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SUMMARY 

The authors have studied the combined data on claims in fire insurance 
of dwelling houses reported 1958-1969 by Swedish fire insurance companies. 
The claims were cleared of deductibles and adjusted according to a suitable 
index. Only losses above the largest deductible (in real value) applied during 
the observation period were included. 

The material contains four different classes according to the fire resistibil- 
ity of the building construction. For international comparisons, the pure 
classes Bi  ("stone" dwellings) and B 4 (wooden houses) are of interest. The 
distribution of the claims could be well approximated by the log-normal 
distribution in Bi  and by the Pareto distribution in B 4. An equally good or 
better  fit was obtained by assuming the original loss, reported or not, being 
distributed according to these distributions and applying the distributions, 
conditioned by the loss being larger than the deductible. In  both cases 
the distribution parameters are functions of the insurance amount  in such 
a way, tha t  the mean value of the loss is described as a power of this amount.  

The authors refrain from any theoretical arguments for the general 
applicability of the distributions used. They observe, however, the good 
approximation by wellknown parametric distributions which facilitates 
many actuarial taks, such as the determination of first loss premiums, 
deductible premium factors, excess-of-loss premiums etc. The agreement 
between model and reality make these functions fit for use in the models 
underlying the general risk theory and in the more comprehensive models 
of the non-life insurance business. 

I.  NOTATIONS 

A i n s u r a n c e  a m o u n t  

D D e d u c t i b l e  (300 Skr 1965 ) 

Y loss, r e p o r t e d  or n o t  

L r e p o r t e d  loss 

C -~ L - -  D, c l a im 

n n u m b e r  of c l a ims  

In n a t u r a l  l o g a r i t h m  

d.f. c u m u l a t i v e  d i s t r i b u t i o n  f u n c t i o n  

$(x) n o r m a l  d.f. 
G(y) d.f. of Y 

( o < Y < A )  

( D < L = <  A) 

(o < C =< A - -  D) 
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P(y) 
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ci ~- l~ - -  D 

Pi  
7"7 

Skr  

S k r  1965 
hkr 

tkr 

G(y~ - -  G)D) 
d.f. of L H ( y )  - -  

i - -  G(D) 
d.f. of C P ( y )  = H ( y  + D) 
in terval  of claim a m o u n t  
upper  limit of repor ted  losses in i 
upper  limit of claims in i 
cumula ted  f requency  of claims < c, or losses < It 
f requency  of losses < D 
Swedish " k r o n o r "  (approx. o.I  •) 

, index ad jus ted  to real va lue  1965 
IOO Sk r  

IOOO S k r  

2. I N T R O D U C T I O N  

The  ac tua ry  is expec ted  to know as much as possible about  the 
fu ture  claims in a portfolio. "Ihis knowledge is condensed in a 
"m a the ma t i ca l  model" ,  which in most  non-life branches  should 
include the r andom na ture  of the outcome.  The  model  also serves as 
a guide for assembling and arranging the risk statistics,  which 
should give us in format ion  when the real deve lopment  devia tes  
f rom the expected.  

Risk statistics involves a race against t ime and  is not  complete  
unti l  all losses are repor ted  and the claims settled. In  some branches  
the ac tua ry  m a y  even be forced to make  prognoses of past  losses, 
e.g. the I .B.N.R.  claims ( Incurred But  Not  Reported) .  This applies 
i.a. to l iabil i ty insurance. In fire Insurance this problem is negligible, 
as fires are easily observed,  but  the se t t lement  of large claims m a y  
be considerably delayed. 

The sum of claims S for a future  period, m a y  be expressed as 

S 
S - ~ n . - -  

n '  

where n is the number  of claims. 

The extension can be fur ther  refined by  in t roduc t ion  of  in- 
surance amoun t s  in the portfol io and in the policies hi t  b y  
damage  etc., bu t  if the portfolio is subdivided in reasonably  
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homogeneous classes, especially with respect to size, the 
description by number of claims and mean claim will suffice for 
our purpose. For a thorough survey of these questions we 
refer to the lecture by G. Benktander at the 1972 congress of 
actuaries EReI. 3]. 

The actuary in a medium sized company normally gets sufficient 
information on the incidence of fires to make a forecast of n, but as 
the distribution of claims is very skew the mean Sin depends 
heavily on the scarce large losses. 

In order to obtain the best information on S/n we should t ry to 
estimate the distribution function P(y) of the individual claim, 
given all information of the policy. The function P(y) is fundamen- 
tal for the application of the collective risk theory and also for the 
everyday decisions regarding deductibles, first loss amounts, 
loadings, retentions and other questions of reinsurance. As these 
decisions are based on the tails of the distribution, it is essential 
that  the estimation is based on as large statistics as possible. Thus 
the task of estimating P(y) is suitable for the cooperation of com- 
peting companies. In Sweden the companies keep their own records 
of the portfolio and of the claims, but also pool all their claims 
experience to "CentralstAllet f6r Svensk Brandskadestatistik". 

This common data pool comprises the statistical data on the losses 
and on the policies hit. This material has been used in this study. 

3. STATISTICAL DATA 

The statistics comprises all claims in fire insurance for dwelling 
houses paid by the nation-wide companies during 1958-1969 , 
numbering 78,94 ° in total. Thus the contents are not included. 

In order to make the figures from different years and companies 
comparable, the influence of inflation and varying deductibles 
should be eliminated. The highest deductible (in real value) oc- 
curing during the period was Skr 300, applied since 1965. Conse- 
quently all losses less than Skr 300 after conversion to the money 
value of 1965, should be disregarded. The choice of a suitable index, 
however, is not evident since the claims depend of costs of building 
and repair material as well as of earnings of workers for reparation 
or construction. 
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We found that  the rise of claim costs corresponded reasonably 
well to the index number I t  based on "average hourly earnings of 
workers in mining and manufacturing", which index is published 
yearly in the Statistical abstract of Sweden by the National Central 
Bureau of Statistics. 

Some data illustrating the application of this index are given in 
Table I below 

TABLE I 

Index It (earnings of  workers in mining and manufacturing) and resulting 
corrections in number of claims and average losses. 

Index It Registered no. of Average of Indexcorrected 
Year (It985 = 30o) claims losses losses >- It average of 

losses > It 
> It Skr Skr 1965 

1958 178 6176 5795 2849 4804 
59 186 596I 5580 3635 5863 
60 197 6762 6195 314 ° 4779 
61 213 7421 6590 3363 4773 
62 232 8o41 7046 3984 516I 
63 249 9844 8486 3657 44o6 
64 271 8503 7181 4141 458I 
65 300 8o6o 6859 4888 4888 
66 328 8o9o 6955 5984 5475 
67 357 8046 6546 5729 4814 
68 382 7192 5714 8326 6585 
69 415 7777 5980 8052 582I 

After this preliminary adjustment all claims, where the total loss 
(=  claim + deductible) was less or equal to It, were eliminated, 
and for the remaining claims the following information was re- 
gistered: 

I. Building class, B: 
I. Stone and brick houses with fire resisting flooring. 
2. Stone and brick houses with wooden flooring. 
3. Wooden houses with plastered walls. 
4- Wooden houses. 

2. Insurance amount, A (not index-adjusted). 
3- Index-adjusted total loss, L (=  claim C + deductible D), ex- 
pressed in S k r  1965. 
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The losses were also classified according to a semi-logari thmic 
two-figure code. Thus  the code cl ca denotes the interval  

c2 . io  e,- 1 Skr  __< L < (ca + I) • IO c ' -  1 Skr.  

An in t roduc to ry  s tudy  showed tha t  the dis t r ibut ion funct ions of 
the losses differed between the building classes, and  tha t  the general 

shape could be described as 

log normal  in B = I, 
part ial  log normal  in B = 2, 
between log normal  and  Pare to  in t3 = 3, 

Pare to  in B = 4. 

As building construct ions  v a r y  between geographic  areas, we 

have though t  tha t  the pure classes B = I and B = 4 should be most  
fit for in ternat ional  comparisons and hence we have  in this con- 
nect ion restr icted the discussion to these classes. 

In  most  tables and  diagrams the intervals  are put  together  in 

the following way  (losses below 300 Skr  1965 are omitted!) .  

Interval code Lower limit Upper limit 
i Shr I965 Skr I965 

(included) (excluded) 

33--34 3 °o 5 °o 
35 5oo 6oo 
36 6oo 7oo 

37--39 7oo I,ooo 
41 I,OOO :2,00o 
42 2 ,oo0  3 ,000  

43--44 3,000 5,000 
45--49 5,000 io,ooo 

51 I 0,000 20,000 
52 20 ,000  30 ,000  

53--54 3o, ooo 50, °00 
5 5 - - 5 9  50 ,000  IO0,O00 

6I  IO0,O00 200 ,000  
62 2.00,000 3 0 0 , 0 0 0  

63--64 300,000 500,000 
65--69 500,000 x ,ooo,ooo 

71 I jO00,O00 
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4- ~ [ o D E L S  OF THE LOSS DISTRIBUTIONS FOR D W E L L I N G  HOUSES OF 

STONE OR BRICK 

The  dis t r ibut ion of the loss amoun t s  L in building Class I 
( " S t o n e  houses")  is given in the " T o t a l "  columns of Table  2 on 
page 7. In  Diagram I on page 8, the cumula t ed  frequencies (per 
cent) are p lo t ted  on a normal -probab i l i ty  paper  against  funct ions  of 
the  loss. 

In  the  cont inuous  curve  (I) the abscissa x represents  the na tura l  
logar i thm of the  loss L (in hkr I965), thus  s ta r t ing  at  x = I.IO 
(ln of the deduct ib le  3 hkr). The  devia t ion  from the log normal  
d is t r ibut ion  for small x is obvious and natura l ,  as this dis t r ibut ion 
should be posit ive over  the whole posit ive x-axis. 

In the lashed curve (2), x represents  the na tura l  logar i thm of the  
claim ( =  loss minus 3 hkr), which covers the real axis. Al though 
the curve  does not  devia te  ostensibly from a s traight ,  there  is a 
significant concavi ty ,  which should not  discourage the model  
builder.  If there  are reasons to expec t  a cer ta in  s t ruc tu re  of the  loss 
d is t r ibut ion (e.g. the specific model  of log-normal i ty  as proposed 
and just if ied by  i.a. Giovanna  Fer ra ra  [SJ), this s t ruc tu re  should be 
independen t  of the deduct ible  and refer to the real loss, r epor ted  or 
not.  

If  the d.f. of the loss Y is G(y) we have  only  observed the con- 
di t ioned d.f. H(y) = G(y [ Y > D) 

G(y) - -  G(D) 

I - -  G(D) 

where D is the deduct ible  which in our  mater ia l  is 3 hkr. 

If  ~ = G(D), the probabi l i ty  of no claim or the loss being less t han  
the deductible,  were known,  we could calculate  G(y) f rom the 
equa t ion  

G(y) = ~ + (I - -  ~) • H(y)  (y > D) (I) 

The  curves (3), (4) and (5) in Diagram I represents  this t rans-  
format ion  with x = In y and  n being chosen as o.3, 0.4 and 0. 5 
respect ively.  Al though we should expec t  a decent  l inear approxi-  
mat ion ,  as we have  chosen the pa r am e te r  ~ for t h a t  purpose,  the  
curve  (4), where ~ = 0.4, shows an astonishing good fit to a s t ra ight  



TABLE 2 

Building class z (Stone dwellings). Frequency distributions of claim and loss amounts. 

Magni tude  group 
Insurance  amoun t  ( i ,ooo Skr): 

i 2 3 4 
o - -  249 25 ° - -  1,249 1,25o - -  2,449 2,500 - -  oo 

Total  

Loss Max loss 
inter-  l~ = ci + 3 
val, i ( IOO Skr) 

In li In c, 
N u m b e r  Cum. fr. N u mb er  Cum. fr. N u m b e r  Cum. fr. N u mb er  Cum. fr. N u m b e r  Cum. fr. 

o~ % of % o~ % of % of % 
claims claims claims claims claims 

ni Fi ni F, ni Ff nt Fi ni Fl 

33--34  5 1.61 o.69 
35 6 1.79 I.IO 
36 7 1.94 1.39 

37--39  lO 2.3o 1.94 
41 2o 3.oo 2.83 
42 3 ° 3.4 o 3.3 o 

43- -44  5 ° 3.91 3.85 
45- -49  IOO 4.61 4.57 

51 200 5.3 ° 5.28 
52 3 °0 5.7 ° 5.69 

53- -54  500 6.21 6.2I 
55--59  I,O0O 6.91 6.90 

61 2,000 7.60 7.60 
62 3,00O 8.00 8.00 

63----64 5,000 8.51 8.51 
65--69  io,ooo 9.21 9.21 

71 2o,ooo 9.90 9.9 ° 

517 21.1 625 14. 7 451 14,2 5o7 14.2 2,1oo 15.6 
175 28.2 268 21.o 193 2o.4 219 2o.3 855 22.o O 
147 34.2 256 27.0 187 26. 3 189 25.6 779 27-8 
343 48.2 521 39.3 391 38.6 380 36.3 1,635 4 °.0 
528 69.7 834 58.9 589 57.3 679 55-4 2,630 59.6 O 
264 80.5 400 68.4 296 66.6 345 65.1 1,3o5 69.3 
225 89.6 488 79.9 299 76.1 357 75 .1 1,369 79.5 
146 95 .6 443 90.3 345 87-0 338 84.6 1,272 89 .0 
61 98.1 234 95.8 21o 93.6 279 92.4 784 94 .8 
16 98.7 74 97-5 81 96.2 93 95 .0 264 96.8 
20 99-5 51 98. 7 62 98.1 72 97.0 2o5 98.3 
io  99.9 4 ° 99.6 42 99-5 59 98-7 151 99.4 

2 ioo.oo 12 99.93 12 99.84 24 99.4 5 ° 99.79 
- -  - -  I 99.95 3 99.94 8 99.6 12 99.88 
- -  - -  2 IOO.OO I 99.97 6 99.83 9 99.95 
. . . .  I IOO.OO 4 99.94 5 99-99 
. . . . . .  2 IOO.OO 2 IOO.OO 

To ta l  2,454 4,249 3,163 3,561 13,427 

Mean loss (IOO Skr 1965) 27.47 47.72 61.96 91.o7 58.87 
Mean insurance amoun t  ( t ,ooo Skr) 12o 716 1,73o 6,I3I  2,254 
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B u i l d i n g  c l a s s  i 
( S t o n e  d w e l l i n g s )  

D i a g r a m  I 

D i s t r i b u t i o n  of  loss  a n d  c l a i m  a m o u n t s  
I) H(y), y = loss  (in hkr) 
2) P(y), y = c l a i m  (in hkr) 
3) G(y) = 0. 3 + 0. 7 H(y), y ~ loss  (in hkr) 
4) G(y) = o. 4 + o .6  H(y), y = l o s s  (in hkr) 
5) G(y) = 0.5  + 0 .5  H(y), y = loss  ( in hkr) 

N u m b e r  o f  c l a i m s  13 ,427  
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from which we could estimate the parameters of the normal dis- 
tribution: 

= 1.6o 
+ 2~ = 5.58 and thus (2) 

= 1 , 9 9 .  

Assuming the I n  Y being normal with parameters ~ and ~, the 
d . f .  of Y is 

G ( y )  ~ ( l n y - - ~ ) ,  where , (0  f I -~ . . . . . .  e-~ d~. 

The r :th moment of Y is wellknown' 

; f - E(Y r) = y d G ( y  r) = e r~ d ~ = e r ~ + q -  (3) 

For the variable L, the corresponding moment is 

E ( L  r) = e ( Y r l  Y > D )  = -' 

I 
j yrd G(v) 

( l n  D - - ~ )  _~ . 
I - - ~  " 

= er~ d~ 
log D 

As e rx d ~  _ rx - - -  ~ e a d x  

r 2 ° 2  I ( z  - ~ - r o  e) 2 
r ~  ÷ 

_~ e 2 ~ 1 / ~  e 2~, d x ,  we get 

E ( L  r) = e r~ + - -  
rfl + ~2 

2 

(ln D - - ~ - - m ~ )  

i__ (lnO o 
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4 (  ~ - l n D  ) 
- q -  Y ~  r 2 o 2 

Cr r~  + ~ - -  

o 

Introducing the estimates (2), which give ~ (-~x - - ~  n D )  

we obtain from (3) and (4) 

E(Y) = 35.9 
E(L) = 59.I and thus 
E(c) = 56.  

(4) 

= I - -  ~o.6 

The identity 

E(Y) = Pr(Y=< D) . E(Y  E Y--< D) + Pr(Y > D) [D + 
+ E ( Y - -  D I Y > D)] gives 

35.9 = 0.44 + o.Oo (3 -4- 56.I) 
= 0.44 + x.8o + 33.66 

which is a decomposition of a random loss in three parts 

a) the mean vame of losses =< D 
b) mean value of deductible (when claims occur) 
c) mean value of positive claims (occuring with probability o.0). 

Both the losses < D and the deductible are small compared to the 
claims, when they occur. The role of the deductible is mainly to 
avoid the administration of all small claims, estimated to 4 ° per 
cent of all losses. 

The log-normal model described has been subject to a z~-test. 
Thus the frequencies in Table I (Total column) were compared with 
the frequencies deduced from the log-normal model (~ = 0.4, 

= x.6o a = 1.99 ). All claims above 50.000 Skr (intervals 5 5 - - )  
were added into one single group. We got Z 2 = 25.8 with I2 - -  3 - ~  9 
degrees of freedom, a value falling between the 99.5 and the 99.9 
per-cent value of the one-sided test. This does certainly not give 
reason to accept the log-normal distribution as an hypothesis for 
the loss distribution, but  it shows that for the total loss material 
used the model might give a fairly good description. 
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We have not hitherto used our knowledge of the insurance 
amounts which certainly affect the distributions. In many studies 
the statistics are based on the extent  of damage, i.e. the loss as a 
fraction of the insurance amount. As the index-adjusted insurance 
sums are not included in the material at our disposal, we have based 
further analysis on a subdivision according to groups of magnitude, 
defined as follows. 

M a g n i t u d e  g r o u p  I n s u r a n c e  a m o u n t  A (tkr) A p p r o x .  i n t e r v a l  

1958-1963 1964-1969 Skr t965  

I A < 200 A < 300 o- 249 
2 200 _~A < i o o o  300 ~ A  < 15oo 25o-1249 
3 IOOO ~ A < 2000 15oo ~ A < 3000 125o-2449 
4 2ooo ~ A 3000 ~ A 25oo- 

In the diagrams 2:I-2:4 on following pages the cumulated 
frequencies in the four magnitude groups have been plotted on a 
normal probabil.ity paper against i) In claim (hkr) and 2) In loss 
(after estimating the probabili ty r~ of the loss being less than the 
deductible). 

The original estimates of n gave the following results: 

Group: i 2 3 4 Total  
r~* = 0.5 0.3 0.4 0.4 0.4 

As the estimates are very rough [judged from the linear tendency 
among several trial transforms as the curves 3), 4) and 5) in Dia- 
gram 11 the value r~ = 0. 4 was accepted in all groups. A common 
value implies, that  independent of the value of the dwelling house 
insured, and of the frequency of fire outbreaks, such an outbreak has 
a certain probabili ty ( ~  o.6) of causing a loss larger than the de- 
ductible (3 hkr 1965). 

The diagrams show, that  also the distributions of the subgroups 
may be fairly well described by a log-normal distribution as well for 
the claims C as for the losses L > D. 

The parameters, as estimated from the normal-probabili ty paper, 
are given in Table 3 on page 16. 
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D I A G R A M  2 : I  

Dis t r ibu t ion  of loss and  claim a m o u n t s  
i) P(y), y = claim (in hkr) 

2) G(y) ~ 0. 4 + 0.6 H(y), y : loss (in hkr) 

N u m b e r  of c la ims 2,454 
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Building class I 
(Stone dwellings) 

Group  2 
In su rance  a m o u n t  
25o-1,249 tkr 

DIAGRAM 2:2 

Distr ibut iori  of loss and  claim a m o u n t s  
I) P(y), y = claim (in hkr) 

2) G(y) = 0. 4 + o.6 H(y), y = loss (in hkr) 

N u m b e r  of claims 4,249 
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1 2 

Buildin~ class i 
(Stone dwellings) 

Group  3 
Insu rance  a m o u n t  
1,25o-2,409 tkr  

z 

± 
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DIAGRAM 2:3 

Dis t r ibu t ion  of loss and  claim a m o u n t s  
i) P(y) ,  y ~ claim (in hkr) 

2) G(y) ~ 0. 4 + 0.6 H(y),  y = loss (in hkr) 

N u m b e r  of claims 3,i63 
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I n s u r a n c e  a m o u n t  
2 ,500  thr - -  

h 5 6 7 8 

D I A G R A M  2 : 4  

D i s t r i b u t i o n  of  l o s s  a n d  c l a i m  a m o u n t s  
I )  P ( y ) ,  y ~ c l a i m  (in hkv)  
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N u m b e r  of  c l a i m s  3,561 

z5 
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TABLE 3. Building class z (Stone dwellings) 

Comparison between the log-normal models and the observed distributions. 

Group I 2 3 4 Total  13 i 

Insurance amount  
A tkr 0-249 25o-1,249 1,25o-2,449 2,500 
Mean ins. amount  
X tkr 12o 716 1,73o 6 , i3 i  2,254 

Model A : 
In C , ,normal" (it, 6) 

~z* 2.05 2.40 2.5 ° 2.55 2.40 
6 "  1.5o 1.65 1.75 1.95 1.8o 

E(C) = exp (~ + a~i2) 23. 9 43. I 56-3 85-7 55-7 
Mean C observed (hkr) 24.4 4'1.7 59.0 88.1 55.9 
Model 13 : 
In Y , ,normal" (~., 6) 
rt* ( =  Prob Y < 3hkr) .4 .4 .4 .4 .4 

~.. 1.50 1.60 1.60 1.7o 1.60 
6 "  1.65 1.9o 2.oo 2.15 1.99 

E(L) [cf.(4)] 28.2 49.4 6o.3 91.3 59.o 
Mean L observed (hkr) 27. 4 47.7 62.o 91.1 58.9 
I., (not index-adjusted) 
hkr 24.9 43.7 55.8 90.2 56.2 

T h e r e  is  a n  o b v i o u s  t e n d e n c y  in b o t h  mode l s ,  t h a t  [x a n d  ~, a n d  t h u s  

a n d  L,, i n c r e a s e  w i t h  t h e  m e a n  i n s u r a n c e  a m o u n t  A .  A s  t h e s e  

a m o u n t s  a r e  n o t  i n d e x - a d j u s t e d ,  w e  h a v e  s t u d i e d  t h e  r e l a t i o n  

b e t w e e n  t h e  m e a n s  of n o t  i n d e x - a d j u s t e d  losses  L ,  g i v e n  in  t h e  l a s t  

l ine  of  t h e  t a b l e .  T h i s  r e l a t i o n  is wel l  d e s c r i b e d  b y  t h e  f o r m u l a  

£ = 5.35. ( )o.32 (5) 
T h i s  is in  a g r e e m e n t  w i t h  t h e  w e l l k n o w n  e x p e r i e n c e  t h a t  t h e  

a v e r a g e  e x t e n t  of  d a m a g e  L / A  is p r o p o r t i o n a l  to  a n e g a t i v e  p o w e r  

of  X (c.f. D e p o i d ,  ref.  [4] P- 463 f.f.). 

T h i s  f o r m u l a  f o r / ~  a lso  g i v e s  a g o o d  a p p r o x a i m t i o n  of C, as  c a n  

be  seen  f rom t h e  fo l lowing  c o m p a r i s o n .  

Group tkr 5.35 " .~ 0.s, L C 

i 1 2 o  24.8 24.9 24.4 
2 716 43.8 43.7 44.7 
3 1,73 ° 58.o 55.8 59.o 
4 6,I3I  87.2 90.2 88.1 

Total  2,254 63.1 56.2 55.9 
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Studying how ~* and ~* of Model A depends of A, we get the 
following approximations: 

[z** = 1 . 4 8 + o . 1 3 1 n x  
~ . . 2  = 0.40 + 0.38 In ~1 

Group tz** bt* ~**  **  

i 2.1o 2.05 1.49 1.5o 
2 2.33 2.4 ° 1.7 ° 1.65 
3 2.45 2.50 1.8o 1.75 
4 2.61 2.55 1.93 1.95 

5. MODELS FOR WOODEN BUILDINGS 

The distribution of claims and losses are given in Table 4 on 
page 19 . 

The "Tota l"  column shows the cumulated frequencies F ,  of all 
claims < c, (or reported losses < lt). 

In Diagram 3 on page 20 the values of I - -  F,  are plotted against 
log lt, curve I), on a logarithmic chart. The curve does not show the 
linear character of a normed Pareto distribution. Now this is 
hardly to be expected as heed has been paid neither to the effect 
of the deductible nor to the truncation at y = A. We have there- 
fore used a slightly altered d.f. starting at  y = o. 

Now suppose that  the d.f. of the original loss Y, is 

G ( y ) = l - -  1 +  o < y < o o  (6) 

For the reported and registered loss L, we get the d.f. 

• o y < D  

H ( y ) = G ( y [ Y > D ) =  G(y)---G(D) _ i i  (a + y~-~ 
I--G(D) - -  \a + D/  D__< y <  oc 

(7) 
and thus for the claim C = L - -  D the d.f. 

( Y ) -~ P ( y ) = H ( y + D ) = I - -  I + ,+-----~ (8) 

We also have to truncate the distribution at a truncation point 
T, determined by insurance amounts. 
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Thus  the dis t r ibut ion applied is 

H(y ;  T) = o 

+ , I  -o 
I - -  \~r + D /  

I 

The  corresponding mean  value is 

c; + D [(~ + T I I - ~  

E(L)  = D + I - -  o~ kkg--~-D] 

6 + T  
= D + ( 6  + D )  l n - - - -  

c r + D  

y < D  

D=< y <  T 

T=< y. 

(7') 

- -  I] ~ ~ I (9a) 

= i (9 b) 

A rough es t imat ion  shows, t ha t  ~* = 2 hkr gives a good approxi-  
mat ion  of the dis tr ibut ion.  Thus  on Diagram 3 we have  p lo t t ed  
i - - F ,  against  x = In (l, + 2) in the  curve  2), which for not  too 
large values of x can be a p p r o x i m a t e d  b y  the  s t ra ight  

In [I - -  H(y)]  = 0.8624 - -  0.785 ln(y  + 2), 

corresponding to 
( y  + 2 / - 0 " 7 s ~  

H(y)  = i - -  \----~---/ , 3 --< Y < T 

Thus  ~* = o.785. 

For  an individual  insurance,  T could be chosen as A and  for a 
group of insurances w i th  l imited var ia t ion  of the A values, T could 
be chosen so as to  obta in  a correct  mean  value.  This should prefer-  
ably  be appl ied to separa te  magn i tude  groups,  b u t  to  i l lustrate  the  

m e t h o d  the  observed  mean  L = 51.7.hkr (cf. Table  4) subs t i tu ted  
for E(L)  in (9a) gives for ~ = o.785 T = 97o hkr, belonging to  the 
loss in te rva l  6o (9oo - -  IOOO hkr). In  our  mater ia l  only  233 claims 
out  of 4o,859 or o.6 per  cent  of the  claims fall above  this interval .  

In  building class 4, where  the  insurance  amoun t s  are smaller  t han  
in class I, we have  used three  magn i tude  groups,  def ined as 

M a g n i t u d e  g roup  I n s u r a n c e  a m o u n t  A (tkr) Approx .  i n t e r v a l  
1958-1963 1964-1969 Skr  1965 

i A < i o o  A < 15o o-124 
2 i oo  _S A < 2oo 15o __< A < 30o 125-249 
3 200 =< A 300 =< A 25 °- 



TABLE 4 

Building class 4 (Wooden dwelings). Frequency distributions of claim and loss amounts. 

M a g n i t u d e  group : 
I n s u r a n c e  a m o u n t  ( i ,ooo Skr) : 

Loss Max  loss 
inter-  l, = c, + 3 
val, i (hkr) 

In li In ci 

I 2 3 

o - -  124 125 - -  249 25 o -  
To ta l  

N u m b e r  Cum. ft. N u m b e r  Cure. fr. N u m b e r  Cum. ft. N u m b e r  Cure. fr. 
of % of % of % of % 

cla ims c la ims  c la ims c la ims 
n~ F ~  n t  F ~  n~ F ~  n~ F ~  

3 3 - - 3 4  5 1.61 o.69 6,93 ° 
35 6 1.79 I . IO 2,469 
36 7 1.94 1-39 2,°73 

3 7 - - 3 9  IO 2.3o 1.94 4,403 
41 2o 3.oo 2.83 7,71o 
42 3 ° 3.4 ° 3.3 ° 3,244 

4 3 - - 4 4  5 ° 3.91 3.85 2,841 
4 5 - - 4 9  IOO 4 -61 4-57 2 , I I 6  

51 200 5.3 o 5.28 1,321 
52 300 5-7 ° 5.69 583 

5 3 - - 5 4  500 6.21 6.21 560 
5 5 - - 5 9  I,OOO 6.91 6.90 53 ° 

61 2,ooo 7.60 7.60 62 
62 3,000 8.00 8.00 - -  

6 3 - - 6 4  5,000 8.51 8 - 5 1  - -  

6 5 - - 6 9  IO.OOO 9.21 9.21 - -  
71 2o,ooo 9.90 9.90 - -  

20.0 731 17.o 233 
27.0 293 23.8 i i o  
33.0 247 29.5 lO8 
45-7 559 42.5 241 
67.9 848 63.4 362 
77.2 428 73-3 185 
85.5 387 8 2 . 3  177 
91.5 326 89.9 141 
95.o 135 93.0 9 ° 
96-7 59 94.4 34 
98.30 59 95.7 31 
99.82 71 97.4 31 

IOO.OO 96 99.61 21 
- -  17 ioo.oo 19 
- -  - -  - -  I I  

- -  - -  - -  7 

4,306 1,8Ol 

83.o 149. 7 
164 597 

Tota l  

Mean  loss (hkr 1965) 
Mean  insurance  a m o u n t  (tkr) 

34,752 

43.2 
54 

12.9 
19.o 
25.0 
38.4 
58.5 
68,8 
78.6 
86.4 
91.4 
93.3 
95.1 
96.8 
97.9 
99.00 
99.61 

IOO.OO 

7,894 
2,872 
2,428 
5,2o3 
8,97 ° 
3,857 
3,4o5 
2,583 
1,456 

676 
65 ° 
632 
179 

36 
I I  

7 

40,859 

51.7 
88 

19.3 
26.4 
32.3 
45.°  
67.0 
76.4 
84.8 
91.1 
94.6 
96.3 
97.9 
99.42 
99.86 
99.95 
99-98 

1OO.OO 

o 

~o 

N 

z 

H 
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04 
9 
5 

7 

6 

0 ,0!  
9 
8 

7 

6 

5 

B u i l d i n g  c l a s s  4 
( W o o d e n  d w e l l i n g s )  

DIAGRAM 3 

I) I - - F , ,  x = l n l ,  X X X x 
2) I - - F , ,  x = In  (l, + 2) Q Q Q Q 
3) i - - H ( y ) ,  x = In  (y + 2) 

N u m b e r  of  c l a i m s  4 o , 8 5 9  
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0.1 

0 .0  

B u i l d i n g  class 4 
(Wooden  dwell ings) 

G r o u p  I 
A < I2 5 tkr 

i) 
2) 

DIAGRAM 4 : I  

I - - F l ,  x : In (l~ + 2 )  
I - - H ( y ) , x  = l n ( y  + 2 )  

N u m b e r  of c la ims  34,752 

® ® ® ®  
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F± 

1. 
9 
8 
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6 

O.i 
9 

8 

7 

6 

0 01 
9 

8 

7 

6 

5 

Building class 4 
(Wooden dwellings) 

Group  2 
125 tkr =< A < 250 tkr 

DIAGRAM 4:2 

"I) I - - F ~ ,  x = In (l, + 2) q) q) @ @ 
2) I - - H ( y ) , x  = l n ( y  + 2) 

N u m b e r  of c la ims 4,306 
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J 

0.] 
9 

8 

7 

6 

0,01 
9 

8 

7 

6 

Bui ld ing  class 4 
(Wooden  dweUings) 

G r o u p  2 
250 tkr  ~ A 

DIAGRAM 4:3 

I) I - - F , ,  x = In (l, + 2) 
2) I - - H ( y ) , x  = in ( 3 ' +  2) 

N u m b e r  of c la ims  1,8oi  

® ® ® ®  
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The  obse rved  d is t r ibu t ion  of claims and  losses are  g iven in 
Tab le  4, P. 20. The  re la t ion  be tween  m e a n  loss L and  m e a n  insur-  
ance a m o u n t  A can  be  rough ly  descr ibed b y  

c~ 6.26 (A) °-5 

Group : I 2 

,~- (tkr) 54 164 
6.26 (~4-) °.5 46.0 80. I 

43.2 83.0 

(I0) 

3 

597 
153.o 

W e  found  t h a t  the  p a r a m e t e r  ~ = 2 served  as well in the  different  
g roups  as in to ta l  class. Thus  in the  d i ag rams  4 : I - - 4 : 3  on the  
following pages,  for each m a g n i t u d e  g roup  the  " t a i l "  va lues  I - -  F ,  
h a v e  been p lo t t ed  aga ins t  In (1, + 2) in the  curve  I) .  

T h e  obse rved  dis t r ibut ions  r ep resen ted  b y  the  curve  I) in dia- 
g r a m s  4 : 1 - - 4 : 3  can  for all th ree  groups  be  a p p r o x i m a t e d  b y  a 
s t r a igh t  line 2) in the  logar i thmic  char t ,  and  thus  cor responding  to  
the  original loss d is t r ibut ion  G(y) according  to (6) and  the  dis t r ibu-  
t ion of r epor t ed  and  regis tered losses H(y) according  to (7). 

Fo r  the  p a r a m e t e r  P we ob t a i ned  the  e s t ima tes  

Group : I 2 3 Total 

c~* = o.815 0.699 0.647 0.785 

In  Tab le  5 on the  nex t  side the obse rved  d i s t r ibu t ion  I -  F t  is 
c o m p a r e d  to the  u n t r u n c a t e d  P a re t o  a p p r o x i m a t i o n  I - -  H(y). 

The  dependence  be tween  the  p a r a m e t e r  0~ and  the  mean in  surance  
a m o u n t  .,-1 can  be a p p r o x i m a t e d  b y  the  fo rmula  

0¢ ~ ,  1.14 (A) -°'°9 

wi th  the  following resul t  

Group : i 2 3 

tkr : 54 164 
i . i4 (~  ) -0.o9: 0.796 o.72 o 

c~ * : o.815 o.699 

As descr ibed on p. 22 for the  to ta l  loss, we can use the  obse rved  

values  of the  m e a n  loss L toge the r  wi th  the e s t ima ted  p a r a m e t e r s  
0~* to ob ta in  es t imates  for the  t runca t ion  points  T. 

597 
0.642 
0.647 

149.7 
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W e  g e t  t h e  f o l l o w i n g  v a l u e s :  

G r o u p  : I 2 3 

T* (hkr) 690 170o 4900 
x~  = ln (T*  + 2) 6.54 7.44 8.50 

I n  t h e  d i a g r a m s  4 :  I - -  4 : 3  t h e s e  v a l u e s  of  xw a r e  m a r k e d  t o g e t h e r  

w i t h  t h e  u p p e r  a n d  l o w e r  l i m i t s  of  In  A ,  (A i n  hkr)  i n  t h e  d i f f e r e n t  

g r o u p s .  
TABLE 5 

Comparison between Pareto Model and observed loss distribution for building 
class 4. 

G r o u p :  i 2 3 T o t a l  

Loss  i-H(y~) i - F ,  i-H(y~) i-F~ i -H(y~) i-F~ i -H(y , )  I-F~ 
y,  hkr 

3 I.O00 I .OOO I .OOO I .OOO I .OOO I .OOO I.OOO I.OOO 

5 .756 .800 .787 .83O .802 .871 .763 .807 
6 .684 .73 o .719 .762 .741 .810 .691 .736 
7 .619 .670 .664 .705 .684 .75 ° .631 .677 

IO .492 .54 o .543 -575 .571 .616 .507 .55 ° 

2o .298 .321 .357 .366 .383 .415 .313 .33 ° 
3 ° .221 .228 .275 .267 .3Ol .312 .235 .236 
5 ° .148 .145 .194 .173 .221 .214 .159 .152 

IOO .085 .085 .121 .IOI .142 .136 .093 .089 

2o0 .05o .o5o .o76 .o7o .o92 .086 .055 .o54 
3oo .035 .033 .057 0.56 -o71 .067 .o4o .o37 
5o0 .023 .o17 .04o .o43 .o51 .049 .o27 .o21 

IOOO .Ol 3 .002 .025 .o26 .032 .o32 .o16 .oo6 

2000 .008 - -  .Ol 5 .oo 4 .o2I .o21 .009 .OOl 4 
3000 .005 - -  . 0 I I  - -  .016 .010 .007 .0005 
5000 .004 - -  .008 - -  .Ol i  .004 .004 .0002 

IOOOO .oo2 - -  .005 - -  .007 - -  .002 - -  
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