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F.R. Note No. 522

DEPARTMENT OF SCIENTIFIC AND INDUS'lBIAL RESEARCH AND FIRB OFFICES' COIlll'ttKK
JOINT FIRE RESEARCH ORGANIZATION

THE RELATIONSlD:P B&T\YEISN THE IGNITION OF FIRES IN BUILDINGS
IN KNGLAND AND WALES

AND CLIKATOLOGICAL VAllIATIONS OVER THE PERIOD 1951 TO 1961

by

Jane M. Hogg

Summary

, The int'luenoe of we'ather on the ocourrenoe of fite haS most frequently been
·studied in relation to forest and bush areas. ThiB note deals with the effeot
Qf weather on the number of fires which oocurred in buildings in Ingland and
Wales during the years 1951 to 1961. The results obtained do not, in general,
agree with results published in earlier studies undertaken in Japan and the
United States of Amerioa. It is oonoeivable, hO'/lever, that fires ooourr1ng
under different oonditions may be affeoted by different weather effeots.

April, 19630



TIiIl IBWI8NBHIP BI5!l'iJili\I _ IGlUTIOlI OP FIlIBfl IN BUILDINGS
IN :mfGWUl AND WALBS

AND CLIIQTOLOGICAL VAllIAnoR8 om THE PlmIOD 1951 TO 1961

Jane K. Hogg

Introdllction

rhe influence of weather is acjplpwledged to be an important factor in the
ignit~2\l and llpread of forest f~al1). 8tlldies undertaken in the 1920s in
Japa.n(2j ooncluded that relative I1ullI.idity 1s a faator(Wluencing the chance of
a fire start Ut a bul1 it1 ng. An AIIer1c8l1 ;(lUbl;\.cation 3) dealing with fires in
buildings in oertain .Am;erloan oities also drelt the conclusion that relative
humidi~ is a factor affecting the ohance of ignition, but with the proviso that
dew~PQint temperature has a greater effect tha.n relative humidity in the winter
montha, While the air temperature also affeote the chance of fire in buildings
~ the winter montha.

Interest in the effect of weather on the chance of ignition of fire in
bul1d1~ in the United Kingdom was aroused at the Joint Fire Research Organisa
tiCill lfMI!I in 1959 there was a spectacular Lnereaae in .the annual fire incidence
in t\le United 1tLngdom. both indoors and cutdoors. Pires in buildings increased
by over 9.000 and outdoor fires by about 127.000 frcm 1958 to 1959.

Discussion of the model used to determine the effect of
weather upon fire frequencies in buildings

A study of the relationship between one or several weather effects and the
chance of oocurrence of a fire in buildings will give misleading results if the
effects of other influenoes are not removed. For example, as the air temperature
falls more IIp!lOe heating appli8l1oes are' used in buildings. which increases the
chance of a fire oclcurring in those buildings. The fall in temperature has thus
affeoted the ohanoe of a fiX'& indirectly through its effect upon human behaviour.
However, the actual JtUlIlber of fires Which will occur within a month m/liY also
depend directl1lipoil weather conditiona since the chance of a fire m/liY ch8l1se
with weather~ even Without any change in human behaviour.

Since hwaan behaviour obanses With the seasons, the effect of weather on fire
frequenoies 'wllt be tested within similar periods of the year, for example,
morrtha, . To do t)lis several observations for the same set of months must be
obtaillEld. Th:l.s waS .achieved by taJrlng observations over several years. However.
the weather effects must also be teated Within years since the chance of a fire.
irrespective of weather condlt1~. changes eaoh year.

The following mathematical model summarises the above:

. . .' ' '.

Zij,.= f +Yi + llj +11kx.aJ + ':I.j

where Zij are the number of fires occurring in the i th ye.ar and the j th monthl

xi j = Xi j ., X, where ~ijrepre8ents the V'alue tor a part:l.cular weather. effect.
'th, th ' .,' 'i'

in the i year and j month; the subsoript k denoting which effect, ,and ""k

represents the me!lJ1 value experienced throughout t'or that effect.•

• ••Yi .and II
j
. are( the year;, and month effeots adjusted for the effeot of the Xl&.

t. o-f represents the overal~ population mean and is estimated by Z.
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The IIIUl.tiple oorrelation coeffioient for all the three weathllr effeots
(1IIinIlhin&. vapoi.lrpre.llSU1'e and. rainfall) 8.nd the ocourrence of fires was 0,,75.
The correlation coeffioient for sWl8h:1Ju1' and t'irefrequanoies was 0.55; the
partial oorrelation ooeffioient for vapour pressUre and fire fre,quanoieB, given
the amount of 1lUJlllhi:as, 11'88 0.49, while the partial oorrelation CIOllt'fioient for
rainfall and. fire fl'llqueWlies, ginn the amounts of both sunshine and. vapour
Pressure, was 0.41" i'ha values for these respeotive oorrelation ooeffioients
oould have ocourred individu.aU3 by ohllDOll less than once in a thousand times.

FigJ.U'e 1 shows both the aotual annual fil'll 'inoidence in buildings in
Rngland and waln over the period 1951 to 1961 iWlluaiw, and the adjusted
frequenoies oaloulated by oorreoting for the Wierenoes between the !\1lnUal mean
values and the overall mean values at sunshine, vllPOUr pressure and rainfall,
using the estimated regression ooeffioients. J'nIII these ourves it appears that,
the increase in the annual iil'll inoidenoe obslll'ftdbatwaen 1958 and 1959 was due
less to the weather oonditions of 1959 than to those pertaining in 1958 whioh
resulted in a lower fire frequenoy than would normally ooour.

Conclusion

The weather effeots whioh had a direot relationship upon the number of fires:
which ooourred in buildings in EnglaDd and Wales from 1951 to 1961 inolusive were '
sunshine. vapour pressure and rainfall. Fire frequenoies .Ln buildings are
oorrelated most with changes in the amount of sunshine. next with ohanges in
vapour pressure, and least with changes in the amount of rainfalL;, The inorease
in the annual frequency of fire observed between 1958 and 1959 was due to weather
oonditions affecting fire frequencies SO that they were WIlIll below the number
Which would have been expected from the trend line in 1958, and slightly, above
the number expeoted in 1959. Although it is clear from this analysis that
weather conditions play an important role in the oocurrenoa of fire, it is
unlikely that it will be possible to predict bad fire spells until longer range
weather forecasting can be aohieved. '
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lllttliJ5EN TOWNS, IlI5'rVIKEN TIMES AND RESIDUAL VAlUATIONS AND OOVARIATIONS - lill'l'fBR

SlIJI OF SQUARBS

SOlll'Ce of Desreos
,

Dry llUlb Be1atbe Dew PoUt Vapour Wet lIuJ.bVariatt- otfreetlaa
~ture HllRddity '!emperature J>reSaur8

W:lDd
temr.rature

Clowl J1res

. %1) (~) (X3) (X4-) (~) &6) {:q) (y)

T_ 4- 21.83328 58.50968 12.48149 11.4.47149 38.93288 21.09555 0.087759 38,093.867
. '

Times 5 122.71092 522.7815 10.69411 91.74136 17.11379 75.51858 3.94-1684- 4-,983;6

, ResiCfual 2G 2.64902 15.19596 2.30784- 16.50971 1.77805 7.16JJ8 0.196518 4,115.733

Total 29 147.19323 596.4871.4 25.48344- 222.72256 57.82473 103.77551 4.225961 47,193.2
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SlDl (18. HIJWC'.I!B
lIaarca a£ DeS .e

.~

Variat1_ arb: 'm
Y'Xl. Y'X2 :JX3 ~ :JX5 Y%6 7%7

Tlilma .4- 93.18561 .-oar•.9277 -128.80185 -.4Jr3.9534- 392.161lD. -170.71808 16.98782

-Time. 5 7OO•.4-54.6J. -1,427.76uJ 210.5697.4- 612.2782 ~2.85'35· 56", 29001.- 46.2}9ll

B~u1j!lal 20 -38.39299 -28.2863 -49.lZL4- -l34.6355 7.23Q14 22.93131 .-10..4.5793
.

Tot&l. 29 755.24723 -20]4.3.9756 _ 32.6464-9 33.6893 65Z.24&ft.9 423..50332 52.76900.

BtflBcte au. to - - .

.' - - %J. .~ x3 ~ XS ~ x7
.

Jl8creaai.an _f't'imi-t b1 -J4..49328 -I. 861M- -21.28lt-58 -8.J5Io9J .4-.~33 3.2~ -S3.2JQ4- .

RogreaBiail .IIUIII,.a£ aqllaftll 556•.r.40 52.653 J"JIt5.528 1,097.~ 29..4- 73.428 5S'.5}1

Var1aaee Bati.o (1'1'19) 2.f7 - 6.4-7 6.91- . ,- - . 20ft

SiritioRft-.~ :L5% - 2..
2._ -- - ~

Correl.aiii.cm _('f'lciwf,; 11'~ ..{).JT -o.u -0.5 - . -0.52 . G.as ~.]J -o.JT
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BETWEEN TOWNS, BETWEEN TIMES .AND RESIDtJALV~ONS .AND COVARIATIONS - SUMMER, ,
". ' .. .

, .. ' ~ •.
su¥.: .. OF

7,648.867

2,382•2671

2.890325 )11,121 .867
j .

0.857789 '.' , .090~733

1.20836788.5009

2.83277

15.5703 . 0.824169

3.90374

4-7.73729

110.86958 ~78743

45.98072

3.60276

3.8~81

Relative
Humidity

(x2)

6.24005

11.22884-

I
I
i 371.5374-5 12.016.48869.
I,
I
I
I

!
!

29

20

l)BB1'eBS
of i'nledom

50U1'GB of'
Variation

Towns
,
I
i

'l'imBs !,

I
!

Residual I

!..

Total I
. I

'.

j
i

[------'1~--!----+--- -..............,..--+_--+__-_+_-_+-___i

\
\
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SUJl ' OJ' ' PiQJAA;l'S,

Soure<e of' Degrees
Variation of f'reedom

YX2 3%4 Y%5 ~ ~YX1 3%3

Towns 4 22~80882 -988.37935 -358.21159 -1.719.10882 85.56159 -158.07017 -17.912319

T:iJnes 5 918.33889 -2.133.84638 67.08986 407.32729 316.36159 ~70'667s? " 6.963525

Resid ua'l, ,20 -8.60519 -52.20616 -35.72754 -168.33393 15.33406 ' -20.19505 0.776812

Total' 29 932.54251 -3,174.43188 -326.84928 -1 ,480.11546 417.25725 269.40266 "-10.171982
.

Eff'ects due to x1 ~ x
3

x
4

x
5'

x6
x

7

Regression coaff'Lcd errt b. ' -0.76635 ' -().69981 -9.29724 -1.85769 3.92804 -7.12908 0.9056
a,

Regression Sum of' Squares 6.594 36.534 332.168 312.712 60.233 143.972 0.703

Variance Ratio (P1'19) - - 9.15 7.64 - 2.89 -

Significance level - - 0.1% 2.5% - 15% -
Correlation coefficient ri y -().08 -()'018 -0.55 -0.54 +0.23 -().36 +0.03



: Table 1

England and Wales

Elrtillla"ted VapUur Pressure
Mean millibars per day '--...-

1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 .Total

Jan. 29.3 26.4- 28.7 26.6 27.1 28.5 32.0 28.4 25.6 30.1 28.3 311.0
Feb. 27.9 25.9 29.1 26.6 23.6 21.0 30.8 30.6 29.7 28.5 34.6 J08.3
March 28.2 32.3 28.6 31.2 24.1 29.6 39.2 . 26.4 34.1 31.3 34.1 '39.1
April 29.1 . 36.2 31.5 30.8 35.7 29.1 33.9 31.3 37.1 35.3 41.2 371.2
May 38.2 46.1 .44e8 41.2 36.6 40.0 37.0 41.2 42.6 44.2 38.9 450.8
June 47.6 49.7 52.7 49.1 48.9 46.9 . 47.9 51.3 50.1 53.0 48.6 545.8
July 57.1 56.7 55.6 52.1 59.1 57.3 60.9 57.5 57.2 54.3 52.1 619.9
Aug. 55.0 57.9 57.8 55.7 62.7 51.1 57.5 61 .1 60.8 56.2 55.3 631 .1
Sept. 54.7 42.4 52.5 48.3 51.9 56.3 49.5 58.9 50.3 51.3 57.8 573.9
Oct. 42.4 48.8 43.8 49.5 39.5 41.9 45.6 46.3 48.0 46.1 45.1 487.0
Nov. 39.6 29.6 39.6 36.2 36.4 33.1 33.9 36.5 36.5 36.7 33.7 391.8
Dec. 32.4 27.7 38.0 34.3 33.2 34.3 30.3 32.2 33.5 29.9 27.5 353.3

Total 481.5 469.7 502.7 481.6 478.8 469.1 498.5 501.7 505.5 496.9 497.2 5 383.2

./
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Table 2

England and Wales. . . .

.' .... smistdne
~~'.ilOurB per day

.- ,. .. ' -
, . . , .. ., .

1951 1m.. 1953 1954 ,1955, , 1956 1957 ',1958 1959 1960 1961 . Total.

{.16 , '
,', ...

"Jan. 1.44- 2.31 1.28 «.n 1~77 1.54- 1.63 '.2.58' , ,';1-.18: 1.36 18.02
...-

Feb. 2.29 2.75 2.24- 2.03 2.82 :2047. 2.73 1.99 '.' 2.10'
..

',.,2.73 2.39. 26045.. '.. . , '

~.07 .
. .

llaroh . 2.89 /0.40', 3.21 5~04- 4-.47 3.08 3.57 :.~3.12: • 2.,22 .. "4-.85 39.98

~li 6.2lj. ,5.4-9 • 5.72
.

'''6.07 5.57 5.J..7 5.22 ' 5.02, , :4-.92 ... 5.32 3.31 58.35. , .. ..
I4a,Y 5.31 6.58 '. 6.88 4-.99 6.~ 7.80 6.70 .5.79 ...:}.37 5.91 6.76 70.73

'r- . ' ..,-
JmlEi: 7.60 6.4-1 4-.96 ' 4-069 5'.43 5.09 9.58 ".4.69 >7.71 [,e 8.58 7.30 72.04-

6.39 5.74
.. .

July 6;65 ' ,4.36 :.8.SO 5.06 4-.54- 5.65 .' .7.68 '. 4-.95 5.3 64.22.
Aug. '4.89, " -5.43 6~29

,

3.99 6.35 4-.87 ,4.65 4;05, 6.67, ,5.20 5.6 57.99
Sept~ 3.71 '.4.03 4-.88 " 5.24 5.15 3.30 3.74 4.14 6.42 4.14 4.3 49.05
Oct. 3.52 3.30 2.89 2.67 3.85 3.59 2.73 3.02 4.42 ' 2.16 3.7 35.85
Nov. 1.95, 2.33 1.59 1 ~93 1.82 1.87 2.10 1.53 1.85 2.15 2.1 21.22
Dec. .1';56 1.68 1.03 1.45 1.41 0.66 1.66 1.01 1.01 1.63 1.8 14.90

Total 47.97 4-8.94 48.21 42-46 53.74 4-6.42 48.27 42.09 55.85 4-6.17 48.68 528.80

)

:', . '"'.,.~ ..
... " .'

"



Table 3

EngJ.sncl and Wales

Rainfall
, inches

--~,- '; :-.':- -,.-C;"-':-.~-

'" .. ".'" ._~.

:' ,

'1~1 1952 1953 1954 1955 1956 1957 1958 1959 1960 .1961 ToW
.

Jan. 3.8 3.4 1.4- 2.6 3.4 5.1 2.9 3.6 4.1 5.2 4.7 40.2
Peb •. 4.7 1.1 2.1 304 2.6 1.1 309 4.8 0.4 3.2 2.8 3001.

IllarCh 4.7-. 3.1 1..1 3.1 202 102
.

2.7 1.9 2.6 200 0.6 25.2.. .
April 209 2.3 2.9 0.6 104 .1.6 0.4 1.2 3.1 1.8 3.9 22.1

-,

~; 3.2 2.6 2.5 '3.0 4.0 009 1.9 3.4 1.1 1.8 1.6 26.0:'" , ,
1--.._

.June 1.3 201 2.4 3.5 3.5 2.7 109 405 1.8 200 105 27.2,
July 1.9 1.3 308 3.5 1.0 4.0 4.1 307 207 405 207 33.2

. Aug'. 5.2 4.1 303 4.6 102 601 401 4.0 1.4 4.5 3.3 41.8 "

Sept. 3.5 3.8 302 305 2.0 3.7 500 4.8 . 0.3 4.5 3.2 37.5
..

Oct. 1.3 401 209 408 300 2.3 300 3.3 . 3.4 7.5 4.7 40.3
~ , ~

::.--
6.6 I 42.1'Nov. 7.2 4.0 2.8 204 1.3 2.5 2.2 407 509 2.5

. Dec , 4.0 306 1.4 305 4.2 4.2 303 402 .501;. 4.6· . 4.0 43.4

Total 43.7 35.5 2908 42.7 30.9 3402 35.7 .41 06 32.0 47.5 35.5 409.1

" '



Table 4- - ';

-- - ' .
. " . Monthly fire incidence· Ln. England and'.Wales'

T
.. .: .

, ' . '."',' .:,In'lbUildings ., c
' .. . . . : .~..

-~-
, .'-'".....

,'':.'; . ,- /.- . ,

, . .. .. .. ..
195a1951 ' -1952 .,f953 ' . 1954-' 1955 1956 1957 1959 1960- 1961 . Total

..
, "

'Jan. 3_61 0 4-008 3 965 . 5 236 4-536 4- 024- ' 4- 061 4- 480 5 404-, . 5 168- 5664- 50 156,
. !

'Peb. 3 014- 3 608 3 610 .,. 544-. 3 8ltIt- 5 976 3 201 3892 . 4-4-28 4- 828 4-4-68 45 413

March. 3 356 3488 4 090 3.572 ' 4- 696 4-264- 3.219 4'976 4104 4 860 5544- 46 169'

April ,3 614 .. 3 136 3435 3662 3 4-76 3 904- 3953 4520 3 860 4-808 4. 256 4-2 624-

Kay 3 050 2 956 3 250 3270 2 928 3 924- 3971 3580·. 4640 ·4524 ·5208 . 41 301

2 920 I
..

. -
2 928 2 628 2 520 2 378 2 720 4- 317 2 756 4 080 4468 4 896 36 611 .June I , ,', .

, July , 2 778 3060 2 4-70 ,) 388 3 300 2 676 2 967 2 736' 4084 I 3 736 .. 4 666 ." 34 861, c;,
3 916 I. Aug. 2 34-2 2 652 2 485 2 2G4- 3264- 2 4-20 3 019 2 736. 3 676 4 228 33 0Cl2

Sept. 2304- . 2 912 2405, 2 524- 2 980 2 4-72 2 845 3028 4580 3 688 4262 34000

Oct. 3 096 3240 3 020 2 886 3 716 3 556 3366 3692 ·4820 4344- 5 090 40826

Nov~ 2 ll42 4- 2,12 323°
..

3348 3700 4- 176. 4 253 4~ 4 564. 4564- 5700 44-633

Dec~ i3 522 4- 488 353° .} 756 4- 016 , 3940 4651 Ii: 376 4604- 5 088 6504' 48475
..

, ,-
J

,Totai- . -
7·-.....; 36,4-56 40388 38 010 39828 43 1.76 44- 252 43823 . 44- 816 53084- 53752 -60486 4-98 071 .

. --.-' --,

'",_ .

. .
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APPENDIX 2

BE1'WEISN YEARS, BETWEEN MONTHS AND RESIDlIAL VAllIATIONS .AND COVARTA'P'[OKS

Analysis of Variance
. "-=-.

. . ..
SUM OF SQUARES

Souroe of Variation Degrees of •freedom Sunshine Vapour pressure Rainfall Fire freyuenci.es
(x1 ) (~) (x3) (z ..

Between years 10 13.9535 151 093 28.039 46,341,102

Between months 11 433.4509 14,380.41 .59.112 33,518,660

Residual. 110 78 02704 1,172040 1840319 22,464.346

Total. 131 525.6748 15.7Q4..74 2710470 102,324.108

Analysis of Covariance

Degrees of'
SUM . OF . PRODUCTS

Sounae of Covariation . freedom x1 and z x2 and z X
3

and z x1 and ~ x1 and x
3 x2 and ?"3

Between years 10 +6.028018 +36.99207 +1,007.1 +3.8913 -12.7055 -<l08968

Between months 11 -90,769.03 -664•.582 08 +1.658 08 +1,686.7915 -93.7625 . +137.3800

Residual 110 +22.962 003 . ·~.63507 -31.55508 -56.6313 -49.8044 . +29.0150 .
... ,

-61.778.82 -710.22508 -:-28,889.9 +1.634.0515 -156.2724
..

+165.4982Total 131

/ .. ' .
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Degrees of SUM OF SQUARES
'Source of variation freed an '">-

z on x1 z on x2
z on x

3

Due .co regression 1 6,736,325 5,824-,513 5.402,4-13

Residual 109 15,728,021 16,639,833 17.061,933

Total· 110 22.464-, 34-6 22,4-64-, 34-6 22,4-64-.34-6

, Double regressions of z on ~' and.l<:2 and 'k m, x1 and x
3

Degrees of S1l!ll OF SQUARES
Source of variation freedom

z on "1 am. "2 and x
3

z on x
1

Due to regression 2 10,.'588,909 8,617,520

Residual 108 11,875,437 13,846.826- , -
Total· 110 22,464,346 22,464,346

)

Source of variation Degrees of Sum of squares
freedom

Regression on x1 alone 1 6,736,325

Extra due to x2 1 3,852,584-

-
Regression on x1 and "2 2 10,588,909

Extra due to x
3

1 1,973,822

Regression on x1, ~
3 12,562,731and-x', , 3

Residual 107 9,901 ,615

Total· , 110 22,464-,346

, ,
',:

... ',

/
Total* _ residual sum of squares of fire frequencies from above analysis of variance
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CALCULArioNS.:FlIll. ADJUSl'lm ~Ul!NcmS .m J'IG. 1.
., ,!

Zj,j =f '-"fi • + Jl j • +~ ~J +fi,J ,.Where'k is estimates by ~
"

and b1':' +178.2iS5: " ";, '
~ = - 59.0586 '
1»3 = '-113.7368' "

.~' . .. ", r-' , .', '

"

,

1952
",

1956
. ",' ,

1960
"

1951, 1953 195~ 1955" "1957' 1958 1959 '1961 Overall,

I
Sunshine, ADnual., mean , 3.997 ~.078 ' 4-.017.- "0538 '~~ 3.868 4.022 . 3.507 ' 4-.654- }.84-7 , 4-.057 4.006'

Dif'ference :frOm ' .. ,
"r , oyeralJ.msau, '

.. " , ,
01;0.016

"

'-:<l~O09 +0..072 +0..011 ';.,0.4-68 "+0.472 .;.0.138 -0.4-99 +0.648 '-0.159 +0.051 ;.... ,

,Resultant
" , ' "

, , ;,
a.dditional fm ,, , ,

I
+1.604- ~1.961 ~}Jiz8 4.?4-.601 -'115.516 +28,.344-j :frequencies ,-12.8}5, -8it.14-1 " ..:e.852 +88.954- ';'9.092,
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FIG.1. ANNUAL FIRE FREOUENCIES IN BUILDINGS IN
ENGLAND AND WALES COMPARED WITH THE
CORRECTED FREQUENCIES CALCULATED USING THE
ESTIMATED REGRESSION COEFFICIENTS AND THE
OVERALL MEAN VALUES FOR SUNSHINE, VAPOUR
PRESSURE AND RAINFALL




