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Seitaro S~zuki 

§ I INTRODUCTION 

Many years ago I made an appeal to the public for information 
on any observed facts about fires, particularly in relation to weather 
conditions. Since then some investigations on allied subjects have 
appeared in the journals referred to in the appendix, in which several 
of those authors laid stress on the importance of the influence of 
meteorological conditions upon conflagrations both in buildings and in 
forests. 

My Own studies during those years have been conducted from 
the experimental point of view, and meanwhile for the purpose of 
statistical investigation, the effort has been made to make a thorough 
colIection of materials in regard to the outbreak of fires nearly alI over 
Japan, and to a limited extent in Europe as well. 

The present report is for the most part, the result of tedious 
statistical computations based on the materials thus collected, and it is 
rather of practical than theoretical interest. Nevertheless, it is worth 
studing, partly because every year the material loss due to damage 
from fire amounts to an enormous sum, and partly because the report 
throws some light on the subtle relationship between fires and the 
weather. 

This paper consists of two parts. The first of these deals mainly 
with the relation between fires and the weather. The second treats 
of the conflagration frequency in relation to the meteorological conditions 
then prevailing. Both of them show that atmospheric humidity plays 
a leading part as a controller of fires . 

§ 2 THE FIRES AND THE WEATHER 

Probably it is a commonly accepted fact in Japan, that charcoal 
fires and such like burn in winter better than in summer. Though 
this is not well founded and needs closer experimental examination, it 
cannot be denied that change in the ratc of burning is a function of 
the weather, provided that the fuel material is uniform. To test it I 
have carried out through nearly a year and measured the time of 
burning. Calculating the velocity of burning we express the combus­
tibility in numbers. Strictly speaking, our present object would not be 
however achieved by observing the seasonal variation of the combus­
tibility so defined, chieRy because the surrounding conditions of a coal 
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fire and that of an incense stick are not exactly alike. This method 
is. nevertheless, one of the best of those which are easily accessible 
for testing the influence of t he weather, as will be demonstrated Jater. 

The Japanese incense stick used in this experiment is a thin 
cylinder with diameter nearly 1.45 mm thick and made mainly of powder 
of fragrant wood bark and partly of pine-resin used as paste. \Vhcn 
the upper end is lighted and the stick held upright, it burns down 
ste:l.dily without fhme, If the condition remains the same, it continues 
to burn always at LIn equal rate, 

Almost eve ryday, we used to let a couple of incense stick~ burn 
in~idc a scteen out of doors, from J;tnuaxy 14th to December 3rd 
1924. and fmmd that the burning-rate or combustibility, as it is now 
c:tlled, changes from time to time. The result and some subsequent 
calculations will be given later. 

In order both to gi ve the necessary corrtction to the observed 
values of the t ime of burning and to see the effect on the b urning 
produced by weather conditions artificially adjusted in the dosed room, 
we first made experiments . on. some physical properties of the incense 
stick especially in regard to burning which \vilI be described in the 
following sections. 

PART I THE BURNING AND THE WEATHER 

§ 3 CHAKGE OF WElGHT AND \VAT ER CONTENTS 

It is found that the incense stick changes its weig ht every mo­
ment. if exposed to the open air. This arises no doubt from the 
change in the amount of wate.' in the stick, due principally to the 
variation of the relative humidity of the surrounding air, for the weight 
of the incense stick is reduced to the minimum when the stick is kept 
and dried as long as five days in the desiccater filled with concentrated 
sulphuric acid, and recovers the old value if again put in the open 
air. For example, five incense sticks made so dry that their total weight 
was reduced to J. J 59 g. became in the open air gradually heavier and 
finally reached the maximum I.259 g. after the exposure of three hours 
and forty minutes, showing an increase of 0.100 g. over the old weight 
due to the increase of humidity of the air. Taking 15°C. as the 
mean room temperature during the drying process, the relative humi­
dity in the desiccator is far less than I ~~ (not actually measuredJ 
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but calculated by the table of the solution tension of sulphuric acid). 
The diameter, the length and the total weight of the material used in 

the experiment are respectively 1.47 mm, 21 x 5 em and 1.259 g. so 
that more than 8% of the incense-stick by weight is wholly "Yvater, in 
other words, lee of the incense stick has at least 0.055 g. of water.] 

The details of water-absorption are given in the following table. 

Table I The Recovering of the \Veight of the Incense Stick 

Time Ih 25m 30m 35m 40m 45 m som ssm 2h om sm 
\Veig'ht I.I59g 1.1862 1.2°3:: 1.2126 1.2210 1.23°2 1. 2 364 1.2400 1.2424 

Time 2hl0111 15m 25111 35 111 4Sll\ 3hSm 25 m 45 III 4h Sm 
Weight 1.245° 1.2474 I. 2 49S I.2 5IS 1.255° [,255 2 1. 2 554 1. 2 559 I.Z56z 
Time 4h 35m 5h sm 35111 

Weigh! 1. 2 565 1. 2 594 1.2 584 

Practically the incense stick, as the table shows, accommodates its 
weight to the state of the surrounding air within 45 minutes. taking 
water vapour from the latter; and remains the same as long as the 
humidity of the air is constant. 

§ 4 CHANGE OF LENGTH A)lD WATER CONTENT 

'\Then the oried incense stick is exposed to the open air, it 
lengthens by degrees, first very quickly, then slowly as the table below 

shows. 

TaLIe 2 l{eco,;ery of the Length of the Incense Stick from the Contr.'lcted State. 

The leng:th immediately after the exposure heing 194 em. Measured 

every minute, 4-50 mIll 4.60 4.80 5.00 4.90 5.00 5·oS 5.10 5.10 5·IO 5.20 

5·30 540 5.50 5.56 5.60 5.65 5.70 5.70 5.78 5·80; measured every 
three tninutes, 5.88 5.93 5.98 S.!)S 6.00 6.0J 6.00 6.00 6.01 6.00 6.00 

lIly keeping" dry the ch:J.mber of the balance in which the polymeter and the incense 

sticks are placed, the following very satisfactory values were obtained. 

Relative humidity Weight Temperature 

34% O'S27g 25°(: 

40% O·499f( 25°C 
This ShOW5 5.3% decrease in weight of the watcr content (0.o8Sg pcr 1 cc of the 

incense stick) in varying the rebtive humidity from S4% to 40% (i. e. 1.2% change of 
weight per 10% of humidity). These \'alues corre;;p~md. to the stationary states and differ 

l? little from those obtained in the self-recording appar:ltu~, which are continually changing:. 
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A s regards both weight and length the incense stick accommo· 
dates itself to tbe ~loi st air a 5 readily a '> the hygroscopic salt does to 
the vapour, and t he final sta~e is reac hed when the tension of the 
adsorbed v.tater becomes equal to that of sll rroll~d ing water vapour. 

T he above two figures give respectively the recovery curve of 
weight and that of leng th. Th ey are in logarithmic form and may be 
expre:;sed by the following' equation. 

- kt q = qo-we 

From the table, k is fOlln d to be 0.0 58/sec and the time during 
which the a mount of water becomes doub led (corresponding to "Hal­
bierungszeit " in the disinteg ration of a radioactive substance) is 12 

mi nutes. 
As we shall sec later, the t ime required fo r the complete combus­

tion of a incense stick amounts to 40 minutes or more. So we can 
rega rd as th e first approxima tion. the state of the incense stick against 
the surrounding , during its burning , a.<) the equilibrium already estab· 

lished. 
As the elongation of the rod (of 19-4 em len:;th ) is 1.5mm, 0. 7% 

of this elongation can be considered" as due solely to the humidity of 
the air, with a relative humidity of 75% .2 

That a similar contraction takes J? lace radially is beyond doubt, 
though the decrease of the diameter due to d ryness from the rate of 
contraction of the length. 

1 A more accurate tneasuremcnt was made wit!dn the closed g1 a.<;5 lJellJur in which a 
polymcter ::tnd a thermomet er were placed Leside an ir1cem;e st ick and in which the relative 
bum idity in the jar could be regulated }}y means of sul phuric acid. T he result was as follows ; 

Humidi ty Length Tempet:l.ture 

]3% 24" 75 em 30°C 
92% 25.05 em 30°C 

So the contraction became ] .2 % (i. C. 0 .15 % per 10 % of humidity) 
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With the simple 
apparatus as shov·,rn 
in Fig 2, the variation 
of weight and length 
of the incense stick 
can be easil y re­

corded. 
The ,,,,eight re­

corder is of the ba­
lance system, a long 

pen and a pan on 
which the incense 

sticks are piaced con­

Seitaro Suzuki 

§ 5 SELF RECORDING 

sisting of slender glass rods, so tightly connected as to prevent the 
swinging of the apparatus due to a small disturbance of the air. To 
record the length variation, \VC make lise of the lever, one arm of 

,vhich is attached to one end of the long incense stick, and the other 
is held by the immovable iron stand. 

The magnification of the weight recorder is 67, that of the length 
recorder being 29. 

COOrdl113ting this apparatus with a hygrograph and resting their 
recording pens on the same smoked revolving drum, we obtained the 
charts of the weight- and length-variation and the relative humidity, as 
shown in PL. I. This worked very well, though in the case of the 
weight·variation, the friction gives rise to time-lag, principally due to 
the smallness of the weight variation of the incense stick. 

Table 3 The Rel:tti,m Ielween the Weight of the Tncense Stick, its 

Lcnglh and the Rebtive Humidity 

Humidity 

42 % 
48 
51 

54 
56 
6. 

71 

Vari::;tion of wright deviation 

fro:n mean value 4.28 g. 

1·4 c~ 
2·9 
1·5 
1.8 

43 
10·5 

16.0 

Variation of length deviation 

from mean value 49.4 em 

o.09 mm 

0.11 

0.20 

0.20 

While the relative humidity changes from 429"~ to 71 rfo, the 
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water-content varies from + 1.40 cg below the mean up to 
above/ and simultaneously the length undergoes the small 
from + 0.09 mm below the mean to up to 1.70 mm above. 

7 

[6.0 cg 
change 

Further examination of the record reveals another fact, namely 
that the curve either of weight or of length rises steeply and descends 
down gently. This must be ascribed entirely to the time-lag of water­
absorption. Plotting the curves by using the values taken from the record, 
the well known hysteresis curve of weight and length becomes apparent. 

With a II't 
little retarda-

7ilJ 
tion, therefore, 
water is taken 
up or given 
out by the in­
cense - stick 
according to 
the increase or 

decrease of the 
relative humi­
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dity, so that its water-content is not always the same even in the 
case where the relative humidity returns to the old value. Such a fact 

is worth notic-
ing, because 
it bears on the 
outbreak of 

fires,-a mat­
ter to be con­
sidered later. 

Besides 

H. 
~g 

those rneasure- 2!Jo 
ments, the in­
cense stick .u 
corresponding 
to a definite 
relative humi-
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• 
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dity was weighed throughout a whole year. The results arc shown in 
table 4 accompanied by a figure (Fig. 4). and it evinces the fact 

3 J.2% variation of weight per 10 % of relative humidity, and 0.12 % v:ll'iation of 
length per IO % of relative humidity. At large, the ordin~ry ince~s~ stick changes in all 
probability its weight from 0.6 % to 1.2 per 10 % of relah'ie humlc\!ly. 
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that, with the increase of humidity, the stick absorbs water logarith­
mically; and the same may be said about its elongation due to absorp­
tion of water. Therefore, either weight or length can be expressed by 
the formula. 

q = a + b log II 

where q is water-content, H the relative humidity, and a and bare 
constant. 

TnLle 4 Avcmg:c Wnter·C(Jntcnt and the Relative Humidity. 

IIurnidity \Veigllt Humidity Wci~ht 

33.6% 29' mg 52 .°% 297 mg 

36.0 289 53.0 296 
40.0 29' 54.0 299 
42.0 290 55.0 298 

47.0 2g6 55·3 298 
48.0 296 56.0 298 

49·0 299 61.0 300 

5°·0 296 61.4 3 00 

50.6 296 63.0 300 

51.0 21)6 70 .0 301 

51.4 296 77.0 301 

§ 6 RELATION TO TEMPERATURE 

Though the incense stick appears uniform in its constitution, the 
examination through a microscope even of low magnification reveals 
the fact that it is surprisingly porous, and when much water is absorbed, 
the appearance of the incense stick closely resembles that of a sponge. 

As is well known, the hair lengthens as the incense stick does 
when it absorbs water-vapour, and the capillary theory of the hair 
hygrometer of Sresnevsky accounts for the phenomena to a consider­
able extent. 

One of his deductions is that the hair elongation is proportional 
to the logarithm of the relative humidity of the atmosphere-a fact 
which also well explains that of the incense stick. It seems, therefore, 
most probable that such a theory as he and others advocate, i. e. that 
the increase of the vapour-tension expands the numerSJus interstices of 
the incense stick, applies to the case of the incense stick equally well. 

On the other hand, Pircher demonstrated experimentally that the 
change of length of the hair is affected by the change of temperature at 
least only to a slight extent if at all. As regards the incense stick, 
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the same relation seems to hold good and the change of its dimension 

may be looked upon as of the second order of magnitude, if any. 

§ 7 ON THE UNIFORMlTY OF COMBUSTION OF THE 
INCENSE STIC){ ALONG ITS LENGTH 

F irst it is of importance to examine whether the incense st ick 
burns steadily down to the bottom, provided a ll other conditions re­
main the same. Measuring the d iminution of the leng th of the burning: 
incense s t1~k, held llpright by a small metal clip, its velocity is ascer 
tained at every centimeter inte rva l. 

T;lule 5 Const:m c)' of the Velocity of COmbU!lion 

(Measured :It inler\'3ls of nne centimeter, a woooen clip heing used j 

lhc rel :nhre hum id ity heing 77.3~' the temperature 30°C) 
s.03mm/min. 4 .00 4·62 4·60 4·80 4.80 4.j8 4.62 5.00 4 .71 415 4. 13 

4 .14 4 .50 4.60 4.58 4·9 1 4·90 5.20 4-42 4·90 4.52 
Change of d iameter of the incense.stick e:o;; perimented . 

' ·335mm 1.315 1.3IO 1·309 1·305 1.315 1.)11 1.301 1 •. 103 1.307 

Strictly speaking, the veloci ty of combustion of the incense stick is 
not constant owing chiefly to the non· uniformity of the d iameter of t he 
rod, but the mean velocity with time of burning not less than 40 
minutes for 20 cm leng th serves our purpose quite well. O f course, the 
burning pe riod of a few millimete rs from both ends are for the preven­
tion of error, to be substracted from the enti re length of time measured. 

A s to the influence of the material of the support, the examination 
was made by using various kinds of clips-wood, iron, zinc and copper­
and no appreciable difference in time, except near the bottom, was in 
any case recognized . 

O n the other hand, in the case of the closed vessel (bell-jar) 
which is described elsewhere, an appreciable decrease of speed of 
burning can be traced. 

Table 6 Change of Velocity of Burning in the Closed ChamLer 

Length of the incense stick = 20.2cm, diameter = ! ·38mm, temperature Df the ail 

= 11 0 6 C, relat ive humid ity of air = 92~' 
Velocity of bllrning (mm/min) 4.6 5.0 4·8 5.2 5.0 4·4 5.0 4·6 4-8 4 .6 

4.6 4·6 4.6 4-4 4.6 4·4 4.6 H 4·6 4-4 4-4 

T he abcve table shows a slight fall in the velocity of burning 
when it comes to the end. 
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§ 8 VELOCITV OF BURN]:<IG ]N RELA TJON TO TIIICKNESS 

The velocity of burning depends much upon the diametc'r o'r the 
incense stick. To ,find out their relation, it Is very necessary to pre­
pare many of sticks of the same density, but of different diameter. For 
this purpose, several large sticks are whittled to various thickness, thus 
securing the same sort of specimens. They are kindled at the same 
moment, and burn down under t he same conditions. 

The incense stick usually burns with ashes at the top. To the great 
inconvenience of t he experiment the ashes fall to the ground , piling up to 
a ~ertajll height \vhich differs according to the thickness of the ,:;tick. 

Two series of experiments to measure the time of burning are there 
fore made, in one the ashes being shaken off by continuous tappin g 
anel in the other being allowed to fall naturally. The results are 
tabulated below. 

Table 7 Tl1i ckness and Time of Burning (:1shcs sh:lken off) 

2r = Density, t = Time of Burning, (5 density 

2< 0 t (sec/em) 'I' f/ri t/ri 
7 . .12 0·73 32J·4 44·' II9 72·5 
5.2 7 0.70 2 4£. :; 47· ( lOS 71.4 
4· J 5 0.70 190·0 45· · 93 64·S 
3.07 0.69 J9:::!·5 52 .5 10. 72 .9 
2.76 0·73 157.0 56.8 95 73-5 
2.0 2 o.6rJ J1 6·9 57·8 S. 68·9 

Table 8 T hi ckness :lnd Til~lC of Bllrning: (ashes left) 

th! 
, 

2C 'I· t/r 't 
7.2':- 0.70 30 1.8 41.8 ... 68'5 
6,52 0.66 z69·5 41.3 106 66.2 
.>.8<) 0·73 2 0 5.8 52.7 104 74. 1 

2.56 0.[;9 171.3 66·9 lOi 7
'
.5 

The fi gures given 111 the above tables sh ow that t/r increases 
slightly with the decre;lse of the diameter and the reverse is the case 

with 'k!, so that it may be adequate to express time-relation either 

by '//i, or by the combination of two terms r and rl. 

Table 9 shows, however, that t he constancy of t/ r holds; within 
a moderate range, practically better than any other relation, and - with 
the additional advantage of being simpler in form. 
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We, therefore, prererred the latter method to the former, not only 
,because the latter method can be easily carried Qut, but because it . saves 
time in calculation. 

§ 9 VELOCITV OF RURNING IN RELATION T O TIlE 
INCLINATION OF THE INCENSE STICK 

Next it is necessary closely to examine how the velocity of burn­
ing changes if the incense stick inclines from the vertical, because 
strict verticality is a necessity jf a great difference in time results from 
even a very slight slant, 

Tahle 9 Velocity of Burning in Relation to the Inclination of the Incense 
Stick (Room Temperature =I3°C, Relath-e Hurn idit Y=54:t ) 

Angle . of deviat ion Time of bllrnillg Angle of deviation Time of Imming 
from verti.c::&l from vertical 

0.0" 2450sec lI,2S o 2r6rsec 

22·5 2438 13·5° 1955 
45.0 241 & 15·7° 1B55 
67-5 2349 18.00 1737 
90.0 2~50 

From the table it can be calculated that the time of burning in 
the case of \he inverted stick is reduced to as little as 33 % of that of 
the vertical. .f\nd the velocity increases rather sudden ly if" the inclination 
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exceeds 45 0 
J owing most probably to the conspicuollS convection current 

of the air. At all event, the velocity varies only very little till the stick 
inclines to 45 0

, so that it is not necessary to take great pains to adjust 

the stick to the exact vertical position. 

§ 10 TIlE TIME OF BURNING IN RELATION TO THE RELATIVE 
JIUMIDITY AND THE TEMPERATURE 

Thus all preparatory works being done, the ne';t step to be taken 
is to sec the influence of the three weather elements ·-relative humidity, 
temperature, and wind upon the combustibility of the incense stick. We 
first examined this in a closed room, controlling the three elements by 

artificial means. 
The effect of humidity under constant temperature is observed by 

burning the incense sticks, both in a closed bell-jar and i~ a thermostat. 
To raise the humidity to a required amount, the water basin is electrically 
heated, the measurement of it is made by the polymeter, as the volume 
of the jar is somewhat narrow (rrx lo.8

11
x 37.5 cc) leaving no room for 

another hygrometer. To lower the temperature below that of room, the 
jar is surrouned by ice, and to keep it \Varm, the electrical method is 
often used. 

Table 10 The time of Burning under Constant Temperature and Relative Humidity 

t =the time of burning of [9cm length of the incense stick. 
t'=the time reduced to the diameter 1 mm thick of the incense stick 

Temperature oce 
Relative humidity (%) Diameter mm t (sec) t' (sec) 

20 
1.423 2633 1850 

1.404 2602 1853 

60 
1·457 2658 1824 

1-435 2666 1858 

80 
1.438 2683 1866 
1.418 2644 .857 

100 1·407 2729 1939 
1.453 :2781 1914 

Tern perature 200 e 
Relative humidity (%) Diameter mm t (sec) t' (sec) 

20 
1-469 2302 '567 
1.441 2295 1593 
1·454 2489 1712 

40 
1·4?8 2618 1783 
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60 
1.434 2725 I!}OI 

1489 2833 1902 

80 
1.414 2546 1801 

1·433 2689 1876 

1.465 2<)09 1986 
100 2826 1960 1.442 

Temperature 25°C 
Relative humidity (%) Diameter lLlill t (sec) t' (sec) 

20 
1.472 2269 1541 
1.410 2241 1589 
1.428 2323 1627 

40 
1.431 2394 1673 

60 
1.426 2474 1735 
1.463 2643 1807 

80 
1.420 2583 1819 

1467 2603 1774 
1.410 2663 1889 

loa 
1.419 2595 1829 

Temperature 30 °C 
Relative humidity (%) Diameter mm t (sec) t' (sec) 

20 
1.477 2199 1589 
1-433 2156 1505 
1.419 2216 1562 

40 
1.487 2346 1578 

60 
1407 2292 1629 
1.435 2319 1616 

80 
10421 2541 1788 

1-410 2557 1806 
1.441 2672 1854 100 
1.423 26u 1836 

Temperature 3SoC 
Relative humidity (%) Diameter mm t (sec) t' (sec) 

1.439 22Il 1536 
20 

1.441 2109 J464 

40 
1.426 2243 1573 
1.417 21'}3 155 1 

60 
1.432 2285 1596 
1·443 2343 1624 

80 
1.432 2449 17IO 

1.45 1 2428 1673 
1.418 z6&> 1890 

JOO 
1.429 2657 1859 

Temperature 40 °C 
Relative humidity (%) Diameter mm t (sec) t' (sec) 

20 
1.446 21 33 1475 
1·444 2118 J461 
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I.4Z1 
40 

1·434 

lo 1.42 5 

1·408 

So 1·433 
1.411 

100 
1-42 3 
1420 

2}49 
2161 

246.." 
22 12 

2583 
2509 
265' 
.634 

15 12 

1507 
1732 

J57 1 

lSo3 

1778 
1863 
IS55 

From the figure it can be seen at a glance that the incence stick 
is apt to burn the more readily, the higher the temperature is. In 
regard to h umidity it is quite the reverse. 

To gain a concise numerical conception we take two examples from 
table 12. Under the same relative humidity 609'~ but with temperature­
change -from O ° C to 2S oC, the time of bllrn ing decreases from 1840 sec 
to 1620 sec, i,e. 13 % decrease. Under the same temperature 20° C. but 
with humidity-change from 20 ~,~ to 80 %, the time of burning increases 

from 15 80 sec to 1830 sec, i.e. 15 0/0 increase. 

An air temperature of QO-2S oC and relative humidity of 2o,?lv-
80% can be regal-ded in Japan as within the ordinary range of variation 
of both elements. In consequenceJ their influence on the combustibility 
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of the incense stick throughout a year may roughly be said to be of the 

same order or magnitude. 
As previously mentioned, we carried out a long series of measure­

ments of the burning velocity inside a screen out of doors. The results 
arrived at as will be explained fully elsewhere are nearly the same as 
those obtained with the closed chamber. Therefore the vague belief 
that the fire qurns morc intensely in winter can not be accepted as quite 
accurate, taking for granted that the present results are applicable to all 
cases of burning. 

§ II EF1<'E.CT OF WIND ON RURNIKG 

The eX~n1ination of the interrelation of the velocity of burning \vith 
that of wind is made partially for the purpose of bringing into experi­
mental ~'lidence the correlation between the. wind and fire-outbreak, or 
the spreading of conflagration, owing to the absence of relevant experi­
mental materiaL By no means do we imagine that thereby the problem 
will be wholly solved, because the conditions are far from what actually 
takes pl~ce. ' 

To get the air current we employed a \vind channel made of carton 
paper; having a length of 150 em length and diameter of 30 em. The 
Cllrrent js maintained by an electric fan placed at the end of the channel, 
and is rectified, though imperfectly, by the metal mesh inserted before 
the fan. 

The velocity of the air current was measured with a sm311 air meter, 
close to which was placed' the burning incense stick exactly perpendicular 

to the air stream and kept always in the same position by the arm of 
the cathetometer pushing continuously upward. Visualising was made by 
means of a telescope and a mirror at a distance. The motion was re­
corded on the smok,ed drum, revolvin~ Olll;e in fifty miilUtcs with a pen 

attachc9.\.~o. ,the arm of the stand. Such a device was successful ill 
maintailling uniform conditions aronnd the incense stick. 

From the. record, tlloe change of the burning velocity can be calcula­
ted, ~lS shoWl1 in the following table, together with the t;:orresponding 

air velocity. 

I 

,Table 11 . Wind Velocity and Burning Ve~ocity 

II 

Wind Velocity Burning Velocity Wind Velocity Burning Velocity 

(m/min) (m/min) (m/min) (m/min) 

.0 5·1' 0 5·30 

'0 6.00 .. 5-48 
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III 

0 4'16 
6 5. 10 

'" 5.60 

'4 5.98 

22 5·54 

30 5.56 

42 6.00 

52 5.10 

64 5·74 

76 5.76 

99 6.10 

'"7 6.24 
,64 6.08 
,82 5·76 
:2!S ~. ~f" . .,..>-

Extinguished 
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6.08 •• 6.80 
6.08 30 5·72 
6.24 4' 5-4<> 
6,32 48 5.96 
6.16 58 5.60 
6,5 2 73 6.06 

6'70 94 6.06 
6.60 ,,6 6.12 

6.43 '52 5·')0 
6.16 '74 6,50 

6,32 ,8. 6.88 
Extinguished "4 6,32 
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The air current has evidently great influence upon the burning. 
For instance, the burning velocity 5.3 m/min at dead calm riSes to the 
maximum 6.3 m/min., when the air current strength becomes 110 m/min. 
,and then gradually, though slightly, decreases till the current velocity 

rises up to 220 mjmin, \vhen suddenly the fire on the incense stick 

goes out.4 

4 The Lurnt end of the stick looks on the leeward like an inverted V and is as sharp 

as a chisel edge. 
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From the table it can be calculated that the increase of the burning 

velocity of the incense stick due to the wind amounts, at most, to about 
I7c}~ of the velocity in the still air. This may be considered as the 
influence of the wind, as numerically expressed.:! 

Some interesting facts \vere observed during the experiment. For 
example, a thin column of smoke from the top end of the incense stick 
descends along the stick to leeward, whilst the main stream of the smoke 
is blovm horizontally by the air current. This downward smoke column 
has several horizontal streaks like a comb, and keeps constantly danc­
ing, the ~chema is shown in Fig.9. 

This reminds liS of the well ~known phenomenon of chimney smoke 
coming down along the funnel in the presence of wind. \Ve think that 
the phcnomenon of snch a turbulent motion of air can be studied with 
much advantage by this simple appliance. 

§ 12. CORl\ELATIO~ BETWEEN TIlE BURNING 

VELOCITY, nC~UDITV A:-.;n TEMPERATURE 

The results of one year's measurements of the 
timc of burning of the incense sticks inside the ther­
mometer shelter in the premises of the Department 
of Agriculture in the Kyusyu Imperial University will 
now be examined. The relation between the time 
thus measured and the corresponding meteorological II 
elements is illustrated by PL. II. It shows that the time of burning 
fluctuates constantly, from day to day, but on the whole it becomes 
short as the summer comes, and long when the ,vinter approaches. 

Not only the general trend but also the fluctuation of the short 
duration indicate that the higher the temperature is the more readily it 
burns. The parallelism of the latter is not conspicuous, probably owing 
to the nOlluniformity of the incense stick. On the other hand, high 
relative humidity is associated with long duration of burning. 

Usually the daily rise and fall of atmospheric temperature cause 
the opposite effect on the relative humidity, except the seasonal changes 
in Japan, in which high temperature correlates with high relative 
humidity. It is hardly possible therefore to determine whether this 

Fig. 9 shows the wavy ch~racter of the wind_burning velocity curve, but whether 

this is due to the non-uniformity of the incense stick rod or to other causes cannot, at the 
moment, be determined_ 
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retarding effect of burnin~ is due to the temperature' or to the humidity. 
Hence we must resort to another method for discerning their eff~ct-for 
instance, to the calculation of the correlation ' coe'Aicient. 

The (olIowing table shows the correlation-coefficient of each pair o'r 
five factors- the time of burning, temperature, humidity, vaporisation and 
vapour tension. 

+ 0.21 

- 0'56 
- 0.4 8 

- 0·39 

Table 12 Correlation -Coefficient between 

± 0.05 

± 0.04 

± 0.04 

± 0.03 

Ti me of burn ing: and hu mid ity 

Time of burning and temperature 

Time of burrdng and ,'aporisation 
Time of b"JmirJg and vapour-tension 

Th ough the coefficient for the relative humidity is smaller th;1Il 
expected, its positive correlation with the burning time agrees with the 
experiment. The relation between the time of burning and air temperature 
is very intimate.6 

There is another method of calculating the corre!ation coefficient, 
called the variate difference method or K. Pear~on, where the difference:; 
of the successive values are employed instead of the departure . .; from the 
mean, the advantage of which is to get a more correct idea of the co r· 
relation of the rapidly altering change of two serics. 7 

Table 13 Correbtion.CoefficieI)t Between Time of nUtnh~ and 

+ 0·34 == 0.04 Relative hUlItidity 
- 0.13 :l:: 0.05 ltd: tCll1pernture 
7 0.30 ::: 0.05 Absohlte humidity 

The above two method.,> find agreemen t in the fact that the corre· 
Iation coefficients due to humidity are both posit ive and those clue · to 
temperature are both negative, but differ in that the humidity corn:-la· 
tion in the second method is higher than in the first, whilst the reverse 
is the case with the temperature correlation. 

This is one of the strong supports for the statement that dZlily 
variation of burning time is due mostly to th e in!1uence of humidity, 
\vhile its seasonal change is due mainly to the temperature. 

6 Acconl ing: 10 the expe riment which is flOW w'ing on, thei r coefficients arc grenler 

lhan t hose, Le. the former is + 0.47 while the latter - 043. the materbl used is little 
djm~rent. 

7 A Ill ll re thorough disc\J s~ io ll of t he suLject will be :ltlentpted later. 
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The vaporisation coefficient is somewhat hig h, not because it plays 
an important part in the combustibiiity, but because the atmospheric 
temperature which is highly correlated with it , has an outstanding in· 
fluence on the vaporisation, otherwise it cannot be explained by any 
means j whereas the correlation coefficient of vaporisation is negative . 

The next question is how the relative humidity comes into play 
during combustion. In answering the question there are on ly two alter­
natives-first the damping action of the vapour outside the incense stick, 
the second that of water quantity within. 

If the latter were paramount, the relation of time of burning to 
relative humidity should be greater than that with absolute humidity, 
because the water quantity in the stick can be shown to vary more 
closely with relative humidity than with absolute humidity which denotes 
nothing but the actual amount of water vapour. 

TtIe correlation coefficients ~n question worke? out show that the 
coefficient of absolute humidity is negative in sig n and thus it favours 
the latter explanation. It mU$t, h owever, be borne in mind that there 
is a conspicuous high correlation between the absolute humidity and the 
temperature (amounting to+ 0.83±0.oz) and that the best method for 
excluding the lllA.uence of temperature is to calculate the partial corre­
lation . coefficient of both. -

Such values together with other necessary statistical factors are 
shown below. 

Factors 

1 Temperature 

2 Relative humidity 

3 Vapour tension 

-4 Time of burning 

.CQrrelation coefficient! 

- . 0'56 ± 0.04-
+ 0.83 ± 0.02 

- 0·45 ± 00004-
+ 0.21 ± 0.05 
- '0 .10 ± 0 ,05 

Table 14 

Mean value 

JS-o°C 

59. 1% 
10'56 mm 
1528,3 sec 

Standard de,"'iation!l 

S·329°C 

J3· !60~' 
5.460 mm 

99.395 see 

between temperature I\nd time 
between temperature and vapour tension 

between vapour tension find relative humidity 

between rdative humidity and time 

between temperature and relative humidity 

Partial correlation coefficient: 

r".,= + 0.19 ± 0 .0 5 

r ", = + 0.03 ± 0.05 
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However small the former may be, it surpasses the latter in 
m~gnitude. TheoreticJ.lly it ,may be conceived that such a par tial 
correlation coefficient of time b~rning with relative humidity and with 
absolute humidity may be or the same order of magnitude, because 

both kinds of humidity ch ange, tmder the same ~emperature, exactly 
in the same way. \Vcrc it really so, it would not matter at all, be­
cause it is better to d ispense with such a correlation coefficient and to 
prefer the correlation between the time of burning and the weig ht 

chang~ of the incense stick. This must be somewhat greater than that, 
first beca~15c there is a remarkably high correlation between the weight 
change of the stick and the relative humidity (amounting to + 0.98). 
secondly because the water content of the stick diminishes slightly 
with the ri ~e of temperature , even under the same relative humidity, 
and thi.rdly because it burns fast, in the hot season. 

Thcr?fore, the investigation along this · line arrives at the same 
conclusion as in the total correlation. 

§ 13 .MATlIEMA TICA L EXPRESSION OF THE BURNING 
VELOCITY OF THE INCENSE STICK 

There remains the g reat difficulty of finding the accurate mathemat· 
ical formula of the velocity of burning of a rocl such as the incense 
stick. 

F o r the object of gaining a correct view of the burning as well as 
on its controlling weather factor, the deduction of the formula, however 
insufficient, is most desirable. 

S\lppOSe an infinitely long and thin rod burns steadi~y lengthwise, 
so that the red hot part having a breadth h advances forward with a 
cunstant velucity v. T hen the incandescent part in contact with the 
surrounding air has a surface of. 

(2"rh + m') 
Further denoting by q the amount of the oxygen expencleo. to 

combine with the combustible part of the rod per unit time at the unit 
surface. we get 

(27f' h + "r') q cit 
as the total oxygen consumed in dt. Some fraction of the heat of 
combination thus developed and denoted as to its amount by 

s (2'" h + "r') q cit 

should be cOIHidered as cO!lduc· ell through the section . ThIs contributes 
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not only to heat the portion "r'v dt immediately adjacent to the incandes­
cent part, but also to vaporize the water within the rod, this being 
expressed by 

"r' (c p T + Qa) v dt 

where c is the specific heat of the rod highly desiccated, T the tempe­
rature of the red hot part, Q the quantity of heat necessary to drive 
out the unit mass of the water from the interior of the rod (correspond­
ing to the heat of adsorption of water), p the density and a the 
amount of water per unit mass of the rod. 

Equating those two terms, we obtain as the burning velocity v 

v= 
s (2 h + r) q 

r (c p T + Qa) 

\Vhen r is very small, the equation assumes the 

v= 
2 s h q 

r (c p T + Qa) 

simpler form, 

(1) 

Assuming 2shq as constant, the vel<?city of burning is reversely 
proportional to the radius of the rod, which agrees pretty well with the 
experiment. 

From (I) the expression for the time t required to burn a unit 
length of the rod is easily obtained. 

Qa 
t =to (1 + cpT) ................ ................. (II) 

To find the ap-plication to our actual case, we make a slight change 
of (II) as follows, 

tft' = ~Q?_- Q'a') ........................... (III) 
cpT 

where t' is the time of burning of the incense stick with values Q' and (J'. 

If t and t' are measured under the same temperature, then 

Q= Q' 
and formula (III) becomes 

tft' = I + Q (a-a') 
cpT 

(IV) 

Using the formula (IV), tft' can be calculated provided that 6 
factors in the right hand of the equation arc known. The temperature 
T of the red hot part of the stick was measured with two different 
methods, one 'with Siemens' optic"al pyrometer, the other with th<! 
copper constantan thermo-junction. We arc much obliged to Dr. S. 
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Watanabe tor -measuting T by the former method. According to him, 
one kind of incense stick gave 83SoC except very ncar the bottom 
where the lower temperature 7000e was obtained, the oth,er almost the 
same temperature 835°C to 840°C; the relativ~ humidity and the room 
temperature were respectively 87% an~ 2ScC. 

On the other hand, the value obtained with the latter method by 
the writer was S700e much lower than with the optical. Every pre­
caution regarding the calibtation of temperature as well~s the contact 

of the wire with the incense stick was taken in this mea!mrement· 
The writer adopts, however, 840°C as ,the most probable temperature, 

because even the point-like junction is apt somewhat to lower the tem­
perature therein, probably due to the conduction of heat. 

The sp~ci6c heat of th~ incense stick c was obtained by the usual 
method using the water calorimeter, where we could not expect to 

obtain results of high accuracy. due cbiefly to the absorpti.on of water 
in the calorimeter. 

By several repetitions we got as a final value, 0.24 (specific heat 
at IOO°C). possibly a little lower than the true one, by reason of the 
heat of adhesion evolved when immersed in the calorimeter. 

Q is probably of the order of the heat of vaporisation or a little 
more (the heat of adsorption of nitrogen or of ammonia to carbon is 

about twice the heat of vaporisation). Now we assume 

Q =79.7 cai/g (heat of vaporisation of water) 

Taking an example from p. 4 

0.085 g/c. c. 

of the incense stick, as the \lIlater deficit by relative humidity 40% from 

when by 849-~, we get. 
tit' = 1-0.077 

At the same time, tit' can be calculated directly from the observa­

tions, which leads to the verificatio!1 of the formula as well as to the 
assumption of a great influence of a small water amount in the stick. 
From the table on the burning time \vithin a closed vessel, time t and 

l' corresp'~nding to the humidity 40~'~ and 34f}~ at 25°C are found to be 
1600 sec. and I?IO sec. (reduced. to I mlll radius) respective~y. Therefore, 

1600 
tit' = -- = 1 - 0.064 

17 10 

The agreement between the values observed and calculated is quite 
satisfactory. in spite of many assumptions as to the constants as wel,l as 
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to deduction' of the formula. This corroborates without doubt the con­
clusion statistically obtained, namely that the seat of the cause of ready 
combination lies inside the incense stick, and that the ever changing 
water quantity is a main factor controlling the velocity of burning.s 

§ 14 co~mUSTION OF MAGNESIU~'[ RIBBON IN THE AIR 

The above conclusion leads naturally to the suspicion that a burning 
rod made of material quite indifferent to the yariation of the relative 
humidity _ may behave quite otherwise than the one above experimented 
with. Any metal may, for example, senre this purpose. 

\Vc made, therefore, in a large glass chamber of 30 x 70 x 100 c. 
c. a series of experiments on the combustion of magnesium band. 

We usually burnt it down to 5 m. 'long. The band was of a dirnen-
sian commonly obtainable at a chemical 
thickness 0.12 mm. and weight 2.49 g. 
shown in the follov.ring table. 

shop, with a width of 2.68 mm. 
The main results are briefly 

Table 15 Combustion of Magnesillm in an Air Chamber 

Tcmpcmture 

18.0 - 17.8 
!Ko - 20.! 

.18.0 - 20.5 

18,3 - 20.6 
I~t2 - 20.,) 

18.0 - 21.2 

18.2 _ 21.2 

Temperature (means) 

26·z0C 

16'5°C 

Humidity % 

40-49 

55 - 5° 
70 - 64 
70 -67 
,6 - 98 
94 - 93 

Humidity (means) 

81.2 % 
82.0% 

Time (sec.) 

350 

Time (means) sec 

318.3 
322 .3 

\Ve have not rewritten the details of the time of burning with res­
pect to temperature-change, because the manner of variation of burning 
time is '111110st the same as that of the incense stick. 

Special care was taken in this experiment to burn the metal band 
always under the same conditions. \Vhen the magnesium ribbon is driven 
upward passing through two slits, it is pressed between two oppositely 
rotating pulleys. Every effort was made to keep the height of the flame 

8 The influence arising directly from the moisture in the air is insignificantly small; 

see the section of the fire and weather. 
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constantly visualized by means of a telescope. The results obtained 
however are not satisfactory, because the bending over the upper end of 
the ribbon when burning caused many disagrcable consequences and made 
exact measurement almost impossible. Hence, only the qualitative argu­
ment in regard to this result can be applicable. 

The fact revealed in the experiment is this. The effect of tempera­
ture OIl the time of burning is the same as beforeJ and that of humidity 
g ives rise to quite contrary consequences j the velocity of burning in­
creases with the humidity. It can not be decided at present whether it 
has to do wi th the relative or the absolute humidity, because under the 
same temperature, we cannot vary the onc, ,~ithout causing correspond­
ing change in the other. 

This unexpected result seemed at first incredible, and so the same 
experiment \vas repeated polishin~ the metal surface to remove the thin 
coating film of magnesium oxide, but the results remain the . same and 
the ribbon burns always rapidly with the increase of moisture.9 

This experiment naturally cannot be considered as a final proof of 
the conclusion previously obtained by us. Nevertheless, it gives strong 
evidence in its favour. 

It is highly probable that water dissociates i11to oxygen and hydro­
gen, as in high temperature as when magnesium burns in air, i.e. 

2 H, ° = " H, + 0, 
This makes the oxidation of magnesium much easier, the conse-

quence of which is that the metal burns rapidly with the increase of 
humidity. 

As the above experiment led to a resliit quite contrary to our ex­
pectations we carried out another one by using different material. \Ve 
let stearin candles burn, varying the degree of humidity and measured 
the burning time. 

Table 16 Burning time of stearin c:ludles 

(diameter, 4.7 mm; length, S·S % 6.0 cm) 

\Vt: ight Temperature 

936 mg 1].0 - 17.2oC 
9 12 17.0 - 17.2 

930 J7'0 - 17.1 
930 1].0 - 17.8 

934 17_0 - 17·4 

Relat ive· humidity 

So - 88 % 
70 - 88 
00 - 90 
46 - 50 
46 - 49 

Time/weight 

974 sec/g 
J440 

1120 

-~:-:--:----:---:-~ 
9 No ch ar.ge in the weight of the m:lgllesinm. ril.Jbon, whether polished or not, could 

be detecled, whi lc. wood, paper and the l ike simultAneOusly obse rved showed conspicuous 

variation. 
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As aR average 
rclatjyc hJ,lmidity 

£3% 

48 % 

time/wt 

Il 7S st eig 
918 see/g 

2S 

Hence the increase of relative humidity by 10% increases the time 

of burnin g by o.740~. 
We have also tried with vegetable oil to affirm above result, the 

apparatus being, in th is ca.se, the self reconling. The consequence is 

not so accurate, as to -be able to express it in numbers" yet it has 
seeming ly to s lacken its burning velocity as the humidity is lowered. 

The reta rding effect of humidity upon the burning of candles should 

be explained in other way than that upon incense stick, because the 

Fij 10. 

,Vccria:t.Lan '1 wet 

>.4 j--______ _'''' 
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weight of candles undergoes, as the experiment shows; no daily varia­
tion due to the changing relative humidity of the surrounding air. So 

it seems that the humidity influence on the burning velocity of the candle 
and the like, which burn, with flame in air and at the temperature not so 

high as in the case of magnesium-combustion, should be interpreted as 
coming directly outside the candle stick, possibly from the water vapour 

formed by hydrogen constituents in fat and oil. 
So it seems that the combustion of metal and oil is different from 

incense stick, wood and such like which burn without flame. 

§ IS VARIATION OF 'WATER-CONTENT OF MATERIALS 
OF IIOl:SE-FURNITURE 

In order to get some knowledge of the absorption of vapour by 

several materials other than wood or incense stick, we weighed daily the 
following materials, measuring at the same time temperature and relative 

humidity. 

Table 17 Variation of water-content of various materiah: (in gram) 

Date Temp. Humid. Sat. def. Japan. Japan. Fool's Rice 'Voolen Lint Incense 
cypr. cedar cap paper cloth stick 

26.1 oC 69.°% g.oomm 5·990g 5.307 6.052 5·370 3-396 3.2°4 
2 25.1 82.6 5.05 6.033 5·307 6.102 5'45° 3'421 3.2 39 o.g60 

3 25.2 83.0 4-87 6.046 5-358 6.[16 5-472 3'429 3.247 0·962 

4 26·3 74·9 7-55 5.998 5.3 16 6.066 5.389 3·4°4 3.21 6 0.956 

5 27·0 86-9 4.12 6'°59 5-373 6.140 5-5 ' 7 3'436 3.263 0·S65 
6 28.0 82·9 5.92 6.033 5-348 6.109 5·459 ].425 3.246 0.962 

7 25.1 70.7 8'46 5·973 5.292 6.032 5.342 3·3SS 3. 195 0·953 
8 22.2 75-5 6-87 5·975 5·299 5·°59 5-35° 3-389 3. 197 0·953 
9 23·8 66.8 8-35 5-955 5. 2 75 5·018 5.325 3·379 3. 184 0.95 1 

10 22.0 73.2 6.17 5-984 5·3°3 5-1,,8 5·366 3·395 3.201 0·953 
II 22.2 60·4 9.02 5.93 1 5.254 5-996 5.292 3·368 3. 172 0.968 
12 19·3 57·4 S.02 5.922 5·244 5-983 5.278 3·362 3. 165 0·947 
13 19·9 52 .5 9·II 5-878 5.202 5·947 5. 2 32 3.342 3. 142 0·943 
'4 19·1 61.5 7.17 5-95° 5.271 6.008 5.3 10 3·377 3. 178 0.952 

'S 19·1 79. 1 4.13 6.010 5.328 6.079 5-42 7 3.410 3.225 0'958 
16 21.5 78-3 4.88 6.009 5.329 6_0&\ 5.425 3.4 10 3.220 0·958 

Length IDem loem 12 48 -ocm IO.6em IDem 

Breadth 5. I 5- 1 sheets sheets jcm xS·8 long 
Thickness 0.25 0.25 Spieces 

The weight of all materials in the above table increases without 
single exception with the relative humidity and decreases with deficien­
cy of saturation and vice versa. The correlation coefficient between 
weight and relative humidity as well as that between \veight and defi­

ciency of satura~ion was calculated for each material and is reproduced 
below. 
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Table 18 Correlation coefficients between weiSht, relative 

humidity aod saturation deficiency 

Materials 

Japanese cypr. 
Japanese cedar 

Fools cap 

Rice paper 

Woolen cloth 

Lint 

Incense stick 

Cor. coef. of weight 

with relaL humidity 

0·984 ± 0.005 

0'984 ± 0.005 

0'988 ± 0·004 
0.984 ± 0.co5 

9-988 ± 0.004 
0,977 ± 0.005 

0'97 6 ± 0008 

Cor. coef. of ... veight 

wilh satur. deficieo. 

- 0.802 ± 0060 
- 0.808 ± 0'°58 
~ o.82:! ± 0'°48 

- 0.845 ± 0.05 6 

~ 0.SI 5 ± 0.054 
- 0.8 2 3 ± 0.055 
- 0.858 ± 0-046 

Thus the water content has, for all the materials, nearly the same 
high correlation with relative humidity and it is greater thc~n with satur;l.­
tion deficiency. The average amount of the weight change for each 
material is more clearly brought out in the following table. 

Jap. c~'p. 

% 0.7 1 . 

Table 19 Change of weight of various materials in percentage, 

Jap. (cd. 

0·74 

F. c. 

0·77 

Rice pap. 

1.28 

\Vool. clot. 

0.70 

Lint 

0.85 

Incense st. 

0.5410 

So we see that the weight of the various materials tested undergoes 
a daily change of the same degree arising from the interchange of \vater 
between the surrounding air and the material. The rice paperll is the 
only exception j it is a remarkable absorber of water. 

§ 16 INFLUENCE OF TEMPERATURE ON WATER CONTENT 

It is of interest to know how the water quantity changes with varia· 
tion of temperature, if under the same humidity. Unfortunately we have 
only two instances of it owing to the unfavourable circumstances. 

Table 20 Weight change and temperature (gram) 

Relat. Mean Temp. J'P- Jap. Fool Rice Wool Incense Incense 
humid. temp. diff. C)'p. eed. cap. paper cloth stick stick 

83.0 % 
26.8°C 2.8°C .0124 .0127 .0066 .0129 .0037 .0016 -0040 

82.9% 

1°·7% 
23·9°C 3-4°C .0020 .0066 .0068 .0080 ,0012 •co1 7 .0005 

70·3 % 
10 This value is half of that previously obtained. Mention should howevcr be made of 

the fact that in this cuse the measurement was made under evcr changing humidity, while 
in the other the humidity was constant. 

'tt The Sllccts of Japanese rice paper are thin, light and very filJrous and translucent. 
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above data are too scanty to allow a claim to 
The general trend is, nevertheless'- that in spite 

the water decreases with arise of temperature. 

§ I'] GENERAL REMARKS ON COMBUSTION 

much 
of the 

value 
same 

Cenerally speaking, such materials as wood, paper, wool and so on 
are all of fibrous structure, though differing in other properties, and take 
in o r give out water to the same degree, as already described. 

If moisture and temperature affect the combustibility of the incense 
stick in no' small degree, why should they not likewise affect these 
materials of house furniture or fuel? 

Thus it seems most probable that the same conclusions already 
obtained are applicable generally to a lmost all cases of fire burning. 

PART II THE FIRES AND THE WEATHER 

§ 18 GENERAL REMARKS 

The fact that fires break out oftener in the cold season is well 
known in Japan, and it seems to be so also all over the world. We 
now cite two instances to illustrate t his, one from fire statistics in 
Japan and another from London. 

Table 21 Annual frequency of fire ·outbreak per day in Japan 

(excluding her colonies) 1889-19 18.a 

Jan. Feb. Mar. 

597-7 6o<j·S SSH 

Apr. May June July Aug:. Sepl. Oct. Nov. Dec. 
537.8 509.0 375.7 292•2 33".8 289.6 294·4 390.0 525,4 

Remark: The cold months December to :\hy have a remarkably large number or 
fires, while in the warm ulonths JUlie to Novembt:r Ihey are very few. 
The numbers rise and fall wilh consitlerable regularity, and there are 
two showing a maximum ( February nnd August) and two showing a 
minimum (July a nd September). 

Table 22 Annual frequency of ti res per day in London I912-1921.JJ 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

13.80 1].26 1.2.36 II.31 10.94 11.67 9.19 8.77 9-14 10.18 13.31 13.00 

Remark: The cold season November to M,n ch is visited more frequently by fires 
than the w~rm season, Ap ril to October. -

---c:::-::::---:----,-,--
12 These values are taken from the J :lpanese ye ar-Uook of statistics 1921 compiled by 

'the Jloard of the Census. 

13 This is taken from lJailyReport of !'ires in the ~olmty of umdon Fire Erigade 
1912- 1921 
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Whether this is due entirely to greater use of fires in the winter is 
a question which awaits an answer and which is a subject to ~ 
treated of in the subsequent sections. 

In advance it should be stated however that the occurence of fires 
.is not a fun~t~6n s?lely of temperature in conjunction with human 
negligence, but of other meteorological conditions. This indicates 
clearly, that the rise and fall of ti,e frequen';y of fires come partly 
from physical causes. As one proof of this we take one example from 
the fire statistics of Tokyo, reserving its detailed explanation till later. 

Table 23 The corr~latjon coefficier. t ()etweeu the outbr~k of fires 
and meteorological conditions 

I Relative humidity 

2 Speci fic humidity 

3 I...eas t relat ive humidity 
4 Vapour tension 
5 Absolute humidity 
6 Temperature 

7 Precipitation 
8 Vaporisation 

9 Atmospheric pressur~ 

10 Sunshine hours 
1 I Mea.o wind velocity 

12 Maxinium wind velocity 
J 3 Stormy hours 

correlation coer. bet. 

fire outureak and 
_ 0.80 

- 0·76 
- 0.72 

- 0.72 
- 0.7 1 

-0·7° 
- 0·54 
- 045 
+ 0.32 

+ 0.28 
+0.23 
-o.n 
+ O. IJ 

probable error 

0.03 

0.(>4 

0.04 

o.cl4 
. 0.05 

0·04 
0.06 

0.07 

0.07 
0.07 

0.08 
0.08 

0·09 

t'rom the above table it should be admitted that the role played 
by temperature is rather subordinate, and that the other elements, 
especially m.oisture are prominellt factors with respect to nre occurrence. 

In the subsequent treatment of the fire-problem, we confine our 
attention mostly to' statistical study, paying attention to the laboratory 
side, w hen necessary. 

The best weapon with which to attack such a problem is doubtless 
the coefficient Qf correlation. But there are several kinds of correlation 
coefficient to work with. What is co~stantly used however. in our 
calculations is the orrunary one i. e. the coefficient of correlation 
between the departures from the mean vallie. Anotller often employed 
is called the method of variate .. difference,-·correlation between the suc~ 
cessive ·differences. 

Since its a.ppearance, this method has been advocated by several 
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statisticians and meteorologists, and it will st ill remain a useful method 
for the solution of statistical problems, though recently Walker and 
Bliss have pointed out that it leads in some cases · to erroneous 
conclusions. 

When a series of supsequent events A undergoes a change with 
t\\.'o sets of events B and C which differ bot)) in origin and period 
(if the change is oscillatory), the method of variate-difference is 
marked ly advantageous, especially if the object is to seek the co rrela­
tion bet ween A and B of a considerably shorter period, whilst if the 
reverse is the case, the usual method is prererable. l4 Of course, each 
has its weak points as well as strong ones. So we sometimes employ 
both methods together with a view to determine what part is played 
by temperature and humidity respec~ively. 

Besides the above two, another course is taken to find the corre­
lation between A and B, one or both of which are long periodic with 
large amplitude, superposed with ~mall Auctuation. 

First . expressing two sets of events with F ourier's series, each 

departure is reckoned from the corresponding value calculated from the 
above serj~s , instead of using, as usual, the mean value. This method 
is found effective when employed in the study of fires in London, ilnd 
we believe that in this way the correlation between the second minor 

factor sometimes comes to light. For brevity we call this the harmonic 
method. 

In the computation of correlation coefficient r, very often the table 
of correlation was used; yet Sheppard 's correction was dispensed with, 
because in our case sufficient accuracy up to two decimals wa.s obtain-
able without it. . 

The material used in this investigation was obtained by' the cour ­
tesy of thirty provincial governments as well as six municipal offices 
from their offidai returns. for which we express Our best thanks. 

§ 19 TOKYO.1i 

The correlation coefficient between fires and certain meteorological 
elements in Tokyo is shown in the foregoing section, accordi tlg to 
which the relative humidity 15 the most highly correlated of all factors 

H See 30 3ppeudix 3t the end of Ihis sect ion. 
III lts popul:ttion and the numl>er of families respectively are 2,173.201 and 456,820 

( l9 20) 
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with the outbreaks of fire, the specific humidity less highly and the 
other metc"Jrological elements -still less, in the order of the numbers in 
the table. All of them are negatively correhted except the pressure. 

sunshine, ,vind and stormy hours.16 
(I) Humidity and temperature. Thc five elements of relative 

humidity, specific humidity, least humidity, vapour tension and absolute 
humidity are altogether nothing but the expression of the hygrometric 
state of the atmosphere, so that in short they may be regarded as the 
operating causes of similar effects on the fire, and may be treated, for 
the time being, simply as a moisture element. 

So it is obvious from the correlation coefficients that the tempera­
ture element plays a less important part in the fire than it has been 
or is believed, and that the moisture element as a controlling factor is 
paramount over any other weather factor. 

Neither the moisture nor the temperature is, hmvever, as closely 
correlated in .actuality as its correlation coefficient indicates, because in 
Japan it is very dry in the winter and moist in the summer j thl1s for 
example the coming of the seasonal dryness enhances the hazard of fire 
not only from itself, but from the lowering of temperature (particuIary 
due to much use of fire), we must however be ware of being misled, 
on account of the fact that the daily hygrometric variation is, as a 
rule, opposite in sense to the temperature-variation, so that the corre­
lation due to daily temperature-change acts quite differently from that 

due to the seasonal change. 

Fortunately, however, to get the correlation coefficient bearing 
solely on a weather factor - say humidity - we have at our command 
two or three methods. One is to rely on the calculation of the partical 
correlation, another is to get rid of fire· occurrence arising entirely from 
the heating apparatus so much used in the cold season. 

(a) A partial correlation coefficient. As the correlation coefficient 
between temperature and humidity is + 0.87, two partia.l correlation 
coefficiellts become respectively. 

-0.54 ± 0.06 between fire outbreak and relative humidity 

-0.01 ± 0.08 between fire outbreak and temperature 

So we see that the correlation of fire outbreak with humidity is 
decidedly higher than with tern, :crature. Or going a step further we 
may say that the latter coefficicnt might be positive, for its probable 

1ft See-PL 3. 
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error is far so great that we can find hardly reason to ascribe a great 

meaning to its negative sign. 
(b) The elimination of fire occurrence caused by heating apparatus. 

As regards the second method above mentioned, there are at our dis­
posal (though they cover only two years 1917. 1918) the monthly fire 
statistics of Tokyo giving details 'of the origin of the conB.agrations. 

Table 24. Statistics at hres for Tokyo. (daily) 

A : all eausses included; B: heating sources excluded. 

19 17. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

No. of occ. of A 0·97 1.46 0·74 0.83 o.oS 0.63 0.58 0.65 0.20 0·97 0.87 1.58 

No. of acc. of B 0·39 0.61 0·35 0·47 0·55 0.40 0.36 0.32 0.13 o/il 0.60 0.65 

relative humidity 58.5 56.3 65·5 68.0 73.0 82.2 73.0 i~·5 86.6 82.3 6g.3 59. 1 

temperature 2·3 4·5 6·4 12·7 15.8 19.6 25·7 25.0 22.0 16.8 8.1 4·0 

1918 
No. of occ. of A 1.35 0.97 0·90 0.70 0·52 0.37 0.65 0.61 c.60 0·52 0·77 1·77 

Ko. of occ. 01 B 0.68 0.25 0.55 ?37 0.42 0.23 0.29 0.48 0.50 0.26 0.50 0.65 

rei;lIive humidity 54.9 61.6 65.1 72.7 76.1 83.9 8'·9 79.5 80.7 83.0 74.8 71.1 

temperature 1.6 3.6 6,7 11.7 16,7 20.1 26.0 26.1 22.6 16.0 10.4 3.9 

The correlation coefficient ·between humidity and the fire in case 

B = - 0.48 ± O.II 
The correlation coefficient between temperature -and fires in case 

B = - 0.41 ± O.ll 
It is to be added that the two correlation coefficients in case A 

corresponding to the above two are found respectively to be 

- 0.79 ± 0.05 and - 0.70 ± 0.07 
remarkably ,vell coinciding with the values of six years' statistics. 

The first two correlation coefficients, derived from cases· free of 

heater accidents are notably small, as we have anticipated. And it is 
worthy of note that the correlation coefficient between- humidity' and the· 
fire is nearly equal to the partial correlation coefficient of those two 
factors. 

The fact that the correlation coefficient between the fire and tem­
perature diminishes in magnitude far less than migh~ have been. expected 
is not very surprising, because temperature and humidity. are very 
closely correlated in a positive sense, so that it can not· be reduced to 
a lOW value: except by means of ·partial correlation. 

The method of the variate difference gives the following coefficients, 

between fire and humidity - 0.64 ± 0.0; 

between fire and temperature - 0.37 ± 0.07 
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As will be analytically demonstrated in the notes at the end of 
this section, the value -0.64 can be considered nearly as the total 
correlation coefficient between the monthly variation of fire occurrence 
and that of the humidity, their general trend (mainly temperature influ­
ence) being eliminated. On the other hand, the correlation coefficient 
-0.80 seems adequate to be regarded as that behveen the annual changes 
of fire and of humidity, where that due to the monthly change is 
though imperfectly, removed. 

Therefore taking the above results into consideration, it is evident 
that the supremacy of the influence of relative humidity over other 
elements is conspicuous. 

1ionthly change of 
coefficient of correlation. 
Those correlation coeffici­
ents vary from month to 
nlQnth. J\ cursory glance 
at the diagram of regre~­
sion lines (Fig. II) con­
vinces us of the fact that 
their correlation is perfect 
during the period when 
both the humidity and 
the temperature are high. 
These facts are recognis­
ed not only in Tokyo 
but everywhere with the 
exception of a very few 
cases, as is shown later 
and fully discussed. 

In this connection it would 

-4 

-3 

-I 

, 

.' 

" , '. 

not be out of place to say something 
about the rectilinearity of regression. As the diagram shows, this 
condition is nearly satisfied in the two cases, though in less degree in 
that of temperature. 

(II) Minimum relative humidity. The monthly minimum value of 
relative humidity correlates with fire to a high degree, second only to 
the specific humidity. According to the statistics of forest fires for 
Hokkaido, its correlation with minimum relative humidity is highest in 
the month ~ray. This result is in accordance with ours, but only in 
the same month and October. Nevertheless it is of interest, because it 
suggest the possibility of an origin common to both. 
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(III) EV<lporation, vapou r tension, and specific humidity. The study 
of forest fires in California h; said to show a higher degree of correla­
tion with the 'amount of evaporation than with any other factor; the 

above recorded house-fire investigation is however unfavourable to this 
view, for the degree of its corre lation with evaporation is not so g reat 
as that with relative humidity. The same relation can be enunciated 
in the case of vapour-tens ion, and so it is wit h either monthly mean 
value of absolute· or specific humidity. These corre1ation coefficients 
are of the same o rder and never exceed that of relative humidity. 
This fact reveals at length t he true nature of the underlying interrela­
tion between fire and moisture .. t7 

(IV) Precipitation. The correlation coefficient between fire and 
the monthly amount of precipitation is - 0.54. Judging by the diagram 
of regression lines . they cor re late welt when the two elements a re 
small in magnitude. Its effect on fire is possibly t wo-folrl. 

The damping action of precipitation on fire seems seldom to come 

directly from rain, because the statistics of daily outbreaks of fire in 
Osaka reveal the fact that there are many rainy days in which fi res 
very often occur (the correlation between rain and relative humidity is 
not sO great as one would expect) so that its hig h correlation is only 
apparent, and due to the indirect effect of the precipitation enhancing 
relative humidity, to which the real cause of control of fire occur­
rence can be attributed, as the correlation cuefficient between fire and 
humidity is larger tha n that between the fire and precipitation . a nd a ll 
the more so, as there is a high correlation between precipitation , and 
humidity. 

(V) Multiple correlation between the fire, relative humidity, tem­
perature and precipitation. Further detail comes to light. if we direct 
attention to multiple correlation among these weath er-elements. Deno­
ting the frequency of fire-occurrence. r~lative humidity, temperature 
a nd the amount of precipita tion by the numbers I, 2, 3 and 4 and using 
the following total correlation-coefficients, we get, 

r 1.~ = - 0.80 

( S A = + 0-44 
rl~3 = - 0·54 

± 0.06 

17 sec § 28. 

Table.2S :!\1ultiple correlation, 

f1.3 = - 0.70 1"14 = - 0· 54 
(2.4, - + 065 
(12.-1 = - O·iO TClA = - 0.6 1 

± 0.04 ± 0.05 
T23 4 = + 0 .34 

± 0.03 



r • ., = - 0.01 

± 0.08 

f~.1 = + 0.7 2 

± 0.04 
r 12 34 = - 0·44 

± 0.07 

[ 3Z.U = + 0-76 
± 0.04 
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r14.2 = - 0.04 r14.3 = - 0 .36 
± 0.0 8 ± 0.0 7 

f 24.1 = + 0·43 [34.1 = + 0.1 0 
± 0.0 7 ± 0.08 

rH.~3= - 0.05 f 13.42= - 0.0 3 

± 0.06 ± 0.08 

r:;:~ .3 = 

r 34.2 = 

+ 0.60 
± 0.0 5 

- 0·33 
± 0.0 7 

- 0·34 
± 0.0 7 

R elatively considered, ei ther ~lM3 or r13.42 is numerically far less 
than f I2 J.1 (partial correlation-coefficient between fire and relative humidity, 
both temperature and precipitation being constant) though natura lly 
much smaller than the total correlation-coefficient. 

Further making use of th e follo\ving mean value, standard deviation 
of all orders with mean e rrors, are 

1\1. =1. 18 1\1,=74.27 % M,=14.08°C M.=4.68mm/day 
0'1 = 0.5 2 1 t12 = 8 .229 O's = 7·982o C 0'4.=2.90 1 

0'1,:!S4=O.312 GZ,IM=2.g IZ 0'3,124=3. 7 0 7 0';1 ,123= 2 .074 

All the four regression·equations of the third order can be readily 
obtained, but at present we confine ourselves to the equation givin g 
the number of daily fi re-occurrences X l in terms of three other varia­
bles, namely relative humid ity X 2 %, atmosp heric temperature X30C and 
daily amount of precipitation X<4mm. 

X. = 4.723' - 0.04674 X, - 0.00252 X, - 0.00775 X, 
T he results of cal culation from this equation compared with ob ­

served facts a re not so satisfactory . 
(VI) Wind and atmospheric pressure. T hey both correlate posi· 

t ively with occurrence of fire as sh own above, though considerably low 
in value. The correlation with wind is however found in a higher degree 
in other places than in Tokyo. T o this subject we shall return tater. 

(VII) T he spreading of fire in relation to meteorological elements. 
Both the number of the outbreaks of fire and the corresponding extent 
of the burnt area vary in amount from month to month, but not always 
in the same manner. 

We will now tut:'n attention to this subject and consider , f Of con­
venience, the ratio of the latter to the former-burnt area per one 
occurrence of fire-outbreak. T h is quantity '4 a " is very useful for 
obtaining the numerical expression of the rate of spreading of a fire, 
or for the inflammable state of the building material. T his is quite 
;lnalogou~ to the combustibility Or burilability of the incense-stick. 
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If the fire statistics under consideration are confined only to the 
cases when the fire spreads out in one direction, the above quantity 
fits our purpose well, othef\l,1ise l/ a,- or something like it, seems rather 
preferable to a, because in the majority of cases , it spreads out in all 
di rections. The result of calculation however indicates no great differ­
ence between them. So the following set of correlation coefficients 
was calcula ted, taking a as the moment for determining the fire­
spreading~ . 

TalJle z6 C'orrelatlon coefficients between :l and the meteorologi cal elements. 

Daily melln amount of precipitation 

Monthly minimum humidity 
:\t(JIIlh ly mean relative humidity 
~onlhly mean temperature 
Mnnlhl y mean wind velocity 
Monthly mean evaporation 

Correlation CO(ffieients between a and. 

- O. 2 l ± 0.070 

- 0.20 ± 0.076 

- 0. 19 ± 0.077 

- 0. 13 ± 0.078 

- 0.03 ± 0.079 

- 0 .03 ::1= 0·079 

The role of the precipitation is in this case preponderate, whilst 
on the other hand the mean relative humidity now loses much of its 
s ign ificance. 

Wind influence on the spreading of fire is surprisingly small, quite 
contrary to O Uf expectation. The comparatively g reat checking effect 
of precipitation on fire-spreading does not lie, presumably in the ex­
tinguishing action of rain, hut negatively in action of the drought which 
reduces the water-supply of the fire-pump to a considerable extent, and 
so on. The somewhat hig h correlation between fire-spreading and 
relative humidity favours this view. 

---------------------------
Supplement to § 19. On the method of the variate difference. 

To find the correlation coefficient between two series x and y by 
the method of variate difference, we make use of the fonnula 

1 -N- :s cx. - X .. ,) (Y, - Y,+,) 
} -.-.. -

r= I I ex. ; x ... )' (~' (Y, ~ Y, ,,) 

\vhere xl' Y2 •................ . .... xl! y., ••••• ••.••• •••••••••• are the measurements 
of quantities at successive intervals. 

:-iow suppose that x a nd y consist of two parts respectively, that is 
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XI = al + ah ~ = 3 2 + (/2 .' .............. X s = as + alS,··· ··· ..••• • 

y , = b, + fi,. y, = b, + (i, .. .............. y. = b, + ,'" ........... . 
tben 

I 
N ~ Ca, - aH , - fl, + a,.,) (b,-b", - fi. +fi.+,) 

r = 1~---(;,-.---a-,-,,--- "~"=-+=I1=,=+,:;;)'~-"/~ (b, - b, ,, - 19, + PH')' 

N r N 

-~-l ~ Ca, - ,e,) (b, - b, . ,) + ~ (a, - 11 .. , ) C{i. - PH') 

l-k-{~· (a. -a,+1)' + ~('" - am)' +2~ (a.-a .. ,)(a, -a..,)} 

_ __ + ~ (", - "".,) Vi. - PH') +~ (b. - b, .,) (a, - fJ,,+ ,) } 

xl ~ {~ (b, - b,.,)' + ~(P. - fI .. .)' + 2~(b. - b",)(P, -Pu,} 

Assuming firstly that both a and b fluctuate rapidly about their mean 
value wh ile a and p go lip and down very slowly, and secondly that 
a a nd b as well as a ant.! fi correlate so strongly that the first and the 
second terms in the numerator remain finite and the last two tenns in 
the numerator and the last one in the denominator can be considered 
as very small, for not only either (as - as+ 1) or (13, -PIJ +l) is smaIl in 
magnitude and varies slowly from term to term. but also usually con~ 
secutive terms (~-aB+JJ (b/J -b, .• l), are used to differ in sign, Conse­
quently. 

-~ - { 2:: Ca,. - aH ,) (b, - b.,,) + ~ (a, - a,.,) Cfi. -fi • .,) } 
r= 

I-~-{ ';;(a. - a"H)'+~Ca, -a, ,,)' I ~ {~(b.-b.+.)'+ 2::Cfi.-P,+.),} 

U sually the first term is l arger than the second i1l both the numer­
ator and the denominator, so that 

_1_ 2:: Ca, - ",,+,) (b, - b.>,) 
N . 2 2 

r= 



SeitarQ Suzuki 

a-a., b-b 
Where' + and' 8+ 1 may be regarded as the deviation from 

2 2 

the mean value, as far as the first order of magnitude is concerned. 
Therefore, r becomes ultimately the correlation coefficient between a 
and b. 

On the other hand. the expression of the usual correlation coeffi­
cient r resumes the following form, if t ransformed in the same way as 
above. 

I 
N 2:; (a. + a.) (b, + P.) 

r= = == 
(~- 2:; (a, + a,)' l~ 2:; (b,+ f3.)' 

-N- {2:;a, b. + 2:;a. (3. + 2:;a. b. + 19, a, } 

Where all the symbols a, b & sO on denote respectively the depar. 
hue from the mean value. Under the same assumption as before, 

-N- {2:;a,b, + 2:;a,.P,} 
r= = === I ~ (2:;a.' + 2:;a,') (~- (D,' + 2:;(3.') 

As the last term is , in this case, larger than the first , 
I 

-N- 2:; a,. (3. 
r= 

Thus, r becomes the correlation coefficient between a and P. 
It must be borne in mind however that the above two result~ are 

only applicable when 
(I) a and b are short periodic and highly correlated, and their 

amplitude is not great. 

(2) a and fJ are long periodic a nd highly correlated, and their 
ampJitude is large. 

These conditions are, though imperfectly, fulfilled in the case where 
x is the fire-frequency, y the relative humidity, while a and b correspond 
to the monthly variation, a and p to the annual change. 
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§ 20 FORECASTING THE OCTRREAK OF FIRES 

The precise prevision of fires is hardly possible even by means of 
some mechanical device, for instance by measuring minutely the change 
of the electric conductivity of timber in a room, which responds quickly 
to the variation of the relative humidity. 

At pre5ent, for such a purpose, a regression-equation for telling 
the number of fire occurrences of the following month X h is obtained 
by knowing the mean value of relative humidity X~ as weIl as tempe­
rature X3 of the previous month. 

Denoting by I, 2 and 3 the daily mean value of outbreaks of fire 
in the month under question, the monthly mean value of humidity and 
of temperature, the following statistical constants arc discernible. 

I 

2 

3 

Mean value 

I. I 5 2 

74.50 % 
'4·0S o C 

r 1M - 0.01 

Table 27 

Standard deviation 

0.6955 

7· I07 
7.984 

r 13.3 - 0.3 1 

(' orre I a t ioo_ coeff. 

11.2 - 0·49:.l 0.06 
r1.3 - 0.50 ± 0.06 
r'3 + 0.87 ± 0.02 

r 23.1 + 0.82 

The corre1ation coefficient between fires and the relative humidity 
of the previous month, whether partial or total, is not high. 

The regression equation is, 

Xl = I.284 - 0.00098, 1\., - 0.04'7' X, 
The accordance between the va1ues calculated and observed is not 

good, so that this equation is not expected to be of great assistance in 
forecasting fires. 

§ 21 IIUKCOKAIS 

The fire statistics in the prefecture of Hukuoka are superior in two 
respects to those of Tokyo, first the period of statistics covers about as 
much as 14 years, 1912 to 1925. and secondly the monthly amount of 
the consumption of coal gas in this town is at our disposal. 

This prefecture is somewhat wide in area, but all the meteorological 
elements in this calculation arc taken from a single observatory located 
in the City of Hukuoka, because there are not many well-equipped meteo­
rological stations other than in this town. 

1~ Its population and the number of houses (1920) are respectively 1,8491938 and 

389.311 
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First for the comparison, we show below all the correlation coeffi­
cients between fire and each of the meteorological elements. 

Relative humidity 
Ab:;;olute humidity 

Air temperature 

Precipitation 
Maximum wind velocity 

Mean wind velocity 

Table 28 

Correlation coefficient 

between outbreak of fire and 
_ 0.62 ± 0.03 

- 0·59 ± 0.03 

- 0·55 ± 0.04 

- 0·33 ± 0.05 

- 0·09 ± 0.05 

+ 0.18 ± 0.05 

By using the method of variate difference, 

Relative humidity 
Air temperature 

Consumption of coal-gas 

Correlation coefficient 
between outbreak and 

- 0.36 ± 0.05 
-0.29 ±O.05 

+ 0.21 ± 0.06 

In either case, the correlation coefficient in relation to humidity stands 
high. The low correlation between gas consumption and fire again makes 
untenable the vic\v that the frequent occurrence of fires during the winter 

is due solely to much use of fire; although the amount of gas-supply can 
not be regarded simply as the measure of heating-fuel. 

The fact that all these coefficients of correlation are smaller than 
in Tokyo arises from using the meteorological observations of one station 
only, not from a weak relation among the elements. 

::\Ionthly correlation coefficients between fires and the weather ele­
ments. The correlation coefficient differs from season to season, as has 

already been stated briefly; the following monthly investigation throws 
much' light on this matter. 

Month 

January 
February 

March 

April 

May 

June 

July 

Table 29 The C( rr~lation coefficient" between fire and the meteorological 

clements (Ly u"ual method) 

The numher of ol,scrvation is 14. 

ReLt. hllmidity :-'fin. humidity Temperature Wind-velocity 

+ 0.22 ± 0.17 +- 0.27 ± 0.16 - 0.05 ± 0_18 - 0.52 ± 0.13 

- 026 ± 0.17 - 0.09 ± 0.18 - 0.19 ± 0.17 - 0.2B ± 0.17 

- 0.52 ± 0.13 - 0.2,) ± 0.17 - 0.29 ± 0_17 -_ 0.17 ± 0.18 

- 0·49 ± 0.14 _ 0.10 ::'\:: 0.18 - 0.27 ± 0.17 -- 0.50 ± 0.13 

- 0·49 ± 0.14 - 0.60 ± 0.12 + 0.06 ± 0.18 -- 0.10 ± 0.18 

-- 0·49 ± 0.14 ~ 0.36 ± 0.16 - 0.20 ± 0.17 - 0.07 ±o:I8 

- 0.53 ± 0.13 - 0-43 ± 0.15 -0.10 ± 0.18 + 0.02 ±-o.is 



August - 0.34 ± 0.16 
September _ 0.6r ± 0.11 

October - 0.45 ± 0.15 
November - 0.23 ± 0.18 

December - 0.76 ± 0.05 

The Fires and 1'he Weather 

- 0.15 ± 0.17 - 0.22 ± 0.17 
- 0.03 ± 0.18 - 0.31 ± 0.16 

- 0.52 ± 0.14 + 0.02 ± 0.19 

- 0-40 ± 0.15 + 0.07 ± 0.19 

- 0·35 ± 0.15 - 0.66 ± 0.11 

41 

- 0.21 ± 0.17 

+ 0.02 ± 0.18 
- 0.56 ± 0.13 

+ 0.01 ± 0.19 

+ 0.17 ± 0.18 

Table 30 The correlation coefficients between fire and weather elements 

(by the method of variate difference) 

Temperature, 

Jan. Feb. Mar. Apr. l\Iay June JlIly Aug. Sept. Oct. Nov. Dec. 

+ 0.14 + 0.14 - 0.]0 - 0.08 + 0.02 + 0.22 + 0.20 - 0.32 + 0.26 + 0-45 - 0.19 - 0·72 
± 0.18 ± 0.18 ± 0.17 ± 0.19 ± 0.19 ± 0.18 ± 0.18 *" 0.18 ± 0.17 ± 0.r6 ± 0,19 ± 0.09 

Humidity, 

- 0.09 - 0.23 - 0.68 - 0·77 - 0.74 - 0.41 - 0.86 + 0.40 - 0.66 - 0.21 - 0·59 - 0.77 
± 0.18 ± 0.18 ± 0.10 ± 0.08 ± 0.08 ± 0.16 ± 0.05 ± 0.16 ± 0.1I ± 0.19 ± 0.13 ± 0.08 

In this table excepting during December we find hardly a trace of 
temperature influence on fires whilst relative humidity governs them 
almost completely throughout the year. The influence of the latter is 
comparatively great during the period from spring to summer (March 
to August) and small from autumn to winter (September, October and 
~ovember). Its high correlation in March and December is worth men­
tioning, especially so, because they are the fire hazard months; also 
because in this period there is a great possibility of forecasting fires by 
means of simply measuring relative humidity, and thereby warning tile 
public. 19 

§ 22 LONDON 

By taking two examples from Japan we have already shown the 
existence of a close relation between fires and the weather elements, 
humidity being conspicuous among the other. 

England differs conspicuously from Japan not only in climate, but 

19 In March 1925, Tokyo WClS visited by a series of fires, and on the 17th of the same 

month (I4h) by a sever conflagration, when the relative humidity was lowered to 23%. 
In March 1926 a host of fires thrice assailed the prefecture of Hukuoka; the first group ro-

12th, the second 14-17Ih, the third 24th-26th; this month has, in relative humidity, three 

conspicuous minima, i. e. on the Ilth (s8%me:m), the 15th (53%mean) and the 26th (48% 
mean) each of which falls within the corresponding ha~ard period. On January 17th (4ha. 

Ill) 1<)22, a IJig fire took place at the town of IIuKuoka when the relative humidity came down 

to 5I?~b at 22h on the previous day. 

So these few examples give ample evidence of the important bearing of humidity on 

conflagrations. We may say with little reserve that 30% of relative humidity is an index 

of a critical ~tate for fire· hazard in Tokyo and 50% for Hukuoka. 
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also in house construction consequently the examination of its fire- statis­
tics may lead to the upsetting of the conclusions already derived, so that 
it is worth while in the following to study, along the same line as 
before, the outbreaks of fire in the City of London. 

According to ten years 's stati stics'::o 1912-192I in that great town, 
July is the warmest month, its mean temperature being 62.roF (16.7°C) 
and January is the coldest, the mean temperature being 40.7°F (+8°C) 
while June is the dryest, having 67. 8 % as the mean re lative humidity and 
D ecember the mo~t humid, having 85. 1 % as its mean value of humidity. 
Thus, humidity in London behaves quite differently from that in Japan. 

It happens very seldom in England that a fire destroys a whole 
bui lding exactly, contrary to what happens in an ordinary fire in Japan. 
And we therefore make it a rule to count the fire as one when a room 
in a flat burns, and two when two consecutive roofTls in a flat burn simul­
tane,ousty and so on. According to the Reports of the Fire Brigade of 
L ondon, January the hazard month has the highest number of fires, its 

(0 '/0 

l> 60 

90 

70 

20 We have copied this statistical repMt through the kindness of the librarians in the 
British 1luseLlm, from H Daily Report of Fires ill the County," London Fire Brigade, as men· 
tioned before, also the weather data from the " Week ly :lIld Monthly Weather Report" 1912 

t? 192 1, Meteorological Office. We are indcptcd to lhe officials of both offices fOr the per-
mission to use these valuable data. 

The corresponding weather elements in Tokyo are: 

January: 3.1 oC August: 2S'3cC 

February: 62% both months July and SeptembeJ': 83% 
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daily mean value running up to 13.9; while August the quietest month 
has a low value, its daily mean value coming down to 8.4- This rela­
tion and its monthly change are shown in Fig. 12. Another damp year 

is not as clear as this and is not reproduced here. 
The correlation coefficients are: 

bet\\'een fires and air temperature - 0.50 ± 0.047 

between fires and !elative humidity + 0.02 ± 0.063 

Thus, there exists no correlation at all between fire and humidity. 
By the method of variate difference, however they increase a little 

more, thus fire and humidity ..................... O. 17 ± 0.06r 

Such a small correlation is due partIy of the incompleteness of the 
mathematical treatment, partIy to the way of selection of the unit in the 
fire-statistics. 

The number of fire-outbreaks measured by such unit as defined 

before corresponds rather to that of the dimensions of the burnt area, 
which has .already been shown to be less correlated with the weather 
element than the number of outbreaks of fire. 

The fact that the small fluctuation of relative humidity keeps pace 
from month to month with that of fires tells eloquently of the existence 
of a close connection between them. This relation becomes however a 
little obscure, when the year turns out to be damp; for instance during 
the pedod of these ten years there are six damp years and four dry 
years, and all these year~ -without ·exception bear testimony in favour of 
the closeness of the relation. 

With a view to make it suitable to our p,urpose, the method of 
harmonic analysis already briefly described, is adopted. First, we 
express in the simpiest form the monthly number of fire-occurrences, 
and the monthly mean values of temperature as well as humidity, as 
follows: 

where 

27ft 
0.5438 sin 

2rrt 
f, = 11.0667 + 2.3378 cosT + T 

f, = 76.79 
2rrt 

sin 
2rrt 

+ 7. 11 cosT 5.00 
T 

fb = 50.44 
2m 

sin 
2:rt 

- I I.20 COST 1.02 
T 

f" = the daily mean value of fire occurrence in a month. 
ft = the monthly mean value of air temperature. 
fh = the monthly mean value of atmospheric pressure 

The following numbers are values calculated by the above formulae :­
(The letter with a dash denotes the values observed) 
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Table 31 London fir~s and weather elements. 

:\fonth Jan. 

fc 13.40 
f'e 13.60 

Feb. 

13·37 
12.20 

Mar. Apr. May 

12.70 11.61 10·37 
10.30 13.10 11.40 

12.00 12-40 10.60 

10.60 13.50 12.go 
J 3.20 11.10 12.00 

12.30 11.00 8.20 

13.20 11.40 9·go 
12.00 8.40 6.70 
11.40 10.30 11.10 

14.30 10·40 11.3° 

Jun. 

9.78 

8.50 

10.40 

12.00 
11.10 

JuI. 

8·73 
10.5 1 

7. 10 

12·3° 
9.50 

6.70 
8.10 

8.00 
8.m 

Aug. 

8·77 
'.40 

9.20 

9.50 

7.50 

7·go 
6.80 

6.&0 

Sept. 

9-44 
11.3° 
9.70 

11.20 

Oct. Nov. 

10.52 11·77 
9.00 12·5° 
S.&. 11.50 

10.60 10.60 

9.10 13·3° 
7.50 ILCO 
8.80 11.20 

7.10 10.10 

12.IO 14.30 
13.60 23.70 

Dec. 

12.SZ 

II.Ro 

f, 
f', 

12·70 
17.30 

13.50 

12.:W 

16.20 

13.20 

11.00 

15.80 

12.50 

39.2 4 
40 .80 

41.50 

.18.40 

14· IO 

11.3:::1 

11.30 

12.00 
16.10 

11.60 

13.00 

14.80 

7.50 
10.60 

9.20 

15.20 
8.80 

16.20 14.30 11.50 15.30 23.40 

40 . 2 3 43.96 49·44 55. 16 59.63 
44·10 46.70 49.10 56.50 59.00 
4I.40 45.00 47.20 55.30 6o.co 
44·70 44.20 '10.40 53.to 60·40 

7.70 

14·eo 
62.08 

63.80 

60.00 

63.50 

12.10 

8·90 

9.40 

6.40 

7·m 

6.40 

9.50 

9·4° 
I I.&! 11.10 14.60 14.~·0 

60.65 56.<;;2 51-46 45.72 
57.70 53.70 47.50 43·&.) 
61.40 58.90 53.60 48.00 

63-40 57.70 S2.00 45.tio 

12.20 
11.20 

14·CO 

14·4° 
IO·30 

13·go 
12-40 

14·5° 
41.2 5 
45.80 

42 .10 

42-40 
40.60 40·70 42.20 4fi.fin 54.10 60.00 61.30 (jr.fu 57-40 49.60 3 fj.20 43.90 

45.80 40·co 40.00 48.40 55-40 54.80 6('.90 64·CO 56.20 53.10 43.90 37.00 
35·90 35.90 38.70 42.80 57.40 63.20 63·CO 61.70 59·30 46.yo 47·CO 36.20 
39.10 43.80 43.90 45.10 5(J·go 57.60 62.00 62.50 55.90 49·40 42.<;0 46,3° 

38,20 30'9° 4f:·Ro 40.m 57,'::0 59·70 5R.30 0370 57,20 45 ·30 39'30 42.&; 
41.10 43.30 46.60 49·30 55.60 60.30 60.10 57.io 57-10 52'CO 43.30 41.CO 
46.00 41.60 46.50 48.30 55.10 60.20 68.30 62.80 59.80 ~6.20 40.50 44.80 

fh 83_90 80'-45 76_02 71.79 68.95 68.14 69.68 73.13 /7.56 81.79 84.('3 85-44 
f'b 85.00 83'cO 79·CO 6S·00 68.co 72.00 71.00 77.00 74-00 82.m 82.00 86.00 

86.00 79.cO 77.00 73.00 7LOO 67_00 74.00 72.CO 8I.OO 85.00 SS.co 31.00 
81.eo 83.00 78.00 69·cO 68,co 6S.co 70'co 74.0-0 70'CO 79.00 .sLOO 84.00 

81.00 82.00 77.00 69·00 67·00 67·cO 70.00 76.co 75.00 83.CO 84.00 87.cO 
84-00 79.00 82.00 69.CO 70.CD 73.00 71.CO 72.CO 78.co 81.eo 86.00 89·CO 
7S.co 82.CO 79.00 72.00 G6.CD 64.00 69.CO 75.00 79.CD 80.00 84.00 81.00 

83.CO 8I.CO 74.00 80.00 67.00 64.00 71.ea 71.00 75.00 83.CO 86.00 86.co 
86.00 8LCO 78.00 74.00 65.00 61.00 72.00 67.00 76.00 79.co 85.00 86.co 
82.00 84'0CI 79.00 67·cO 69·0CI 74.00 7LGO 79--.)0 8:2.00 87.w 86.co 86.00 

85.00 80.00 74.00 (;9.00 67·co 60.00 S5.00 66.co 7c.co 77.00 8S.co 81.00 

Each difference between the value calculated and observed is singly 
obtained, and then by correlating them we get 

Table 32 

Correlation c0efficient between fires and 

Humidity 

Temperature 

By usual method 

- 0·43;::: 005 

+ 0.33 ± 0.06 

]ly variate difference 

- 0.38 ± 0.05 

+ 0.01 ± 0.06 

Of course such a method must be applied only after careful exal11i­
n:ltion. But it seems that this is more reasonable than the method of 
t he variate difference usually employed. 
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The correlation coefficients now obtained show the neg'ative corre­
lation between fires and hu·midity, and, though a little surprising. the 
posith'e correlation between fires and temperature. 

Aml hence it needs scrupulous reexamination. They are therefore 

computed [rom month to month, as follows:-

Month 

Jan. 

Fell. 

i\.farch 

April 

!lhy 

June 

July 

Allgust 

Sept. 
Oct. 

~ov, 

Ike. 

Cor, coef. bet. 

fire, temper. 

- 0·39 ± 0-19 

- 0.41 ± 0.18 

- 0.16 ± 0.21 

+ 0.51 ± 0.16 

- 0.06 ± 0.21 

+ 0.30 ± 0.20 

-\-- 0.84 ± 0.06 

.. -j. '0.31 ± 0.19 

+ 0.51 =;: 0.16 

+ 0.27 ± 0·20 

- 0.29 :::: 0.20 

- 0·54 =1_' C.IS 

Table 33 

Cor. coer. bet. 

fire, humidity 
- 0.70 ± O.II 

---:- 0.15 j: 0.21 

+ 002 ± 021 

- 0.65 ± 0.12 

- 0.51 ± 0.I6 

- 0·55 ± 0.15 

- 0.76 ± 0.09 

- 0.71 ± 0.11 

- 0.50 ± 0.16 

- 0.16 ± 0.21 

+ 03·3 ± 0.19 

- 0.50 ± 0.16 

Cor.- coer. bet. 

temper., humidity 

+0.52 ± 0 16 

+ 0.32 ± 0.19 

+- 006 ± 0.21 

- 0.65 ± 0.12 

- 0·43 ± 0.17 

- 0.]8 ± 0.18 

- 0.S6 ± a.oS 

- 0.72 ± O.IO 

-' - 0.03 ± 0.21 

-I- 0.02 ± 0.21 

+ O.II ± 0.21 

+ 0.04 ± 0.21 

Although the mean error IS so great that it sometimes makes the 
correlation obsCllre, two facts are quite clear, name:y, the correlation of 
fires ,vith hUl1lidity is distinctly negative, and with temperature positive 
particuhrly in summer. Such a correlation during the hot months is 
found also not seldom ill Japan. 

Tahle 3<l. Correlation codIiciellts with temperature dudng the hot month. 

Prefecture July August ThrougilOut the year 

OSJka + 0.67 ± 0.15 + 0.28 ± 0.25 - 0.41 ± 0.0$ 

Vaillaguti + 0.56 ± 0.19 + 0.44 ± 0.22 - 0·59 ± 0.04 

Nagasaki --+.0.63 ± 0.14 + 0.03 ::'--:: 0.24 .. 0.63 ± 0.04 

Ehimc - 0·55 ± 0.19 + 0.14 ± 0.26 -- 0.65 ± 0.04 

AOlllori + 0.03 ± 0.34 + 0.25 ± 0.32 - 0-43 ± o.Oj 

IIukui + 0.07 ± 0.27 - 0.65 ± 0.16 - 0.22 ± 0.06 

Saitama + 0.22 ± 0.26 + 0.43 ± 0.22 - 0.j9 ± 0.02 

Aiti + 0.25 ± 0.25 + 0.22 ± 0.26 - 0.7I± 0.03 

Y:l.mannsi + 0.14 ± 0.26 + 0.36 ± 0.23 - 0.68 ± 0.03 

Hukusima - 0.10 ± 0.34 + 0.34 ::L. 0·3Q - o.to ± 0.04 

Kaga\va + 0.61 ± 0.17 - 0.08 ± 0.27 - 0.62 ± 0.04 

Saga + 0.17 ± 0.26 + 0.02 ± 0.17 - 0.52 ± 0.04 

Akita - 0.10 ± 0.27 + 0.02 ± 0.27 - 0.40 ± 0.05 

Miyazaki + 0.39 ± 0.23 + 0·55 ± 0.19 - 0·43 ± 0.05 

Nara - 0.43 ± 0.22 - 0.57 ± 0.18 - 0.58 ± 0.04 
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The places selected in the above calculations cover nearly all the 
principal parts of Japan, so that the figures in the table may be regarded 
as representing the main features of her meteorological relation to fires. 
According to this table, the places of positive correlation during a few 
warm months are enormous in number in spite of the negative correla­
tion during all the remaining months. 

This has no doubt a close bearing on the fast burning of incense­
sticks during the hot season. 

Above all, it is worth while, paying special attention to the fact 
that the same relation holds good in such a country as Eng1and, 
quite different though it ~s in every respect from Japan. 

§ 23 OSAKA.21 

The statistIcal investigation of fires hitherto dealt with is concerned 
entirely with their monthly mean values. So a objection might be raised 
against such a way of solving the fire problem. The method of corre­
lating the \'leather factor with the daily number of fires should be ap­
proved as better suited to the purpose. 

However daily statistic~ together with the corresponding weather 
conditions were not easily obtainable, except that of the city of Osaka, 
so that we shall be content to confine ourselves to a stu:iy of one par­
ticular locality, namely Osaka, the second greatest city in Japan. 

Before proceeding, we show, for reference's sake, the monthly 

number of fire for Osaka~ together with an analysis of the causes and 

several correlation coefficients referring to the weather conditions. 

Table 35 Statistics of fires in Osaka 

1917. Jan. Fell. Mar. Apr. May June July Aug. ~ep. Oct. Nov. Deo. 
A. Fire·occ. per day O.(]O 1.21 0·74 0·97 0·74 0·57 0·77 0.61 0.20 0.26 0·73 1.38 
B. Fire·occ. per day 0·77 0·93 0·71 0·97 0·74 0·57 0·77 0.6r 0.20 0.23 0·73 1.00 

Temperature 3.2 4·3 7·0 12.8 16·5 21.1 27·4 26.6 24·3 18.2 9.6 5·2 
Humidity 65·0 66.8 70·7 69·9 70·7 77-4 76.7 74·7 80·5 79·0 72.5 63.6 

1918. 
A. Fire-oce. per day 1.22 1.18 0·97 0.80 O·ll 0·53 0.61 0·97 0.63 0·74 0·93 1.16 

n. Fire·occ. per day LOO 1.04 0.81 0·77 0·71 0·53 0.61 0·97 0.63 0·74 0.07 LOO 

Te!nperature 2.8 4·1 7,3 '3.2 17·1 21.2 26·9 2n.g 23.0 17.6 II·3 6.4 
Humidity 64.6 70 .5 66·9 72.7 73·5 82.0 77·5 76.9 77.8 78.4 74·3 73-9 

21 These results are in accordance, in the main point, with those arK. Taguli, though 

in regard to the wind influence, his and ours are somewhat different. 
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19 19, 
A. Fice-occ. pec day 1.03 0·73 0,90 0.70 0.87 0·77 0.78 0.81 0.83 0.45 o·ro I,S5 
B. Fire-ace. per day 0.68 0·50 o.Sr 0.67 0.87 0·77 0·77 0.81 0.83 0·43 0.67 ~ ·32 

Temperature 4·5 4·9 8·5 13.8 li·8 2I.7 25·4 26.8 23.0 17·9 12.8 6.8 

Humidity 69·4 73·3 ,1.8 69·6 71.5 78.2 77·9 75·7 76 •• 74·5 76•8 68·9 
A; all causes included 
Il; healing SOU TCes excluded 

As to the monthly distribution of fire-frequency, the figures in the 
table are found to be not perfectly consistent wi th those .obtained in 
T okyo. ' 'lith regard to the correlation coefficients however they arc 
nearly ,in accord.%Z 

The correlation coefficient between one of the meteorological ele­
ments and tire is 

Tab1e 36 

Ail causes included 

Corre1atioD coefficient between fires and 

By usual method 

- 0.79 ± 0·042 

Dr variate difference 

Humidity 

Temperatu re - o.&] ± 0.058 

The cause due to the heater excluded 

H umidity 

Tempeutllre 

- 0 .S2 ± 0.032 

- ° ,31 ± 0, 10 1 

- 0.57 ± 0.077 

- 0.25 ± 0.107 

- 0 .22 ± 0.108 

- 0.19 + O.IIl 

Osaka daily fire statistics now at our disposal cover three years, 
consequently there are 3 x 365 daily observations, as much as the total 
of ten year's monthly statistics, 

The daily occurrence of fires however seldom exceeds three, so that 
the statistical conclus.~ons derived therefrom cannot be said to be quite 
trustworth),. 

Correlation coefficient between fires and humidity 

= - 0.13 ± 0 . 20 

Correlation coefficient between fires and temperature 

= - 0.08 ± 0 .20 

2~ Populalion and Dumber of families nre respectively I ,252,9B3 and 276,331 (1920) 
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Such a small correlation arises from having too small a range of 
fire frequency, and the only means of escapillg from this is to take a 
m uch longer interval than one day and yet shorter than one niorith. 
'Ve take therefore every ten days' sta tistics and deduce the following 
correlation coefficients: 

_Correlation coefficient between fires and humidity 

= - 0-48 ± 0.049 
Correlation coefficient between fires and temperature 

= 0.42 ± 0.054 

They become, thus, a little greater than before, although still con­
siderably less than for one month's statistics . The cause of this is under­
stood as due either to too smaU a number of fire-occurrences during the 
interval, or to the fact that fire is influenced by the weather of a few 
days previous. The former cause is the more probable, because the 
<7-.orrelation coeffic~ent between the mean humidity of either ten days or 
twenty days previous is found to be - 0.44 ± 0.05. or - 0.29 ± 0.06, 
respectively smaller than that obtained just before, so that fires would 

seem to be under the control of present weather conditions or of those 
shortly preced ing. 

With the object of making the forecasting regression-equation 
expressed by lhe average value of relative humidity and of temperature 
of each preceding ten days. the following correlation coefficiellt both 
total and partial is calculated. 

Denoting the fire, humidity and temperature by 1,2 and 3 \\'e get, 

Kind 
I lire outbreak 

2 rdative humi dity 

TabI~ 37 

Meo.n 
8.24 

73.58% 
14.90oC 3 air tem perature 

r" = - 0-44 ± 0.05 
rl~ 3 = - 0.24 ± 0.06 

r" - 0-43 ± 0.0 5 
rl~ .2 = - 0 20 ± 0.06 

Stando.rd deviation 

3.46 

5.36% 
8· J3°C 

r" = + 0.65 ± 0 .04 
r23.1 = + 0.57 ± 00·4 

Further expressing their quantities by Xl' X~ and X 3 , the regression 
equation is 

x, = 23.93 - 0.r 9 X, - 0.11 X, 

As may be imagined thiS equation does not tell the number of 
fire~occurrences in advance. The correlation coefficient is too small to 
do this. 
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§ "4 1'IRES AND WIND 

On this subject we have already touched slightly, in investigating 
the fires of two towns and found that the correlation coefficients between 
mean wind velocity or maximum wind velocity and the occurrences or 
spread of fires are both small. The same can be said about Osaka where 
the correlation coefficient is found to be 0.37. 

The opinion prevails however amongst the public that the wind 
comes into play very remarkably when a conflagration is going on or 
is about to take place, so that it is necessary to make further inquiry 
into the matter, 

( I ) First comes the consideration of the correla.tion bebveen the 
area of conflagration and the mean wind velocity . 

... .'\mong 28 provinces and 3 great towns, the majority, (7 provinces 
and one town are excepted) have a positive coefficient, which is however 
very small in amoWlt, the greatest being + 0.28 in the prefecture of 
Hukusima, and the least so low that it can hardly be considered as 
correlated , 

\Ve have adopted, in much of this calculation, the mean velocity of 
the wind as best suited to the surpose. The maximum wind velocity 
will do equally as well. nut the correlation between those two velocities 
is very high. So the same degree of correlation will naturally be expected 
in the latter case also. Therefore, th ... attempt to find it has better be 
dispensed with.~3 

The spread of a fire is subject to the force of the wind actually 
raging. So in such a case, statistics daily kept are rather preferable. 
Thus the cocffiicident of correlation becomes + 0.20 ± 06, a little larger 
if the mean value of every ten days instead of every month is selected 
3..<; the factor, the coefficient in the latter case being + 0.16 ± o. I I r. 
Still this cannot be rega~ded as very convincing. 

The investigation on conflagrations at Hakodatc21 enlightens us 
considerably in this ~atter. 
--------...,-~-

23 Further the attempt to find the connection between fires and the numl.er of stormy 
days or h ours is s till more discouraging, for their correlation coefficients are: 

Iwate + 0.52 ± 0.045 T okyo § + 0· 1 I ± 0.086 Hukui + 0.28 ± 0.058 
o.::aka§+ 0.24 ± 0.065 Koti + 0.07 ± 0.063 Hukuokn + 0. 17 ± 0.057 

Huklloka § -I- O.2.:! ± 0.062 
T he coeffic ient marked with § is th3t wilh stonny hours, that unmarked that with stormy 

days. . 

Thus all coefficients are of the same order as that with the wind velocity. 

24 lIakodate is a city in the dhl ri Ct of Hokkaido with aLoll t 145 ,000 inhahilallts an(1 
experienced during P:l.st years a large llumLer of disastrous fires, several of which had des· 
troyed almost tbe whole city. 
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Table 38 WinJ-inflllcnce on great fires at Hakodate in which 

more than a hundred houses were' burn t, 

Number of 
Wind-velocity 

h Ol1ses burnt 
Wi nd-direction Dates 

8.977 10 - 16 m SE Aur,ttst 25 1907 

'40 IS m N ),1 arch 23 19 1 [ 

733 14- 16 m W April 12 19I::'! 

),532 14- 16m \V l'.l ay 4 1913 

zi7 II - IS m E May 24 1 9 1 J 

&'9 ' 3 m F. April 8 19£4 

673 [3- IS m XW Decem. I 1914 

I,j63 4Sm E l\UgUst 2 ( 1) 16 

2 , 14 1 8- 13m F. April 14 192t 

The table show that the number of hOll SC5 destroyeu in such con­
flagrations are vey little affected by the increasing velocity of the ,vincp\ 
in consequence of which its correlation coefficient is possibly reduced to 
the minimum. 

On the other hand, it points to the fact that during the period 9£ 
such a conflagration a strong wind exceeding 8m/sec In speed always 
prevails over the town. 

For the. pl~rpose of elucidating such a complicated relation it is there­
fore necessary in foll owing the development of a fire , ahvays to refer tQ 

the chart ~f wind velocity. \tVe have, at t~e present, two instances. in 
one of which the wind increased in strength whilst the fire ~vas spread}ng, 

and in the other it had just begun. bl<?wing when . the fire broke-out. 

( I ) A great lire that broke out in Tokyo'" 14h March 17th 1925. 

Time I4h . 'S 16 17 18 

Wind-velocity NW4.9mjs NNW7.4 NS·S N9-4 N7·6 

(2) A fire that took place in Hukuoka 4h T.nuary 17th 
Time 2h 6 !O 

Wind-velocity N)fW9.9mjs NW 9.0 NW 7.1 

Both those cases show the existence of a close correlation bch\'cen 

the wind and the fire, and no doubt many other evidences could be found 
elsewhere. Nevertheless, if j Lldged from the stat istical point of VIew, 

the answer is ahvays negative. 

::ti The year ly mean velocity or wi nd at I-hkodalc is 5.im!scc ::md wind with a vcIoci lY 

of more Ihan 10m/sec is not~ (requent lhere. 

26 T he !;,unc fi re as re ferred 10 on page 53. 
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This contradiction is however removed by the supposition that a 
great fire is stirred up by a moderately strong wind, and that the 
area burnt is not influenced by the excessive force or the wind but by 
~omc other powerful factor (lack of water or human agency). or by a 
second assumption namely that a moderately strong wind is quite enough 
to start a fire which gives rise to a fie rce convection current and hence 
makes the spreading easy. 

The former supposition is supported by the fact that there is a 
pretty intimate connection between the outbreak of fire and the velocity 
of the wind which is soon discussed in (II), And the second becomes 
highly probable if account is taken of two evidences, one of which was 
observed by Prof. S. Nakamura and also by l}rof. S. Fujiwara on the 
occasion of the g reat earthquake fire of September I, 1923, and the 
other of which was noted by foresters on several occasions. 

( II) The correlation between the outbreak of fire and wind is 
more conspicuous than that between the wind and ~he area burnt. Such 
an instance we h ave found already in Tokyo, and subsequent researches 
e, tablish uitimatcly the fact that this rel ation applies to every prefecture. 
and every city without sing Ie exception. This correlation coefficient is 
on the average about 0.34, those in which it is lower than 0.2 being 
very few. 

Great as it is, yet it is smalJer than that of humidity, with only 
two exceptions out of 30 cases. These two abnormal prefectures (Simallc 
and Hukui) both face the Japan Sea, 

TaLle 39 

" 

Correbtion coeffident between 

Ord inary method 

lIukui - 0.22 ± 0.06 

Simane - 0.55 ± 0.04-

Hukui + 0.39 ± 0.0$ 

Simo.ne + 0.56 ± 0.04 

.Hukui - 0.55 ± 0.04 
~im a-ne - 0·59 ± 0.04 

V:lf13tc ,li fferencc 

- 0.34 ± 0.06 

- OAI ± 0.05 

+ 0.20 ± o.oG 

+ 0 .36 ± 0.06 

t he fire outbreak a nd 

re! nt ivc humidity 

the fire outbreak nnd mean velocity 

the fire outbreak and temperature 

As the above table shows, this exceptional relation comes back to 
~ormal, when the coefficient is calculated afte r the method of variate 
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difference. So the comparatively g reat coefficient between fires and 
wind may be only apparent, and due to the influence of a third factor, 
possibly the temperature, for by such a method of calculation, the 
inAuence of this weather element can not be largely eliminated from both 
of the coefficient. 27 

All things taken into account, therefore, the in Ruence of wind 011 

tires, with regard to its velocity is not 50 great as most people believe, 
anyhow so fa r as the present statistical re!;carch is concerned. 

(1I1) The direction of the wind and fire. The direction of the 
wind has a great influence On the fire, not only on its outbreak but 
also on its spreading. 

fiJ. 13. 

Lines of Equal 

Frequency of Outbreak of 

Fires per 100 Families 

I ., 
• • 

If the Hukuoka fire-statistics during last 14 years is refered to, the 
WNvV or W wind is found to be the harbinger of the worst calamities 
in this district, and very likely in many districts of Japan. 

As to the spreading of fire, the direction of the wind seems to 
have an impor:tant relation to it. The great conflagration at Hakodate 

,., Referri n;,; to the fact th at the co rrelation coefficient be tween the outbreak of fire, 
and tt!ll1ptro.ture in these prefectures is greater than in the others. 
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PiJ./4 

Lines of Equal Coefficient of 

Correlation between Humidity 

and Frequency of Fires 

'0 I 

S3 

o.G 

• 

furnishes us a very good example of that. In five cases out of nine 
the calamity ensued when an easterly wind prevailed over the town. 
This deals partly with the direct and partly with the indirect effects of 
the wind, for the particular direction is associated closely with the dry­
ness of the air blown in. The f oen like wind brings a parching air to 
the land, while the north-west wind from a Siberian high pressure zone 
carries, during the winter, cold and dry air to the mainland of Japan, 
which often causes serious damage by giving a chance of conflagration 
breaking out. 

§ ·25 CORRELATION BETWEEN FIRES AND THE 

WEATHER IN OTHER PREFECTURES 

(1) The results of the statistical study of fires in three great cities 
and one prefecture are, in the main, consistent with each other. It is, 
however, important to confirm this by examining the correlation between 
fires and the meteorological factors in many other districts and towns. 
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'Sf 

s 

The radial distance from the origin represents 
the total number of fires that broke out in that 

direction. 

With this in view, the fire statistics of 1917-1925 years for 29 
pretectur~s and 4 great to\vns . (including three alread}" . studied) were 
examined. The mean monthly fire frequency of fires, the number of 
families of the corresponding places and the correlation coefficient be­
twe~n 'the outbreaks of fire or the area burnt and the meteorological 
factors (relative humidity, temperature, amount of precipitation and 
mean velocity of wind) with mean values of those meteorological factors 
for each prefecture and town were thoroughly worked out and examined 
thoroughly. Figures 13 and 14 show more clearly its general 
aspect; from these it can be seen that fire-occurrence is most frequent 
in the Kwanto district, while less frequent in the north-west part of 

Kyusyu; and on the other hand, it is noteworthy that the districts 
along the coast of the Japan Sea in spite of scarcity of population 
are often assaulted by fires. 

Among the four meteo~ological elements as was usually the case 
also in the former study, the relative humidity has, for most places, the 

highest correlation \vith fires, their coefficients ranging from -0.80 

(Tokyo) to -0.19 (Hakodate). The temperature has a less intimate 
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correlation with fires, its coefficient falling to between -0.74 (Totiki) 
and -0,09 (Aomori) . . The mean veloci ty of the wind , and the amount 

of precipitation correlate with fi res in the same degree of magnitude. 
the former coefficient varying from + 0.77 (Saitama) to -0.22 (Kaga­

saki), and the latter from -0.57 (Totiki) to -0.01 (Hukui). 
The area burnt has a sman correlation coefficient with the mean 

velocity of the wind, fluctuatin g between + 0.28 (Hukusima) and -0.40 

(Totiki). . 

A ll the~e result .. coincide with those obtained in the places_.already 
ipvestigated . .. 

(2) The annual variation of the frequency of fires in Japan has 
been already stated. It has two maxima, in the montI~s of February 
and August i ,and two minima, in July and September, these months 
exa,ctly, correspo~din.g to those of yearly minima and maxima of the 
relative humidity, as shown in Fig. ] 5. '. 

As has often been mentioned before, fire-frequency during the cold 
season is much lar&,cr than wh~t would correspond actually to the dry 
state of the air, and the difference of successive monthly values (first 
diffcrencial coefficient of fire frequency to time) answe~'s the purpose 
much , better. 

M onth 

Succ. d ift. of 

fire · occurrences 

J an. Feb. Ap r. May J une July Aug. Scp. Oct. Xov. Dec. Jan. 

11.8- 55.8- 15.9 - 28.8 -133.3-83.5+ 38.6 - 41.: 4.8 95.6 135.4 7:·3 

A slight change is, however, introduced in the periodic change, i.e. 
the maximum month of fire occurrence is displaced one month or so 
later, to March or April. 

Fig. ~ 5 lucirHy brings ' out the close connection between the relative 
humidity and fires. Th-c fire frequency varies instantly in response to 
prevailing relative humidity, so that there is 11 0 lag of time in th e 
outbreak of fires, at any rate only one month at the most. This can 
be numerically proved, by taking and comparing the correlation coeffi­
cient beh.veen the montl~~y ': mean value of the relative 'humidity and that 
of the fire of the next month, or of the next one, a nd so on. F or 
instance, in T okyo it decreases steJ.dily as the month advances, thus 
showing th~ correlation :as being the highest, if two factors are taken 
simultaneolisly. -': : 

It is" to be rcmembered that the hazard month tcndsJ somewh~re in 
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Table 38 
the north - eastern part of 

Japan, to move with the 
increase of latitude a little 

toward the warm month, 
though in the majority of 

the other districts it re-

Correlation coefficient 

mains at the 
namely about 
February. 

same month 

January or 

\Vith 1st month 
2nd month 

3rd month 
4th month 
5th month 

-0.50 
-0. 19 

±o.06 

±0.08 
±o·l[ 

±O.o7 
±oo5 

(3) Daily change of fire occurrence. This investigation was " 
most difficult task arising simply from the want of necessary informa­

tion on the subject. However, partly in the light of two year's statis­
tics of Hukuoka prefecture prepared, partly by making use of the firc­

reports of the current numbers of newspapers, 1924-I926, we get the 
following table: 

Table 40 Daily frequency of fires in Japan. 

Number of fires Number of fires 
IIours in Japan in IIukuoka Relative humidity Temperature 

'* 21 9.0 I,7 1 83·7 % 13·4ioc 
2 In·O 1.63 84·3 13.25 

3 188·5 0.83 84·7 13·07 

4 137.0 0.4 2 85.0 12·91 

5 97·5 0.67 § 85·3 12·77 
6 58.0 042 85·2 12.80 

7 40.0 0.38 33.0 [3-40 

8 § 37·0 § 0.63 78.4 14.67 

9 54·5 0.4 2 72.6 16.13 

10 74-5 0·42 68.0 I7.II 
II • 93·5 * 0.6:J 64·9 18.12 

12 )2-5 0·50 63.2 18.65 

13 § 00·5 0.83 62.1 18·77 
14 70.5 § I.3S * 61·9 19·06 

'5 * 83·5 * 1.04 62·5 18.89 
,6 63.0 1.58 64·3 18,38 

'7 § 47.0 § 0.7 1 67.8 17·54 
,8 53.0 0.63 72 .0 16,57 

19 68:S n·7S 75·7 IS·71 
20 89-5 1.00 78.3 IS·12 

21 * 97.0 I.21 So.o 14.67 
22 § 84·5 * 1.50 81.2 14.30 

23 IrS.o § 1.29 82.2 13·98 

24 146.5 * 1.83 83.0 13·7° 
* denotes maximum, § minimum. 
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If the curve of fire-occurrence be examined, there is absolutely no 
denying the existence of four crests (maxima) and four troughs (minima), 
the former at 

I IOh 30m-IIh 30m III 20h 30m-2Ih 30m 
II I4h 30m-ISh 30m IV oh 3om- Th 30m 

The alarm of a fire (better perhaps the discovery of a fire) received 
at the fire brigate station is said to be one or two hours later than 
the time of the outbreak, so that the first three maxima might be 
considered as corresponding to the Japanese meal time, in consequence 
of which one inclines to assign the cause of fire accidents wholly to 
human negligence. On the other hand, the investigation of forest fires 
along the railroad caused by the scattering of sparks from the chimney 
of the locomotive br'ngs us to about the same resuit <IS that of house­
fires, thus 

Table 41 Forest fires caused by locomotives along the railroad in the charge 

of the Sendai Raiiroad Bureau (1915-1925)<0 

No. of fires 

Hour No, of fires No. of trains passed No. of trains pa~sed 
1- 2 0 74·0 o.coo 
2- 3 0 7 1 •0 0.000 

3- 4 0 70 .0 C.cco 

4- 5 0 78.0 O.OGO 

5- 6 0 137.0 o.coo 
6- 7 2 161.0 O.OL! 

7- S 6 !57·5 * ""n"~ _.- .... <') 

8- 9 5 15 2.5 0.033 

9-10 0 15°·0 § 0.000 

la-II 12 157.0 0·°77 
11-12 18 161.0 * 0.112 

12-1 3 6 15('·5 § 0.°38 

13-14 21 148.5 "* 0.14 1 

14-15 '4 152.0 0.09 2 

15-16 12 159.0 0.015 

16-17 8 169-5 0.047 

17-IX 5 169.0 0.030 

18-19 161.0 § 0.('.06 

19-20 148.5 0.007 

20-21 3 144.0 * 0.021 

21-22 '35·5 0.007 

22-23 0 109.5 § o.coo 

23-24 4 92 .0 0·°43 
24- , 3 81.0 0.037 

28 These nLlmbers were communicated to me in letters by ~fr. "\Vasio, Engineer of the 

Railroad Bureau at Sendai, to whom my cordial thanks are due. 
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As the figure illustrates well, there is much resemblance between 

the house and forest-fire occurrence; they have two maxima at nearly 

the same hour that is 

1st maximum 
2nd maximum 

House fires 

ISh 
21h 

Forest fires 

13h 30m 
20h 30m 

As we have, in the above statistics, taken account of the number 
of trains that passed in an hour, there may be much more meaning in 
them than can be attributed to mere accident, at least as far as the 
first hazard time can be considered as corresponding to the driest hour 
of the day.'t) 

§ 26 FIRE·SEASONS AND CYCLONES 

There are, throughout a year, three kinds of depression which 
visit Japan. One of them is certainly the extratropical cyclone which, 
coming from the Asiatic continent, causes much rain and snow during 
the months December-March, more especially along the coast of the 
Japan Sea, and is followed by cold north-westerly wind with dry air. 
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The second is the series of shallow depressions which originated in the 
Youngtze-Kiang River district during about June or July and come 
across the eastern Chinese Sea and bring dreary wet weather to Japan. 
The third is the well known tropical cyclone (the so called typhoon) 
which at the end of the summer does much damage through heavy 
rain and gales. 

These depressions have a close association with the recurrence of 
the fire-hazard; thus the first maximum of fires occurs with the 
extratropical cyclone, the first minimum \vith the wet season of early 
summer and the second minimum with the typhoon season in the late 
summer. 

F~'J 11 
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The second maximum in the curve (in August) is largely due to 
the counteraction of the considerable diminution in both side of it, par­
tially due to a cause as yet unknown. It may be connected with the 
fcHawing fact. Some places not small in number have, as in London 
or in Hukuoka, the positive correlationcoeffcient between the fires and 
air temperature during the hot season. July or August. (lvlore examples 
of this will be given below) 

Table 42 Correlation coefficient between fires and temperature 

Month Osaka Yamaguli Nagasaki 

January - 0.36 ± 0.22 - 0.37 ± 0.22 - 0.80 ± 0.08 

February - 0.74 ± 0.12 + 0.15 ::r: 0.25 - 0.67 ± 0.12 

March + 0\.21 ± 0.24 + 0.04 ± 0,25 - 0.J2 ± 0.20 

April - 0.91 ± 0.05 + 0.39 ± 0.22 - 0.19 ± 0.22 

May + 0.36 ± 0.22 + 0.17 ± 0.25 - 0.59 ± 0.15 

June + 0.53 ± 0.18 + 0.46 ± 0.20 + 0'36 ± C.20 

July + 0.67 ± 0.15 + 0.56 ± 0.19 + 0.63 ± 0.14 

AugUSl + 0.28 == 0.25 + 0·44 ± 0.22 + 0.03 ± 0.24 

Seplemher + 0.52 ± 0.20 + 0.21 ± 0.26 - 0.40 ± O.ZO 

OctolJer _ 0.20 ± 0.z6 -+- 0.z6 ~ 0.25 - 0.06 ± 0.24 

NovemlJer - 0.06 ± 0.27 + 0·45 :i 0.21 - 0·33 ± 0.21 

De,:ernller - 0.09 ± 0.27 +0.67 ±0.15 + 0.32 ± 0.21 

Selecting the principal parts from many prefectures, we get their 
coefficients for the two hot months, (order of places is from north to 

south) 

Table 43 

Aomori Akita Huku;:ima Hllkui 

July 0.03 ± 0.34 - 0.10 ± 0.27 - 0.10 ± 0.39 0.07 ± 0.27 

August 0.25 ± 0.32 O.ZO ± 0.27 0·34 ± 0.30 - 0.65 ± 0.16 

Saitalna Yamanasi Aiti Nara 

July 0.22 ± 0.26 0.14 ± 0.26 0.25 ± 0.25 - 0.43 ± 0.22 

August 0.43 ± 0.22 0.~6 ± 0.23 0.22 ± 0.26 - 0.57 ± 0.18 

Kagawa Ehime 1Iiyo.zaki Saga 

July 0.61 ± 0.17 - 0·55 ± 0.19 0·39 ± 0.23 0.17 ± 0.26 

August c.08 ± 0.27 0.14 ± 0.26 0·55 ± 0.19 0.62 ± 0.17 

Such a positive correlation between fires and temperature during the 
hot season may be explained by the fact that the incense-stick burns 
rapidly in Summer. 

In conclusion, a good example to illustrate the great influence of 
the weather on fire is taken from several of a long series <?f fires that 
broke out one after another and proceeded from west to east in March 
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1926. The data are taken 
from the fire-reports that 
appeared daily in the news­
paper at Hukuoka, Osaka, 
Tokyo and Sapporo. 

Table 44 is prepared to 
facilitate the understanding 
of this. The numbers en­

closed by a square indicate 

what may be considered as 

fires belonging to the same 
group. 

There arc 4 series of 
successive groups of fires, at 
intervals of three days or a 
week, each advancing from 
Hukuoka (south-west Japan) 
to Hokkaido (north-east) and 
causing much damage along 
their route, the journey re­
quiring two days or so. It 
is noteworthy that the ex­
tratropical cyclone passes in 
succession before or after the 
fires sweep over Japan. As 
before mentioned, in such a 
case, a westerly wind blows 
and brings much cold and 
aridity, while the anticyclone 
stretching its limb toward 
Japan dominates the conti­
nent of Asia. 

§ '%l THE VARIATION OF 
WATER CONTENT 

IN TIMBER 

The daily and weekly 
change of the length of 
timber exposed to the humid 
air has already been studied 
by self registering apparatus. 
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Its water content probably undergoes a similar change in response to the 
humidity-change of the surrounding air, when the wooden rod is as 
thin as the incense-stick. 

It is desirable to obtain information as to the minute variation of 
total water content of a wooden house-pillar or household-furniture in 
order to elucidate its bearing on time-lag in relation to the humidity 
variation. For this purpose, the weight of a wooden prism whose 
thickness and width are of the same dimensions as those of an actual 
pillar and the ends of which are painted with varnish, was recorded on 
smoked paper. Roughly speaking, as this prism behaves in respect to 
water absorption in the same way as the pillars commonly found in 
Japan, the following results may be regarded as those of the actual pillar. 
The material used was Abies sachalineusis, Mast. 

Table 45 The weight of a wooden Llock and its relalive humidity. 

Date of max. and Date of max. and min, Phase diff, 
min. of relat hum. Amount of weight of wood Amount bet. hum. a wt. 

'"" .0" , . ..,()/ .~l. , c.oog .1. ,.~~ 
0·- A..)" rom ~ "t,)/-O A,,, 45m .> "t" .J')'" 

4th 6h 40m II 9' 8h om II 0·78 Ih 20m 

14h 40m L 5' 19h 35m L '·30 4h ssm 
5th sh 30m H !)8 8h 20m H 1.56 211 ssm 

13h 30m L 47 19h 35m L 1.56 6h 5m 
6th 6h om II 97 8h 25m H 1'56 2h 25m 

13h 40Ill L 55 I8h 35m L 0.96 4h SSm 

7th 4h om If 96 8h 25m II '·30 4h 25m 
12h lorn L 55 I7h 35m L '·30 Sh 25m 

8th Sh 5m H !)8 7h 4srn II 1.22 2h 40m 
ISh 10m L 49 21h 4sm L 1.56 6h 35m 

9th 3h 10m H 96 8h som H '·04 6h 40m 
L: minimum H: maximum 

Thus the phase difference between two minima amounts to 5h 36m, 
and that between two ma.xima to 3h 24m. Its determination in the 
case of the maximum of relative humidity is found in no less degree 
indetem1inate, because it often remains almost constant, nearly saturated 
throughout the night. 

One of the best methods for our purpose is to pass an electric 
current of varying strength through the standing column. However, 
an easier method is available by means of an apparatus by which the 
change of strength of an electric current through a thick wooden block 
is recorded photographically on revolving bromide paper by a light 
beam reflected from the small mirror of a galvanometer (Ayrton-l\1ather 
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type). The wooden block to be tested is 15X10x5 c. c. and in order to 
make contact good is powdered thickly with graphite on both sides of 
the transverse section, before being coated with tin-foil, which is again 
closely fitted with copper plate, the latter forming at the same time 
the electrodes. To meet the conditions postulated by mathematics as 
closely as possible, we contrived to leave one face of the block (trans­
versal section of I 5x 10 cm:) expose to the air, whi le , to prevent free 
communication with the surrounding air the back face and two side 
planes were painted thickly with paraffin wax. This block was nailed 
to the wall. So far, only two materials have been tested, Pinus uensi­
/lora, S. et Z. and Abies sachalineusis, Mast. For the first matedal, 
we made usc of a 22.5 volt battery of sufficient capacity, and o ne o f 
l. 5 volts for the second . The strict constancy of the voltage dllring 
a week's operation is perhaps doubtful, but the error arising thereCrom 
is of small consequence because the resistance of the material under test 
is very g reat. By sllch an apparatus several photographically recorckd 
resistance-variation charts \vere obtained during the winter and compared 
with the hygrographic records simultaneously prepared. Owing to the 
bad season, the variation is too irregular to admit of elaborate analysis 
and the following values are nothing but an estimate. 

Period 
Time-I:l.g 

Period 

Time-1ag 
Period 
Time-Jag 

zzh Olll§ 

7h 10m 

Table 46 

Pinus densiflora 

24h om§ 
6h 40m 

2Sh 30mt 23h som (mea.n) 
5h 20m 6h 23m 

§: the period hetween minima, t: the period lietwti:! n maxima. 

Abies sachalinel1sis, Ma.'it. 

24h 20mt 23h som t 23h zomt 24h 30mt 23h 30mt 
3h 6m 5h 6m 5h .2m Sh 6m 5h 42m 

2:;h som§ 27 11 2om§ 22b 4om§ 

5h 15m 4h 40m 5h 30m 

It is known that th e conductivity of wood is very small and varies 
with time, though differing greatly according to its kind. The most 
predominating factor affecting conductivity is certainly either the ,vater 
content or the temperatu re. The increase of the former and the decrease 
of the latter both call forth the same effect giving rise to increasing 
condllctivity. To determine which is more prominent, we made usc of 
a small wooden block 10.6 em long, 4 .8 cm wide and 4.7 thic k. the 
weight and the current strength of wh ieh could be selfregistered in the 
same way as before, only differing slig ht ly in certain details. That is, 
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a light conducting copper-spring was fastened to each of the elec­
trodes in such a way as to cause no hindrance to the free movement of 
the suspended block. This apparatus has very well fulfilled the dual 
purpose of registering the weight-change and conductivity-variation ·of the 
wood. The mutual time-relation between the maxima and minima of 
the three factors-relative humidity, weight-variation of the wood and 
electrical conductivity-are shown below. 

Table 47. The change of condLlctivity and of weight of wood. 

Variation of humidity I Variation of weight Variation of intensity of e!ec. str. 

Date of max. I Amount I Date of max. I Pha'" I Amocnt Date of max. I Pha'" I Amount 
& minima. & minima. cliff. ( g ) & minima. diff. ( " ) 

th h m Ih h m h m th h th h m X Io-6A. 

23 21 0 L 32 % 24 7 0 L IO 0-0.56 24 5 30 L 9 30 -0·73 
24 7 20 II 94 II 30 II 4 30 -0·37 13 30 II 6 10 -0.47 

13 0 L 28 20 20 L 7 0-0.80 10 40 L 6 o -o.il 

25 7 o II 90 25 IO oIl 3 0-0.23 25 14 30 H 7 40 -0.29 

II 40 L 32 18 30 L 7 0-0.58 20 201. 8 40 -0.62 

26 I 50 J[ 99 26 IO olf 8 0-0.01 26 10 20 II 8 30 +0.26 

" 30 L 45 18 0 L 5 30 -0.26 19 0 L 6 30 -0·41 

23 oIl 98 27 9 30 H 10 JO -10.17 27 6 50 H 7 50 +0.09 .. , 

27 '4 0 L 42 ,6 30 1. 2 30 -0.19 21 10 L 7 Ie -0.44 

28 2 oIl (;8 28 9 30 H 7 3C +0·53 28 8 oH 6 0+0.18 
16 0 L 58 '9 20 L 3 20 +0.35 20 20 L 4 20 -0.44 

::!~ I 30 II 99 29 9 o Il 7 30 +0.81 29 4 50 II 3 20 -0.09 
, - . 

30 

L.- illillimum, H: jJ[aXlf11Um. 

The weight of the timber v.lries in harmony with the change of 
relative humidity, only differing with regard to the time. The time 
may be retarded by several hours, the actual amount of which depends 
on the manner of the variation of the humidity. The mean value of 
time-lag is about 6 hours in the case of daily variation, though it 
should be mentioned that the lag of the maximum and of the minimum 
are not the same. 

As regards the electric current almost the same thing can be 
s:tid, though the time of appearance of the maxima and minima of the 
current do not coincide precisely with those of weight-change and 
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rather come a little later, its main cause apparently lying in the 

temperature-v<1:riation. 
'vVe have ascertained, so far, that the maximum of water-content 

of timber, and also presumably of current-strength, appears about at 
IOh a. m. and the minimum usually at 6-8b p. m. So the use of tbe 
electric method of measuring the water-content is recommended in 
cases where direct weighing of the material is found impossible; 
moreov€r it may be employed with much more advantage, if a knowl­
edge of detailed cbanges is desired. And the results obtained as 
shown in table 47, are, in the first order, the same as those obtained 
by \veighing of the timber. Next the mathematical solution of the 
absnrption will be briefly compared with experimental results. 

Let us suppose that the timber is exposed to the air in an infinite 
horizontl1 plane surface and extends downward to infinity. Taking x as 
axis vertically downward (toward the interior of tinlber) and choosing the 
origin at the boundary, we get the following expression: 

~=~k~ 
ot Ox ox 

where (] denotcs the water-content, in unit volume of material and is 
cal1ed absolute moisture, and k is called diffusibility of water and equal 
to the water-quantity which would diffuse through the material of unit 
thickness perpendicular to the surface of unit area in unit time, when 
the water content differs by unity. k differs, of course according to 
direction,29 but may be conceived of as invariable throughout the same 

direction. 
Assuming k as independent of x, we get: 

aa=ka'a 
at ox' 

Now let uS considcr that the relative humidity of the air near the 
boundary surface varies as Hacos (bt) where Ho is a constant and b 

is 27r by frequency; for example, b becomes 3~ when the problem is 
24 

concerned with daily variation of humidity and 
24 x 365 

211: 
for seasonal 

variation. Again denoting the saturation water content in material by 
a 

l1lnJ and by taking the ratio -- corresponding to th,e atmospheric re­
am 

2fI It differs by the t~ngentiaI, radial and cross section. 
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lative humidity, we can get an idea of a degree of moisture in timber 
and we call it "relative moisture" of wood. A s subsequent expe rI­
ments indicate, absolute moisture varies with the relative humidity of 
the surrounding air and in less deg ree with the temperature. The 
determination of an ab.'iolute moisture is not so difficult, but with 
~-clati ve moisture it is quite other- wise. At p resent it is beyond our 
reach tQ measure the latter as well as O m . 

Presumably, there ex ists a hig h corre lation between relative moisture 
and relative humidity, whe reby the dependency of absolute moisture (J 

on relative humidity may be considc.red to be an indirect consequence, 
and it changes with the latter probabl y because the saturation water 
content n", is, to ,certain extent" independent or temperature. An excep­
tion arises, however, when t he temper.1 ture ~ecnrnes very high, in which 

case the saturation water content is g radually affected and is reduced 
in value. Thus, assuming the intimate conn ~' ctiOl1 betwi.'!en relative 
moisture and humidity, we have two a lternatives a s the condition to be 
satisfied in the boundary. (at x = 0) 

(I) l-P cos 
a 

bt = c 
(fm 

(2) H Ocos 
(f an 

bt - -k' ex a .. 

where c and k are constant. 
As the solution of ( I), we gct 

(bt- ,/ ~ x) .. .......... (I) 
, 2 k: 

The total quantity of water in the timber per unit arca Q is 

H Ofl'''/l< (b IT ) - - - - - cos t - --
c b 4 

or H o"m.!k T cos 3::. (t _ 2....) 
CY27r T 8 

Therefore, 
(a) Q is proportional to the amp li tude of h umidi ty and to the 

square root of its period and of the di ffusibility of the wood. 
(b) T ime-lag is just 8th of the period ; fo r e~ample. the tnaximulll 

and minimum value of the total watcr content come in the daily varia­
tion three hours later than those of the relative humidity, and in the 

annual variation one month and a half later. 
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The variation of the total water content subjected to two different 
hygrometric oscillations becomes: 

:m 12~ { HolT cos :; (t - ~) + H'o/l~os -f~ (t- ~')} 
To take an example from Hukuoka we have 

Relative humiditi~O 

(daily) 
Difference 

88·4q/~ the greatest at 5h a. ffi. 

62.9% the smallest at 1-2h p. m. 
25·5 % its half value 12.8 ~Io corresponds 

to Ho 
Relati ve humidityCl) 82.7 Cjr'S the greatest in September 

(annual) 73.zQ'S the smallest in February 

Difference 9.5 its half value 4.8% corresponds to Ho' 

Ratio = HyT' / Ho'l/t' = 63/446 = 0.14 

Therefore, the annual variation of humidity can only be taken into 
consideration when we enter into the problem of the total water content 
of timber, while the daily variation comes into question when we deal 
with the superficial wetness ,of the timber. 

As the solution of (2), we get 

or 

a = 

a = e - y ,: x {A cos (bt - fx) + B sin (bt - fxl) 

where A 

B 

(
_1_ + k' / b \ 2 + bk'2 
aIll Y2kJ zk 

k,jb H 
I 2k 0 

~--

( 
1 I-b)" bk" ~ + k' - - + 

flm 2k 2k 

Hoe - V;~-"x 

/ . _. .. --:=== cos (bt-I b x - e) (II) 
• 1 I b ,'bk" 2k Y 1- + k'r ~ ) + 
\ (fm 2k , zk 

where cot; = I + 12f 
k'l1m 

----'-------
30 From thirty yenb" statistics nt TTukl:ok:J. Meteoro\()(,:;ical Observatory. 
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the total quantity of water is 

rk " Ho ,I ~ cos (bt - ~ - e) 
r b 4 

(II') I i~1 + k' I~b )' + bk"-
\ Gm zk zk 

This is more general than solution (I), because (II) becomes (I) 
when we put k' = o. On the other hand, when we put <Tm = 00, (II) 

becomes 

(III) 

Q = I-jD k cos (bt _ -"-) = HokT. cos 2T"- (t - T
4

-) 
bk' 2 27i:k' 

Therefore, 
(a) Q is proportional to amplitude of humidity, period, and 

diffusibility. 
(b) Time-lag is };fth of the period. 

So the maximum or minimum of the total water content appears 
in the record six hours later in the case of daily variation, and three 
months later in the case of annual variation. The ratio of amplitudes 
of the two is 0,01, considerably less than by (I). 

Therefore, condition (2) conforms rather better to the experimental 
results. And formula (III) represents roughly the actual state of water­
absorp'tion of the material. 

§ 28 DiSCUSSION AND CONCLUSION 

Turning for the present from the statistical consideration, we 
direct attention to the effects coming from outside the material. First, 
the change of oxygen supply due to the weather should be considered. 

(I) In this respect the influence of the wind is seen to be para­
mount, when it is considered for example, that if the velocity of the 
wind changes from I m/sec to 2 m/sec, the amount of oxygen supply 
becomes double in value. On the other hand, a contrary effect may 
be produced, that is that the wind sometimes extinguishes the fire when 
the cold air comes fresh from outside. The stiring effect of wind, 
though weak in strength, is demonstrated in the laboratory work, and 
was also confirmed by the statistics of fires already studied. 
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(2) The low temperature, the high pressure, and the diminution 
of the vapour-quantity in the winter in Japan make the atmospheric 
oxygen denser, though only slightly, than in the summer. 

Denoting temperature, atmospheric pressure vapour tension, air 
density and expansion coefficient of air by t, b, c, S o and a respectively, 
we get the following expression for absolute humidity (air in kg per 
,km): 

__ so (b-e) __ 

(1 + at) x 760 

The ratio of air density of ~vintcr to that of summer is 

1 +at' (;k - ?,o) 
r+at h' c' 

760 - 760-
= 

b-b' + a (t - 1') + ---y6O 
e-e' 

760 

where the dashed and not uash ed letters denote the weather elements 
of winter and of summer respectively. To mal~e a rOllgh estimation of 
their influence, \ ... ·e make use of the following mean values of weather 
elements for Tokyo in the coldest and the hotest months. 

February 

August 

t 

3·7 

25·3 

H 
62 % 

82% 

(a) 1Lennperature-effect (t' -t) = 0.079 (positive effect) 

(b) Pressure-effect (b~&, l>l = 0.006 ( .. .. ) 

(c) Humidity·effect 
e-e' 

( ) - 7 60- = 0.021 .. .. 
The total effect becomes 0.106 i.e. 10.6 % 

(3) The effect of the change of heat· capacity of air (negative 
effect) This is expressed by the following formula, all influencing 
weather-factors being taken into consideration: 

( ' ) b-b' e - e' 0.623 x 0.48 
a t - t + 760 - 760 + --().2:i- -

= 0.079 + 0.006 + 0.021 - 0.079 = 0.079 

(e - e') 
760 

This shows that the heat capacity increases by 7.9 % in winter. 
(4) The heat content of the air mass is greltcr in summer than 
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in wiriter (negative effect). Consider the ratio of the heat required to 
raise the air from 3.70°C to 4.00oC to that from 25.3°C to 400° C. 

400 3 7 _ . 396._ = The amount is somewhat in the o rder of -- - -' - -
40 0--2 5.3 375 

1.0 56 

This negative effect amounts t o 5.6 %. 
These last three causes together being taken into account, their 

influence on burning becomes very insignificant. 
(5) The convective effect. In the treatment of the problems of 

charcoal-burning, I brought the effect of air-convection into the fore­
ground, because a pronounced convection current is naturally expected 
if the air ground or below the fire is colder than withIn. However, 
the q uantitative argumen t is difficult to deal with and the following 
calculation gives only a partial idea in regard to it. 

Suppose a vertical ai r column with height h. the air-density \',rithin 
and out!)ide being Pt and Pt' r espectively. If t is higher than t'. the 
air current flows 9ut from the orifice a ll the top of the column with 
the velocity, 

12(p,, -p.) hg 
p, 

where g is the acceleration of g ravity. 
Making use of data from T okyo, the ratio of the oxygen supply 

in winter to that in summer is 

R = I (P •. , - (-', ) 
(p"" .. p, ) 

= 1.0 39 

R varies by temperature t, as below, 

I t - 3·7 
t-2s·3 

t 2.53 rOO roo t;:>O 

R t;:>O I.r4 r.06 1.04 

The air temperature within the burnin g fire is mor~ than 100°C, 
so tha.t the effect due to the seasonal temperature change is between 
14 % and 4%, not so great an amount as we expected. 

(6) Water in burning materia l. If the cause of intlammability lies 

outside of the burning material the factors mentioned now should play 
important role, in consequence of which the air temperature, atmos­
pheric p ressure and water-vapour should have close correlation wi th fire 
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frequency, but as a matter of fact that is not· the case as we have 
already shown. 

The fact that the relative humidity has the greatest correlation 

with fire-frequency among ffilny other meteorological elements leads 
naturally to the conclusion that water comes remarkably into play in 
regard to this fire-problem. It is easily conceivable that the variation 
of the water content in the material is decisive on this point, and 
another alternative is the damping influence of water vapour in the air. 

However, the correlation between the outbreak of fires and the 
specific humidity (vapour quantity in kg of air) is found to be always 
less than that of relative hUl1:idity, as is shown by the statistics of 
three prefectures and a city, widcly scparated from each other. 

Hukuoka 

Tokyo 

Table 43 Correlation.coefficient between the outbreak of 

fires ar:·d tlle ~pedfic humidity 

- 0·59 ± 0.034 Ehime - 0.53 ± 0.044 Iwate - 0.55 ± 0.043 
- 0.70 ± 0.038 

As we have stated in the foregoing section, the water-quantity 
undergoes a change, more III accordance \vith the variation of the 
relative humidity, than with any other clement not only in timber but 
also in many other materials of various kinds of furniture of living 
rooms. walls and floors,:>' 

These things considered together, the most important controlling 
factors of a fire must be considered to be the water qU<lntity in the 
material, which challges from minute to minute with the change of 
rdative humidity of the air. 

31 It is noteworthy fact that the correlation coefficient bctween fires and the saturation 

c{)eHicient is not only negative, but' also small. fOr instance for Tokyo and Hukuoka it is 

-0.44±O,o6 and -o.41±0.04 respectively 

The fact that they are negatively correlated makes no sense at all, and it should ~ rather 

interpretated that there is no corre1alion between them. At the same time it must be borne 

in mind that the fact that the correlation between the water content of many materials and 
the relative humidity of the surro'undiog: air is greater than that between the water content 

and the saturation deficiency, has a close relation to the statistical result just obtained. 

1'. s. In the physkal !abor::ltory of thC! Department of Technology in the Tokyo Univer­

sity, the measurement of the specific hcat of the same sort of incense-stick as previously experi~ 

mcntcd with was through tLe kindne'is of Prof. 11. Mnjima many times repeated, and 0.28 

wa~ found to be the most probable value. The time ratio calculated by tbis new constant 

approaches much nearer to the ratio observed. 
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S~ch a conclusion was first anticipated by Prof. Fujiwara a nd 
discussed in the foot note in our former papers. Now, it has been 
born out by this study, provided the forthcoming experiment does not 
lead to any serious contradiction. 

In this investigation, we are indebted to Mr. F. Omori for the 
experimental work and to Mr. Y. Araki for the statistical calculations 
to both of whom we express our hearty thanks. 

SUMMARY 

Burning, everyday, several incense sticks through a year, the 
author has found that they burn more rapidly in summer than in 
winter, whilst the daily variation of their burning velocity is subjected 
to the changing relative humidity of surrounding air. Further, using 
several other materials the influence of humidity on the burning toge­
ther \vith house-fires b thOl'Ulighly investigated, thus: 

r. Th~ . most important factor of the problem among the numerous 
meteorol ogical elements is the relative humidity. 

2. The combustion of some substances is influenced, in Jarge 
degree. by the variation of the wate r-quantity within, when they burn 
in low temperature without flame. 

3. The combustion of some substances is influenced by the water­
quanti ty of air, when they bum with flame a nd temperature is mode­
rately hig h. 

4. The combustion of other substances is, if temperature is enor­

mously high, controlled by the humidity of air, but in the way contrary 
to the preceeding, that ic;, they burn strong ly with increasing humidity. 

5. The influence of wind on fires is not so remarkable as it is 
now believed. 

6. The fire-statistics in many cities and prefectures in Japan 
indicates that the outbreak of fires has the most intimate correlation 
with the relative humidity among many other meteorological elements. 

7. The outbreak of fires undergoes a change yearly· and uaily. 
It corr~ponds in many respects with the seasonal and daily variations 
of the moisture in timber, paper and cloth etc. in the room. 

Therefore we can conclt\de that the relative h llmirlity has the great 
influence not only on the burning but also on the fi res .. 
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