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Abstract

The present paper gives an actuarial analysis of the applications of CAT insurance
contracts (CAT Futures, CAT Options, CAT Call Option Spreads) to the risk
management (control of the loss ratio) of insurance companies. We perform a
quantitative analysis of the basic positions of CAT insurance contracts as well as of
the combined positions of an insurance company using CAT insurance contracts in
its management of catastrophe risk.
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R&sum6
L&de prksente contient une analyse actuarielle de l’application de contrats ti terme
sur l’assurance des risques de catastrophes (CAT-Futures, CAT-Options, CAT-Call
Option-Spreads) dans le cadre de la gestion du risque (contrale du rapport des
sinistres aux primes) des compagnies d’assurance. Nous analysons d’une man&e
quantitative les positions de base des contrats a terme sur l’assurance des risques de
catastrophes aussi bien que les positions combinkes d’une compagnie d’assurance
utilisant ces contrats pour la gestion du risque des catastrophes.
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Introduction

The Chicago Board of Trade (CBoT) has developeda number of catastrophe
insurancefuturesand option contracts.The trading of thesecontractsmakes
it possible for the first time to transfer catastropherisks on the basis of
financial instruments,in contrast to the traditional actuarial instruments in
the form of reinsurancecontracts.It is the goal of the presentpaperto give
a systematic analysis of the basic positions of CAT insurancecontracts as
well as of the combined positions of an insurance company using CAT
insurancecontractsin its managementof catastropherisk. This is done on
the basis of a risk theoretical approach, i.e. by giving a stochastic
specification of the underlying claims process.
2.

Selected Specifications
Relevant

for Model

of CAT

Insurance

Contracts

which

are

Building

General referencesfor contract specificationsareCBoT (1994) and SMITH
/ PICKLES(1994).In this chapteronly those specificationswhich areusedin
the risk theoreticalmodel of the claims processate shortly reviewed.
The underlying object of the CAT futures contractis a representativeclaims
index, giving the developmentof the loss ratio (ratio of aggregatedclaims
and aggregatedpremiums) of a representativepool of insurance contracts
(index collective) and of a certain category of insurancelines subject to
catastrophiclosses. The index collective emerges from a pooling of the
respective risk collectives of selected insurance companies (index
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companies). CAT futures typically are defined relative to a specific loss
quarter,

which is defining the referenceperiod for the loss ratio to be

calculated.However, becauseof the “IBM-pmblem” the inform ation on the
repotted and settled claims at the end of the quarteris not identical to the
final value of settled claims having occuredin this quarter.Thepragmatic
solution to this problem is as follows: The Final Settlement Value of the
CAT futures contract only takes claims into consideration which have
occuredin the loss quarter and have been reportedto the index companies
by the end of the subsequentquarter (end of the reporting

period).

The

correspondingclaim amountswhich areusedin calculating the claims index
arethe claim amountsas being paid and reservedat the end of the reporting
period. As there is an additional time lag allowed in the reporting of these
valuesby the index companiesthe Final SettlementValue is made public at
the fifth calender day (resp. the subsequentbusinessday) of the seventh
month following the end of the loss quarter.This settlement day naturally is
identical to the end of the trading period. Finally it has to be remarkedthat
the premium volume used in the calculation the final loss ratio is an
estimatedfigure andis announcedby CBoT prior to the begin of the trading
period with respectto a certain loss quarter.This meansthat the sole source
of randomnessof the loss ratio is the claims development.
The underlying object of the CAT option contractis the correspondingCAT
future. For the buyer of a call option the exerciseof the option leads to a
long position in the underlying CAT future. For the buyer of a put option
the exerciseleads to a short position in the future.
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of Basic Positions
of the Claims

Process

As usualin risk theory (s(t); t 2 0) denotesthe accumulatedclaims process,
i.e. the accumulatedclaims in the time interval [OJ]. Becauseof the IBNRproblem this processis not observabledirectly and we consider for every
fixed t the stochasticprocess{S(t;t+z); 0 I z 5 w) which gives at point of
time t+2 the sum of the paid and reservedamountsof the claims which have
occuredin [O,t]. It is assumedthat there is a uniform (independentof t, of
the insuranceline and the insurancecompany considemd)maximal duration
o for the final regulation of all claims having occuredin [OJ] , especially
we have S(t) = S(t ; t + w).
With respect to the remarks made in chapter 2 this conception can be
applied as follows. Let 0 < u c v < T denote points of time. The time
interval [O,u] denotesthe loss quarter underlying a specific CAT futures
contract, [O,v] the corresponding reporting period and [O,T] the trading
period (final settlementof the contract takes place in t = T). Let n = 71:(u)
denote the earned premium for the loss quarter [O,U] and W the
correspondingestimatedfigure, then the loss ratio announcedin t = T (the
final loss ratio index value) is
LR(v;T)

= LR(u;v;T)

S(wv)

= A.

it

(1)

The final loss ratio index value LR(u;v;T) is related to the claim amounts
paid and reservedin t = v for claims having occuredin [O,u].The portion of
the finally settledclaim amount not taken into considerationis
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Z(u; v) = S(u; u + 0) - S(u; v)
= qu; u + 0) -it

3.2

Analysis of the CAT Futures

LR(u; v; r).

(2)

Positions

Let denoteLR,(v;T) = LR,(u;v;T) the final loss ratio index value and F(T) =
F(u;T)

the final settlement value of a CAT futures contract relating to the

loss quarter [O,u],then we have:
F(T) =min(25.000

LR,(v;T), 50.000)

= 25.000 min (LR,(v; Z’), 2) .

(3)

The final settlementvalue is 25.000$ times the final loss ratio index value,
but may not exceed50.000$, i.e. the maximal loss ratio compensatedby the
futures contractis 2.0.
In casethe futures contract was bought in t = s and the futuresprice at this
point of time was F(s), then the final profit (gain / loss) - position GV(T) for
the buyer of the contractis
GV(T) = F(T) -F(s),

(4)

the correspondingprofit position of the seller of the contractwould be F(s) F(T).

If we standardizefutures prices per unit of the value of the contractby

F*(t)

= F(t) / 25.000, then the correspondingfinal profit position GV*(T)

would be min[LR,(v;T),
for the seller.

2) - F’(s) for the buyer andF*(s) - min[LR,(v;T), 21
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Positions

Let X denotethe exerciseprice of the option and V(T) = V(s,u,T) the final
profit position for the buyer of a call, then we have V, = max (Fr- X, 0). If
we define the correspondingstandardizedexerciseprice LR, := X / 25.000
per unit of the value of the contract, which intuitively correspondsto an
“exerciseloss ratio” then we have from (3):

V,=max(25.000min[LR,(v;T),2]

- 25.OOOLR,,O)

(5)

=25.000max (min [LR,(v;ZJ, 21 - LR,, 0).

In caseof LR,(v;T) 5 2, i.e. the final loss ratio index value is not exceeding
2, as special case we have V, = 25.000 max (LR,(v;T)

- LR,,

0} which

intuitively correspondsto the position of the buyer of a call option on a loss
ratio. The value of the final call position is positive in case the final loss
ratio index value LR,(v;T) exceedsthe “exercise loss ratio” LR,. In case
LR,(v;T)

> 2 we have (assuming additionally LR, < 2) as special caseVT =

25.000(2 - LR,), i.e. from a loss ratio value of 2,0 onwardsthe buyer of the
call does not take profit anymorefrom a higher final loss ratio index value,
his profit position is “freezed”.
Let denote C(s) the price of the call option in t = s (time of buying the
contract)resp.C’(s) = C(S)/ 25.000per unit of the value of the contract.We
have as final standardizedprofit position for the buyer of the call:

958

5TH AFIR INTERNATIONAL

COLLOQUIUM

GV ‘(T> =max (min[LR,(v; T>, 21-tR,, 0) - C Ts).

(6)

For the buyer of a CAT put option contract with exerciseprice X the final
profit position is V, = max (X - F,, 0) and we thereforehave from (3)
(assumingLX, < 2):
V, = 25.000 max (LR, - min [LR,(v; 7’), 2],0)
= 25.000 max (LR, - LR,(v; 7’)) 0) .

(7)

Let denote P(s) the price of the put option in t = s (time of buying the
contract)

andP*(s) := P(s) / 25.000 the correspondingstandardizedprice. In

analogy to (6) we have for the final standardizedposition:
GVTr> =max(LR,

-LR,(v;T),

0) -PTs).

(8)

Finally we analysethe position of a call option spread.Let denoteX the
exerciseprice of a long call position and Y > X the exerciseprice of a short
call position. The correspondingoption premiums aredenotedby C(X) resp.
C(Y) and ftom no-arbitrageconsiderationswe have C(X) > C(Y).
The final profit position of a call option spreadthen is given by:
GV, = max(F, - X, 0) - C(X)- [max(F, - y, 0) - C(y)]
= min(max(F, -x, O), Y - X} - [C(x) - C(Y)].

(9)

Let GV*,, LR,, LX,, C*(X) and C*(Y) denotethe correspondingstandardized
quantities, then we have from (3):
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01,
(10)

LR, - LR,) - [C TX) - C TY)].

In caseOf LR,(v;T) I 2 we get as a special case GV’, = min{ max [LR,
(v;T) - LR,, 01, LR, - LR,)

- [C*(X) - C*(Y)].

In caseof LR,(v;T) 2 2 we

have under the assumptionLR, < LR, < 2 the relation

min (max (2 - LR,,

0), LR, - LR,) = min (2 - LR,, LR, - LR,) = LR, - LR, andthereforeGV’, =
LR, - LR, - [C*,(X)

- C*,(Y)], i.e. in case of LR,(v;T) 1 2 the final profit

position is constantand identical to the difference of the (standardized)net
exerciseprices and the net option premiums. This, however, is identical to
the profit position in the first case,when we additionally assumeLR, (0)
1 LR, and thereforethe entire position reducesto (AC*, := C*,(X) - C’, (Y),
ALR := LR, - LR,):
GV,’ = min (max[LR,(v;T)

- LR,, 01, ALR) - AC:

-AC,’

LR,(v;nILR,

LR,(v;T)

- LR,

ALR -AC,’

-AC,’

LR, I LR,(v;T)<LR,

(11)

LR,(v;T)>LR,.

4.

Quantitative

Analysis of the Risk Management

4.1

Preliminary

Remarks

Positions

First of all we have to take into considerationthat the final loss ratio index
value LR,(v;T) is defined by the accumulatedclaims processof the index
collective.

Therefore the first category of modelling assumptions is

concernedwith the specificationof the functional Elation betweenthe final
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loss ratio index value LR,(v;T) on one hand and the final loss ratio LR(v;T)
of the respectivecollective of the consideredinsurancecompany,which uses
CAT insurancecontractsin its managementof catastropherisk on the other.
In analogy to 3.1 therefore let (S(t)} resp. (s(t;t+r)}

denote the

correspondingaccumulatedclaims processesfor the consideredcollective of
insured risks. Let 7c= rc(u)denotethe correspondingearnedpremium for the
loss quarter[O,u] for that collective.
Let in addition denoteLR(v;T) = U(U;V;T) = S(W) / rc the loss ratio of the
fixed collective of risks for claims that have occuredin [O,u]but only using
the information @aid and reservedclaim amounts) available in t = v. The
calculation of this number as well as the calculation of the corresponding
profit value shall take place in t = T. Clearly in t = T the information
available is the figure S(u;T), however, when analysingthe effects of using
CAT insurancecontractsonly the information available in t = v is relevant.
This is becauseof [O,v] and not [O,T] is the reportingperiod underlying the
CAT contracts.Only with this at the first glanceartificial constructionit is
guaranteedthat the correctly comparablepositions are used, when studying
the effects of using CAT insurancecontractsin risk management.
As the central hypothesis on the link between LR,(v;T)

and LR(v;T)

we

postulate (p f 0)
LR(v;T) = a +p LR,(v;T)

(124

resp. as a specialcase
LR(v;T) 3 LR,(v;T).

(12b)
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In caseof (12b) the individual loss ratio (as evaluatedin t = T basedon the
information availablein t = v) of the fixed collective of risks insuredand the
final loss ratio index value are completely identical, i.e. there is no CTOSShedge risk. In caseof (12a) a strictly linear relation between the two loss

ratios is postulated.A more general hypothesis would be, that a certain
functional link of the two loss ratios is superimposedby a noise term with
expectedvalue of zero.
In caseit is not S(W) but S(U)= S(u;u+o) that we want to control, this can
easily be done if a secondcategorymodelling assumptionsconcerning the
link of these two figures is postulated. In the following analysis we will
concentrateon a simple hypothesisof the form (y = tiv)):
S(u;v)

E y S(u),

(13)

i.e. we assumethat until t = v always a fixed fraction 0 c y < 1 of the final
accumulatedclaim amount for claims in [O,u]is known (paid and reserved).
Herewith the hypothesesunderlying our analysis are completely specified.
The hypotheseschosenalways presupposethat the CAT insurancecontract
is hold until maturity of the contract,i.e. until the end of the trading period.
Clearly a cancellation of the CAT contract at every time prior to maturity
via cash settlement at market prices is possible (this is a central
distinguishing featute of buying/selling contracts at a futures/options
exchange),however,then the investor has to take basis risk (causedby the
possibility of annon-synchronizeddevelopmentof (S(t;t+z)) and (S,(t;t+Q))
into considerationadditionally. An ex ante-analysisof basis risk, however,
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makes it necessaryto specify a hypothesisof the link betweenthese two
stochastic processes.This proves to be very problematic, as the claims
development of the index pool of risks cannot be observedexogeneously
and, in addition even ex post, i.e. for alreadysettledCAT contracts,thereis
no information available with respectto this.
4.2

Hedging

with CAT

Insurance

Futures

Centralto our analysisis the technical profit (gain/loss)position TGV of the
insurancecompany for the loss quarter [0, u] before the purchaseof CAT
futureson one hand and after the purchaseon the other.The technical profit
position is calculatedin t=T and is only taking the claims information (paid
and reservedclaims) availablein t=v into consideration.Before the purchase
of CAT futures we have
TGV(v;T)

= TGV(u;v;T)

=TC(U) -S(u,v).

(14)

Using the insurance company’s loss ratio LR(v; T) as defined in 4.1 we
obtain
TGV(v;T) =7c -rt LR(v;T) =n [l -LR(v;T)].

(1%

The technical profit position TGV(v; T) is not identical to thefinal technical
profit position for the loss quarter [0, u] , which would be
TGV(u;T) = n(u) - S(u) = n(u) - S(u;u w).

(16)

The amount not taken into considerationwhen working with TGV(v; T) is
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- [IC -S(u;uw)]

+o)

(17)

- S(u;v).

Let denote
LR(u;7’)

:=s(u)

(18)

K

thefinal loss ratio for the loss quarter[0, u], then we have
ATGv(v;7’)

=x

[LR(u;T)

- LR(u;v;T)].

(19)

Let us now consider the hedge position. As the original position of the
insurancecompanyis a short position (claims are paid) the relevant hedge
position is the long hedge, i.e. the company has to buy CAT futures. In case
of a 1:l hedgethe number of contractsto be boughtis x, := x/25000, i.e. the
premium value of the collective of risks to be hedgedis divided by the value
of a CAT futures contract. The final technical profit position TGVH(v; T)
= TGVH(u; v; T)

of the companyafter realizing the hedgeoperation(holding

the futures to maturity) then is given by (using (3)):
TGV “(v; T) =7c-S(u; v) +nn25000min
=x

[l

- LR(v;T)

(LR,(v; T), 2) - xnFr

+min(LR,(v;T),2)

+,‘I.

(20)

In this expressionF, denotesthe price of the futures contract in t=s, when
the futures arebought andthe hedgeposition is established.F,’ := FJ25000
denotesthe correspondingstandardizedposition. We continuethe analysisin
“loss ratio terms” and define a hedge-loss ratio by
LR H(~;T) = LR H(~;v;T)

=1 -

TGV “(v;T)
x
’

i.e. we have TGVH(v; T) = n: [l-LRH(v; T)]. From (20) we then obtain:

(21)
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(22)

This meansthat central for the effects of the performedhedgeoperationis
the link betweeenthe loss ratio of the index collective of risks and the
insurancecompany’scollective of risks. The ideal casewould be that them
is no cross-hedgerisk at all, i.e. assumption(12 b) would be true. Using this
assumption and looking at the special case LR(v; 7’) = LR,(v; T) 5 2 we
finally obtain LRH(v; T) = F,.
As F, is a known figure, the total position reducesto a riskless position, i.e.
we have a perfect hedgeposition. The correspondingtechnicalprofit position
is TGV”(v; T) = z [l-F,‘], i.e. the insurancecompanyearnsa riskless profit
in caseF,*<l resp. is realizing a loss of an ex ante known amount in case
F,*>l. The realisation of a perfect hedge has the effect of locking in the
hedge-lossratio at an ex ante known amount independentof the realized
original loss ratio. However, in caseof insurancefutures the perfect hedge
position cannot be realized completely even when not allowing for crosshedge risk. In caseof LR(v; r) = LR,(v; r) > 2 we obtain LRH(v; T) = LR(v;
T)-2+F,‘.

This meansthat the restriction of the loss ratio to the value of 2,0

for a CAT futures contract leads to an incomplete perfect hedge position.
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The total position of the 1:l hedgeis given by:
LR “(v;7’) =max(LR(v;n
=

- 2, 0) + F,’
LR(v;7’) 5 2

F,’
LR(v;T) -2

+Fr*

LR(v;73>2.

(23

This means that in the case of nonexistence of cross hedge-risk, the
realization of a perfect hedgeposition is endangered
0

in casethe loss ratio of the insurancecompany exeedsthe amount
of 2,0

0

or

in casethe CAT futures contractis cancelledprior to maturity (basis
risk).

In the next step of the analysiswe still assume(12 b), i.e. there is no cross
hedge risk, but now we are investigating the effects of varying the hedge
ratio. The total value f of the CAT futures contractsbought is assumedto
be a multipleof thepremiumvolumeof theMged collectiveof risks,i.e.ti = k x
resp. ji, = k x, . The resulting technical profit position after hedgethen is
given by
TGV “(v;n

= n: [l -LR(v;T) +k min(LR,(v;T), 2) - kF,>,

(24)

the correspondinghedge-lossratio by
LR H(v;7’) = LR(v;T) -k min (LR,(v;T), 2) + k F,’

(25)

and thereforewe obtain from (12 b)
This meanse.g. in caseof LR(v; T) I 2 that a reductionof the extent of the
hedge(kcl) leadsto a correspondingreduction- neglectingthe additive tetm
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(1 -k)LR(v;T) +kF; LR(v;‘I? S 2
LR “(v;7’) =
LR(v;T) -2k +kF;
kF,’

-

(26)

LR(v;T) L 2.

of the loss ratio by a factor of (1 - k). This relative reduction of the

loss ratio can be a proper goal of a hedgeoperationwith CAT futuresitself.
On the other hand, an increaseof the extent of the hedge (k > 1) can be a
propergoal itself, too, especially when we take into considerationthat LR(v;
7) is not identical to the final loss ratio LR(u;T) according to (18) and it
would be the intention of the insurancecompany to additionally cover the
difference accordingto (19) by the hedgeoperation.
The correspondinganalysis can be performedin a simple mannerif we are
willing to assume hypothesis (13), i.e. that at time

t=v

always a fixed

fraction y of the final accumulatedclaim amount for claims in [O,u] is
known (paid and reserved). Using the final technical profit position
TGV(u;T) accordingto (16) and the final loss ratio LR(u;T) accordingto (18)

the analysisis performed as follows. From (13) we have LR(u; T) = LR(v;
T)/y

and therefore TGV(u;

T)

= x 1 - -$ LR(v;
I

1

2’) . The hedge

operationis performed on the basis of a hedgeratio of k, i.e. the number of
CAT futures bought is ii, = k xX. The resulting technical profit position
after hedgeis given by
~VH(u;l)

= n[l

- +?(q

7) + kmin{LRXv; I), 2] - kF;],

and the correspondingloss ratio is given by

(27)
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(28)

Using hypothesis(12 b) this expressionreducesto
LX H(~;T) =‘LR(v;T)
Y

+kF,*

-kmin(LR(v;n,2]

I

LR(v;T)<2
=
,r

l LR(v;I”) -2k +kF; LR(v;T)>2.

(2%

This means when choosingthe specific ratio k = $ > 1 the malisation
of a riskless position is possible again, at least in case of LR(v;T) 5 2.
Othenvise a proportional reduction of the loss ratio is possible (neglecting
the additive term I;,*).
We now perform the analysison the basis of the strictly linear relationship
(12 a) as well as assuminga hedgeratio which is not restrictedto the value
of one. The resulting loss ratio after hedgeis given by
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’ [LR(v;T) - a], 2 +kF;
tP

LR(v;T) +z

+kF; LR,(v;‘1152
P

I LR(v;‘T)

LR,(v;71>2.

- 2k +kF;

(30)

As to be expected,one can realize a perfecthedgeposition with the amount
of cc + pF: by choosingk = p, at least as long the loss ratio index value
doesnot exeedthe value of 2,0. In the generalcasechoosingthe hedgeratio
k

leads to a proportional changeof the loss ratio of the insurancecompany

(neglectingthe additive ten-n lea + kF,‘).
-P-

4.3

Capital

Protection

with CAT Insurance

Options:

The Call Hedge

Keeping up the approachand nomenclatureas before,we obtain on the basis
of expression (6) the following technical profit position after the hedge
operation, which consists of buying k~/25.000

CAT insurance option

contracts:
TGV H(~;T) =n[l -LR(v;T) +kmax[min[LR,(v;n,2]

-LR,,O) -kc,?,

(31)

msp. we obtain in loss ratio terms
LR H(v;T) =LR(v;T) -kmax(min[LR,(v;7’),

21 -LR,, 0) +kC,:

(32)

Once again we have to specify the link betweenLR(v;T) and LR,(v;T) if we
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want to evaluate(32) further. We first concentrateon the hypothesis(12b),
i.e. the nonexistence of crosshedgerisk and look at the casek = 1, i.e. the
caseof a 1:l call hedge.
In caseLR,(v;T) 2 2 (32) is reducedto the position
LR “(v;n

= min {LR(v; T), LR,} + C,’

=
i

LR, +Cs*

LR(v; 7’) 2 LR,

LR(v; 7’) + C;

LR(v;T) 5 LR,.

(33)

The 1:1 call hedgein this situation has the effect of limiting the hedgeloss
ratio of the insurancecompany to the amount of LR, + C,’ in the caseof an
adverse development of the original loss ratio, i.e. when exceeding the
exerciseloss ratio LX,. In the other casethe hedgeloss ratio is identical to
the original loss ratio, but increasedby the costs of the hedgeoperation in
form of the option premium. The effects of a CAT insurancecall hedgeso
far are very similar to a stop loss minsurancecontract with an unlimited
layer,
However, we in addition have to take into considerationthe possibility of
LR,

(v;T) 2 2. In this case we obtain (under the assumption LR, c 2)

LR”(v;T)

= [LR(v;T) - 21+ LR, + C,‘, i.e. the hedge-lossratio is not limited

any mote but increasesproportionalto the original loss ratio reducedby the
amount 2 - LR, - C,‘. The total position in caseof LR (v;T) = LR,(v;T) and
k = 1 thereforeis given by
Finally we look at the generalposition, i.e. we allow for the strictly linear
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max[LR,, LR,+LR(v;T) -21) +Cs’

I

min(LR(v;n,

LR,] +Csm LR,(v;T) 2 2

= [LR(v;‘I? -21 +LR, +C;

(34)

LR,(v;T) 2 2.

relationship (12a) and for a generalhedgeratio k. In this case(32) reduces
to:
LR “(v;7’) =LR(v;T) -k max

-al, 2

(35)

+kC,..

In the hedge-areaLR, 5 LR, (v;T) I 2 this position further reducesto:
LR Yv;T)

=[1 -f]LR,v;,

(36)

+k [;+LR./Cj.

This means especially that when choosing the hedge ratio k = p the
insurancecompany can limit the loss ratio to an amount of a + p LR,
+ p C,’ within the hedgearea.
An alternativegoal of the hedgeoperationcould be to control the final loss
ratio LR(u;T)

accordingto (18). As hypothesiswe postulate the relations

(12b) and (13). In this special case the hedge-lossratio is
(LR(u;T)

given by

= LR(v;T)/y):
LR “(u; ZJ =‘LR(v;

Y

T) -k max (min[LR(v; 7’), 21 -LR,, 0) +kC,*.

(37)

In the areaLR(v;T) = LR, (v;T) I 2 this expressionfurther reducesto:
This means especiallythat when choosing k = l/y we obtain the hedge-loss
ratio LRH(u;T) =

[min {LR (v;T), LR,] + C,‘] / y which is identical to l/y

times the hedgeposition (33).

AN ACTUARIAL
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LR(v;T) +k(LR,+C,‘)
LR “(u;T)

WITH ...

LR(v;T)ZLR,

=
LR(v;T)SLR,.

4.4
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(38)

The Covered Short Put Position

The coveted short put position of an insurance company using CAT
insuranceoptions in its managementof catastrophicrisk is constructedin
analogy to the covered short call position in traditional financial risk
management.The insurancecompany acts as a seller of CAT insuranceputs.
Concentratingon hypothesis(12b) (nonexistence of cross hedgerisk) and
the case of a 1:1 position (total value of sold puts is identical to the
premium volume rr) we obtain the following final technical profit position
after the short put operationfrom (8):

TGV csp(v;n =n[l -LR(v;Tj

-max[LR,

-LR(v;T), O] +Ps’],

(39)

tesp. in loss ratio terms
LR “‘(v;T)

=LR(v;T) +max(LR, -LR(v;T),O) -P,*
= max(LR,, LR(v;T)) -P,’

=
i

LR, -P,’

LR(v;T) 5 LR,

LR(v;T) -P;

LR(v;T) 2 LR,.

(40)

From this position we see that in the areaLR(v;T) > LR, - P,* the hedge-
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loss ratio is lower than the original loss ratio. However, we have no hedge
effect in the narrow senseof limiting the absolute amount of the hedge-loss
ratio. In the areaLR(v;T) 2 LR, we only havea reductionof the loss ratio by
the amount of the option premium received.On the other hand, in the area
LR(v;T)

I

LR,

- P,’

the insurance company cannot take profit of a

favourable developmentof the original loss ratio, becausethe buyer of the
option will exercise his right in this case. Generally this means that the
positive effects of the covered short put are only valid in a rather narrow
area around LR, and the insurance company needsto have a very good
control of the original loss ratio LR(v;T) to take systematicbenefits from the
coveredshort put position.
4.5

Hedging

with CAT

Insurance

Call Option

Spreads

In casethe insurancecompany is buying krc/25.000CAT call option spread
contractsthen we have from (11) the following final technicalprofit position
(AC,* := C,’ (Y) - C,*(X), ALR := LR, - LR,) :
TGV H(~;7’)= IC[l - LR(v;T) + kmin [max[LR,(v;T)
-LR,,O],ALR)

-kAC,‘1,

=LR(v;T)

-kmin[max[LR,(v;T)

(41)

resp. in loss ratio terms:
LRH(v;T)

- LX,, 01, AL,R ) + k AC;.

(42)

Once again we have to specify the link betweenLR(v;T) and LR,(v;T) to be
ableto evaluatethis position further. Concentratingon hypothesis(12b) and
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. ..
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on the casek=l we obtain:
LR “(v; 7’) =min{LR(v; 7’), max [LR,, LR(v;7J -ALRl} +AC,*
LR(v;T) 5 LR,
=

LR,<LR(v;l-)SLR,
LR(v;T) -ALR +AC;

LR(v;7’) 2 LR,.

(43)

In comparisonto the correspondingposition (34) we notice that an absolute
limitation of the hedge-lossratio in only possiblein the interval [LR,, LR,].
The effectsof a CAT insurancecall option spreadarevery similar to a stop
loss minsurancecontractwith a limited layer.
5.

Concluding

Remarks

The presentpapergives an actuarial analysis of the effects when applying
CAT insurance futures and option contracts in the management of
catastropherisk of an insurancecompany.The hypothesesnecessaryfor the
analysis have been specified in 4.1. They relate to the extent of the cross
hedge risk, the link betweenthe claim amounts S(u; v) and S(U) according
to expression(13) and the assumptionthat all CAT contracts are hold until
maturity (nonexistence of basis risk).
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