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Synopsis

This paper deds with hedth insurance, which purpose is to secure the financing of some
hedth services. The cover is only available to people who have not reached retirement age,
and will only be €effective in rdation to cams originating in that period. The insurance is
based on the naurd premium system. An aggregate premium rate is condructed, and some
main risk factors are described.

Based on officid daidics on surgicd operations, together with reasonable assumptions
concerning the various components that are integrd parts of the premium, caculaions have
been done to describe the tariff profile for two different product aternatives.
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" Considérations concer nant lestaux de primes en assurance santé"
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Résumé

Cet aticle traite de I'assurance santé, qui a pour but de financer certaines dépenses de santé.
La garantie et cependant réservée aux personnes n'ayant pas encore dteint I'age de la
refraite. L'assurance est fondée sur le principe de la prime naturdle. Un taux de prime
accumulée est calculé, et certains des principaux risques sont mis en évidence.

Sur la base des daistiques en matiere d'opérations chirurgicales, ains que des hypothéses
rasonnables sur les différentes composantes inhérentes a la prime, des caculs ont &é menés
dansle but de décrire le profil de latarification pour deux catégories de produits.

Mots-clés
Assurance santé, le cas norvégien, intensité sélective d’'indemnisation, taux de prime accumulée.
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1. Introduction

Hedth insurance, characterised by an insurance company covering Specificaly agreed
expenses for examinations, tests, medica treatment, operations eic. is in its ealy infancy in
Norway. Up to only a few years ago the hedth service, at lest that part of it that was amed at
more serious treatment and surgery, was completdy in the hands of the public authorities.
Such services could not be bought, because there were none being sold. Now, however, it
would appear that there is a farly genera politicad consensus in the country that a privae
supplement to the public hospitd services is the right thing. As an ever better functioning
private hedth service is gradudly beng built, incduding a complete hospitd and surgicd
service, there is a great probability that a hedth insurance modd that will succeed in the
marked, will dso be deveoped. The neaed is manifested in that those suffering from problems
or illness that can be treated, but where treatment is not immediately available from the public
hedth service, want to ensure that they do not have to take a place at the back of the "hedth
gueue’, but that examinations and treatment can be provided without any loss of time.

Hence, we are 4ill a the moddling stage, where the task is provide the market with an
effective hedth insurance product that will gopear as a naturd supplement to the traditiond
public hedth service as it functions today.

Wewill consder in more detail such a product's benefits, tariff scaes and risk factors.

We will limit product assessments in reaion to Long Tem Cae (LTC) and other hedth
sarvices in relation to the ederly segment. Even though such products can be modelled as risk
products, financed more or less by current risk premium in the risk period (Olivieri & Pitacco
(1999)), it is equdly naturd to condder this an insurance need that should be fully financed
by the end of the working life (see for example Helmann (2000)). All markets will have a
range of suitable life insurance products for this purpose - both linked products and traditiona
guaranteed products. In a savings-accentuated insurance for this purpose the incluson of
disability insurance will be of specid interest. One redisic modd in this connection might be
aurvivd benefit in the form of a lump sum that can act as a sngle premium that wholly or
patly finances an insurance tha will cover the hedth risk through the retirement period
(Olivieri & Pitacco (1999, 2001)).

We therefore consder an insurance that secures financing of hedth services during the
economicdly active period and that is offered for sde during the whole period or a least most
of it. It is not unusud for a cetan age group, near to the age when the insurance is
terminated, to be excluded for taking out the insurance, because some times one can doubt
whether the underwriting procedure adequatdly captures the true risk inherent in such age
groups. In Norway, the genera retirement age in the Nationd Insurance Scheme is ill 67
years, but the socid partners have negotiated a fairly generd early retirement possbility on
reaching the age of 62 years.
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The red idea of such insurance must be to cover the cost of hospita trestment above and
beyond what is offered by the public senvice. First and foremost it will be a matter of covering
the cost of surgery and post-operative trestment. All payments for clams must be made in
accordance with documented medica needs, and must specificaly be within the scope of the
insurance terms. The terms can naturdly have a more or less liberd scope as regards cover.
One example of such an assessment of the degree of liberdisation that has dready been to the
fore is the question of having the insurance cover the cost of very specific, very expensve
operations that are only available from specid foreign medicd circles. In addition to such
cases involving dgnificant travel and subsistence expenses, there is dso the probability that
the level of successful results will be uncomfortably low.

In Section 2 we will look more closdy at the product assessment and in Section 3 andyse the
product aternative that gppears most likely on the basis of a smple Markov modd. In Section
4 we will condder in more detal how a sdect cdams intendty, defined on the bass of
expected clams, can be decomposed. Section 5 contains tariff assessments for the product
dternative described, while Section 7 includes a numericad assessment, where the results are
commented on. Section 6 describes another product aterndtive.

2. Product evaluations

The insurance will be in effect in the period that the policyholder is economicdly active. It
can be offered for sae throughout the entire period or the period can be reduced so that cover
is taken out at the latest by a specific agreed-upon age. Since the intention of the insurance is
limited to covering a need for hedth insurance before the policyholder reaches the age of
retirement, condderations will be isolated from death risk, genera disability insurance as such
and insurance involving surviva benefits.

One must consder the question of what is to be done in the event that the insured enters into a
date of defined disability or sickness during the term of the contract. Naturaly, there is no
reason for not mantaining the cover in this sate, with an unchanged financing schedule, even
though there is a great ded of tradition for providing a waiver of premium under disability as
additiona cover.

We congder the following occupationa dternatives after disability occurs:

a) Theinsurance cover continues as before, with an unchanged financing schedule

b) The insurance cover continues as before, as a fully paid insurance, because of waver of
premium.

c) The insurance terminates with the payment of a fixed benfit, ather in the form of a lump
sum or in the form of a disability annuity that runs through to the agreed termination age
(retirement age).

d) Theinsurance ligbility expires without any paymern.

Because of a lack of background datistics, b) would not appear likdy from a risk point of
view, assuming that it is the actual heath expenses that are to be covered, while d) is assumed
unlikely from a marketing point of view. We will consder products based on & and ¢) when
disability occursin more detall.
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It is assumed that financing will be by way of naturd risk premiums that run throughout the
period of cover. In principle, the company can then demand cover for the year's insurance
cods (in arears) offset in accordance with a reasonable didtribution principle. However, for
market-related reasons a greater degree of price stability is needed. In other words, tariffs are
st in accordance with expected clams on the principle of equivalence and at the same time,
from the very beginning, seek to mantain tariffs that are sudtainable dso &fter the portfolio
has matured somewnhat

3. Themodd, product alter native a).

After the conditions, i.e. terms and tariff, are st when the policy is taken out, cover continues
with an unchanged payment schedule through to the agreed expiry date, irrespective of the
date of hedth of the insured. The insurance company does not need, in fact, to request any
reporting of possble changes in the date of hedth, the premium will be collected purdy on
the basis of the age (and gender) of the person insured.

The insured will make an random number of claims, with a random clams amount each year.

Here, we are mainly interested in looking more closdy a how other circumstances than the
dochedtic illness risk affect the premium taiff on the assumption that the equivaence
principle is to be goplied. We have in mind such circumstances as sdection, voluntary
termination/lgpsing and the dynamism in the portfolio as aresult of new entrances.

We dso make the following assumptions regarding risk:

1) Expected payments increese with age, however that it is the clams frequency that
increases, while the anticipated size of the individud clam sdtlement is not reated to

age.

2) There are sysemdicdly higher payments in the sae "Sick" than in the dae "Hedthy" in
such a way that the sze of the individud clam is irrepective of the Sate, but the cams
frequency is higher.

It follows from this that the clams frequency is dependent on the duration in the portfalio, i.e.
we are dedling with the phenomenon of sdection, due to underwriting standards.

Let the random varigble Yj,y,,.,be the totd claims amount for an insured person whose age is

x+t, issued a age X in the age range (+t, x+t+h), assuming thet the insured is gill dive and
insured at the age of x+t+h.

Assume that with this insurance the company has offered cover for N different cdams
categories.

C[(Xifﬂ;h is the random number of clams of category i for an insured person at the age of Xx+t,
issued at age x in the age range (x+t, x+t+h). p is the age-independent price of the benefit
of the category i.
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Hence

N . .
(1) Y[x]+t;h =a C[(>I<i+t;h Xp(l) .
i=l

Should the insurance be drictly priced according to the equivalence principle, i.e. the
company should collect a premium equa to the expected payments for the individud insured
persons, this would have resulted in the following natura premium for the period h, if we
ignore interest rate discounts through the period:

N . .

2 Riin = EMgeen) =@ P XE(C{Lin) -
i=1

We define the daims intensty

E(V ..
3 S [t = lim M ,

h® 0 h

0 that under the equivadence principle we would theoreticaly have a premium intendgty as
follows

Pt =S [xst O£tEX, - X,

where x, is the termination age, which coincides with the age of retirement. After reaching
the age of x,, a person is not alowed to take out insurance @ver. The lowest entry age for
the hedlth insuranceis X, ,

However, it is such that a a rating sysem based on sdect mortaity tables, combined with
natura premiums, would not be practical, so long as hedthy people can a any time lapse ther
policies and demand the ordinary issuing rate for ther specific age, by continuoudy declaring
their hedthiness to the underwriters. At the same time, those who can no longer pass the
underwriting test will reman in the sysem, paying the rates from the sdect table, which by
then would be insufficient to cover the actud risk represented. Thus the bass for usng the
select tables explicitly for rating purposesis no longer present.
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The rating problem is andysed by usng a smple time-continuous Markov modd with age-
dependent forces of trangtion.

3 0
Former Healthy,
insured uninsured
g[x—t]+t \ /I
1
Healthy,
insured
/ a, “\4
4 2
Dead Sick,
bx insured

Figure1: Markov modd.

The concept underlying an andyss of sdective insurance risk in this way has been adopted
from Norberg (1988), and Fak (2001) has made a further application of such a mode for

purposes of tariffs.

The dates are defined according to the criteria hedthy/sck and insured/uninsured. Note that
we assume only one leve for each of the gates "hedthy” and "sck" even though there should
be an gpproach to a multi-state moddl of a far wider range, defining sub-categories of sick
individuds (‘fralty a levd 1" - "fralty a levd II" - etc.) to give a more adequate description
of the hedlth Stuation.

Moreover, the "gck, insured" dtete is defined as the state where individuals are risk objects to
such a degree that they are no longer able to pass the underwriting test, if they (theoreticaly)
should try. But they of course till have their insurance cover, based on earlier underwriting.

In state 1 the daims intensity for an x-year old is s ", and in date 2 the daims intengty is
s @ where s ® <s @ cf. assumption 2) above. This andysis concentrates on those people

who sooner or later will take out insurance cover - before reaching the age of X, . Their Sate

will change in accordance with a time-continuous Markov chain with age-dependent forces of
trangtion. Asindicated in the figure we base oursalves on the following forces of trangtion:

From the "hedthy, uninsured" state to the "hedthy, insured” Sate @ theageof x: |
From the "hedlthy, insured" state to the "sick, insured” Sate at theageof x:n
From the "hedthy, insured" state to the "dead" Sate at the age of x: a

From the "sick, insured” sateto the "dead" state at theage of x: b,
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From the "hedithy, insured” state to the "hedithy, uninsured” tate at the age of X: . .,

The last above-mentioned force of trangtion, the force of lgpang, indicates the occurrence of
withdrawal from the portfolio before reaching the agex,. Reasonably this intendty is a
function of both the age of the insured person and the duration, but we are unable to make any

assumptions concerning this, because of a lack of data However, it can be argued that the
experiences earned by death- and disability insurance do not fit if gpplied to hedth insurance.

In generd it may be assumed that the lapsing frequency is affected by socid, economic and
other trendsin society.

In the following caculations we regard g as a condant, choosing adternative values that seem
intuitively reasonable.

Irrespective of the criteria used for the definition of the "dck" dae, dl people with deadly
illnesses will be gdtuated in this date. It is therefore cear tha mortdity here will exceed
mortdity in the hedthy sate and we have

b

>a x>0.

X X

We dso make the following reasonable assumptions:

The probability of returning to state 1 from state 3 is disregarded. A person who actudly
is performing this trangtion islooked upon as a new entry into the system (from state 0)

The probahility of returning to date 1 from State 2 isnegligible.

The probability of lapsing from state 2 is negligible.

A key reference to multi-gate moddling in life insurance is Hoem (1969, 1988). The
following notation is adopted:

Let S(x) be the state of arandomly selected x-year old person, which sooner or later in
hislifewill take out insurance, and denote the trangtion probabilitiesin the Markov
process {S(X); X, £X £ X,} by P, (u,x) =P{S(x) = j|S(u) =i};u<x; i,j =0,....4

Then the following rdations hold:
'Xénu+au+g)du
4 P.(x,x+t)=¢e * ,
X+ —Zdnu+au+g)du —XSbudu
(5) P,(x,x+t)= Qe n, e+ dz 0<t<x, - X.
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The probability that a person who has been dlowed to enter into the insurance portfolio
(state 1) a the age of x ill being dive and a member of the portfolio a the age of x+t, will
be

(6) ¢ Py = Pa(X,x+1) + B, (X, x+1).

4. Thesdect claimsintensity

We will condder in more detal how the clams intensty s
decomposed.

given by (3) can be

x|+t

A randomly selected person who takes out insurance at the age of x, and who is dill dive and
insured a the age of x+t, isin ether sate 1 or state 2. Since we will make no atempt to
assess the probability digribution for clams aisng in these two dates, but ingtead primarily
concentrate on other circumgtances that affect the tariff fixing of hedth insurance, we assume
determinigtic claims cogts equd to the expected values, cf. (2).

This means that the person in question has ether dams intensty s ™ or dams intensity

X+t

s @ Pa(X, x+1) and Po (X, X +1)

X+t "

respectively.

The respective probabilities of the outcome of the two are

t p[ x] t p[x]

The determinisic assumptions mean that possble clams payments for the randomly sdected
person in the age interval (x+t, x+t+dt) will be either s U dt or s (2 dt with the probabilities

X+t X+t
shown above.
Then we have
g o Ri(xx+1)
() S [t = E(Vpa) =@ S (1t
=1 t Py
wherefore s 14, can be written asfollows
s® _g O
® S =8 £+
1+r(xt;9)
1
where rxtg)= -
X+t O +ax - by +g)dx
o, e dz

Hence the sdective dams intendty can be described as the dams intersity of a hedthy
(x+t)-year old being given an additive component. Since s (%) >s ¥ per assumption and, at

X+t X+t
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the same time, r >0, the additive component must be postive for dl 0<t £(x, - X), and

since r(x,t;g) is a decressing function of t, then s ,;,, must be an increesing function of t, in
accordance with the expectations.

5. Tariff-related consider ations

Above, we have decomposed the sdective clams intengty and found an explicit expresson
for this, as a function of mortdity for hedthy and sck, defined in accordance with the modd,
the force of trangtion from "hedthy” to "dck" and the force of lagpsng, in addition to the
cdams intengty in accordance with the hedth insurance contract for "hedthy" and "sck" as
per determinigic assumptions. By gpplying the equivdence principle this dams flow will be
met by a corresponding premium flow in accordance with py,y,,, defined in (3) so that the
insurer can achieve balance,

As dready pointed out, tariffs could not, for different reasons, be based in such sdective
premium tables, while a the same time the company uses a sysem with naurd premiums.
The mogt important reason is that hedthy insured persons can a any time terminate their
exiging insurance cover and immediatdy take out new cover by dedaing ther dae of

health. In that case they will achieve a premium of p,,, =s £. This is a premium that is in

X+t -

conformity with that person's underlying clams risk, but is lower than the premium size in the
tariff py,y,, , @ shown above.

However, insured persons who are no longer "hedthy” and who would thus not satisfy the
hedlth demands for take out insurance a the age of x+t, will of course maintain the contract
with the agreed premium schedule. Tha person thus pays premium in accordance with the
tariff, i ppg. =S ., Whilst the underlying risk is higher, namdy s . The company thus

X+t *
finds itsdf in a deficit pogtion, or an expected deficit podtion if one excludes the assumption
of determinigtic cdlamsintensties. There are therefore no grounds for seect premium tables.

One mug therefore necessarily apply aggregated tables. In order to construct an aggregated
table with the hep of the decompostion of the actud tariff dements dready made, another
important assumption has to be made. We must assume that a dynamic portfolio will be
developed, i.e tha it will successvely be renewed. When individuas withdraw from the
portfolio because of lgpsing or death. It is assumed that new members enter in accordance
with the model's force of transitionl .

At the same time it is assumed having ressonably stable premium rates over time will be
important to the market. A new supplier in the market risks quickly having its integrity
doubted if he successively increases premium raes as the portfolio matures. This despite that
fact that the company in fact has st tariffs in accordance with the equivalence principle in the
dart-up phase, i.e. the company has let premiums correspond to the true underlying "hedthy”
rsk.

If the company, in its aggregated tariffs, is to take into account the need for assumed price
dability, the expectations of dynamism as a consequence of the portfolio maturing must be
taken into consderation.

10



Trans 27th ICA Erling Falk, Reidunn Falk (Norway)

Based on a randomly selected person who sooner or later takes out hedlth insurance cover, i.
e. being in date O according to the modd, we can define the cumulative probability function
for hisentry age X as

P(X £x)=F(x),
where F(x,) =0 and F(x,)=1

We denote the corresponding probability dendty @z f(x) and, as indicated in the
X

mode, the force of entry from state O to state 1 as

_ (¥
T 1- F(x)

In redity |, will fluctuate, inasmuch as the tendency to take out hedth insurance has a
congderable rub-off effect, in podtive aswell as negative directions.

The following equivaence gives abasis for determining an aggregated premium reate;

(10) P x be (S)>§< s p[s] ds= (‘)f (98 [s]+x- s%s p[s] ds Xp < X £ Xn
Xo X
P x be (S)>§< s p[s] ds= c\)f (S) S [s]+x—sxx— s p[s] ds X, <X £ Xy -

The left-hand dde indicates the premium flow for the group Xx-year olds, assuming an
aggregated continuous premium rete p,. The right-hand Sde indicates the cdlams flow for the

group.

Should dl the assumptions relating to trandtion forces coincide with the true underlying Szes,
then (10) will give too high premiums for dl x in the portfolio where the system has not
worked long enough to dl insurance durations being represented. This means thet if the
company has had the product operative for z years, then the above equivaence will give over
edimated premiums for dl x where x- x, > z. Therefore, the equations only provide a basis

for determining afair premium when the portfolio is mature.

In addition, a component should have been included for the impact of expected changes in
new entry scales, dructured as a correction of f(x). As (10) now appears, premium
cdculaions in the sysem will be based on an assumption of no changes in new policy
volume over time. After dl, in atariff-setting relation this should be a reasonable assumption.

1
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In equation (10) we have decomposed the premium intensty for hedth insurance as per
product dternative a). This intendty assumes a short-term premium system, i.e. the company
guarantees the price for the period in question, but is otherwise free to change the price for the
next period. This is characteridic in fact of a sysem with "naturd premium payments'. In
order to secure reasonable price stability the company has to cope with the following risk
factors.

The randomness in dam frequencies for the rdative N clams causes, for de respective
dates "hedthy” and "sck". Even though the cost of each cdam is hadly subject to
randomness to the same degree, it is neverthdess the outcome of the year's totd clams
that are the basic insurance variable.

The lack of perastency among the insured individuas, the tendency to lapse the contract.

The tendency to change ate from "hedthy", state 1, to "sick”, state 2.

Mortdity among the insured, especidly mortdity in date 2. The risk lies in good life
expectancy being observed in sate 2, smultaneous with the observation of a stronger
damsfrequency in this date.

A possble shortfal in new entries into the portfolio. Successve decline in volume results
in an increese in portfolio risk inasmuch as people with a long insurance period will be
over-represented.

6. Numerical evaluation

We define the following technica basis for some (theoretica) numerica evauations.

Agelimits:
Weset x, =20, x, =60 and x, =65

Lapse rates:
WeuseInl.05 and Inl1.1 as dternativesfor g .

Mortality and sickness:
The forces of mortdity a, og b, are defined in accordance with Gompertz-Makeham. The
same gppliesto the force of transtion from "hedlthy” to "sck”, n .

We make the following assumptions.

- a, = 0.0008+ 0.0000109 x10*****
- b =0.00126 + 0.0000218 x10%%**
- s, =0.0008 + 0.0000021x10%°"**

Reference is made to Falk (2001) for the grounds for these sdections, where i.a data from
SSB (2000) has been applied.
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The force of entry

There is reason to beieve that the pattern of entry (the digtribution of the age of the
aoplicants) concaning hedth insurance, will differ ggnificantly from that concerning life
insurance. Having sad tha, it mus be dated that we have no data or any kind of
observations in this respect. Even though a great ded of experience has been gained from this
type of product internationdly, as far as we ae given to understand are aso ggnificant
difference with regard to age distribution from country to country.

In our cdculations we have assumed that the probability densty as a function of age

develops exponentidly, and in such amanner that % =g.Hence
*n- Xo
(1) f)=—o—,
1(%,%,9)
Xn t
where 1 (%, %,59) = R dt.

Xo

Theforce of trangtion |, can thus be expressed as
g Xn= X0

o)

(12)

For g=1, i.e. that we e have a congtant, age-independent probability dendty for new entries,
then the probability dendity is degenerated to

F()=—

n

In these cdculations the dternatives g=0,5 and 2, have been gpplied, i.e. that the mgority of
new policies are sold to young period and to elderly people, respectively.

Claimsintensity

The Norwegian regiger of Patients (NPR) has officid data covering the number of surgica
operations in Norway, by gender, age and category. These are selective operations, i.e. not
emergency procedure, and thus the type of operation that it is most reasonable to indude in
the insurance cover. The data dso contains average prices per clam cause, so that we in fact
have an adequate basis for caculating tariffs assuming that it is the entire population that is to
be included in the tariffs. This is not the case, but the data, combined with the equations that
have been developed, give us some basis for numerica evauations.

Fig. 2 shows the actud surgica costs for each age group measured againgt the population.
We have here avisud expression of the clamsintendty in the population.
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* male
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Figure2. " Theclaimsintensity in the population” (NPR 1994-1998)

It seems to be a subgtantid deviation between the male and femde intengty curves. It should
aso be mentioned that there is a drop in the average surgery cost for the ederly measured
againg the population, scarcely because of the good hedth returning to them.

With regard to tariff consderations one must notice;
The insurance is meant to have awider cover than surgica codts.
In a dtuation with an insurance cover, indead of relying on the public hedth service
aone, we might experience a change in the behaviour regarding one's own hedlth status.

Having sad that, we obsarve that the clams intendty for the population agpproximately (at
least virtualy) develops exponentidly in the actud age range (age 20 to 67). That is at least to
such a degree that it should be reasonable to assume such a development in these theoretical
caculaions of tariffs.

We dso assume that s and s? can be represented by smple develop exponentia
Gompertz type functions, and that the following rlaion holds:

(13) s o =ks &) 0<t£(x, - X),
on the basis of

X- X
(14) S = s

The dams intendty in the populaion, under the theoreticd assumption that the entire
populations participates in the insurance scheme in question, can be expressed as

14
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@_c®
(15) S_x =s )((1) +M ,
1+r(0,x;0)

l.e. the "sdect" clams intengty for an Xx-year old who entered the portfolio a birth, under the
assumption that withdrawa is not alowed.

The relationship between the populaion's cdams intendgties within the age range in question
can be expressed as

=m,

a9
x

Xo

which by subdituting from (13), (14) and (15) and some manipulating, leads to the
expression

A+71(0,%,;0) K+r1(0,%;0)

(16) M, = M 0.%.0) k+r(0,x,;0)

1

Based on Norwegian experience from the years 1994-98 that are reported above, the value of
m will be in the vianity of 10. If we apply this to (16) we get m, =3,92. This value has been

aoplied in the calculations, together with s, =1 and k = 4.

18

sigma2(x)
16

sigma[20]+t, gamma=In(1,1)
14 1
— sigma[20]+t, gamma=In(1,05)

127 sigma(x), bar

sigmal(x)
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Figure3. Select claimsintensities
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Figure 3 is a graphic representation of the select clams intensity s (g, , with g = In 1.05 and
In 1.1 respectively, and the clams intensity in the population, S, given by (14), framed by
s®ads @,

We see that from a dat where the sdective intensties are characterised by very little
digance from s 7, these intendties as well as the daims intensity in the populaion approach

s @-intendty when the insured is growing older. We dso obsave that the sdective

intengties are sgnificantly higher then §°, for a greaster part of the area. This is where the

bad risk is over-represented in the portfolio because of the lgpsing effect. There is a
consderable gap between the two sdlective intengties for most of the area.

However, the sdect clams intensity s, 1., with g= 0 (not included in figure 3), lies below
§, for dl x. This is a result of the company, through the underwriting procedure, eiminates

bad rik from the insurance portfolio, while amilar risk naturdly has an impact on the risk
development for corresponding claims from the population. With g =0, the effect from the
underwriting procedure will last through the whole risk period.

We compare in figure 4 premium caculated on the bass of equation 10), for the sdected
vauesof gand g .

14
12 -
— pi, g=0,5, gamma=In(1,1)
10 4 [— pi, g=2, gamma=In(1,05)
8 -
6 -
4 4
2
0 T T T T

50 54 58 62 66
Age

Figure4. Comparing two tariffs

Even though figure 3 shows that there is a condderable gap between sdective intengties
caculated on 5% and 10% lapse rates, the assumption that there is dynamism n the portfolio
has the affect that this gap to a great extent is wiped out. We nevertheless see tha for the
higher ages a tariff based on g=2 and g = In 1.05 would without doubt be loss-bringing to the

16
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company if the company experiences a lgpse rate in the range of 10% and a decline in new
entriesequd tog = 0.5.

Edimated premium intendty lies very cose to dams intendty in the population, caculated
according to the modd at (15). The table below shows the premium vaues.

x p.(g=005 p,(@=2) S,

20 1,000 1,000 1,048
25 1,165 1,164 1,227
30 1,359 1,358 1,439
35 1,592 1,588 1,692
40 1,880 1,870 2,003
45 2,260 2,234 2,409
50 2,811 2,752 2,989
55 3,724 3,590 3,931
60 5,384 5092 5,626
65 9,025 8,764 8,724
66 9,977 9,735 9,566
67 10,991 10,771 10,484

As it gppears, the caculations are based on s g’ =1 (i.,e. s, =1 in (14)). Working towards
red premium rates one should rather originate from §°,  and possbly get some help from
datigtical data, and then transform to aggregate premium rates as shown.

7. Product alter native c)

Persons who achieve state 2, as this in practice might defined, receive a fixed benefit, ether
in the form of a lump sum payment or in the form of a disbility annuity with fixed or
indexed amounts, running to the expiry date agreed on in the insurance (retirement age). The
intention is to provide cover for future expected hedthrelated expenses without the insured

paying any premium.

For the customer the mogt interesting product would be, naturdly, that he/she is ensured
cover for the actud hedth codts in this period, as in the active period, but ill based on a
waver of premium. Such an offer implies a condderable risk for the company. In addition to
the significant sochadtic risk related to the development of clams, thereis an inflation risk.

Badng the product on lump sum payment or annuities with a fixed amount, combined with
the naturd premium sysem, reduces the company's risk dgnificantly, even if the annuity
case involves some demographic risk.

By applying the earlier assumptions, the product could be offered with the following

premium intensity

Xy
an pl=s ¥ +n, (P (xx)58 e P ax

X
X
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where d is a congant force of interest, and r is the condant intengty which eventudly can
possibly be included, according to the intertion of price-adjusted claims payments.

The two product dterndives @ an ¢) have identica insurance intentions, i.e. financing hedth
sarvices within the insurance terms during the period of time agreed upon. Nevertheless,
under the dternative ¢) a subgtantid part of the risk concerned is transferred from the insurer
to the insured.

In accordance with the agreement, the insured amount given by the integra expression in (17)
will either be paid out as a lump sum to the insured, who in that case will adminigter his own

fund. Alternaively the insurer will pay an annuity, based on the daims intensty s @, until
the insured reaches the age X, .

In both cases there are an understanding of a fund dlocation sufficient to meet the need for
financing health services according to the insurance terms.

The deveopment of the premium intendgty (17) through the insured period will deviate from
p, & appears in figure 5 where in addition to earlier assumptions d =In1.03 has been

gpplied and r isIn1.03 and O respectively.

12

— pi, g=2, gamma=In(1,05)
10 1 sigma(x), bar
pil, ro=In(1,03)

8 1 —— pil, ro=0 /

0 T T T T T T T T T T T
21 25 29 33 37 41 45 49 53 57 61 65
Age

Figure5. Premium rates- two alternative products

Comparing the nomind premiums for the two product dternatives, it shows that the fixed
annuity assumption in dternative ¢) leads to lower premiums than the dterndive @)
premiums. This because parts of the payments are covered from the fund's return, and thus
the insurer has gained a contribution from outside the system.
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8. Concluding remarks

Based on a smple Markov model we have consdered the problems related to setting
premium raes for a voluntary hedth insurance based on a naura premium sysem. The
forces of trangtion from the modd, together with a determinidic defined dams intengty, is
incorporated in aformulafor determining an aggregated continuous premium rete.

Two different product aternatives have been consdered, and some likely tariff profiles have
been condructed, where officid Norwegian datistics on surgical operations has been taken
into account in addition to reasonable assumptions concerning the risk factors.

There will be condderable activities in the hedth insurance fied in Norway in the very near
future. Providing products that secures financing of hedth services as a naturd supplement to
the traditiond public hedth service is the chalenge to face The community's adjustment to
such a stuation will involve severd risk factors for the insurer, as shown. Because of lack of
experience, especidly in the Nordic markets, these risk factors have to receive much andytic
attention as the products develops.
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