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Excess Claims and Data Triining in the Context of Credibility

Rating Procedures

by Hans BShlmann, Alois Gisler, William S. Jewell*

1. Motivation

In Ratemaking and in Experience Rating one is oft.en confronted

with the dilema of whether or not to fully charge very large

claims to the claims load of small risk groups or of individual

risks. Practitioners typically use an a posteriori argument in

this situation: "if such large claims should be fully charged

then the rates obtained would become 'ridiculous', hence it
should not be done.* The present paper aims at explaining this

*: practical attitude from first principles.

Credibility Theory in its standard form makes the first step in

the good direction. It explains to us that all claims should not
be fully charged (but only with the constant fraction of the cre-

dibility weight). In many applications, however, it is still felt

that the fraction of this charge should depend on the size of a

claim. This leads very naturally to the idea of combining credi-

bility procedures and data trimming.

Of course, such an idea needs to be tested. The first argument

in favour of it was given by Gisler [1] who showed that in many

cases the mean quadratic loss of the credibility estimator is

substantially reduced if one introduces trimming of claims data.

This paper goes even further. It formalizes the standard way of

thinking about large claims and then shows that "optimal forecas-

t.ing" of rates (using Bayes estimation techniques) and forecas-

ting by *credibility techniques combined with data trimming" lead c
to almost identical results.

* The authors are greatly indebted to R. Schnieper who did all
the numerical work on the ETH computer. __.1: "
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2. The Basic Model

Throughout the paper we work with the most simple model in the

credibility context

* (XI, X2,..., X) is the random vector representing the
experience of a given risk in the years
1, 2,..., n

- The quality of the risk is characterized by an unknown parame-
ter value 6, which we consider as a realisation of a random

variable e with distribution function U(9)

- Given the parameter value e , {X 1 , X2 ,...,X} are i.i.d. with

density function f9Cx) (mean u(8), variance a2(8)]

To these standard assumption in credibility theory we add now
some more structure regarding the distribution of the size of a
claim. The main idea is introduced by the assumption that the

claims sizes are drawn from two different urns (distributions).

Mostly, i.e. with probability 1-w, we observe an ordinary claim

with density p0 (x/,) [mean u0 (O), variance oz(e)] and occasio-

nally, i.e. with probability i, we observe an excess claim (catas-
trophic claim) with density Pe(x 1 ) [mean u (8), variance al(e)]

PO(X/O)Pe(X/e)

ordinary excess

claim amounts claim amounts

occurrence 1-it W

We have assumed that the mixing probabilities are independent of
O and from now on we shall also s,' ve that the density of the
excess claims is independent of t, .i parameter, hence formali-

aing the idea that large catastrophic ..laims have no bearing on

the quality of the risk.

Zn mathematical shorthand all the considerations just made regar-

ding additional structure are summed up by stating that the density
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f 8 (x) has the following form

1) fe(x) -(1-r)po (x/e) + rape(x)

3. The Basic Problem

As always in the credibility context our aim is to estimate

u(s) based on the observations of X - (X1, X2 ...,Xn)

pure premium for experience of the
the given risk given risk in the

years 1,2,...,n

IOne knows that the best estimator for this problem is
Ptxl - Eh.(s)/x ]

Using the special structure of formula i) we obtain

2) Px - e + (1-) [()/x

if we use standard credibility techniques we estimate by

3) f(X] - a + b I Xi with optimal choice of ab

And if in addition we introduce trimming of the data we estimate by
n

4) fix] a a + b (X1AM) with optimal choice of a,b,M

Using 4) we are committing the following error against optimal

estimation
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6) inf E P(XI- fXl] = inf E Fe + (l-w)g(X) - a - (Xi M)
*Ia~b,M 1 J a,b,M L 1

- ,i) 2 inf E r e-a+ g() - 
.
b  (X

ab,M 1i l-wi

1- (7r)Z inf E (X) - a'- b ' (XiAM)

The following two problems are therefore equivalent

n
A) Estimate PCE] (total premium) by a + b ( (X1AM) vith optima. &,b,M

B) Estimate gX) (ordinary premium) by a'+ b' (XiA^) with optimal ',bt',
L=1

For the optimal choices of the parameters (denoted by ) we have

7) (1-it) b+ W

In the following we want to illustrate that a (Xi'%I) is a
i.1

good approximation of gQ(X) - E Cu0 ()/xI (Problem B) above)

we actually shall compare

(xA ) with g(x) for any observation x of X

4. The Exact Form of g(x)

Writing out the conditional expectation E [%0(s) /-1 we obtain
i i iiiA
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f L(e)[fn[ 1 -7r)po(x±,.) + e( d(8
8) g(is) -

Putting 1 - (1,2,...n} and S,= we rewrite

9) (iflw)po(x±,e)+wPexi] (l W)5  W P P(Xj,) if.r eX

where the sum on the right side must be taken over all subsets

Sel (including 0 and I) with s - ISI

and n- III

We also use the abbreviations

-'f P(x±/e) dU(8)

po(xs ) -fi po(xi) dU() - ' x

* ~ ies ies

S ) ( n- Po (xs ) [p (X0

z0 s [ -e 5 \- Po x iie) P d C ) -

SPO (x )

Then introducing 9) into 8) and carrying out the integration
we find for the numerator of g(x)

[ (1-7i 1 t -8n ir pe(xi))L (a) pr. Po(xi/) dU ()

or

n-sP)o ' S P(x e P*(xI) So [uo ( 9 ) / x 1

Sa S



and for the denominator of g(x)

(1_) n s pS(xs)pe(Xg)
Sal

Dividing both numerator and denominator by (1-T) p(x) we final-

ly arrive at

[u°()/] + I L (xs)5 o [Eo()/Xs 1

10) g(x) -
1 + I L (xs)

SCI

Remarks:

i) Observe that g(x) is a weighted average of forecasts based

on all subsamples x. of the total sample x, , the fore-
casts being calculated under the assumption that the subsample

contains only claims of the ordinary type.

ii) As is usually rather small the weight of L(xs) is ra-

ther quick decreasing with decreasing number of observations

in x.; for a fixed number of observations the weight L(xs)
is rather big if both po(xs) and p (xi) are big i.e. if

and xi are very likely to come from the ordinary and
the excess urn respectively.

iii) Dividing by p (x,) is obviously only allowed if all the ob-

served claims are possibly of ordinary type. The weight func-

tion L(xS ) is then only positive if p e(x) is positive

i.e. if the subset x is possibly of excess type. Thus the
formula does what we would have done by intuition as well, it
excludes predictions based on claims which can be surely re-

coqnized as excess claims.
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5. More insight from the single observation case

At this point it is worthwhile to consider the special case where
the whole sample of observations contains only one observation,

i.e.

x - (x

For simplicity we omit the index 1 and write x for the single ob-

servation. We have then

11) q Wx a

1 + LIx ]

T p W:
with L "x0  - P-

The right hand side is a multiple of the likelihood ratio. If the

latter is monotonically increasing (which is typically the case

in applications) so is also the weight given to the constant es-
timator Z 1 M8-) mo Assume in addition that E. (0)

is of linear form; then our estimator g(x) is a mixture of the
two cases (corresponding to the two pictures)

/ %, x • ' -- x

the. weight being shifted from the estimator on the left to the
estimator an the right as x ncreases. The resulting estimator
is almost of the form a+b man(xt) . Nence credibility with trim-

ming is almost exact! This fact will be illustrated by a numerical
example in section 6. In fact our numerical example will show that

this fact also CarLes over to higher dimensions.
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6. A Numerical Example

6.1) For explicit calculations we are assuming that for ordinary
claims

po(x /8 is a normal density with mean 9
variance v

0
eis normally distributed with mean m

variance w

We then have

po(xs) Tr p o(xL/)dU(e) which turns out to be a multi-
dimensional normal density with

mean vector 0

and covariance matrix

.+V W... W

(w w~v...

w :..V

hence

.- ~ (x ._m) (x -m
12) p. (x,) /I -2 Les jjC 0( 0

(2r)s/2 e)

with A -

Proof that p(X) has density 12:

a) Given 9 any linear combination I c £x is normal with mean

C c£$ and variance I c v • lES Integrated out with
Mfpect to the normalEstructure function of a we obtain
a normal distribution with mean I cim and variance

,I+I c 2 V.But a samp s x. whose linear combi-
fon, are if normally distributed is multidimensional

normal.
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b) Let X-(Ojj)LS
LES

a Cov (Xi, X) ECov (X IXJ +f VafEIXi r* [

= ':l'tv + w"

q.e.d.

It should be noted that

- 13) det a v n + nvn'lw (subtract first row from all
other rows and then develop
along the first column)

Also observe the explicit form of

1- A -k (aij)e , namely

-ae ( + -I I M

1 4 ) a i 1  - ( 5 i , "

From elementary calculations in credibility theory we

finally also know that

15) ./ - v+S +

6.2) For the excess claims the probability law is specified by
assuming that

(x) is a normal density with mean

variance a2

a.e
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7. Numerical Calculations of gq(Q)

For our calculations we have chosen

m W -10 Ue  - 0
v - 12.5 5 e  - 20

v - 12.5

1-1 - 0.9 m 0.1

and we obtain

a) for n-I (sinqle observation case)

x g(x)

3. T.591
6. 6.0066
7. 8.3049
8. 9.0033
9. 9.501T

10. 10.0000

13. 11.1910
lb. 11.9 50r'. 12.47r'5
1A. 12.9602
IT. MUM3&
18. 13.8919
19. 1b. U7
20. lb.6

3. 15.313. 1b.S1-.
;2%. Ih. 3'IU
M5. 13.196
26. 22. 1 521
27. 11.065
28. ,0.6265
29. 1..153
30. 10.1g
31. 10.0670
32. 10.0370
33. 10.0191
3h. 10.0059
35. 0.008
3r. 10.0006
31. 10.0003
36. 32.0001
13. 10.0000

10.000
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b) for n-2 (two observations) g(xl,x 2 3

\2 5 6 T 8 9 M 11 12 13 11 15 16 IT 18 19 20 21 22 23 24

5 6.68 T.02 7.35 T.68 8.02 8.35 8.68 9.01 9.32 9.61 9.86 10.01. 10.08 9.92 9.53 8.98 8.10. 8.02 7.78 7.65
6 7.02 7.35 7.68 8.01 8.35 8.68 9.01 9.33 9.65 9.94 10.21 10.41. 10.50 10.1.2 10.12 9.62 9.07 6.62 8.32 6.1T
7 7.35 7.68 8.01 8.34. 8.68 9.01 9.3 9.66 9.98 10.28 10.55 10.76 10.92 10.91 10.70 10.27 9.T3 9.21. 8.90 6.70
5 7.68 6.01 8.3. 8.68 9.01 9.31. 9.6T 9.99 10.31 10.62 10.90 11.15 11.33 11.38 11.26 10.92 10.1.2 9.90 9.51 9.26
9 8.02 8.35 8.68 9.01 9.31& 9.6T 10.0o 10.32 10.65 10.96 11.25 11.52 LIM. 11.83 11.79 11.55 11.11 10.59 10.1 9.8.

10 8.35 8.68 9.01 9.3. 9.6T 10.00 10.33 10.66 10.98 11.30 11.60 11.88 12.11 12.27 12.30 12.15 11.T9 11.30 10.81 10."L4
u 8.68 9.01 9.34 9.67 10.00 10.33 10.66 10.99 11.32 11.63 11.9, 12.23 12.1.9 12.69 12.78 12.72 12.166 12.02 1i.5i 11.08
12 9.01 9.33 9.66 9.99 10.32 10.66 10.99 11.32 11.65 11.9T 12.29 12.59 12.86 13.09 13.24 13.26 13.29 12.73 12.23 11.76
13 9.32 9.65 9.98 10.31 10.i5 10.98 11.32 11.65 11.98 12.30 12.62 12.93 13.22 13.17 13.6T 13.75 13.68 13.. 12.9"7 12.1.
114 9.61 9.9. 10.28 10.62 10.96 11.30 11.63 11.97 12.30 12.63 12.96 13.27 13.57 13.85 16.07 1,.22 11.23 Iiu.06 13.69 13.20
15 9.86 10.21 10.55 10.90 11.25 11.60 11.9;- 12.29 12.62 12.96 13.29 13.61 13.92 11.21 14.46 11.65 14. T6I 1/.66 11.39 13.;3
16 10.0. 10.141 10.78 11.15 11.52 11.88 12.23 12.59 12.93 13.27 13.61 13.91. 11.26 11..56 116.83 15.26 15.20 15.21 15.03 11..65
17 10.08 10.50 10.92 11.33 11.72 12.11 12.1.9 12.36 13.22 13.5T 13.92 11.26 1i.58 16.9C 15.19 15..1 15.62 15.70 15.61 15.31
18 9.92 10.4C 10.91 11.38 11.83 2.27 12.69 13.09 13.1 .7 13.85 14..21 11.56 14.90 15.22 15.52 15.79 16.01 16.13 16.12 15.)0
19 9.53 10.12 10-70 11.26 11.79 12.30 12..8 13.2. 13.6T 14.07 1k.46 11..83 15.19 15.52 15.8. 16.12 16.26 16.51 16.5. 16.38
20. 8.98 9.62 10.27 10.92 11.55 !2.153 12.72 13.26 13.T5 11.22 11.65 15.36 15.1. 15.79 16.12 16.1.2 16.66 16.83 16.67 16.73
21 8.13 9.07 9.T3 10.1.2 11.11 11.79 12.46 13.09 13.68 11.23 14.Th1 15.2C 15.62 16.2'1 16.36 16.66 16.91 17.7 17.10 16.9.
22 8.02 8.62 9.21. 9.90 1C.5; 11.30 12.02 12.73 13.1 16.6 11.66 15.21 15.70 16.13 16.51 16.83 7.07 IT.21 17.20 16.97
23 7.T8 8.32 8.90 9.1 10.16 10.81 11.51 12.23 12.9T 13.69 11..39 15.03 i5.61 16.12 16.5 6.87 IT.1 17.20 17.10 16.76

* 2k. 7.65 8.17 8.TO 9.26 9.8' 10. 11.:8 11.76 12.1T 13.20 13.93 11..65 15.31 15.9 16.38 16.73 ,6.- 16.97 16.76 16.29

c) for n-5 (five observations)

g(xlx 2 , C31C41 C5) note: C3,0C 5  are chosen as "parameters"

for the following tables

1) (C3 ,C 4 ,1C) - (10,10,10)

5 6 T 6 9 10 U2 12 13 11 15 16 17 18 19 20 . 22 23 21.

5 8.T6 8.86 8.98 9.13 9.28 9.1.3 9.56 9.66 9.71 9.71 9.6T 9.60 9.53 9.1.7 9.12 9.39 9.3T 9.36 9.36 9.35
6 8.86 8.94 9.06 9.20 9.35 9.50 9.62 9.71 9.76 9.77 9.73 9.67 9.60 9.5. 9.1.9 9.46 9.6." 9.1.3 9.1.3 9.1.3
T 8.98 9.06 9.17 9.31 9.16 9.60 9.T2 9.81 9.86 9.87 9.81. 9.78 9. 1 9.65 9.61 9.58 9.56 9.5 9.51, 9.51
6 9.13 9.20 9.31 9.11 9.58 9.72 9.81. 9.91. 9.99 10.00 9.97 9.92 9.85 9.80 9.75 9.72 9.70 9.69 9.69 9.69
9 9.28 9.35 9.1.6 9.58 9.T2 9.86 9.98 10.08 10.11 10.15 10.13 10.08 10.01 9.96 9.91 9.8a 9.86 9.85 9.85 9.8

10 9.13 9.50 9.60 9.T2 9.86 10.00 10.12 10.22 10.29 10.31 10.28 10.2. 10.17 10.12 10.07 10.06 10.00 10.01 10.00 10.00
U 9.56 9.62 9.72 9.84 9.98 1q.12 10.25 10.36 10.210.5 10..3 10.36 10.32 10.26 10.22 10.1810.1610.15 1015.1.
12 9.66 9.71 9.81 9.9 10.08 10.22 10.36 10.16 10.53 10.56 10.55 10.50 10.1. 10.38 10.33 10.30 10.28 10.27 10.26 10.26
13 9.71 9.?6 9.86 9.99 10.1b 10.29 10.1.2 10.53 10.61 10.6. 10.63 10.58 10.52 10.1.6 10.11 10.37 10.35 10.34. 10.33 10.33
1. 9.71 9.TT 9.87 10.00 10.15 10.31 10.15 10-56 10.6. 10.67 10.66 10.61 10.55 10.18 10.13 10.0 10.37 10.36 10.35 10.35
15 9.67 9.T3 9.86 9.97 10.13 10.28 10..3 10.55 10.63 10.66 10.61 10.60 10.53 10.17 10.11 10.37 10.35 10.3k 10.33 10.33
16 9.60 9.6T 9.78 9.92 10.08 10.2 10.38 10.50 10.58 10.61 10.60 10.55 10.8 10.1 10.36 10.32 10.29 10.28 10.27 10.27
17 9.53 9.60 9.71 9.85 10.010.17 10.32 10.6 10.52 10.55 10.53 10.1- 10./1 0.31. 10.29 10.25 10.22 10.21 10.20 10.20
18 9.4.7 9.51. 9.65 9.80 9.96 20.12 10.26 10.38 10.16 10.1. 10.1.7 10.1.1 10.31. 10.V 10.22 10.16 1o.16 10.11. 10.11. 10.13
19 9.14.2 9.1.9 9.61 9.75 9.91 10.07 10.22 10.33 10.41 10..3 10.1.1 10.36 10.29 10.22 10.17 10.13 10.10 10.09 10.09 10.06
20 9.39 9.46 9.58 9.72 9.88 10.04. 10.18 10.30 10.37 10.10 10.37 10.32 10.25 10.18 10.13 10.09 10.07 10.06 10.05 10.05
21 9.37 9.. 9.56 9.T0 9.86 10.02 10.16 10.28 10.35 10.37 10.35 10.29 10.22 10.16 10.10 10.07 10.05 10.03 10.03 10.02
22 9.36 9.1.3 9.55 9.69 9.85 10.01 10.15 10.27 10.3. 10.36 10.31. 10.28 10.21 10.11. 10.09 10.06 10.03 10.02 10.02 10.01
23 9.36 9.1.3 9.5 9.69 9.85 10.00 10.15 10.26 .0.33 10.35 10.33 10.27 10.-20 10.1. 10.09 10.05 10.03 10.02 10.01 10.01
21. 9.35 9.43 9.51. 9.69 9.86 10.0 10.11. 10.26 10.33 10.35 10.33 10.27 10.20 10.13 10.0 10.05 10.02 10.01 10.01 10.00
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ii) (C3 ,C 4 ,C 5 ) - (1.0,10,25)

5 6 1 a 9 10 . 12 13 1h 15 16 LT 1A 19 20 91 22 23 21.

S 6.59 8.7r0 6.8b 9.01 9.16 9.35 9.50 9.61 9.66 9.66 9.62 9.51 9.146 9.39 9.33 9.30 9.2T 9.26 9.26 9.25
6 8.70 8.80 8.93 9.09 9.26 9.13 9.5T 9.67 9.73 9.73 9.69 9.62 9.5 9.;7 9.1;1 9.38 9.36 9.35 9.3. 9.3 -

7 8.81 8.93 9.06 9.22 9.38 9.54. 9.68 9.78 9.8 9.85 9.81 9.1. 9.61 9.60 9.5 9.51 9.19 9.is 9..7 9.1U7
8 9.01 9.09 9.22 9.37 9.53 9.68 9.82 9.93 9.99 10.00 9.9T 9.90 9.83 9.76 9.71 9.68 9.66 9.65 9.61. 9.6,
9 9.18 9.26 9.38 9.53 9.69 9.8h 9.98 :.0.09 10.16 10.17 10.15 10.09 10.01 9.95 9.90 9.86 9.8k 9.83 9.82 9.82

10 9.35 9.1.3 9.5 9.8 9.81. 10.00 10.11
, 10.26 10.33 10.35 10.33 10.27 10.20 10.13 10.08 10.05 0.02 10.0 1 10.01 10.00

U1 9.50 9.57 9.68 9.8 9.98 10.1. 10.29 10.1.1 10..8 10.51 10.1.9 10.1." 10.37 10.30 10.25 1O.21 10.19 10.18 10.17 10.17
12 9.61 9.6T 9.76 9.93 10.09 10.26 10.1.1 10.53 10.61 10.6 10.63 1O.57 1O.51 10.; 10.38 10.3 10.32 10.31 10.30 10.30
13 9.66 9.73 9.8h 9.99 10.16 10.33 10.18 10.61 10.710.73 10.72 10.67 10.60 10.53 10.17 10.13 10.0 10.39 10.38 10.36
11. 9.6 9.3 9.89 0.900 10.17 10.35 10.i51 10.61 10.73 10.77 10.75 10.70 10.63 10.56 10.50 10.6 10.I 3 10..2 10.38 10.11
15 9.62 9.69 9.81 9.97 20.15 10.33 10..9 1C.63 10.12 10.75 10.7T 10.69 10.61 10.51. 10.is 10.1.3 10.6.1 10.39 10.38 10.38
16 9.5k 9.62 9.71, 9.90 10.09 10.27 10..L 13.57 10.6T 10.70 10.69 10.63 10.55 10.1.7 10.41 10.37 10.31. 10.33 10.32 10.31
1 9.1.6 9.5 9.67 9.83 10.01 10.20 10.37 I.51 10.60 10.63 10.61 10.55 10.17 10.39 10.33 10.29 10.26 10.21. 10.21 10.23

18 9.39 9.47 9.60 9.76 9.95 10.13 10. N .. 1. 10.53 10.56 10.5 10Q.1.7 10.39 10.32 10.25 10.21 10.1 10.17 10.16 10.16
19 9.33 9.11 9.51. 9.71 9.90 10.08 .0.20.:.3s 10.1.10.50 10.i. 10.1. 10.33 10.2 10.19 10.15 10.12 10.1110.10 10.0
20 9.30 9.38 9.51 9.68 9.86 10.05 10.21 42.31. 10.1.3 10.6 10.1.3 10.37 10.29 10.21 10.15 10.1 10.08 10.01 10.06 10.05
21 9.27 9.36 9.69 9.66 9.8k 10.02 1C.19 10.32 10.10 10.1.3 10.1.L 10.31. 10.26 10.18 10.121 10.08 10.05 10.0.k 10.03 10.03
22 ).26 9.35 9.

S 9.65 9.83 10.01 .1C! IC.31 0.39 10..42 10.39 10.33 10.21 10.17 10.11 10.07 10.01b 10.03 10.02 10.02
23 ).26 9.31h 9.1.7 9.6k 9.82 10.01 10.1T 1.0.30 10.38 10.11 10.38 10.32 10.21 10.16 1.).1C 10.06 10.03 10.02 10.01 10.01
21. 9.25 9.31h 9.1.7 9.6" 9.8t 10.00 10.1 10.30 10.38 10.1 10.38 10.31 10.23 10.16 L.10 10.05 1o.03 10.02 1.01 10.01

8. Optimal Tri4. ing

Gisler has shown [11 that for given M the optimal choice of

the approximation

^ n
U(9) - a + b (x&t) to u(e) [and hence to PCx]

can be calculated as follows

16) b . where b, - Cov (X1 ., X21(n-l) b2+b 3 b2 - Cov [X1 AM, X2AK]

b3 - Var [Xilu]

17) =+ n b Z(XA4] - E(XI

With this optimal choice we then have

18) Z [("I(() u()) w - n Sb

Hence the trimming point M is optimal if b-b1 is maximum.
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In our basic model (cf. section 2) we find

19) b1 - (1- ) Cov[Uom(e), Uo(e)J where

"O(0) " E[X-M/9,X ordinary]

() E[/9,X ordinary

b- (1-)E[ IN(a) + .o am+ (1-)ava 1Ar(8) +

L C
+ 1 1  (-U~~

with ao(8 e,.i ^
2 0 ) 19#ar X4N, ordinary1

aim - Var[X /M x exe*lJ

0 - /X excess3

Using explicitely the normal distribution as assumed both for or-

dinary and excess claims in section 6 we obtain from some rather

tedious integrations:

Let (.) denote the standardized normal distribution function

and (P(.) the standardized normal density function, then

20) b 1 - Cl- ) iv /V+-Wo

b2 -(1-Wt) ~Cov~u I 'p ,Um

where the covariance is obtained by numerical integration.

Notation: (Utu is N (M, with (vew w

b- A -1
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A - (1-) )  - - 0 (M+M P K-m3

$ S -(1-70) [(mM) 0 a~ 0

0 0

9. 2umerical Calculations of ( + b a (XiAb)

Using the same parameter values as in section 7 we obtain the forecasts

i~based on optiual triming. To compar~e with q(x) it is wort hwhieto calculate also a b n

a' . a a

a 1-If M.1-vt Ma a00I

Sa



alRESu21tsfo12 ~~s~lngl2_obsezvation -case)

Tuncation point M-14.68

formula: P0.04412(i)+9.5817 9*10.4902(XM)+5.0908
x
5 11.79 7.54
6 12.23 8.03
7 12.67 8.52

813.11 9.01
9 13.55 9.50

10 13.99 9.99
11 14.43 10.48
12 14.88 10.97
13 15.32 11.46
14 15.76 11.95
is 16.06 12.29
16 16.06 12.29
17 16.06 12.29
18 16.06 12.29
19 16.06 12.29
20 16.06 12.29

b) Results for n-2

truncation point -19.5 2

b-) aMroximation to total Premium P~x]
3 2

* formula: P - 0.2289 1 (xeAi) + 9.0351
L-1

S2 5 16 9 101 1* 22 U It 15 Id IT7]A 19 20 21 a0 v3 2

5 11.32 11.55 1.." 12.01 12.2% 12.b7 1.2.70 12.93 1.3.16 1.3.3 13.61 1.36 1.1.07 1.6.30 1.6.53 i14.69 14.6g 0..63 141.69 16i.f5
6 11.55 11.78 12.01 12.21 12.147 1.2.7O12.93 13.14 1.3.20 1.3.4 1316b 1.11-37 Il.30 11b.53 111.76 111.86 1A.88 1t.16 11.88 1.1,8
I 11." 12.01 L2.260 12.117 12.70 12.93 13.16 1.3.30 13.61 1.3.66 1.1107 11..3X 0..53 1.11.6 141.99 25.11 1.5.11, 1.5.11 1.5..1 15.11
8 12.01 13.224 1.2.17 12.70 12.93 1.3.16 1.3.38 13.61 1.3.8b 1.11.07 Lh1130 1.11.53 1b1.76 1.1." 1.5.22 1.5.33 1.5.33 1.5.33 1.5.33 1.5.33
9 12.21 12.bT 12.70 32.93 1316 13.381361 13.814-110? 1.b.30 110.3 14.76 I.119..22 S1.5.16 5. 6 1 5.541I.11.9

1.o 12.17 12.10 L2.93 1.3.16 1.3.1 L.3.61 1.3.84 1.6.07 11.30 110.3 146. 4 .9 1.5.22 19.1 1.5.67 15.79 1.5.79 15.7 1.5.79 15.79
U. 12.70 12.93 13.16 13.3813.61 1.3.84 16.07 11.30 1.1.53 1.1.76 1.19 IS..2 I.." 1.5.6 I..9 26.02 I1..2 1.6.02 1.6.06 16.02

12 12.93 13.14 1.3.38 1.3.61 13.6h 1.1.07 211.30 111.53 1.1176 11.99 1.522 IS5.1.6 25.67 1.5.90 1.6.13 1.6.25 1.6.25 1.6.25 1.6.25 16.25
1.3 13.1613.301361136111.1107 1.3011153..6.11b.9 5.221I.11567."16.1316.36 16.181611 1.6.1.1L6.1141L..1
111 13.30 1.3.61 13.811 111.07 1.11.0 1.10.3 0.674 1.19 1.5225 1 47 1.5 L.90 14..3 16.3 16.59 16.71 16.1 14.71 16.71 1.67
1.5 13.41 1.3.h116.0716301.M.53 11699 15.3215.11615.67."9 1.6-13 16.36 1.649 16.82 16.9416.91.91 1.916.9
U16 3-3.6 111.07 1.1130 1.11.3 1.11.6 I.. I..2 15.116 1.5.67 1.5-90 16.13 1.E.3EX16.59 1.6.82 1.7.05 1.7.1. MIT1. 1.7.17 MIT1. 1.7.17
1.7 16.07 1.1.30 AM1.5 1.1.76 1.1.9 1.5.22 1.5111 1.5.67 1.5.90 1.6.13 1.6.36 1.6.; 1.6.82 1.7.05 1.7.26 1.7.39 I..39 1.7.39 L..39 I..3
1.6 1.6.30 13 1.11.7 1."9 1..2 1.I11 ISM. 1.5."0 16.13 1.6.36 14.59 1.C.U 0.705 1728 M.750 1.7.62 17.62 17.62 1.7.68 17.62
1.9 1..3 111.7 1.. 15.* 15.66 15.67 15.90 16.13 16.36 16.5SO 1.6.82 -'?~ 1.1 IT.28 1.T.5 O .7 1.7.85 1.7.65 .85 1..6 1.7.85
20 11.45 111.86 1.5.11 1.5.33 1.5.541.57 ISM 6.0 1.6.21 1.411 1.6.71 1.6.94 1*.?. 1.T.39 1.7.62 IT7.6 1.7.97 ..9 1..9 1.7.97 .. 9
2&. U1 111.6 1.5.1 1.5-33 1.5.5 1.5.79 16.02 16.2S 1.6.18 1..7 1.6.96 1. 17 .39 1.7.6 17.85 17.9 1..97 1.7.9 1.7OT 1.O.9
2 A6.M U-88. 15.11 1.5.33 15.54 1.5.79 0-6.0 16.2 is4.11 1.6.71 L..94 .? ;1.39 1.7.61 1.7.8 17.9T 17.97 17. 97 V.97 17. 91

23 111.65 1.6.86 M5. 19-.33 1.9.5 15.79 :4.02 If."5 16M .111 n 16.96 I..' 1..39 1? .42 1.7.65 1.7.97 1.7.97 1.7.97 1.7.9 17.97
261 AM.6 1.660 15.11 1.5.3 15.96 1.5.M 1.60Q216.25 LAM6.11147 1.6.91 v..T L--.9 1.7.6 1.6 1..97 1..9 1.7.97 1.7.;7 1.7.97
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b2f) approximation to ordinaEX premium g(x)_

formula: - 0.2543 1 (xei^) + 4.4834
* i-i

1 6 T 8 9 10 U. 12 13 11A 15 16 1T 18 19 20 21 22 23 21b

5 7.03 7.20 T.53 ?.79 8.0k 8.30 8.55 6.81 9.06 9.32 9.5T 9.82 10.08 10.33 10.59 10.72 10.T2 10.72 I0.72 10.72
6 7.26 T.53 7.T9 8.O 6.30 8.55 8.81 9.06 9.32 9.57 9.82 10.08 10.33 10.59 10.8k 10.97 10.97 10.97 10.97 10.97
7 7.53 T.79 8.0k 8.30 8.55 8.81 9.06 9.32 9.57 9.82 10.04 10.33 10.59 10.8. 1.10 11.23 11.23 U143 1123 11.23
8 7.79 8.0k 8.30 8.55 8.81 9.06 9.32 9.57 9.82 10.08 10.33 10.59 10.8k 1.,.10 11.35 11.148 U1. 8 1..68 L1.8 11.168
9 8.0k 8.30 8.55 8.81 9.06 9.32 9.5T 9.82 10.08 10.33 10.59 10.81. 11.10 11.35 11.60 11.76. 11.7. 11.Tk 11.71. U1.7.

10 6.30 6.55 8.81 9.06 9.32 9.57 9.82 10.08 10.33 10.59 10.81 11..1 11..35 11.60 11.86 ... 99 11.79 11.99 11.9" 1.99
11 8.55 8.81 9.06 9.32 9.5T 9.82 10.00 10.33 10.59 10.8. 11.10 11.35 .1.60 11.86 12.,U 12.24 12.21. 121.26 12.21. 12.21k
2,2 6.81 9.06 9.32 9.57 9.82 10.08 10.33 10.59 10.81k 11.10 11.35 11.60 11.86 12.11 12.3T 12.50 12.50 12.50 12.50 12.50
13 9.06 9.32 9.57 9.82 10.08 10.33 10.59 10.8h 11.10 11.35 11.60 11.86 12.11 12.37 12.62 12.75 12.5 1.2.75 127 1.75

- k 9.32 9.57 9.82 10.08 10.33 10.59 10.8k 11.10 11.35 L1.60 L.36 12.11 12.37 :2.62 12.88 13.01 13.01 13.01 13.01 13.01
15 9.57 9.82 10.08 10.33 10.59 10.8k 11.10 11.35 U.60 U.86 12.11 12.37 12.62 :2.8 13.-13 13.26 13.26 13.26 13.26 13.26
?A 9.82 1C.08 10.33 10.59 10.84 11.10 11.35 11.60 11.86 12.11 12.37 12.62 12.88 13.13 13.38 13.52 13.52 13.52 13.52 13.52
17 10.08 10.33 10.59 10.841. 1.10 11.35 1.60 11.6 12.11 12.3T 12.62 12.8 13.13 13.!3 13.4 13.77 13.77 13.7 7 13.77 13.77
1d 10.33 10.59 10.Sk 1.10 11.35 11.60 11.86 12.11 12.37 12.62 12.38 13.13 13.38 13.61 13.89 1,.02 3..02 16.02 1..02 k.02
19 10.59 10.91 U.10 U.35 1.60 11.8 12.11 12.37 12.62 12.88 13.13 13.38 13.66 13.89 14..15 14-28 16.28 Ik.28 14.28 1,.28
20 1O.T2 L.9? 11.23 LI.M.8 u.7k 11.99 12.2k 12.50 U2.75 13.01 13.26 13.52 13.T7 L4.02 V&.28 141*. L .1 1.4.k lk.kl 2'.A.
1 10.T2 10.97 11.23 LL.4 U..7k 11.99 12.2k 12.50 12.75 13.01 13.26 13.52 13.77 k.o2 lk.25 1I.1lk.l.1 1.6L 1.).1 lk.A1

22 IO.T2 10.97 11.23 1.68 U.. 1..9 12.24 12.50 12.75 13.01 13.26 13.52 1.- 1k.02 11.2 14I.1 16.61 Ik.. 1.6.11 1..k1
23 10.72 10.97 11.23 LI.A8 1.7k 11.99 12.2k 22.50 12.75 13.01 13.26 13.52 13.77 Ak.02 1..28 14.-.1 1L. 14.1. lk. 1 4.41
2k 10.72 10.97 1.23 11.4. -. 7k 11.9 12.2 k 2.50O 12.. 13.01 13.26 13.52 13.77 1..0= lk.28 lk.6.1 14.,61 I...1 11..4.1 1k..61

b' S) su for n-S

trumcation point H - 22.83

formulae: P" - 0.1241 (x£^m) + 7.0561 total premium
i-I

- 0.1378 (XiA) + 2.2845 ordinary premium
i-

c) aoroximation to total premium Ptx] - P(xlx 2 , CfC41CSj
chosen as fixed

i) (C3 ,C4 ,C5) - (10,10,10) parameter values

1_ , 5 6 7 8 9 1 1. 12 13 1k 1s 16 17 18 19 20 2 n 23 24

$ 5 12.0 12.1k 1.37 12.30 12.52 U. 12.76 1.89 13.01 13.1k 13.26 13.39 13.51 13.63 13.76 13.88 AM.0. l.13 lk.23 1h.23
6 U.14 12.2? 12.39 12M.52 1,.k 12.76 12.89 13.01 13.1 .13.26 13.39 13.41 13.63 13.76 13.88 1k.01 14.13 14.25 L4.36 .. 3d
7 1I.2 12.39 12.52 12.6k 12.76 12.89 13.01 23.1k 13.26 13.39 13.51 13.03 13.76 13.88 lkb.01 l1,.13 1k.25 1k.38 V..4 14.6a
8 12.39 12.52 12.64 12.6 12.A9 13.01 13.1k 13.26 13.39 13.51 13.63 13.76 13.0 1k. b 14.13 lk.25 1k.38 lk. SO .. 61 16.61
9 12.52 2.64 2.76 L2..9 13.01 13.1h. 13.26 13.39 13.51 13.63 13. 6 13.88 Ik.C1 16.13 lk.25 14.36 1k.50 11.63 14.73 "V6.73

10 j2.64 I2. 6 12.89 13.01 3.1k 13.26 13.39 13.51 13.63 13.76 13.8 lk.:1 14.13 lk.21 k.38 k.50 1k.63 A.75 14-.3 8,.1.85
11 12.76 2.89 13.01 13.1.13.16 13.39 13.51 13.63 13.761 3.N 16k.1 L6..1' 14.25 1k.38 lk.S 0 14.63 1k.75 1k.87 1..;8 Lk.8
12 12.89 13.01 13.1k 13.26 13.39 13.51 13.63 13.76 13.88 1k.01 lk.13 1N.21 'k.38 .k.50 1.63 k.75 lk.8 15.00 1..2 5. -C
13 13.01 13.6k L3.86 13.39 13.51 13.63 13.76 13.88 1L.o1 ,k.13 L1.25 1..38 lk.5s k.63 1k.79 lk.87 15.00 15.12 15.23 15.23
1k 13.1k 13.26 13.39 13.51 13.63 13.76 13.8 lk.01 16..13 116.25 14.36 A.U. 14.631.TS 11, k.i7 tS.00 15.12 15.25 15.-35 5.35
15 13.26 13.39 p.51 13.63 13.76 13.8 lk.01 lk.13 14-.25 1b.38 lk.5 t6.6! 1k.75 1k.8? 15.00 15.12 15.25 15.3? 15.1.? 15..7
1A 13.39 13.51 13.63 13.76 -3.88 11.601 Ak.13 V&.25 16.38 Ik.50 14.63 14.75 L4.87 S.00 15.12 5.25 15.37? 15.4 .5.6: 1.4.C
17 13.51 13.-63 13.76 13.88 ZL.:1 lk.13 1k.25 14.30 lk.50 lk.63 1k.1. 14..17 1S.30 19.2 15.25 15.37 15. 15.62 15.1 "5.I2
18 13.63 13.76 13.88 l.01 1.6.13 .25 14.38 I.50 16.0! lk.75 14.87 13.: 15.12 15.25 15.37 5.149 15. 2 15.Tk 1..1i i..S5
19 13.76 13.88 lk.01 1k.13 .. 425 2k.38 16.50 1.k.63 1..75 16. IT 15.0Z 13.12 15.25 15.37 15.49 15.62 15.71k 13.8? -!.;* 1 ..;
g0 13." lk.01 ..13 Lk.25 1-. L..0 1 k.643 lk.75 16.37 1.0015.12 .8.2! 15.37 15. 9 15.621 5.7. 5.? 15.9 'e.:) 16.09
21 Ik.O1 lk.13 lk.as ii.1i l-.3: L6.63 lt.M 14.87 1,.0 15.12 15.25 .5.37 15.49 15.6 S.'k I5.8T 15.99 14.121.2.; 1"6.22
2 l14.13 1".25 lb.38 11,.50 !6.43 lk.TS 1k.87 15.00 15.12 15.25 15.37 131. 1 15.74 5.874 15. S.9 1.12 16.2- .L .! . If.3'
23 lt.;t 16.36 l.4 lk.61 ..?13 1k.45 1& . 8 15.10 15.23 15.35 15..'? ,s.i: 15.72 15.85 15.97 16.09 16.22 .6.3' 16.. .- S
2k 116.23 "..36 14. ba lkb.61 2.3 k.85 1".98 15.10 15.23 15.35 5.;-? 15.6: 15.2 15.85 I5.7 1.9 1A.22 16.3 , 1.A.6.4
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il) (C3 ,C 4 ,C 5 ) -(10,10,2S)

S 6 T 8 9 10 11 12 13 16 15 16 17 IS 19 M0 2t U 23 24

5 3.61 13.76A 13.86 13.98 1l.11 16b.23 116.36 16.68 16.61 2.6.73 16.85 14.96 15.10 15.23 15.35 15.6 7 15.60 15.72 15.83 15.83
6 13.76 13.86 13.98 16.1116.23 16.-36 V, .68 146.61 14-.1'3 265 16.98 15.10 15.23 15.35 15.67 15.60 15.72 15.85 15.95 15.95
7 13.86 13.98 16L.11 16.23 16.36 16.68 2.. 16.7 1A65 116.98 15.10 15.23 15.35 15.61 15.60 15.72 15.85 15.9? 16.07 16.0?

-98 13.90 16.11 16.23 14.36 V16.68 16.61 y1I-73 16.841 16.-98 15.10 15.23 15.35 15.67 15.60 15.72 15.85 15.97 16.09 16.20 16.20
9 6s.11 16s.23 26. -36 16.6 16.61 16.73 16.85 Ib.98 15.10 15.23 15.35 15.67 15.60 15.72 15.85 15.97 16.09 16.22 16.32 16.32
1.0 16.23 16. 36 vi.1.8 ib.6. 1u.m 1465 116.98 15.10 15.23 15.35 15.67 1560 15.72 15.85 15.9? A6.09 16.22 2.6.314 16.65 16.65
11 2..36 16.6 16.61 16.73 16.85 16.98 15.10 15.23 15.35 15.67 15.40 15.72 15.85 15.91 16.09 16.22 16.36 16.67 2.6.51 15.S7
12U 1 .6.1 16.73 16.8514.9815.10 15.23 15.3515.6715.60 15.7215.IS . ? ISM 6.9 16.21U-3 16.6716.59 16.69 16.69
X3 114.5U 16.73 16.85 16.9 15.10 15.23 15.35 15.67 156o 15.7 15.6 Is5m9 1.09 16.22 16.36 6.67 W6.59 16.71 16.82 16.82
6 16.M 1468 16.98 15.10 15.23 15.35 15.67 15.6 15.72 15.8 15.97 16.09 )A.2 16 .36 -k 16.6 1.59 6.7 16.66 16 .96 16.96
i5 16.85 1b.98 15.10 15.23 15. 35 15.6 15.6 15.72 15.85 15.91 16.09 16.22 16.36 16.67 16.5 16.71 16.86 16.96 17.0 17.0
U 16.98 15.10 15.23 15.35 15.67 15.60 15.72 15.85 15.97 16.09 16.22 IA. 3b .6.67 16.59 16.71 16.8'. 16.96 17.09 17.19 17.1?
I7 1.10 15.23 15.35 1't 4 25.60 15.7 15.85 15.97 16.0 16.2 w6.36 16.67 6.5 16.72 16.84 16.96 17.09 17.2 17.31 17. 31
]A 15.23 15.35 15.67 15. 15.7 15.I 85 ISM.9 16.09 16.22 16.3616.6 16AA. 59 16.7 16.86 16.96 27.09 17.u 1736 17.66 17.66
19 15.3 15.67T 15.60 15.72 I..8 15.97 16.09 16.U216.3h 16..?T 16.59 16.71 16.66 16.96 17.09 17.21 17. 36A 17.6 17.56 17.56
20 15.67 15.60 15.7 15.85 15.9? 16.09 16.2 16.36 16.6 16T .59 16.71 1586 1.96 17.0 17.21 17.36 17.6 11I.5 is7.69 17.69
21 1560 15.72 2.5.85 15.97 16.09 16.22 16.36 16.67 16.19 16.71 16.66 16.96 17.09 17.21 17.3 A17.6 17.58 17.7 17.81 17.6
n2 15.72 2.5.55 15979 16.09 16.22 16.36 16.67 16.59 16.71 16.86 16.96 17.09 17.21 17.36 17.6-6 1.58 17.71 17.63 17.93 17 .93
23 15.83 15."5 15.07 16.=0 16.32 16.6 16.57 16.69 16.82 16.94 17.07 17.19 17.3 17I.66 17.56 17.69 17.81 17.93 11.06 18.06,
A 2 15.63 15.95 16.01 16.20 16.32 16.6 16.57 16.69 15.82 16.96 17.0 17.19 11.31 17.)A 17.56 17.69 17.6 17.93 18.06 11.0

C)avoroximation to ordinary premium g(E) - (x lx,, Cl'C 21 C3 )

chosen as fixed
1.) (C3 ,C VC 5 ) - (10"1,10) parameters

9 6 7 8 9 10 11 12 2.3 2.6 15 16 17 11 19 20 21 92 23 26

5 7.80 7.93 6.07 4.21 6.35 8.69 8.62 5.7T6 6.90 9.06 9.17 9.31 9.65 9.59 9.7r3 9.86 10.00 10.16k 10.25 10.25
6 7.93 8.0? 6.21 6.35 6.69 8.62 8.76 8.90 9.06 9.17 9.31 9.65 9.59 9.73 9.86 10.00 10.16 10.28 10.39 10.39
7I 6.01 8.21 8.35 8.69 8.62 8.76 8.90 9.06 9.17 9.31 9.65 9.59 9.7 9.86 10.00 10.16 10.28 10.61L 10.53 10.53
a 0.21 8." 6.69 0.62 6.76 6.90 9.06 9.17 9.32 9.65 9.59 9.73 9.86 10.00 10.1b 10.26 10.6A1 10.55 10.67 10.67
9 8.35 8.69 8.62 6.76 8.90 9.06 9.17 9.31 9.65 9.59 9.73 9.86 10.00 10.16 10.28 10.61 10.55 10.69 10.80 10.80

3a S .6 .62 8.76 6.90 9.06 9.17 9.31 9.65 9.59 9.73 9.86 10.00 10.16. 10.28 10.61 10.55 10.69 10.63 10.96 10.94
u1 6.62 6.16 8.90 9.06 9.17 9.31 9.651 9.59 9.73 9.86 mo.o 10.1 wa.2 10.61 10.5 10.69 10.83 10.9 11.08 11.0
U2 8.76 8.90 9.06 9.1? 9.3L 9.65 9.59 9.73 9.86 10.00 10.16 10.28 10.61 10.55 10.69 10.63 10.97 11.10 11.22 1.22
13 8.90 9.06 9.17 9.32. C.65 9.59 9.73 9.86 10.00 10.16 10.28 10.61 10.55 10.69 10.63 10.97 11.10 11.269 L1.36 11. 36
216 9.06 9.17 9.31 9.65 9.59 9.73 9.86 10.00 10.16 10.26 10.61 10.55 10.69 103 10.97 11.10 11.26 U1. 3869 m1.69
15 9.17 9.U1 7.65l 9."9 9.73 9.86 10.00 10.16 10.26 10.61 10.55 10.69 10.63 10.97 11.10 U126 16 11.52 11.63 11.63
16 9.31 9.65 9."9 9.r3 9.86 10.00 10.16 10.28 10.61 10.55 10.69 10.83 10.7 11 .10 11.26 11.38 11.52 11.65 11.77? U.?
2.7 9.65 9.59 9.73 9.86 10.00 10.16 10.26 10.161 10.5 10.69 10.8 13.97 11.10 11.26 1u.38 11.52 11.65 11.79 11.91 11.91
IS 9.59 9.73 9.86 10.00 10.16 10.28 10.61 10.55 10.69 10.83 10.97 1140 11.26- 11.38 11.52 11.65 11.79 11.93 12.04 12446
19 9.713 9.86 10.00 10.16k 10.28 2.0.61 11.55 10 .69 10.63 10.97 11.10 11.26 11.36 11.52 U1.65 11.79 11.43 12.07 12.18 12.16
ao 9.86 10.0 10.16 10.28 10.6 10.5 10.69 10.63 10.9? 1.1 11.26 11.3 11v 1.65u 11.79 11.93 12.07 12.21 12.32 12.32
21 10.00 10.116 10.28 10.61 10.5 10.69 10.63 10.97 11.10 11.26 11.3 N11l.52 11.6 11.79 11.93 12.0 12.21 12.31s 12.66 12.6

2210.16 10.28 10.61 1Q..55 10.6 10.63 10.91 11.10 11.26 1t.3 11.5.2 U.1.4 U1IV 11:13 M2.T 12.21 12.264 12.48 12.60 1.2.60
23 10.25 10.39 10.53 2.0.6? 10.80 10.96 11.0 L1.M 11.36 11.69 11.63 11.7?T 2.14 1 2.06 12.18 12.32 12.66 12.60 12.71 12.71
26 10 .25 10.39 2.0.53 10 .67 10.60 10. 11.06 11.2 11.36 11.69 11.63 11.77 1.9 12.04 12.8 12.3 12a.664 12.6o 12.71 12.71i
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ii) (C3 ,C 4 ,C 5 ) - (10,10,25)

TL- 6 8 9 10 11 12 13 11 15 16 IT 18 19 20 21 n 23 2

5 9-56 90 9.66 9,96 10.12 10.25 10.39 10.53 10.6T 10.80 10.9. 11.08 11.22 11.36 U-1,9 11.63 11.T 11.91 12.02 12.02
6 9.0 9.8 948 10.12 10.25 10.39 10.53 10.67 10.80 10.94 11.08 11.22 11.36 11. 9 11.63 11.Tr U1.91 12.01 12.16 12.16
G9.81 9.9 10.12 10.2 10.39 10.53 10.6T 10.80 10.9 11.06 11.22 11.36 11.19 11.63 11.TT 11.91 12.0 12.15 12.30 12.30
6 9.96 10.12 10.2 10.39 10.53 .6T 10.80 10.9. 11.08 11.22 11.36 1. 9 11.63 1.?T 11.91 12.0 12.18 12.32 12.,3 12.1.3
9 10.1 10.2 5 10.39 10.53 10.6T 10.80 10.9b 11.08 .2 1.36 U 1.4 9 11 .63 1.?? 11.91 .0 2.1.8 12.32 121.6 12.57 12.57
0 10.29 10.3 .53 .6T 0.AO 10.9 .0 11.22 U .36 1.9 1.63 .?? 11.91 L2.01 12.12 12.32o..6 12.60 12. 1.55 12.n 5
2 10.39 10.53 10 .67 0.0 10.9 11.0 11. L 11.36 U 11.63 11.91 11.9 12.08 12.12 12.2 12.60 12M. 12.87 12.85 12.65

32 10.53 10.? 10.80 10.9 k 11.08 11.22 .36 11.1 9 1.63 11. r 11.91 2.01. 12.18 12.3 12.46 12.60 12.T3 12.87 12.99 12.99
13 10.67 10.80 0.9 . 1.0 1.22 1.36 1.1. 9 11.63 1.7r .91 12.0o. 12.1 12.32 L2. . 12.60 12.73 2.-8T 1 3.01 1 3.12 13.12
15 10.0 10.9 11.06 11.22 11.36 11.19 11.63 .TT 1.91 12.01 12.18 12.32 12.4 12.60 12.T3 12.87 1 3.01 13.15 13.26 1 3.26
15 10.91. 1.06 11.22 11.36 ..9- 11.63 11.77 - 1.91 12.01. 12.18 12.32 12.16 12.60 12.13 12.8? 13.01 13.1 13.29 13.4 13.1.0
16 11.0i 11.22 11.36 11.1.9 1.63 .7T7 11.91 12.0 12 8 12.32 12.46 12.6o 1243 12.87 13.01 13.15 1 3.29 1.2 13.51. 13.51

1 11.22 11.36 11.19 11.63 1.7T 11.91 12.0 12.15 12.32 12.4 12.6 12.73 12.8T 13.01 13.15 13.29 13.-12 13.4 13.66 13.66
18 11.36 .1.9 ..63 U 1.TT LL .91 12.01. 12.18 L2.32 1 .1.6 12.60 12. 3 2. 13.01 1 3.15 1 3.29 13..2 13.56 13. 13.8 1 13.81;!! 19 11.1.9 11.63 11.7? 11.91. 12.01. 12.15 12.32 1,1.k6 2.60 121.73 12.67 13.01 13.15 13.29 1,3.1 1.3.56 13.70 13.81. 13.95 13.95

30 11.63 LL.TT 11.91 12.04 12.18 12.32 121.-6 12.60 12.T3 12.8? 13.41 L3.15 13.29 13.b 13.56 13.40 13.84 1.3.)? 14.09 14.09
1 11.T 11.91 L2.04 12.16 12.32 12.. 12.60 12M 12.87 13.01 13.15 13.29 13.12 13.56 13.70 13.8 13.M? 14.11 1b.23 14.23

22 11.91 12.0 12.18 12.32 12.,4 12.60 12.73 12.87 13.01 13.15 13.29 13.4.2 13.56 .3.'0 13.84 13.9T 11.U.1 16,.25 V..36 14.36
23 12.02 12.16 12.30 12.1.3 12.57 12.71 12.85 12.99 13.12 13.26 13.6r 13.54 13.68 13.81 13.95 1.609 .. 23 V.. 11..18 1h.k8
214 12.02 12.16 12.30 12.13 12.57 12.71 1.5 1.99 13.2 13.26 13. C 13.51 13.68 13.81 13.95 11..09 1..23 16.36 14.4d 1.4.4

10. Final Remarks

The Data Trimmed Credibility Formulae seem quite appropriate for

Experience Rating in the presence of catastrophic (or as called

in this paper excess) claims. With this intuitive background in

our minds we have in our explicit calculations been looking at

deviations from ordinary claims towards the higher side only. Ob-

viously the normal distribution being symmetric one could also ob-

serve outliers to ordinary claims towards the lower side hence

leading to a truncation at the lower end as well. But of course

our assumption of normally distributed claims should only be seen

as an approximation to the real world, and it is our feeling that

the approximation is particularly bad at the lower tail of the

distribution.

In any case truncation at the upper end of the distribution is in-
troducing an additional parameter into the credibility formulae
and we hope to have demonstrated in this paper that the labour
caused by the new parameter can be worthwhile indeed.
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12. Appendix

For the interested reader we are attaching the explicit calcula-

tions leading to formulae 19) and 20).

-.9

* ....
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A: Calculations leading to formula 19)

b E[Cov(x1Amt X2/91] + Cov[E[XlAM/e], EtX21eil

COv[X1 m, X2/01 a 0, because X1 ,X2 are conditionally independent.

Hence

C (1-)Uma (e)+w_ , (1-iho (9) +i ] or0 a 0 e

a 14- (1-W) Cov[U0 (e), o (8)]

and analogously (with X2NM instead of X2)

b 2 - (1-Wr) Var U0(

Let be Y = 1A where A denotes the event {X is ordinary}. Then

VarEXAM,8 I E[VarXAM18,.] + Var[EXAt,,,,]]

1-701a 24(9) + Irazm + Ir 1_-r) (uM () - U M

0 00' e

ence

b 3- var(xAZ4

=EVarLL.14h + Var(l-r)u 0 (8) + U , o

b - i m) i aa()+I m)+(l-w)Var0-~4() 4i(-z(e 04e2 u0()
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B: Calculations leading to formula 20)

i) Preparations

In the following we put r-v , s-v and omY-V 4 "

Furthermore we denote by O(x) the standardized normal dis-
tr ibution function and by v(x) the standardized normal den-

sity function.

By convolution we get

0

Noting that p' (x) - -x o(x) integration by parts gives

and thus

ja 4 dx - Lu I o *

0 ' '

• -o .. , • _-_____} -? rs-
where U +SIM and --

we obtain

x dx- o )o +

f- r 
"- 

0I
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Integration by parts gives

-s

and thus using the above formulae

ii) actual calculations

(6 - ' dx + K Pr(CX M I,
KOe r kr)/

- - + 9 Pr(X S Mle) + PrEXX K/ 1

N-9 (0 - 6-e

Applying the formulae derived in L.) we get by straightforward

calculations

EN (01- V1 - (M0 ) 906d

a M (M-O~o -O ( M-\
0 --

Z A 8)- i + (gZ.g. I -X - 00 ) )
Hence

zones 3 1 0 6) ~4 ( - '
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and

As COV(X1AM, X 2AM/X X2 ordinary

- COv[01A14, U2^M]j

- ZCCOvrIU1AM. U2AbI/eII1 + Cov[E[UIANM/eII E(U2^bM, 0II

- VarEIlNMe)I ,we conclude from 19)
0

b - (1-t)2a Cov(Up 1 1 4AM

To obtain a closed formula for b 3, observe

1~-u *(x-ui)dx -zav Oi) +a10, i dx

-Q~r+ c*(M)

I o(x-jjldx a (M+U) 9d=+(1+04 (-U

Accordinq to 1) the density function of X is

f(x) (1-r)p (x,8  dU(G) + irp(x W +1i~0 x T pe(x)

with (see 6.1. and 6.2)

Pe(x W 4pL
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Hence

E( (XAM) 2  (1-W) (M, + -) (V-a M )
0 a 0 

rtg u.-. ~o\ a0  ,\

Sw +al)~ (0~ I -J a (M+J.Le0 M-e

We~~ ea new aial, r

-A

The same calculations as at the beginning of ii) leading to

the formula for UM(8) are repeated to obtain E[X^M] , of

course with different parameter values. From this calculation

we obtain

-C^M MH IW ( moM-0w)M-o) " r( 1-up

* ~ ~ ~ a 1! 0(~-) (H jo ~i

ae e

We can now, finally, write

lb3 - Var[XAs] - A -
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