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E A R L Y  MODELS I )ESCRIBI .N( ;  T H E  F I R E  I N S U R A N C E  R I S K *  

PAUL JOHAXSEN 

1. I t  has been known for generat ions  tha t  the fire risk ra te  increases with the 
size of the insured object  in a similar way as the dea th  ra te  increases with the age. 

Professor d 'Addar io  and  other  I ta l ian  ma thema t i c i ans  have  shown tha t  s ta t is-  
tical da ta  often can be g radua ted  by the formulas  where S denotes  tile sum 
insured:  

risk of ou tb reak  of fire 
average  loss 
risk p remium rate  

const. ,5 ~ 
const. S -  ~ 
const. S a a 

In  t94o, d 'Addar io  l) ill a practical  case found the values ~ = 0.78, } = 0.44. 
In  1956, Blandin and I )epoid have  used the same formulas.  Al though these 
formulas  in pract ical  cases often lead to good approximat ions ,  one can hard ly  
say tha t  a proper  ma thema t i ca l  or physical model describing the behav iour  
of fires lies behind. 

2. About  1950 , [ worked with the s ta t i s tms of a group of Danish fire in- 
surance companies ,  in par t icular  covering farm buildings. This invest igat ion 
was o rgamzed  by ( ;unnar  ]3enktander.  ()ur da ta  conf i rmed the increase of the 
fire risk rate  with the size of the buildings. 

In one special group:  Fa rm houses with tha tched  roofs, this increase was so 
i lnpor tan t  tha t  the risk p remium was a p p r o x i m a t e l y  p ropor t iona te  to the 
square  of the sum insured. The s tat is t ics  fully justif ied the tariff ing and we 
tried to const ruct  a model describing and explaining the observed facts. 

The risk group  in quest ion was character ized by  the overwhehning  impor-  
tance of to ta l  or pract ical ly  to ta l  losses. Only a few per  cent of the damages  

went  to minor  fires. When a :fire breaks  out  in such a building, and reaches a 
certain slight extent ,  then it is not  possible to save the building f rom to ta l  
destruct ion.  Wi th  sufficient approx imat ion ,  we m a y  say t ha t  only to ta l  losses 

occur (as in life assurance).  
The risk tha t  a fire breaks  out will depend on the n u m b e r  of risk si tuations.  

In  the type  of buildings in question, the n u m b e r  of risk s i tua t ions - -ch imneys ,  

cookers, bedroom.s, electric e q u i p m e n t - - w a s  a p p r o x i m a t e l y  p ropor t iona te  to 
the size and  to tile sum insured of the house. In this case, the risk p r emium 
is p ropor t iona te  to the square of the sum insured. 

*) I'resented at the J4th ,\'S,'I'IN Colloqmum. Taornfina, October 1978 
i ,\nnah dell' lstltuto ch Statistica, \'ol t 7,  Bari, 194 ° 
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This very  special result which was presented to the [957 New York Congress, 
could fit into the general d 'Addario formula.  I had simply found the ex t reme 
values ~ = 1 and ~3 = o. 

3. I t  is needless to say tha t  1 thought  to be first in describing the ex t reme 
si tuat ion in question. Quite recently,  however,  I found tha t  it was contained 
in an old paper  in the 19o 7 volume of Zeilschriftfiir die gesamte Versicherulzgs- 
wisser~schafl, pp. 226-243, by a Russian Government  officer, dr. Sergius von 
Sawitsch. The title in t ranslat ion:  The influence of the dimensions of a fire 
risk on the premium rate. 

As far as yon Sawitsch knows, no a t t emp t  had at tha t  t ime 1)een made to 
s tudy  the var ia t ion of the fire risk with the size of the insured object,  ht  order  
to construct  a fair tariffing principle, he studies a homogeneous three-dimen- 
sional risk field with equal risk of outbreak of a fire in each point  and with 
equal risk of propagat ion in all directions. This indicates tha t  the risk of 
spreading of a fire from one point  of the field to ano ther  depends on the 
distance between the two points only. Mathematical ly ,  this means tha t  the 
propagat ion risk is qr where q is a constant  and r tlm distance. When you 
integrate  this expression over the whole field, you find a factor  expressing 
the aggregate propagat ion risk within the field. If q = o, there is no propagat ion 
risk and in the case of ex t remely  inflammable goods when q = l, you find the 
propagat ion factor  equal to the size of the field. In fact, this is the very  same 
si tuat ion which I described 5o years later. 

Von Sawitsch in detail  studies the one-dilnensional quest ion of vertical 
propagat ion of a multi-floored house. This propagat ion is regarded as dis- 
continuous.  [n some numerical examples he assumes the probabi l i ty  of 
spread.ing of a fire from one floor to the nex t  above or below to be ei ther ~/2 
o r  1 /10 .  Under  these conditions, he gives a table of the relative risk premiums 
of the individual  fiats of a five- or eight-floored house. By  the way, the hy-  
pothesis tha t  a fire will spread with equal probabi l i ty  upwards  and down- 
wards does not  seem likely. One would normal ly  think tha t  the propagat ion 
upwards  will be stronger. A chimney sweel)er, however,  has shown me tha t  
when lighting an open fire, one should pu t  the big firewood in the bot tom,  
then kindlings and paper  on the top. Tha t  never  fails! 

In some detail  he also studies the two-dimensional  case and he gives expres- 
sions of the relative risk in various points of the field and of the correlation 
between the size of the field and its to ta l  risk. He even a t tacks  the more 
complicated quest ion of fire propagat ion  between two separate buildings. 

Finally,  yon Sawitsch promises to re turn  to the question of est imating the 
parameters  in his models. As far as I know, he has never  fulfilled tha t  1)romise. 

4- Thinking tha t  he was the first to describe the fire risk by mathemat ica l  
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lnodels, von Sawitsch was wrong The first a t t e m p t  to do so dates  more than 
8o );ears fur ther  back,  and it was by  mere  cl~ance tha t  I found it recently.  

In the 1835 proceedings of the Socidtd Royale  des Sciences, de l 'Agricul ture  
et des Arts  de Lille (France), ThEodore Joseph  Barrois has published a "coo 
pages paper,  presented to tha t  society on Ju ly  22, 1834. I t s  title in t r ans la t ion '  
On the appl icat ion of p robabi l i ty  t h e o r \  on fire insurance 

Very little has been known among  actuar)es of Barrels  and his works. In 

1892 his pape r  was in t roduced to the Ins t i tu t  des Actuaires  Franqais  by  
P. Soulier, bu t  also this review drexx little or no a t tent ion.  

Th. Barrois,  who lived from )793 to 1851 was an industrialist .  He was keen 
on m a t h e m a t i c s  and mechanics  and held m a n y  l)atents for improvemen t s  of 
the nlachines used in his factories. One of his invent ions was the safe ty  va lve  
t)reventing explosions of s team engines 

Apar t  from tl~e paper  ment ioned  above,  he has writ ten articles on pneumat ic  
and other  boat  motors .  He  was elected m e m b r e  r~sidant of the Socidtd Royale  
in IS~ 5. I t  is not known whether  he had any  special )-elations to one of the 
newly founded French fire insurance companies .  

5. }~arrois' paper  is difficult to read today.  The language and the m a t h e m a -  
tical me thods  are far from what  we use now The fundamenta l  ideas, however,  
and the ma thema t i ca l  models  are here. 

"Since the 3;ear 1815--says  Bar ro i s - - severa l  fire insurance companies  have  
been founded in France.  These useful inst i tut ions,  however,  leave much to 
be desired regarding a proper  valuat ion of the assured risks." An ac tua ry  

today  could sign these words. 
Another  c i ta t ion:  " W e  have  also seen the in t roduct ion  of several  kinds of 

assurance on human  life. Some famous  geometers  have  made  i m p o r t a n t  
studies on these subjects,  the results of which have  been used by  tont ines  and 
life assurance coml)anles. These inst i tut ions are the only who know the risk, 
against  which they  insure. \Ve think tha t  also fire insurance should use calculus." 

The model of Barrois  is of dimension one. The fire can only p ropaga te  in 
one direction, cont inuously  like in a fuse or discontinuously,  like jumping  
from one house in a row to the neighbours.  He  reaches pract ical ly  the same 
results, for instance regarding the differentiat ion of risk on the var ious floors 
of a house, as did yon Sawitsch much  later.  

Barrois '  model in the discont inuous case is composed by a series of risk 
units or cells, each cell has one floor and an ex ten t  of l o mete rs  square.  After  
some discussion, he supposes tha t  the p ropaga t ion  risk is cons tan t ;  the 
probabi l i ty  tha t  the fire juml)S from one cell to its neighbours  in the chain 
does not del)end on tlw histor\ '  of the fire. One can say tha t  he deals with 
Markovian  chainb. 

If  the propaga t ion  probabi l i ty  for a chain with this uni ty  of dimension I is a, 
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he proves t ha t  the corresponding probabi l i ty  for a chain with dimension 1) is 

I~ = ~ O  / ( l  - a + a l ) )  

" I n  the special case-- t in  s a y s - - w h e r e  ~t is certain that  a fire once broken 
out will des t roy the whole chain, then the assurance will grow propor t iona te  
to the sum assured and to the volume of the building, So the p remium inust 
increase with the square  of the building or of the sum assured."  

He  also demonst ra tes ,  t ha t  in a row of houses, a t t ached  to each other,  the 
owner of the house in the middle mus t  pay  a higher l)remium than  the owners 
of the houses at  the ends. In  practice,  such dist inction is hardly  pract icable.  

6. ]3arrois divided the fire risk into two elements,  the ou tb reak  risk and  
the p ropaga t ion  risk: "The  fire risk vanes  with the size of the houses, their  

n u m b e r  of floors, the a r r angemen t  and use, the caution of the inmates  and  
the s ta te  of fire protect ion.  All these elelnents, of which depends the insurance 
p remium can be reduced to the p robabi l i ty  t ha t  a fire breaks  ont  and  of its 
propagat ion  from one point to another .  These two elements  are essential ly 
dist inct  and  mus t  necessarily enter  into the assessment  of the p r e m i u m . "  

He  supposes tha t  the probal i l i ty  of fire in a certain object  is con , t an t .  
This a s sumpt ion  is very character is t ic  for his t ime. He says tha t  the basic 
law is quite like the  probabi l i ty  scheme regulat ing the drawing of red and  
black balls from an urn. He  bases his assumpt ion  on the fact  t ha t  the under-  
lying causes for a fire are the h u m a n  imprudence  and  wickedness while pre-  
vent ing causes are a general  desire for protect ion and the fear of fire. 

" H i s t o r y  shows us t ha t  man at  all t imes is m o t i v a t e d  by  the same passions 
and never  changes.  He  has the same carelessness, the same imprudence,  the  
same wickedness and the same fear of fire as ever. Therefore  the ou tb reak  of 
fires w, ill follow a per lnanent  law when the c i rcumstances  are the same."  

I th ink tha t  this s t a t e m e n t  is typical  for his time. I t  is like St~ssmilch who 
bel ieved in a Divine Order  with for example  invar iable  dea th  rates. 

On the other  hand,  Barre ls  though t  t ha t  " the  p robabi l i ty  of fire is not 
necessari ly the same for the insured houses as for the others.  The owners who 
are insured against  fire losses will become more negligent. Bnt ,  on the other  
hand,  if there were an incendiary  who would revenge himself on an enemy  by 
pu t t ing  fire on his house, he would not have  the same s t rong motives,  if the 
house were insured."  

7. I t  is a great  p i ty  tha t  Barrois '  work has never  1)een general ly  known. 2) 
I am sure t ha t  if the actuar ies  of m y  genera t ion had  known his paper,  the 
research would have  advanced  fur ther  and  the fire insurance p remiums  would 
have  been more  equitable.  His  models  are close to those of yon Sawitsch and 

2 Hi lary  Seal m SurvivM t)rob~tbdltm~ (\Vdey 1978), shor t ly  men t ions  l-larrol~' wurk. 
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a fu r the r  s tudy  will lead to formulas  of the same type  as d 'Addar io ' s  formnlas  
men t ioned  above.  

I hope tha t  some young actuar ies  could find inspirat ion to a group work 
toge ther  with engineers and underwri ters .  No doubt ,  this could lead to good 
results, even if the work has been delayed by  a cen tury  and a half. 

~hould this work result  in a model  appl icabh '  to modern  fire insurance, I 
would find it reasonable  to name  it Barrois '  model. In  the insurance ma the -  
matics,  the name  Barrois  deserves a place of honour  besides tha t  of Makeham.  


