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FREQUENCY DISTRIBUTION OF FIRE LOSS
by

G, Ramachandran

Introduction

Attempts are being made here and elsewhere to find an expression for
the probability distribution function of direct monetary loss due to fire,
The 1ate$t paper on the subject appears to be that of Handelbrot(1); An
improved form is presented in this note supported by data on fire losses
available to this Organization at present. Preliminary estimates for the
values of the parameters have also been obtained.
Graphical representation

In 1965, Fire Brigades in the United Kingdom attended 83,167 fires
in bu:i.ld:i.ngs,(2 » Among these there were 77/ fires each estimated to have
caused material damage of £10,000 or more(j). These 'large' fires form
only 0.935 per cent of the population of fires but provide information
of the situation once a fire has reached a state of 'largeness', If qD(XJ
denotes the probability of loss exceeding the value X the distribution
function F (%) = 1 - ¢p{(x); it is more convenient, however, to consider
the function () while taking logarithms etc. than the distribution function
F (). Making use of the large fire data the logarithm of Qﬁﬁi) . 0%
been plotted against 1og1ojz in Fig. 1, (The multipliey 10% is used to get
the graph in the first qp&dlan§ instead of the fourth). For the range
below £10,000 loss figures furnished by Surrey fire brigade in the fire

has

reports for 1964 have been used. The range £2,000 and over is further
reinforced with the information given by South Eastern Fire Brigade of
Scotland in their annual reports for the period 1963 to 1966(4)o The
three sets of points have fallen close to each other revealing a fairly
definite pattern.

Between consecutive values of log X the curve is approximately linear,
The curve has also to cut the g,axis at a distance 4 from the origin if a
minimum loss of £1 is assumed. These facts indicate that a curve of the
second degree in‘log A is a better fit then a straight line, The curve
appears to cut the ;xis at about 5.75 meaning that the chance of loss.
being greater than £563,000 is one in ten thousénd. The original curve




is in the fourth quadrant, Hence, omitting the random error component,

Log P @) = Log@ ~ K log X - /&(BLogac)2 L ereeeas (1)

where & and £ are positive. This leads to
¢

® @ =aA (e +p loga) ceeees (2)

Since we have assumed (X)) = 1 for =1, @ = 1, The (Cumulative) frequency
distribution function is gi{fen by |

F(z_)=1 _¢(ﬂ) o veseese (3)

and the probability density function by

(ot + ﬁlqu +1).

ro)=E-x (A + 2B 108X ) oreneee ()

L&

The probability that the damage will be equal to X has the density given by (4).

If linearity is agsumed expression (k) reduces to the form

o0 - ofln ™ -

or to the general form

H

/. ,.‘,(,.}
£ X)) = o%xla

with a minimum loss m as given by Mandelbrot.
Estimation of parameters.

Since a minimum loss of £1 has been assumed, fitting a straight line to
s
log ?(X,) and log X is equivalent to computing the mean Z of

z-1.l2 Q) vereeen (6)

From 40 points on the graph obtained by pooling. the Survsy and the large fire

data, Z was estimated as

Z =00.4291 ' - ' ceneeee ()

giving ‘
@ ) = o 01291 vevree. (8)



Mandelbrot uses the law of Pareto with exponent % given by

- 0.5
¢ =X )

with m as the minimum 1oSs.

The inaccuracy in using expression (8) or (9) becomes apparent when a
straight line of the following form is fitted to the data

Z=04+PX ceeeoee (10)
which is the same as fitting the curve
Y =AX + P x°
A least square fit gave
o{.
/9

The residual sum of squares was drastically reduced to 0.0092 from a value
of 0.7412 in the first case given by f_(z - 5)2. Hence a better expression
for (@ (X) would be '

- 0.0778 and

- 0,1052

- ~0,0778 - 0.1052 log &t
¢(x)=,g 77 5 & vaseees {11)
The curve corresponding to the values given by (11) is shown in Fig. 1
and the cumulative frequency curve F (X) in Fig. 2,
The values of the parameters of and P are obtained from a small sample;

it is possible also that Z is non linear and of the form

2= ot +§PB, x1 (1> 1) cereen. (12)

log @(71) being a polynomial of degree greater than 2 in log ¥. When
sufficient data beceme available, the best fit could be determined and
optimum values of the parameters estimated by the methods described by

(5) and M&ddison(6) .

Haselgrove
Conclusion

From data available to this Organization at present there is reason
to believe that, if Q (x) denotes the probability of loss in a fire being

greater than X , log @ (¥) is a polynomial of degree two in log X . A

-3 -




minimum loss of one pound is assumed so that the ratio log (B (x®)/log # is

approximately linear. TFrom a least square fit the constant term to this
straight line is estimated as -0.0778 and the slope as ~0.1052, With
more data becoming available, the goodness of a higher degree fit could be

examined and optimum values of the parameters obtained.
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