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IN ENGLAND AND WALES
AND CLIMATOLOGICAL VARTATIONS OVER THE PERIOD 1951 TO 1961

T by
Jane M, Hogg

Summary

- The influence of weather on the occurrence of fire has most frequently been
-studied in relation to forest and bush areas, This note deals with the effeot
of weather on the number of fires which occurred in buildings in England and
Wales during the years 1951 to 1961, The results obtained do not, in general,
agrae with results published in earlier studies undertaken in Japan and the
United States of America. It is conoceivable, however, that firea ocourring
unfer different conditions may be affected by different weather effects.

April, 1963.



THE EBLATTONSHIP BETWARK THR IGNITIGE OF FIHBS IN BUILDINGS
IN ENSLAND AND WALES
AND CLIMATOLOGICAL VARIATIONS OVER THE PERIOD 1951 TO 1964

by
Jane M, Hogg

" Intreduction

The influence of weather is acfngyledsed to be an important factor in the
ignitt and spread of forest fires\1), S8tudies undertaken in the 19208 in
Japan! g? concluded that relative humidity is a Pactor luencing the chance of
a fire start in a building, An American publication{3) dealing with fires in
buildings in certain Ameriocan olties also drew the conclusion that relative
humidity is a factor affeoting the chance of ignition, but with the proviso that
dew-paint temperature has a greater effeot than relative humidity in the winter
montha; while the air temperature also affecte the chance of fire in buildings
dnring the winter months

Intereat in the effect of weather on the chance of ignition of fire in
buildinga in the United Kingdom was aroused at the Joint Fire Research Organiza-
tion whoan in 1959 there was & speotecular inorease in the annual fire incidence
in the Poited Kingdom, both indoors and outdoors, Fires in buildings inoreased
by over 9,000 and outdoor fires by about 127,000 from 1958 to 1959,

Discussian of the model used to determine the effect of
weather upon fire frequenocies in buildings

A study of the relationship between one or several weather effects and the
chance of ocourrence of a fire in bulldings will give misleading results if the
effects of other influences are not removed, For example, as the air temperature
falls more space hedting appliances are used in buildings, which increasea the
chance of a fire odcurring in those buildings, The fall in temperature has thua
affected the chance of a fire indireotly through its effect upon human behaviocur.
However, the actual number of fires which will oocur within a month may also
dspend directly uponh weather conditions since the chance of a fire may change
with weather effects even without any ochange in human behaviour.

Since humen bshaviour changes with the seasons, the effect of weather on fire
frequenciss muat be tested within similar periods of the year, for example,
months, " To do this several obeervations for the same set of months must be
obtainad, This was achieved by telding observations over several years. However,
the weather effecta must also be teated within years since the chance of a fire,

. irrespective of weathor conditions, changes each year.

The following mathematicai model summarises the above:
o ' R ' L
zij.=,¢+ LA B +f’kxbi+gij o ’ (1)

where zij are the number of fires éocu;ringin the it? year and th@ jth month!

X55° xij - i, where 1ijzfepresenta the value for a particular weather effoot
in the.ith'year and jth month; thetsubacript k denoting which effeof,_and Zk .
represents the mean value experienced throughout for that effacﬁ.

ii..and _J?.aré<the yegﬁxand month effects adjusted for the effect of the X's.
J}; represenfs the overali_ﬁopulation mean and 18 estimated by Z.



’gk represents the average straight line relationship betﬁeen X and the
ﬁ:terms, and zi3 i.ZiJ:u Z., 'The aaaumptiona'are thatvtﬂene'is-no yearumdnth

interaotion effeoti(YM)‘ T and that the EiJ are’ independent normally d;stri—
buted variables w1th variance 62 for eaoh set of X'an
The éid represent the error term.

_ . A genuine cauge and effeot relationship batween the weather effeots and
the frequencies will be provided by model (1) so long as changes in human -
behaviour remain proportionately constant between months and between yeara,
singe there can be only one set of observations for any month in any year .
(obviously 2,, oan ohly ocour once), The model hgs been checked to ensure
that the posaible month-year interaction effect is non~existent by separating
it into two parts,.one for the period 1951 to 1956 and the other for the years -
1957 to 1961, and then ascertaining that the same cause and affect relationahlp
held for both periods, .

" Availability of data..

Climatological data are publlshed in monthly form(h) for fhé daily mean
- alr temperature, inches of rainfall, and sunshine (mean hours per day) addi~
tional data had therefore to dbe speoially oompiledo -

Data for dry bulb temperature,.wet'bulb temperature, dew point.tempefature,
vapour pressure, wind and cloud are recordsd at certain olimatological stations
.8t three hourly intervals, and were available from.the Meteorological Office,
A preliminary analysis was therefore .undertaken using observations at the towns
of Blaokpool, Liverpool, Nottingham, Birmingham and Bristol at three hourly.
intervals, from 0600 hours to 2100 hours inclusive, Averages were obtained .
for three monthly periods over the thres yearg 1958, 1959 and 1960, As it was
, oonceiveble that the cause and effeot relationghip between weather effects and
"fire frequencies might vary for different seasons of the year tWo models were .
used, one comprising the winter months of Januany, February and Haroh, the other
the sumner months, June, July and Angust. . (4ppendix I).

The preliminany analysis revealed a relationship between both vapour
preasure and.dsw point temperature and the chanoe of fire in dwellings in the
five towns in both the winter end summer seasoms. (Vapour pressure and dew
point temperature measure an ldentical weather phenomenon but use different _
socales, 8o that making use of vapour pressure for forecasting the number of fires
in dwellings preoludes the use of* dew point temperature. V. pour pressure data’
are used, hereafter, since the error terms appear to be more normally randomly I
distributed sbout this soale than that of the dew point temperature)o None of
the other weather effects examined appeared to have any effeot on the three houriy :
average frequenoiea of fires in dwellinga in the towns used in'the analysiso

Average monthly values of vapour pressure have been oompiled for England and
Wales for the period 1951 to 1961 inolusivs, and are shown in Table 4, Appendix.
II, Sunshine and rainfall data are given in Tables 2 and 3, while’ Tdble 4 givea
‘the monthly fire incidence in 'buildings ih Engla.nd and Waless '

The reaults of the analysis

A multiple regression using the analysis of covariaﬁoe model (1) showed that
variations in the monthly frequency of fires were most highly dependent upon the
amount of sunshine oocurring in the month, and that the residual varihtion was
‘more dependent upon the vapour pressure level than upon the amount of Mrainfally .
nevertheless, the' amount of rainfall had some effect on the fire frequencies even
after the effacts of both aunshine and Vapour pressure had been taken into anoount. .

- 2 -



The mlt:r.ple oormla.tinn coefficient for all the three weathsr effects
(sunshine, vapour pressure and rainfall) and the occurrence of fires was 0,75,
The correlation coeffiocient for sunshine and fire frequencies was 0.55; the
partial oorrelation coefficient for vapour pressure and fire fregquancies, given
the amount of sunshins, was Q.49, while the partial correlation ogaffioisat for
rainfall and fire frequencies, glven the amounts of both sunshine and vapour
pressura, was O.41, The valuse for thsse reapeotive correlation coefficients
could@ have ocourred individually by chance less than once in a thousand times,

Figure 1 shows both the aotual anmual fire inoidence in buildings in
Bngland and Wales over the peried 1951 to 1961 inoluaive, and the adjusted
frequencies caloulasted by correcting for the differences between the amual mean
values and the overall mean valuss of sunshine, vepour pressure and rainfall,
using the estimated regression coefficilents, From these curves it appears that
the inorease in the annual Pire inoidence observed baetween 1958 and 1959 was due
less to the weather oonditions of 1959 than to those pertaining in 1958 which
resulted in a lowsr fire frequency than would normally ocoour.

Conclusion

The weather effects which had a direct relationship upon the number of fires
which occurred in buildings in England and Wales from 1951 to 1961 inolusive were"
sunghine, vapour pressures and rainfall, Fire frequencies in buildings are
‘dorrelated most with changes in the amount of sunshins, next with changes in
vapour pressure, and least with changes in the amount of rainfall, The inorease
in the annual frequency of fire obaserved between 1958 and 1959 was due to weather
conditions affecting fire frequencies so that they were well below the mumber
which would have been expected from the trénd line in 1958, and alightly above
the number expeoted. in 1959, Although it is olear from. this analysis that
weather conditions play an important role in the occurremse of fire, it is
unlikely that it will be possible to predict bad fire Bpells until longer range
weather forecasting can be a.ohievedo
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BETWEEN TOWNS, BETWEEN TIMES AND RESTDUAL VARTATIONS AND COVARTATIONS - WINTER -

AFPERBIX I

~ .

SUN

OF SQUARES
Source of Dogreos . : _ - ' o B L T:
o . Pry Rulb | Relative Dew Polnt Vapour Wot Bulb
Varia of freedem ture | Husddity Penperatime Pressure Wlod 'Eem?mtun : Cloud Fires
. fx) (x) (=) | & (x5) | (%) {x7) o)
Towns L 21,83328 58.50968|  12,48149 | 11L.47149| 38.93288 21.09555 | 0.087759| 38, 093.867
_ Times 5 122,71092 522,7815 10.69411 1 91.74136| 17.11379 75.51858 |  3.94168L| 4,983.6
Residial 20 b 2.64902 15.19596| .  2.3078& | 16.50971| 1.77805 7.16138 | 0,196518| 4,115.733
Total 29 147.19323 596.4871|  25.48344 | 222.72256| 57.82473 | 103.77551| 4.225961|47,193.2
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Source of . -Dagrees _ =
Varigtion of freedom ey | yxz 73 yzh- : s ‘ y%g yx7
Tawna 4 93.18561 | ~687.9277 | -128.80185 | -443.953, |392.1610 | -170.71808 | 16.98782
Tines 5 700.45461 | -1,627.7616 | 210.56974 | 612.2782 |252.85835| 569.29004 | L6.23911
Bosidual 20 38, 39299 -28.2863 | -49.12Uk | ~134.6355 | 7.230Lk|. 22.93137 | -10.45793
Total 29 T55.24723 | ~2,143.9756 | 32.64649 | '33-6,89?r 652.24649 | 421.50332) 52.76500
_-...,H'fwt-_éato. | 'z . %2 3 5, l 5 LT L x|
Begresgion coeffirient by | -14.49328 -1,8614%| -21.28458 | ~8,15h93] 4.06633 3.20209 | ~53, 2363
Rogressicn mum of sqaares | 556,440 52,653 |1M5.528 | 1,097,943 | 29.4 73428 | 556.531
Varisace Ratio (¥),,,) 2.97 - 647 - 6 | - - | 2
| Significance level 1% - | wm | wsm | - - | .
Correlation coatfictmmt v, | <057 o1 | -5 | -2 | ees o5 | 037 |

iy
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BETWEEN TOWNS, BETWEEN TIMES AND RESIDUAL?YARI&TIONS AND GOVARTATIONS = SUMMER

SQUARES
PUPSEE , ' S
Vvt ot on pagmga ulb t Dew Point . Wet Bulb
VYariation of freedem | Dry Bulb- Relative ew Polnt . T g
T . ‘ Temperature| Humidity Tem?eratnrgl " Pressure Wind Tem;(;erature Cloud Fires .
’ x, ) (xz) JC}) ' (xh) (x5) xg) (37) (Y)
g . oy i ! i : . '
Tovns 4 6.24005 207.65867§ 45.98072 1,088,0335 | 47.73729] 15,5703 | 0.8214169 | 7,648.867
Times 5 3753745 | 2,016.48869, 3.60276 110.86058| Who78743( 88.5009 | 1.,208367 | 2,382.267
! . : : .
Rosidual | 20 | 11,2288), Tk.06005 3.84281 90461584 3,90374 2.83277 | 0.857789 1,090.’7}3
Potal , 29 389,00634 | 2,290.74786| 53.42629 | 1,269.51792| 96.42846! 106.90398 | 2,890325 311,-1‘21.867
L,,,,.,, i ! ] e - ok 4 el , .




| soM - . OF FRODUCTS .
Source of nggrees —. - _
Variation of freedom ¥x, ¥, yx‘,’ er“L 315 yx, Y-'-—,
Towns 4 22.80882 | -988.37935] -358.21159|-1,719.10882] 85.56159] —158.07017 “7.91231%9 §
Times 5 918.33889 -2,&55.84638 67.08986|  407.32729 316.36159 mT.GS?B_f{ . 62963525
Resid ual .20 -8,60519 —52,20616] ~35,72754] ~-168.33393| 15.33406| —20.19505| -0.776812
Total’ 29 932.54251 | =3,174.45188] ~326.84,928] ~1,480.11546| 417.25725]  269.40266]=10.171962
Effects due to X, ) Xz X X5 ¢ *7
Regression coefficient b, -0,76635 - =0.69981 -9.;297& -1.85769] 3.9280L4 -7.12908] 0.9056
Regression Sum of Squares 6.594 | 36.534 332,168 312,712 60.233 143.972 0.703
Variance Ratio (F1,19) - - 9.15 746l - 2_.89 -
Significance level - - 0.1% 2 5% - “15% -
Correlation coefficient Ty -0,08 - =0418 ~0.55 -0.54 +0.23 =0.36 +0.03




: Table 1

England and Wales

Estimated Yépﬁﬁr Pressure

Mean millibars per day -

1951 195;:3,,1955 1954 1955 } 1956 1957 1958 1959 1960 1961 Total
Jan. 29.3 | 26. | 28.7 26.6 | 27.1 | 28.5 32,0 | 28.h | 25.6 ] 30 2843 311.0
Feb. 27.9 25.9 | .29.1 26.6 23.6 21.0 30.8 30,6 29.7 28,5 3.6 308.3
March 28,2 32,3 | 2846 31,2 2hat | 29.6 392 | 26 | 3w |- 3.3 ka1 53941
April | © 291 | "36.2 | 315 |- 30.8 | 35.7 | 291 | 33.9 ] 3.3 | 371 | 35.3 | 4.2 3742
May 38,2 1641 4448 1.2 36.6 40,0 37.0 1.2 L2.6 w2 | 38,9 450.8
June 4746 4L9.7 5247 L941 LB.9 46.9 - L7.9 51.3 501 53,0 48,6 545.8 ’
July 57,1 5647 55.6 5241 59.1 573 60.9 57.5 - 57.2 54.3 52 .1 619.9
Aug. 55.0 57.9 57+8 55.7 62.7 5141 57.5 61 .1 60.8 56,2 5543 631 .1
Sept. 5he7 W2 52.5 4843 51.9 56.3 49.5 58.9 50.3 51.3 { . 57.8 573.9
Oct. L2 48,8 43,8 49.5 39.5 51.9 45.6 46.3 48,0 461 L5.1 487.0
Nov. 39.6 | 29.6 | 39.6 | 36.2 | 36. ] 331 33.9 | 36.5 | 36.5 ) 36.7 | 33.7 391.8
Dec. 32 o 277 3840 3had 3342 3443 3043 32.2 33.5 29.9 27.5 35%.%
Total | 481.5 | 169.7 | 502.7 | 481.6 | 478.8 | 469.1 | 4985 | s501.7 | s505.5 | 196.9 | 197.2 | 5 383.2
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Table 2

 Englapd and Wales

" Mean"hours per day

195

- 1953

I 195

S 1955

1957

1958

1960 |

1961

. Total

Je.n.
Feb.

__Haroh~ '
‘ Aﬁfi .
May | 5.31-
- 7.60
" 6.39

1
June -
Jﬁly
Aug .

Bept.

Oct.

. Nov.

Déc.

1 i

2.29

3-07‘

6.2

3.7

1.95
1356

2.3
S2.75 |

© B9 |
6.58 |

596 f.
6405

_6.#1
5.7

- 403
3-30 '

- 233

1.68

128

5472 E

. 6¢88

',f6;29
4.88

' 2.89
1.59
1.03

1

2403

{327 |
. 76,07
k99
469 |

.@,}E

3099 |

5.2}
2.67
1.93

1eb5

ux o
16 |

2,82
5200
557

- 6.6h'

af18.50’

6435
5.15
3.85
1.82

S I

5.7

5.09
| 5.06

. 1956
1a77
20,7 |

Lek7

7,80

4487
3,30
3.59
1.87
0.66

2473

3.08

5:22.°)
6,70 |.

9.58
L.54

1465

3.7h
2.73
2.10
1.66

1.63

1.99
3.57

e
579
" 169"
5.65..
4.05 .

L.,
3.02
1.53
1.01

.‘17,71
| 7.68

6.42

1.85
1,01

1959, |

258"
24107
1342
| eszef
.;wi7o57_

6,67

bali2

:,g1a183_
. _2.73 ,
2422

5.32

- 5.91
. 8.58
. Ba95
520

Lok
2416
2.15
1.63

1436

2,30
.- "he85
o351

6.7

7430

5.3
5.6
Le3
3.7
2.1
1.8

8.0
26645

" 39.98
58435

70.73

72404

64..22
57.99
49.05
35.85.
21.22
14.90

thal

14797

489,

)-}8.21

L2 A6

5374

46 02

48.27

42 .09

 55.85

617

4,8.68

528.80




" Pable 3

England and Wales |

Rainfail -
' Inches
195t | o952 | 1953 | agsk | 1955 | 1956 | 1957 | 1958 | 1959 | 1960 | 1961 | Total
Jani | 38| 34 el 2.6 3ol 5.1 2.9 346 ot 5.2 ho? | 4042
. Peb. Iy 101 2.1 3oly 2.6 1.1 3.9 | 4.8 O | . 3.2 | . 2.8 ' 30.1-
__.hﬁlr'ch bl 3a1 101 3o 242 12 [ 247 149 2,6 2.0 0.6 | 25;;2 '
April 2.9 2.3 2.9 006 1ol 1.6 | Ouk 102 3.1 1,8 3.9 | 2241
| May, 3.2 | 206 2,5 | 301 k0 |. 03| 1.9 ENA 1.4 1.8 1.6 26.0
June 1037 2.1 24y | 345 3.5 2.7 109 lo5 1.8 2,0 145 27.2
July 109 103 308 305 140 a0 o 307 2.7 a5 2.7 | - 33.2
‘hug. | - 5.2 o 303 les6 102 6ot ot 4sO 1. kb 3.3 4.8
Sept. " 305 348 362 305 2.0 367 540 L8 | 063 4o5 342 3745
Oct. 103 o 269 ho8 340 203 300 3.3 | ek 745 b7 | 40.3 i
1 wov. 742 50 2.8 6.6 | 2.4 103 205 2.2 ho? | . 549 2.5 42t
. Déc, 5.0 3.6 | ek 305 a2 b2 303 ho2. |  Beh | heb | 4eO L3
CMotal | 43.7 | 5.5 | 29a8 | 42,7 | 30u9 | Be2 | 357 ) M.6 | 3200 | 7.5 | 3505 ) 40941




" Table lp- ' o _
_ . Monthly fire incidénce in.England and Wales'

“ . In\buildings

Voaosr I igs2 | 1953 .| 195u- [ 1955 | 1956 | 1957 | 9B |. 1959 | 1960° | 1961 | . Tota

Ja;n. ¥ 3&10 -4 008 3965 1 5236 4 536 , 024 L 061 | & w80 5404 |- 5 168-| 5 664 ‘50l_‘;156-
Peb. | 3014 | 3608 | 3610 | Gsuh| 38| 5976 3200 | 38%2 | 4428 4828 | 4468 | 45 413
March | 3356 | 3488 | 4090 | 3572 4696 | n264| 3219) 4976 | L 104 | 4 B6O | 554 | 46 169
April | 3614 | 3136 | 3435 | 3662 3476 39| 393 | ns20]| 380 488| 4256 4262
| way - | 3050 2956 | 3250 | 32701 298| 39| 39M | 3580 460 | uB2 | 5208 | 41 301
June T 298| 2628 | 2520| 2378 | 2720 | 290| 4x:7| 2756 | sos0| uue8| 4896 36611
Jiy : 278 | 3060] 2470 | 2388 3300| 2676] 2967 2736 | 408k | 3736 (.4 6667 34 861
CAug. | 2 32 | . 2 652 2 485 2 26l 3 264 2420 30191 2 736 | 3 916 36761 1 228 33 002
Sept. 23012912 | 2 405 1 2 524 2 980 | - 2 472 28,51 3008 4 580 3 688 L 262 31, 000
'ocf:a 1 3096 3240 | 3 020. 286 | 3716 | 3556 3366 | 3692 |- 5820 | n3us ). 5000 | w0 826 ;

Nov. |. 2842 | 4212 | 3230 | 3348 | 3700 | 4176 4253 4 Ohk 4564 | 4564 5700| w633
' Dec.” | ;352 | 4488 | 3530 [ 3756 | 4016 390 4651 K376 L60h( 5088 | 6504 4BAIS

“Total | 36 456 | 40388 | 38 010 | 39 828 | 43 176 | 44 252 | 43 825 | 44 816 | 53 o8y | 53 752' |60 486 | 498 071
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APPENDIX 2

-~

BETWEEN YEARS, BETWEEN MONTHS AND RESIDUAL VARIATIONS AND COVARIATIONS .

Analysis of Variance
B p

_suM OF SQUARES
B ' s Degrees of .
Sourse of Variation freedom Sunshine Vapour pressure | Rainfall Fire fre§uencies c
(,) (x,) (x5) (=)
Between years 10 13.9535 151093 28,039 46,341,102
.BetWeen months 11 433,509 11..,380;.14,1 59;112 33,518,660
Residual. 110 786270k 1,172 040 1840319 22,161, 346
Total 131 5256748 15,7074 | 271470 | 102,324,108
‘Analysis of Govariance
) . . stm P " PRODUGTS
Souree of Covariation D egregs ° :
freedoem x, and z _ .x2 and z 1‘5 and z x, and x, x, and x5 | X, and Xy
Between years 10 +6,028,18 +36,992.07 +1,007.1 +3.8913 -12,7055 —0,8968
Between months 11 - =90,769.03 %6_62;,.58208 +1,658,8 +1,686.7915 -93,7625 | +137.3800 -
Reaidual 110 +22,962,03 |- ~=82,635.7 - =31,555.8 -56.6313 ~,9.804 | +29.0150 .
Total 134, —61,778.82 ~710,225.8 - | -_-2‘8,889.9 +1, 63440515 ~156.2724 | +165.4982




Single regressions.of zonxX, X, and ¥

3

. Double regressions of & on t I and.xz and z op x, and x

: i SuM oF . SQUARES
"Source of variation Degrees Qf . . .
freedom e
z on X Z Oon X Z on X
4 2 3
Due to regression 1 6,736,325 5,821,513 5,502,413
Residual 109 15,728, 021 16,639,833  |17,061,933
Total® 110 22,460,306 | 22,464,346 22,464,346

Degrees of

Sum of squares

1 3

: i STM oF SQUARES.
Source of variation D;grees of

reedom ) .
zonx,I andxz z on x, and. x3

Due to regression 2 10,588, 909 896179520

Residual 108 11,875,437 13,846,826

Total®* 110 22 L6k, 36 22,464,346

Total* ‘=

.Source of variation
_ freedonm

Regression on x, alone 1 6,736, 325.
Extra due to %, 1 3,852,584,
Regression on x, andx, 2 10,588,909
Extra due to x3 1,973,822

Regression on Xy %
:and-x3 : 3 12,562,731
' Residual 107 9,901,615
Total*® t 110 22, 464, 346

residual sum of squares of fire frequencies from above analysis of varilance




" APPENDIX 2
CALCULATTONS. FOR ADJUSTED m@gmmcms IN FIG. 1.

H /‘*Yi + M, '*%ﬁa;*f

B

" ?’5'. =

n. # -

where fk is estimates by b

+178.265
'f115.736£_!" -

1951

1952

1953

1954,

.-155321

.1956J

-,‘1‘958-. {

1959

1960, |- 1961 .

Ovara]i

Annual. mean -
lh.fference from
overall mean

Resultant

frequencies

i additional firg = .
_ -‘604

5-997 :

—0.009

%

14,078
0,072

,—12;855

L ha017)s
404011

-1 961

0,168

Nk

3538

85,28

-8l 141

L7
“0h72|

3.868

424,601 1"

~0,138|
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FIG1. ANNUAL FIRE FREQUENCIES 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





