W
A Faz) 0~ 21 5) flns) ="hig
(Fo — Z?:fl Si) f(ng) = ‘medium/’
(14 a).(Po—=>_058:) f(ng) =" low

In the experiment a; = as = 10%



2. Basin frequency known approximat
- change premium rate

Market acts together (else write no business?)

(Po(1+ 1) f(ng) = ‘high’
Fo— { Fo f(ng) = ‘medium’

Py :
. z = uE : :I.I'
gy el

In the experiment 31 = F2 = 10%.



3. Basin frequency known
— change premium rate

Here we assume the Np 1s forecast accurately, 1.e that the insurer knows the
number n g of basin tropical cyclones in the year. In this case No ~ binomial(ng, q.c)
Hence in this case (in a year where Ng = np the premium is calculated as:

(==

P; = q.cnp.E(S) +30% (E(S)*.q.c.(1 — q.c).np + g.cnp.VAR(S))

Note in this case that P3|Np i1s a random variable (i.e. varying each year),

and that E(P3|Ng) # P,.



.. Landfalling frequency know
-change premium rate

In this case we not only know the number of basin storms - but the number of
them that go on to make landfall. In this case N¢ ~ binomial(nr.c) and hence
the premium is calculated as:

b | bt

Py = c.ny, .E(S) + 30% (E(_S'}g.c.(l —¢).ng, + eng, VAR(S))



). Landfalling known, severity know
approximately

In this variant we assume (as in variant 4) that the number and strength of
landfalling hurricanes is known accurately but not which ones (if any) hit a city.
Hence a potential lossPL (an upper bound on possible losses) is known and this

Tl pl > E(PL) + ks.o(PL)
g(pl) = < ‘medium’ pl € [E(PL) — k4.c(PL), E(PL) + k3.o(PL)]
‘low' pl < E(PL) — k4.0(PL)

For this simulation we have set k3 = 0.63 and &y = 0.36.

landfall severity (s) P/(landfall severity= s)

low 35 %
medinm 34%
Jigh 31 %

Continued....



andfalling known, severity know
approximately (continued)

5. Adjust pricing

(Py(1+ B3) g(pl) = ‘high’
o= 3 Py g(pl) = ‘medium’
5 Rj
1) = ‘low
T+ ) g(pl) ="‘lou

Note the use of P; i the above formula

5b. Scale line size

underwriting profit = ¢

4

1 . |
Tray (P~ ZHaS) o(pl) = high
TL L, S?)

PD_Z:‘:I

g(pl) = ‘medium’

(
((14+a3).(Po—>75 S:)  g(pl) =‘low

Note the use of P in this case. In the experiment a; = ay = 10%.






-ontrol experimen— underwriting profits
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Premium rates are lower,
on average for more
sophisticated
methods...
..explanation

Consider for example variant 3. The premium formula for the control is:

b=

Po = q.c.).E(S) +30% (E(S)%.q.c.A + q.cA\.VAR(S))

1 3
E(Py) = Py =4q.c.A\E(S)+ 30% (E(S)Q.q.c + q.c.VAR(S}) 22

Compare this to,

b=

P3|Np = q.c.Np.E(S) + 30% (E(S)2.q.c.(1 — q.c).Np + q.c.Ng.V AR(S))

So, since E(Ng) =\,

ba| =

. 1
E(P3) = g.c\E(S) +30% (E(S)%.q.c.(1 — g.c) + q.c.VAR(S))? .E(Np2)
Now, the term g.c.A\.F(S) = 5.42, is the same for both expectations and the

term involving F(S)? is clearly lower for (P;) (due to the (1 — g.c) term). In
the specific simulation we have:

1
30% (E(S)?.g.c + q.c.VAR(S))2 = 2.061

, compared to

10|

3

30% (E(S)?.q.c.(1 — q.c) + g.c.VAR(S))2 = 2.047
1

= 1
In the particular simulation we have EF(N3) = 2.59 compared to E(Ng)2 =
1

b=

2.64 but it is generally true that E (NE] < E(Ng)2.
In the particular simulation we therefore have:

E(P,) = 5.42 + 2.061 + 2.65 = 10.88

compared to
E(P3) =5.42 4+ 2.047 % 2.59 = 10.72

Therefore 1t 1s clear that the reason for the premium difference i1s due to the
capital loading (the standard deviation part of the equation). In the case when
we have more information (variant 3) the standard Kreps formula gives credit
for the lower variance and hence calculates a lower premium.
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Figure 6: Premium rates against number of Atlantic Basin hurricanes



Variant 3 lower triangle blank
— if a given number of
landfalling hurricanes has
occurred at least that
number of basin storms
must have occurred (giving
a lower bound on the
premium)
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Figure 7: Premium rates against number of landfalling hurricanes




Key point: even the most
sophisticated methods give
wide spread of premium
rates — sometimes lower
than the control.

But never lower than when the
number greater than 2




Profitability (relative to control)




Capital requirements















