1977 General Insurance Convention

EXPERIENCE RATING

Report by the Study Group

1. Introduction

1.1 The group nominaced to investigate this subject was,
Booth, G,
Giles, P.

Jessett, R.P.
Karsten, H.P.J,
Rowlandson, W.F.J.
Sanders, M.R.
Trayhorn, M.E.

Co-ordinator, Coe, L.D,

Mr. Giles found it difficult to attend meetings in Londom,

Mr. Trayhorn found himself involved in other non-life activities

for the Institute but we welcomed Mr, Cumberworth as his nominee.
Mr, Rowlandson retired from his company and thereafter was unablae

to attend our meetings, We woild like to record the help we have
received from those who could not stay with us but of course they
have no responsibility for this report. It should be recorded that
this report is mainly the work of Messrs. Booth, Jessett and KRarsten

with assistance from dr. Coe.

1.2 Our first meeting revealed that few of us had much practical exposure
to experience rating and it was therefore essential to limit the scope
of our studies if anything at all (worthwhile or otherwise) was to
be presented in time for September 1977. We therefore decided to

ignore no-claims discount in wmotor insurance for two reasons,

(a) It is well-known and a considerable amount of literature

is available already, and

(b) It is more an example of "merit-rating" rather than of

experience rating.

1.3 Having eliminated merit-rating we had to consider what we were left

with and how to tackle the subject.



By merit-rating we mean the case where the experience of a single

risk is allowed to modify the premium. We concern opurselves only

with a group of risks even though they may be insured under a single
policy.

It vwas decided to take as a guide line, noet necessarily a definition

that experieace rating means,

* The nodification of a rate-book{ we prefer to czall it a manuzl)
premiun to give some recognition to the observed experience

being significantly different from the expected.”

This guide line gtill leaves o furiber sub-division, as to whether

the credit or surcharge Ior experience is to be given at the tine

of quoting.the premium or as & rebate or extra premium after the

risk poeriod has expired and the experience corvresnoading to the risk
veriod has become Xnoun. The latter known in the United States as
reirospective rating,or more sinply retro-ratiog we rsfer teo only
briefly and leave for further development te another occasion.

Thus the study group finzlly decided to look solely at the problem

of nodifying the premium to be chargsd by way of an “‘ncrease or decrease

to the manual premium at the time of guotation

1.% The present wvraciice.

Qur enguiries suggest that in the U,X. direct market there is at pressnt
little or no attempt at a systematic and therefore consistent apnroach
to experience rating.Undsririters certainly examine rccent history
partieularly of loss ratios, but thoy will argue, and with corsiderable
justification that statistics are not z sufficient guide to assess 2
premium modification and other considerations must de reviewed. It is owr
view that in nany cases e.g. motor fleets, employer's liability zad
general lizbility, this is undoubtedly true. A change of mapagerial
control will have an effect on the experience of a notor fleet. If a
new Fleet manager is lees scrupulous in controlling routes,ilours worked
and naintenance schedulss tae diw experience must be expacied to worsen
Siuilerly a change in the coupositon of a fleesi, such as a cuzhge to

& cheaper vehicle Ifor sales representatives,nizht affexi the experience
as would also an extension of private use of a coupany vehicle.

‘e are agreed thet experience rating is never a statistical be 211

and end all process but what we belisve ks thal a stastisticcld basis

con help the underwriter by telling hin where his ztzrting soint lies,
after whicih he exercises his judgem:nt based oa his personal knowledge

of the particalar risl.
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2.2

What is "significant"?

In our guideline we used the words "significantly different fron"
and we must determine how we can measure significance in this
context. We decided to base our researches on the application of
credibility theory to the problem and to concentrate in the firsc
place on motor fleet rating. Thus we first set out the thecretical

background and later examine the practical problems,

Credibility Theory

Credibility theory is concernsd with premium rating for axr risk
class that lies within a risk group. Typically there orl some
gtz data for the risk class, soma data for other risk classes
within the risk gropp and sore data for the risk group

as a whole. The problem whick credibility theory tackles

is the asseszsment of the best premium rate for each i risk
class,

Afi example of the problems that credibility theory tackles

15 that of finding the correct premium rate for

workmen s compensation insurance for a single coniract.
Another example concerns fleet rating and is theproblam

of finding ths correct premium for motor fleet insurance

for a particular company.

Following the-notation of Vhitney (1918) let x denote the

wikno'wm parsrever for the risk class and let X denote the
cest & bre

unknown paresmter for theﬁrisk group. Let p denote the

observed »z xzxxi¥ variable for the risk class and let

ttitdt'bi
P denote the observed variable for thgﬁrisk group,
In one example x,X,p,P may all be claim frequencies,

in another example x,X,p,P ray all be tolal claim costs

per policy.
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Before coming 1o scme examples of how this works out in practice
there are some points of understanding to be raised, The first
voint is that the procedurs zbeve assumed norral distriountions

znd obtained a maximum likelihood estimate for the un¥n~wn parameter.
These assumptions? and choosing thmwzdxxice the meximum likelihood
estinmate make the algebra sinple, tut they are not necessary.
FRPOPIBEETENEIYEEIA Distributions with finite variance will

causa no problem and one may seek the expectation rather than

x,ng the maximum likelihood value of the unknowm paramster,

For example Jewell {1974) has obtained usirg useful resulis

for the exronential femily of distributions. Bailey (1950)

has obtained uwseful res dts for the Poisson distribution

where the underlying prior orobability distribution is



& gacma dis$ribution.

The second poiht concerns the necessity for a prior probability
distributicn., Some authors have purported to do without it,
for example Hans Wenger (1975). Essentially their proéedure

is to obtainz estimates £x of f\‘and 0’;' from the data they
have, However the use of prior probability distributions

is logically more satisfactor, .

The third point concerns methods of experienc: rating that
are not based on statistical medels, It is the practice
in the U,3.A., to use credibility factors for workmen's
compensation insurance, The factorz used is normally

Y if the expsrience is above a certain size, often of

the order of 1000 claima. Below this size it is common

to use formulae of the form = f(l“”/@d‘__‘ﬁ 3 K3

where P is the premium income for the c¢lass and X is

class
a constant, The justification for this formula srexaxx

immrrsteakeiotnaresarkExdicor ey has been attermpted

by Perryman {1937) but rests mainly én ils convenience.

Examoles: Suppose n,N represant the number of ear years in
the exnerience of the class and the group respeciively,
Similarly let x,X be the underlying claim frequencies

and let p,P be the observed claim frequancies. Suppose

P=.14. The problem is to obiain the besi estimate of x

(for premium rating) fxmx from P and p.



This protlem may be tackled as follows. TUsing the same

notation as before we oy doy Huk
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It can be seen that in this example a credibility type experience

rating foroula may be useful with fleets of the order of 20.

Siicking <o motor fleei insurance a further example wmay be as

follows. Xupvose x,X,p,P represent total claims per policy, w, N regeesank rvardoace

pec plicy
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3 Application of Credibility to Motor Fleet Rating

37/ It seens preferable that some form of split-plan basis should be
used in order to deal wiith the problem of large claims. This
approach has the effect of spreading all claims above a chosen
excess point over all imsureds so that appropriate allowance is
made for the occasional bad year.

The general formula for the premiuvm modification- on a split-plan
basis is:

where the subscripts p and & refer to the primary and excess ranges;
z, A and E refer respectively to credibility, total amount of claims
incurred, and expected total amount of claims,

Suppose that the primary range accounts for a proportion k of the
total amount 0f claims incurred over the risk group as a whole. We
can assume that the expected cost of claims falling in this range
is met by kE and exclude the excess range from any experience
rating, i.e. assign zero credibility, 1z = O

The modification then beccmes
= X - ;
M= £ (zphp + Ep + Eg zpEp )
and if we put the office premiuvm, P' = i ? T where L = loading

for expenses and commission, and since Ep + B¢ = E we get,
= _ A
M= 1 Zr [k Tl—-_'—i)—[,r]
giving a credit of

2p ['k_ (J;.R)p ]

LI R I A R A A B I A ] (l)

where (LR%, = loss ratio over primary range.

For given k and L we can examine how the credit varies for different
loss ratios according to the associated credibility.

3.2 Example: Suppose k = .80 and L = .25

Credit = ZP[‘B - (Lgh’] from ()
- E_ . ___B ___
whexe Zp = By + K “BE + K Cesssbavoaane (2)

if we assign a maximum credibility of 1.0 we obtain the following
table of credits for varying primary loss ratlos:
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Primary LoSs Credit (%)
Ratio (%)
10 67
20 53
30 40
50 13
60 & over nil.

N.B. For ratios in excess of 60% the nethod produces a negative credit. In practica

it is thought that in these circumstances a loading would be more appropriately
an underwriter's judgment,

Clearly the various credits may be proportionately reduced by
decreasing the maximum credibility.

The size of the risk class te which maximum credibility is to be
assigned needs to be determined,e.gl,000 car vyears or 2,000 car
years gives, from (2} above, values of K of 200 or 400 in the
example where the primaxry range represents 80 per cent of the
total. These values of K result in the following tables of
credits as a percentage of premiums.

Table 1
(X = 200)
No. of car years 10 50 100 500 1,000
iCredibility .048 208 357 .833 1.0
Loss Ratio (%)
o 3 14 24 56 67
20 3 11 1o 44 53
30 2 8 14 33 40
50 { 1 3 5 11 213
60 & over nili nil nil nil nil
Table 2
(K = 400}
No. of car years 10 50 100 500 1,000 2,000
Credibility 025 .114 208 .625 .833 1.C
Loss Ratio (%)
10 ! 2 8 14 42 56 67
20 1 6 11 33 44 53
30 1l 5 8 25 33 40
50 . nil 2 3 8 11 13
60 & over nil nil nil nil nii ni%
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3.3 The above approach has ignored the whole of any claims which
exceed a yiven amount. e.g. E£5,000. An alternative would be to
allot each such claim that value. The credits brought out by
this method are identical to those which arise from fixing a
higher cut~off point since the result is to alter the value of Ep.

As an example the following tables may be compared with Tables 1
and 2, using the same premium loading.

Table 3
(K = 100)
No. of car years 10 50 160 500 1,000
Credibility .092 .345 .526 . 909 1.0
Loss Ratio (%)
10 7 26 40 70 76
20 6 22 33 58 63
30 4 17 26 45 50
50 2 8 12 21 23
60 1l 5 9 10
67.5 & over nil nil nil nil nil
Table 4
(K = 200)
No. of car years 10 50 100 500 1,000 2,000
Credibility .048 .204 .345 .769 . 909 1.0
T,oss Ratio (3)
10 4 16 26 59 70 77
20 3 13 22 49 58 63
30 2 10 17 38 45 50
50 1 5 8 18 2] 23
60 nil 2 3 8 9 10
67.5 & over nil ni} nil nil nil nil

As can be seen the effect is to spread the credits more evenly
betveen fleets of different size and to give greater weight to
good experience. For a given primavry loss ratio a greater primary
range lecads to higher credits and the effect of increasing the
premium loading is to decrease the credits, as would be expected.
All the values in the above tables may be decreased proportionately
by assigning a maximum credibility of less than unity.
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Application to Liability Insurance

Before extending the approach used for motor Eleet rating to liability

rating it is necessary to compare the two claim distributions.

The results of one company in 1974 {as developed to 1976} were as

follows,

Motor (including private and fleet)

x F(x)
(£'000)

1.0 0.0218 Proportion below £1,000 0.9782

5.0 0.0027 Mean claim 145
10.0 0,0009 S.D. of amount of 1 claim 650
15.0 0.0004 Coefficient of variation (C.V,) 4.4
20.0 0.0002 Skewness 26.7

Employers Liability

1.0 0,237 Proportion below £1,000 0.763
5.0 0.039 Mean claim 1035
10.¢ 0.014 8.D, of amount of 1 claim 2438

15.0 0.006 Coefficient of variation (C.V.) 2.4
20.0 0.004 Skewness 7.4

Because of the high proportion of very small motor claims (97.8%)

the motor experience shows a higher C.V. and skewness but these
measures tend to disguise the differing shapes ¢f the two distributions.
For example, in motor the claims over £5,000 represented 18% of the
total claim outgo, whereas in E.L, over £5,000 represents 38% of

total claims.

Either a much higher excess point must be chosem for E.L. to use the
simplified system applied to motor or a split plan approach would

seem more approptiate. We were fortified in coming to this conclusion
by noting that in the United States the Natiomal Council on
Compensation Insurance use a split plan basis for workers'’
compensation insurance rating. At the time of writing this report

the study group have not been able to formalise an approach to
experience rating as applied to liability business as writkten im the
U.K., Hopefully further information will be available in September

at the seminar.
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Retro-rating

Retro-rating consists of a method of giving affect to the experience
after the period of insurance has expired and the actual experience
is "known". In the simplest terms it can be said that the insured
pays the burning cost subject to a maximum and minimum and pays

certain costs of the insurer.

The reiro-premium can be writiten as follows,

(Bzsic expense factor ) Hanual preium)

+ {3xcess loss Tactor)( #Hanual premium ){ Claiwms cost Tactor)

+ ( Actual losses incurred}( Claims cost factor).

The first line represents the charge for overhead expenses and cost of
writing the business.

The second line represents the paxrt of the mannal premiun for the clains
in excess of the maximum loaded for claims handling charges.

The third line rezpresents the cost of handling the claims which fall
vithin the "burning cosi” rangs.

Taus in total the premiugd covers overhead expenses, costs of handling

21l claims and the risk cost ii the losses exceed the maxinunm,

In practice the mavipum and miaimum are defined as ratios to the manual
premiun, t.e¢. loss ratios. As an example a poliey could provids that the
insured will bear all losses up to = ratio of 80 but if losses are

leasthan 405 he pays 4055 and of course in addition he pays a prenoiun.

Fron the insurer's point of view he receives his costs and profit

loading and an “insurance charge!, The insurance charge is the risk
cost of losses above the maximum ratio less the relief for losses

belou the minimm,

Credibility factors can be introduced either into thes losses and
zpenses or into the lesses omly.

Algebraicolly the premiun caan be writtasn,

R= 7+ D + (1+3)3(1~3z) 4+ (1+3)Iz + (1+3)zL.

¥hare,
Vr is the provision for expenses other than claim exvenses in

the premiunm R.

D_ is the provision for profit and contingencies in the premium R.
J° is the loading for claims handling costs.

2 is tae expected losses.

I is ths ingurance charge.

L is the-actual losses.

% in a erediblilty foctor.

Tf the method became a comaon practice the office would prepare tables
viich would enable the calculation tobe nade guite sinply froa tae

chozoen mamisue and adinious loss ratios.
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Yor furthe detoils the readér is referred to a pansr by Carlson in

P.0,AL8, Yol. 28 1941,

{‘ - e
G, SuniaTy.

In the {[.K. market loday the traditional basis of underuwritipg

3till operates. In most lines of businsss a tariff rating system

no longer applizs so that insurers are able to apyrly individual

ratings in a highly competitive market.ilso in recent years nost

insurers have iuproved their gtatistical input and have available

the nesans to use metnods having a more reliable statistical bass.

It seems ceortain that in the future more use will be nade of

statistical methods and it is imporiant therefore that these n=thod
should be theoretically sound. In other countries, notably the United
States methods have been developed, and waat is nore inportant kave

been proved for use in our business, Howlhere is this so clearly
denonstravle a3 in the use of credipillty in rate-maiing and periicularly
in experience rating. The U.K. at present lags beirind andé hopefully

we can influence future developments.



