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1:. lu  the following, consequential  losses after,fires are considered. 
A generalisation to consequential  losses af ter  other  risks is most 
likely ra ther  trivial. 

z. The purpose of this paper  is ra ther  asking questions and put-  
t ing a problem before, the readers than  presenting solutions. Ac- 
cording to our ext)erience, little has been done to seek logical 
systems or to construct  mathelnat ical  or physical models in order 
to s tudy  these problems. The volume of business is rapidly growing 
but  it could grow much more if a more reasonable tariffing was made. 
Many insured with .fire insurances hesitate to take out  an addit ional  
consequential  coverage. They  can see the need of the coverage, but  
they  will not  accept and r igh t ly - - the  present marke t  rates. 
Actuarial  colleagues are invi ted to join in huilding up suitable 
models to guide the practical underwriter .  

3. The office premium today  is most  often composed of the 
following l~arametel's : 

a. the  premiuna rate  of the corresponding fire insurance 
b. the insurance sum, defined e.g. as the expected turnover  less 

variable costs 
c. the coverage period, an upper limit ot the period in which 

indenqnity can be given. In Denmark,  for a period of ,o  months  the 
premium of a consequential  loss' insurance is normally defined as 
the insurance sum multiplied by the fire premium q- o_ 5 per cent. 

4. We shall regard various risk si tuations in order to s tudy  the 
relationship between the fire risk and the consequential  loss. The 
most  simple si tuation is an under taking where practical ly spoken 
only total  fire losses will occur. One m ay  think of a fireworks 
.factory or a te lephone exchange building. The fireworks factory 
will burn  out  physically.  After a :fire the contents  of the telet)hone 
building, even if the major i ty  of the materials  is at hand, will be 
worthless because of the corrosion caused by  the PVC contents  of 
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the wires. In the cases ment ioned,  an outbreaking fire might,  of 
course, be ext inguished so early tha t  pract ical ly no damage will 
occur. [f the fire, however,  exceeds a cer ta in  extent ,  a total  loss 
is likely to follow. 

Even  if the contents  of a building are total ly des t royed  by  a fire, 
this needs not  lead to a very  grave damage to the building itself. 
This is the reason why the consequential  loss insurance in our 
coun t ry  is most often a t tached to the fire insurance of the contents .  

5. In the risk s i tuat ion regarded there will be a probabi l i ty  P of 
the ou tbreak  of a (non trivial) fire. The net l)remium rate of the 
fire insurance of the contents  therefore is also ]'. The net office 
premium is P x FS, FS  being the 1;ire insurance Sum, normal ly  
the current  value of the contents.  In this connect ion we do not  
consider the securi ty and adminis t ra t ion loading of the risk premium. 

Now we presume tha t  the consequential  loss sum is defiued as the 
gross profit  to be compensated.  Let  us assume an indemni ty  period 
of M months  and let CS be the total  Consequential  loss' Sum. 

The risk premiuna will, of course, depend on the t ime necessary 
to get the product ion resumed. In the example  let us est imate the 
period to m months.  

[f both  the fire ou tbreak  risk and the ac t iv i ty  of the business is 
equally spread over the calendar year,  then one may  calculate the 
net premium as 

'111~ 
P x CS x ;-.~ 

If the fire risk is spread bu t  the business is concent ra ted  to a 
special season, a fire just  before tha t  season would imply a total  
loss while a fire just  af ter  the season would bring no consequential  
loss. In  tha t  s trange s i tuat ion our equat ion might still hold. 

In pract ice an even distr ibution of the fire risk will not occur. 
E v e r y  under tak ing  will be especially busy when season is near and 
the fire risk will concentra te  in busy periods. So, in business with 
typical  seasons one must  use a weaker  reduct ion than  the lj~/21ir of 
our formula.  

For  food product ion  (other than Christmas puddings) and retail 
shops a substant ial  discount will seem reasonable, but  not  for 
seaside boarding houses e.g. 
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6. For tuna te ly ,  to ta l  losses will occur only now and then. Nor-  
really, a fire will des t roy the product ion sys tem or the goods 

par t ia l ly .  The propor t ion between the fire loss and the consequent ia l  
loss can assume m a n v  different values. One may  imagine a to ta l  
loss of a machine  or a stock of goods easily replaceable,  this will lead 
to a minor  consequent ial  loss only. On the other  hand,  a ra ther  
small  fire dam age  can affect minor  but  vital  par t s  of the product ion 
sys tem which are difficult to rebuild, thus causing a dispropor-  
t iona te ly  big consequent ia l  loss. 

One lnay think of a product ion sys tem composed  of several  suc- 
cessive processes each in its separa te  workshop,  schemat ica l ly  
expressed as follows: 

R a w  mater ia ls  - ~- Workshol)  I --> Semi -manufac tu re  --~ 

Workshop  2 ->  Finished goods. 

In  each workshop  we assume for the t ime being tha t  only a to ta l  
fire loss can occur. If  any  fire in one of the two workshops  will 
result  in the same consequential  loss slim C.S', the net p remium can 
be expressed like this:  

1' ,  × ( , s  +-1'~ × C.~ = (P~ + I '~ )C5 

If  fur thermore ,  the fire risks o£ the two workshol)s are equal  and 
if the total  fire sum is F N  = F,% 4- 1:5% then the fire net  p remium 
will be I j × F.q but  the  net  consequent ia l  loss' p remium 2 × 1 ~ × 
C5.  I t  is obvious  tha t  if the t)roduction line consists of n ins tead of 

2 isolated workshops,  this fac tor  2 mus t  be subs t i tu ted  by  an ~,. 
7. Now we will look at a quite different 1)roduction s t ructurc ,  bu t  

still under  the assumpt ion  of total  fire losses only. Ins tead  of a suc- 
cessive process we regard a product ion with a r tumber of parallel 
columns in each its isolated workshot>. 

~ Woikshop I 

l~aw m:t te t ia ls~. . . . . ._~ \Vlllkshop e finished goods 

I f  each individual  workshol~ had its own accounting,  witll 

adequa te  separa t ion  of all costs, an independent  insurance migh t  be 
wri t ten for each risk. 
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\Ve must ,  however, supl)ose that  both the insurer and the insured 
would prefer to regard tile total  risk as a whole. Normal ly ,  it would 
be possible to t ransfer  at least some of the product ion from a 
damaged workshop to tile others. This would be reasonable only 
if the ext ra  costs connected with the t ransfer  are less than the 
consequent ia l  loss in itself. If not,  nothing economically would be 
gained. 

Under  the present assumption of toga[ losses only, it would be 
l)ossible to calculate the savings in advance,  in  this risk s i tuat ion it 
is therefore quite reasol~able to offer a p iemium discount.  The size 
of this discount depends o~x the number  of parallel, workshops and 
on how strong their ordinary  charging is. i f  the product ion is 
p rogrammed  so tha t  there is always capaci ty  left, and such a margin 
will in m a ny  cases be desirable from ordinary operat ional  regards, 
a substant ia l  discount might  be approl)riate- - increasing with the 
number  of workshops. 

8. In practice,  for larger risks you wi[l find a conglomerate  of 
parallel and chain operations,  some of these under  one roof, some in 
separate  buildings, e.g. 

\,Ve have the impression that  in lmmerical calculations of this 
kind one could find a useful paradigm in the theory  of electrical 
resistors, but  we have not had an oppor tun i ty  to follow tha t  
path.  

9. The si tuat ion described itl pal'. 7 asbumed tha t  the different 
workshops were Wtally isolated so tha t  no fire could spread from 
one to another.  In a more realistic model with two workshops we 
will assume a part ial  fireproof separation between the workshops, 
but  with a certain risk R tha t  a fire in oue workshop will spread to 
the other  and total ly des t roy tha t  one too. Still, wc do llot consider 
partial  damage in one workshop and we assume the same value and 
the same construct ion of the two. 
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NOW, one out  of 5 possible events may  occur: 

I. A fire breaks out in W~, destroys tha t  but  stops here. 
2. A fire in Wt infects We so tha t  both workshops are destroyed.  
3- A fire breaks out  in We, destroys tha t  but  stops here. 
4. A fire in W~ infects Wt so that  both workshops are destroyed.  
5. No fire breaks out. 

The corresponding probabili t ies are: 

P1 - -  P a  = P ( z  - R )  P2 = P4  -= P × R Pa -~ I - - 2 P  

and the theoretical  discomlt corresl)onding to a possible transfer  of 
the product ion  from one workshop to the other  will be negat ively 
correlated with the extension risk R like this: 

dtSCO[lll~ 

0 

--> 
extension risk z 

In a still more general si tuation, the discount rate will va ry  
posit ively with the chance of transferring the product ion  and 
negat ively with the extension risk. 

Io. Our assumption until  now was that  only total  losses could 
occur. In  the practical  world, all shades between total  losses and 
zero losses do occur, but  logically one might  divide the product ion 
process into so small un i t s - - even  one machine can be split into 
ma ny  single g a d g e t s - - t h a t  only total  losses of those single parts  
could occur. (This would be at similar breaking up process as is used 
in compute r  programming).  These numerous  parts may  be combined 
into thousands of possible loss cases which cannot  be overlooked in 
advance.  One must  use statist ical  methods  and weigh the different 
realizations with their  respective probabilities. 

i i .  I t  seems reasonable, in order  to determine the consequential  
loss' premium, to s tar t  with the fire premium of the business in 
question, in fire one calculates the office premium as the product  of 
the sum insured and the premium rate. In  consequen, tial loss' insur- 
ance one must  also mul t ip ly  the fire premium rate by the max imum 
consequential  loss, but  this product  must  be corrocted for two 
reasons. A partial  fire loss may  involve a relat ively large conse- 
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quential loss, so that the office i)remiunl must be nmltiplied by an 
accunmlation factor greater than z. On tile other hand, a partial fire 
loss may involve a possible production reorganization so that full 
production can be maintained with certain extra costs. So the 
premium can be corrected by a reorganization factor less than 7. 

The office premium might thus be determined as fire premium 
rate × consequential loss' sum x accumulation factor x reorgartizatiol~ 
factor. 

A closer study of these factors must be made like you study 
individual ratemaking for large fire risks. The engineer must 
estimate the risk of the outbreak and spread of a fire from his irt- 
spection on the spot. Then the underwriter from his experience with 
other fires must estimate the size of the factors in the formula. 

~2. We are aware that these remarks in themseh, es give little 
news to the experienced underwriter. 

;~fuch more is to be done in order to work out realistic models 
with a few essential and easily estimated parameters. 

Here the non-life actuary will naturally collect the technical and 
statistical information, but we feel that iml)ulses cart be gained from 
various and partly very distant fields. The similarity to electrical 
engineering has already been mentioned, but the multit)licity 
spoken about in par. zo, could possibly be attached by the methods 
of operations' research. 

In engineering, tile reliability theory has heen worked out to 
study the risk of a breakdown of a production line. The possible 
causes of such a breakdown are much more general than the fire 
risk regarded here, ordinary wear and tear has an overwhelming 
siglfificance. 5.lost likely our transfer problems could be regarded as 
a special case of reliability theory. 

By the way, actuaries should study that theory for a quite dif- 
ferent reason, also. The random machinery breakdowns and their 
random repair times correspond to the occurrence of insurance los- 
ses and their economic size. The final expression for the probability 
of a total stop of a complicated production system is quite identical 
with the classical exponential expression of the probability of ruin 
of an insuraz~ce business. 

If it should be inviting to study the reorganization possibilities in 
detail, we think that also here parallels may he found in other 
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fields, in  COlnputcr science Cmel'gOilc3: p rograms  have  been made  for 
a l te rna t ive  solutions in case a par t  of the central  ullit goes on str ike 

and in a n a t o m y  minor  blood veins will take over  the f lmctions of a 
ma jo r  vein damaged.  

Tile au thor  wants  to t hank  Mr. Lars  Hailing, with whom he has 
discussed the  subject  and  who has given much  useful advice on 
some of the aspects  of the paper .  


