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2 Seitaro Suzuki

§ 1 INTRODUCTION

Mény 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 cenflagrations 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
collection of materials in regard to the outbreak of fires nearly all 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 rate 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 vatiation of the combus-
tibility so defined, chiefly 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 the weather, as will be demonstrated later.

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. When
the upper end is lighted and the stick held upright, it burns down
steadily without flame. If the condition remains the same, it continues
to burn always at an equal rate.

Almost everyday, we used to let a couple of incense sticks burn
inside a screen out of doors, from January 14th to December 3rd
1924, and found that the burning-rate or combustibility, as it is now
called, changes from time to time. The result and some subsequent
calculations will be given later.

In order both to give the necessary correction to the observed
values of the time of burning and to see the effect on the burning
produced by weather conditions artificially adjusted in the closed room,
we first made experiments, on some physical properties of the incense
stick especially in regard to burning which will be described in the
following sections.

PARI'I THE BURNING AND THE WEATHER

§ 3 CHANGE OF WEIGHT AND WATER CONTENTS

It is found that the incense stick changes its weight every mo-
ment, if exposed to the open air. This arises no doubt from the
change in the amount of water 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 1.15¢ g. became in the open air gradually heavier and
finally reached the maximum 1.250g. after the exposure of three hours
and forty minutes, showing an increase of 0.100g. 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 1¢; (not actually measured,
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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 materjal used in
the experiment are respectively I.47mm, 21x5cm and 1.259g. so
that more than 8¢4 of the incense-stick by weight is wholly water, in
other words, lcc of the incense stick has at least 0.055 g. of water.!
The details of water-absorption are given in the following table.

Table 1 The Recovering of the Weight of the Ineense Stick

Time 1h 2zm  3om 35m 4om 43m  om 55 zh om 5m
Weight IIsgy I.I862 1.2032 1.2120 I.22T0 I.230z 1.2364 1.2400 1.2424
Time zhiom 1gm z5m 35m 4s5m ~ 3hzm  25m 45m  4h gm
Weight 1.2430 1.2474 1.2495 1.2518 1I.2350 K.2552 I.25354 I1.2550 I.2502
Tiine 4h 35m s5hgm  3gm

Weight 1.2505 1.2594 1.2584

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 AND WATER CONTENT

When the dried incense "stick is exposed to the open air, it
lengthens by degrees, first very quickly, then slowly as the table below
shows. '

Table 2 Recovery of the TLength of the Tncense Stick from the Contracted Stale,

The length immmediately after the exposure being 19.4 cim. Measured
every minute, 4.50 mm 4.60 4.80 5.00 4.90 5.00 5.08 L.I0 5.I0 5.10 5.20
530 54° 5.50 5.56 5.60 5.65 540 3.70 578 5.80; measured every
three minates, 5.83 293 5.08 598 6.00 600 6.0 6.00 6.0I 6.00 H.00

1 By keeping dry the chamber of the balance in which the polymeter and the incense
sticks are placed, the following very satisfactory values were obtained.

Relative humidity Weight Temperature
54% 0-527% 25°C
40% 0499 25°C

This shows 5.39 decrease in weight of the waler content {0.085g per T cc of the
incense stick) in varying the relative humidity from 84% to 40% {i. e. 1.28;5 change of
weight per 1025 of humidity). These values correspond to the stationary states and differ
a little from those obtained in the self-recording apparatus, which are continually chaqging.
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As regards both weight and length the incense stick accommo-
dates itself to the mdist air as readily as the hygroscopic salt does to
the vapour, and the final stage is reached when the tension of the
adsorbed water becomes equal to that of surrounding water vapour.

The above two figures give respectively the recovery curve of
weight and that of length. They are in logarithmic form and may be
expressed by the following equation. '

q = q,—we =slet

From the table, k is found to be 0.058/sec and the time during
which the amount of water becomes doubled (corresponding to “ Hal-
bierungszeit” in the disintegration of a radioactive substance) is 12
minutes.

As we shall see later, the time required for the complete combus-
tion of a incense stick amounts to 40 minutes or more. So we can
regard as the first approximation, the state of the incense stick against
the surrounding, during its burning, as the equilibrium already estab-
lished. _

As the elongation of the rod (of 19.4 cm length) 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¢5.*

That a similar contraction takes place radially is beyond doubt,
thcugh the decrease of the diameter due to dryness from the rate of
contraction of the length.

2 A more accurate measurement was made within the closed glass belljar in which a
polymcter and a thermometer were placed beside an incense stick and in which the relative
bumidity in the jar conld be regulated Ly means of sulphuric acid. The result was as follows 3

Humidity Length Temperature
13% 24.75 ¢m 30°C
922, 25.05 cin 30°C

So the contraction became 1.z 9 (i.e. o0.15 9 per X0 9% of humidity)
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§ 5 SELF RECORDING

With the simple
apparatus as shown
in Fig 2, the varfation
of weight and length
of the incense stick
can be easily re-
corded.

The weight re-
corder is of the ba-
lance system, a long
pen and a pan on
which  the incense

sticks are placed con-
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, we make use of the lever, one arm of

awrlainls Io oAbt Al Tl L e el ] A
WILICHL 15 atldalnea 1o Oiic Liia Ui

is held by the immovable iron stand.

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

Coordinating 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 variaticn of the incense stick.

Table 3 The Relation Tetween the Weight of the Tncense Stick, its
Lengih and the Relative [Humidity

Huridity Varistion of weight deviation Variation of length deviation
from mean value 4.28 g. from mean value 49.4 cm
42 9 — L4y ’ — 0.0g MM
48 2.9 .11
51 1.5 0.20
54 1.8 0.20
56 43 0.53
62 ) 10.5 L.oo
71 _ 16.0 199

While the relative humidity changes from 429 to 7195, the
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water-content varies from +1.40 cg below the mean up to 16.0cg
above,” and simultaneously the length undergoes the small change
from + 0.09 mm below the mean to up to 1.70mm above.

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 b
lfttle retarda- g ﬁy 7 Hytff’en-f'z'.s‘ Curve -
tion, therefore, 6o

water is taken 40
up or given 34
out by the in- 4, o 1, -
cense — stick -lo—%L—‘\—’-—’
according to 40
the increase or 60

decreascofthe 66 40 50 60 70 40 Soi HRMfdffy

relative humi-

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

/rlj 4 Humidity and Weight.

it bears on the Wt

outbreak of e e
fires,—a mat- E ..

ter to be con- 294 4

sidered later.
Besides

those measure- 20

ments, the in-

cense stick 4

corresponding

to a definite B — 60 0 40 % Hun

relative humi-

dity was weighed throughout a whole year. The results are shown in

table 4 accompanied by a figure (Fig. 4), and it evinces the fact

Wil
rd
L

5 1.204 variation of weight per 10 85 of relative humidity, and 0.129j variation of
length per To 9% of relative humidity. At large, tlie ordinary incense stick changes in all
probability its weight from 0.6 9 to 1.2 per 10 % of relative humidity.
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that, with the increase of humidity, the stick absorbs water logarith-
mically; and the same may be sald about its elongation due to absorp-
tion of water. Therefore, either weight or length can be expressed by
the formula,

gq=a+blog H
where g is water-content, H the relative humidity, and a and b are
constant. '

Table 4 Average Water-Content and the Relative Hﬂmidit'y.

Humidity ‘ Weight Humidity Weight
33-6% 291 mg 52.0% 297‘ mg
360 289 53.0 296
40.0 291 54.0 200
420 290 350 298
47.0 296 55.3 295
48.0 260 560 293
490 269 61.0 : 300
50.0 2566 61.4 300
50.6 296 63.0 ) 300
51.0 20 70,0 301
554 296 770 301

§ 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 cansider-
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 numerous 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 UNIFORMITY OF COMBUSTION OF THE
INCENSE STICK ALONG 1TS LENGTH

First it is of importance to examine whether the incense stick
burns steadily down to the bottom, provided all other conditions re-
main the same. Measuring the diminution of the length of the burning
incense stick, held upright by a small metal clip, its velocity is ascer
tained at e\}ery centimeter interval.

Table 5 Constanecy of the Velocity of Combustion

{Measured at intervals of one centimeter, a wooden clip being used;
the relative humidity being 77.325 the temperature 30°C)
s.03mm/min.  4.60 4.62 4.60 4.50 4.80 4.78 4.62 5.00 4.71 4.15 4.13
414 4.50 460 2.58 4.91 4.90 5.20 442 4.90 4.52
Change of diameter of the incense-stick experimented.
1.335mm 1,315 L3I0 1.309 1.30§ I.3I5 1.311 L.30I I.jo3 L.307
Strictly speaking, the velocity of combustion of the incense stick is
not constant owing chiefly to the non-uniformity of the diameter of the
rod, but the mean velocity with time of burning not less than 40
minutes for 20 ecm length serves our purpose quite well. Of course, the
burning period of a few millimeters from both ends are for the preven-
tion of error, to be substracted from the entire length of time measured.
As 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.
On 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 Chamber

Length of the incense stick = 20.2cm, diameter = 1.38mm, temperature of the air
=11°6 C, relative humidity of air = 9295
Velocity of burning (mm/min) 4.6 5.0 4.8 52 5.0 4.4 5.0 4.6 4.8 4.6
46 4.6 4.6 4.4 4.6 4.4 4.6 4.4 4.6 4.4 4.4
The above table shows a slight fall in the velocity of burning
when it comes to the end.
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§ 8§ VELOCITY OF BURNING IN RELATION TO TITICKNESS

The velocity of burning depends much upon the diameter of 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 the same conditions.

The incense stick usually burns with ashes at the top. To the great
inconvenicnce of the experiment the ashes fall to the ground, piling up to
a certain height which differs according to the thickness of the stick,

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

Table 7 Thickness and Time of Burning (ashes shaken off)

2r = Density, t = Time of Baming, & density

2r & t (sec/em) t/r 1/,"% l,f,-i
7-32 0.73 3234 44.2 119 725
5.27 0.70 248.3 47-1 108 71.4
4-15 ~0.70 190.0 45-1 93 64.85
3.67 0.69 102.3 52.5 101 72-9
2.76 0.73 137.0 56.8 95 735
2.02 0.65 1169 57.8 8z 68.9

Table 8 Thickness and Time of Barning (ashes left)

zr & t 1y 1,3 tf.d
y.22 .70 301.8 41.5 112 68.5
6.52 .66 260.5 C 413 106 66.2
3.59 0.73 205.8 52.7 104 741
2.56 0.59 171.3 66.9 107 71.5

The figures given in the above tables show that t/r increases
slightly with the decrease of the diameter and the reverse is the case
with '/ 3, so that it may be adequate to express tlmc relation e:ther
by '/, or by the combination of two terms r and rl.

Table ¢ shows, however, that the 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, preferred the latter method to the former, not only
because the latter method can be easily carried out, but because it saves
time in calculation.

§ 9 VELOCITY OF BURNING IN RELATION TO TIE
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 if a great difference in time results from
even a very slight slant.

Table ¢ Velocity of Burning in Relation to the Inclination of the Tncense
Stick (Room Temperature =13°C, Relative Hurnidity:;q,%)

Angle of deviation Time of burning Angle of deviation Time of burning

{from vertical from vertical
0.0° 24505€ec 11.25° 2161sec
22.5 2438 13.50 1955
45.0 2418 15.70 1855
67.5 2349 15.00 1737
90.0 2250

From the table it can be calculated that the time of burning in
the case of the inverted stick is reduced to as little as 33% of that of
the vertical.  And the velocity increases rather suddenly if the inclination
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exceeds 43°, owing most probably to the conspicuous convection current
of the air. At all event, the velocity varies only very little till the stick
inclines to 45°, so that it is not necessary to take great pains to adjust
the stick to the exact vertical position.

§ 1o TIIE TIME OF BURNING IN RELATION TO THE RELATIVE
HUMIDITY AND THE TEMPERATURE

Thus all preparatory works being done, the next step to be taken
is to see 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 in 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 (7% 10.8" % 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 warm, the electrical method is
often used.

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

t =the time of burning of 19cm length of the incense stick.
t'=the time reduced to the diameter | mm thick of the incense stick

Temperature 0°C

Relative humidity (25) Diameter mm t (sec) * (sec)
20 1423 2633 1850
1.404 2602 1853
60 1.45Y% 2658 1824
1.435 2666 1858
1.438 2683 1566
8o
1.418 2044 1857
50 1.407 2729 1939
1.453 2781 1914

Temperature 20°C

Relative humidity (95)  Diameter mm t (sec) t (sec)
20 1.460 2302 1567

1.441 2295 1593

L454 2489 1712

£ 1.468 2618 1763
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[.434 2425 1901
6o
1.489 2833 190z
% 1.414 2546 1801
1.433 2689 1876
3 1.465 2609 1986
2 1.442 2826 1560
Temperature 25°C ‘
Relative humidity (25) Diameter m t (sec) t" (sec)
I.472 22060 1341
20
L41o 2241 1589
1.428 " 2323 1627
40
1.431 2304 1573
6o I.426 2474 1735
1.463 2643 1807
1. 38 3
% 420 2383 1519
1.467 2603 1774
1.410 2663 1889
oo 1.419 2595 1829
Temperature 30°C
Reiative humidity (95) Diameler mm t (sec) t* (sec)
20 14577 2199 1589
1.433 2156 1504
1.419 2216 1562
40 3
1.487 2346 1578
6o 1,407 2292 1629
1.435 2319 1616
%0 1.421 2541 1788
1410 2557 1506
i 1.441 2672 1854
oo 1,423 2612 1836
Temperature 35°C
Relative homidity (95) Diameter mm t (sec) t' (sec)
5 L.439 2211 1536
L.441 2109 1464
46 1.426 2243 1573
L417 2193 1551
o 1-432 2283 5596
1.443 2343 ) 1624
1.432 2349 1710
8o
1.451 2428 1673
1.418 2680 1890
100
L.429 2657 1859
Temperature 40°C
Relative humidity (%) Diameter mm t (sec) ' (sec)
1.446 2133 1475

20 .
1.444 2118 1467
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1.421 2149 1512
2 1.434 2161 1507
P 1.425 2468 1732
1.408 2212 1571
£.433 2583 1803

8o % .
T.411 2509 1778
T 1.423 2651 1863
1.420 2034 1855

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 humidity it is guite the reverse.

To gain a concise numerical conception we take two examples from
table 12. Under the same relative humidity 6094 but with temperature-
change from O°C to 25°C, the time of burning decreases from 1840 sec
to 1620 sec, 1,e. 139 decrease. Under the same temperature 20°C, but
with humidity-change from 209 to 809, the time of burning increases
from 1580 sec to 1830 sec, i.e. 15% Iincrease.

An air temperature of O°-25°C and relative humidity of 2o0%—
8095 can be regarded in Japan as within the ordinary range of variation
of both elements. In consequence, their influence on the combustibility

Ft:g. | .'7.

Ttime (sec) time (sec)
200
7900 7900
7800 7§00
7700 1700
7600 fGoo
7500 1500
] .20%'
7400 1 i L 3 L. 1400 L 1 1 1 1
L0 40 60 8o fuo% 20 25 30 35 40

Htsmidﬂ:‘y Twatw
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of the incense. stick throughout a year may roughly be said to be of the
same order of 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 burns more intensely in winter can not be accepted as quite
accurate, taking for granted that the present results are applicable to all
cases of burning. :

§ 11 EFFECT OF WIND ON BURNING

The examination of the interrelation of the velocity of burning with
that of wind is made partially for the purpose of bringing into experi-
mental evidence 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 Iwholi]y solved, because the conditions are far from what actually
takes place.

To get the air current we employed a wind channel made of carton
paper ; having a length of 130 cm length and diameter of 30 cm. The
current is maintained by an electric fan placed at the end of the channel,
and is rectified, though impetfectly, by the metal mesh inserted before
the fan. . _ : -

The velocity of the air current was measured with a small 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 smoked drum, revolving once in fifty minutes with a pen
attached. to the arm of the stand. Such a device was successful in
mdintaining uniform conditions around the incense stick.

From the record the chiange of the burning velocity can be calcula-
ted, as shown in the following table, together with the corresponding
air velocity. o ' :

‘  Table il ' Wind Velocity aﬁd Burning Velocity
1 N

. 1T ‘ "
Wind Velocity Burning Velocity Wind Velocity  Buraing Velocity
{mfmin) {m/min} (m/min) {m/min})
i .0 Y ¥ &3 o o 5.30

. () 6.00 1z 5.48
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22 6.08 22 6.30
26 6.03 30 52
38 624 - 4z 5-40
47 6.32 48 5.96
56 6.16 58 5.60
72 6.52 13 6.06
98 6.70 04 6.06
112 6.60 116 6.12
144 6.48 152 £.00
172 6.16 174 6.50
182 6.32 182 6.88

Extinguished 214 6.32

ﬁﬂ 5) Wind-velod i?y and Burnznj’] '{.Ezcoizy

111 Bu rnfnmq reloct ?‘y

o] 4.70 ‘ A

[} 5.10 nLEe
Iz 5-60 g

iq 5.8 GO0 - = |

*

22 5.52. alol 7 7 @”7 | >
30 5-5 5 —~ = .
4z 600 4y 9 ,/ U

5z 5.10 & / I = | e N
64 5.74 ooof A N A . - AN
76 5.76 jJZdE x N\

59 6.1 80|/

127 6.24 / X 4 = B

164 6.08 20— = A
152 576 og| *

218 5.56

Extinguished ¢,

o0

L) 0 60 g0 00 Ji0 M0 Jor 740 200 20 Vs

Wand w/arrgr

The air current has evidently great influence upon the burning.
For instance, the burning velocity §.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
‘riscs up to 220 m/min, when suddenly the fire on the inccnsc stick
goes out.*

4 The burnt 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
179 of the velocity in the still air. This may be considered as the
influence of the wind, as numerically expressed.®

Some interesting facts were 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 blown horizontally by the air current. This downward smoke column
has several horizontal streaks like a comb, and keeps constantly danc-
ing, the schema is shown in Fig.g.

This reminds us of the well-known phenomenon of chimney smoke
coming down along the funnel in the presence of wind. We think that
the phenomenon of such a turbulent motion of air can be studied with

much advantage by this simple appliance. Fie 0.

§ 12. CORRELATION BETWEEN THE BURNING

VELOCITY, NUMIDITY AND TEMPERATURE

The resuits of one year’s measurements of the '
time 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

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 winter approaches.

Not only the gencral 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 nonuniformity 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 seasenal changes
in Japan, in which high temperature correlates with  high relative
humidity. It is hardly possible therefore to determine whether this

i Fig. g shows the wavy character 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 burning is due to the temperature or to the humidity.
Hence we must resort to another method for discerning their ef"ﬂ_ct~fbr
instance, to the calculation of the correlation coefficient.

The following table shows the correlation-coefficient of each pair of
five factors—the time of burning, temperature, humidity, vaporisation and
vapour tension.

Table 12 Correlation-Coefficient between

+ 0.21 + 0.0 " Time of burning and humidit
5 Y y
— o.56 + 0.0 Time of burning and temperature
— 048 = 004 Time of burning and vaporisation
—0.39 + 0.0 Time of burning and vapour-tension
39 |4 P

Though the coefficient for the relative humidity is smaller than
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.®

There is another method of calculating the correlation cocfficient,
called the variate difference methad of K. Pearson, where the differences
“of the successive values are employed instead of the departures from the
mean, the advantage of which is to get a more correct idea of the cor-
relation of the rapidly altering change of two series.’

Table 13 Correlation-Coeflficient Between Time of Burnig and

4+ 0.34 = 0.04 Relative humidity
— .13 & oo5 Air temperature
-+ 030 =005 Absolute humidity

The above two methods find agreement in the fact that the corre-
lation coefficients due to humidity are both positive and those due to
temperature are both negative, but differ in that the humidity corrcla-
tion in the second method is higher than in the frst, whilst the reverse
is the case with the temperature correlation.

This is one of the strong supports for the statement that daily
variation of burning time is due mostly to the influence of humidity,
while its scasonal change is due mainly to the temperature.

6  According to the experiment which is now going on, their coefficients arc greater
than those, i.c. the former is + 0.47 while the latter — 043. the material used is little
different.

7 A more thorough discussion of the sobject will Le attempted later.
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The vaporisation coefficient is somewhat high, not because it plays
an important part in the combustibility, 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 ; 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 only 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 absclute 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.

The correlation coefficients in question worked out show that the
coefficient of absolute humidity is negative in sign"and thus it favours
the latter explanation. It must, however, be borne in mind that there
is a conspicuous high correlation between the absolute humidity and the
temperature (amounting to-+0.83+0.02) and that the best method for
excluding the influence of temperature is to calculate the partial corre-
Jation coefficient of both. ‘ ’

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

Table 14
Factors Mean value Standard deviations
1 ‘Temperature 18.0°C 5.329°C
2z Relative humidity 59.125 13.160%
3 Vapour tension 10.56 mm 5.460 mm
4 Time of burning 1528.3 sec 99395 see
Correlation coefficient :
- 056 * 004 between temperature and time
+ 0.83 =% o0z between temperature and vapour tension
— 0.45 * 004 between vapour tension and relative hnmidity
+ 0.21 % 0.05 between relative humidity and time
—olo ooy between temperature and relative humidity

Partial correlation coefficient :
rgp,= -+ 0.19 = 0.05

rgy = + 0.03 = 0.05
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However small the former may'be, it surpasscs_ the latter in
magnitude. Theoretically it may be conceived that such a partial
correlation coefficient of time burning with relative humidity and with
absolute humidity may be of the same order of magnitude, because
both kinds of humidity change, under the same temperature, exactly
in the same way. Were it really so, it would not matter at all, be-
cause it is better to dispense with such a correlation coefficient and to
prefer the correlation between the time of burning and the weight
change of the incense stick. This must he somewhat greater than that,
first because there is a remarkably high correlation between the weight
change of the stick and the relative humidity (amounting to 4 0.08),
secondly because the water content of the stick diminishes slightly
with the rise of temperature, even under the same relatlve humidity,
and thirdly because it burns fast, in the hot season.

Therefore, the investigation along this line arrives at the same
conclusion as in the total correlation. '

§ 13 MATIIEMATICAL EXPRESSION OF THE BURNING
VELOCITY OF THE INCENSE 5TICK

There remains the great difficulty of finding the accurate mathemat-
ical formula of the velocity of burning of a rod such as the incense
stick.

For 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 meost desirable.

Suppose an infinitely long and thin rod burns steadily lengthwise,
so that the red hot part having a breadth h advances forward with a
constant velocity v. Then the incandescent part in contact with the
surrounding air has a surface of.

(zzrh 4 mr?)

Further denoting by q the amount of the oxygen expended to
combine with the combustible part of the rod per unit time at the unit
surface, we get '

(2zr h + 7r®) q dt
as the total oxygen consumed in dt. Some fraction of the heat of
combination thus developed and denoted as to its amount by

s {2ar h + =r®) q dt
should be considered as conduc ed through the section. This contributes
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not only to heat the portion mr’v dt immediately adjacent to the incandes-
cent part, but also to vaporize the water within the rod, this being
expressed by
at (cp T+ Qo) v dt
where ¢ 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 o the
amount of water per unit mass of the rod. '
Equating those two terms, we obtain as the burning welocity v
s{(zh + 1) q
rcpT+ Qg

When r is very small, the equation assumes the simpler form,

BEHGE s I
rcp T+ Qo

Assuming 2shq as constant, the velocity of burning is reversely
proportional to the radius of the rod, which agrees pretty well with the
experiment. 7 .

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

Qo
= B R II
t=to (1 + 2 ()
To find the application to our actual case, we make a slight change
of (II) as follows,
o

thr = 22— B e s
/ cpT

where t’ is the time of burning of the incense stick with values )’ and o’.
If t and t’ are measured under the same temperature, then
Q=0Q
and formula (III) becomes
Qa-a)
cpT
Using the formula (IV), tt' 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 differeat
methods, one with Siemens' optical pyrometer, the other with the
copper constantan thermo-junction. We are much obliged to Dr. S,

th =1 4+ =t e N, (IV)
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Watanabe tor measuring T by the former method.  According to him,
one kind of incense stick gave 835°C except very near the bottom
where the lower temperature 760°C was obtained, the other almost the
same temperature 835°C to 340°C; the relative humidity and the room
temperature were respectively 8744 dnd 25°C.

On the other hand, the value obtained with the latter method by
the writer was 570°C much lower than w1th the optical. Every pre-
‘caution regarding the calibtation of temperature as well as the contact
of the wire with the incense stick was taken in this measurement.
The writer adopts, however, 840°C as the most probable temperature,
because even the point-like junction is ipt somewhat to lower the tem-
perature therein, probably due to the conduction of heat.

The specific heat of the incense stick ¢ was obtained by the usual
method usin‘g the water calorimeter, where we could not expect to
obtain results of high accuracy, due chiefly to the absorption of water
in the calorimeter. o

By several repetitions we got as a final value, 0.24 (specific heat
at 100°C), possibly a little lower than the true one, by reason of the
heat of adhesion evolved when immersed in the calorimeter.

() 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 cal/g (heat of vaporisation of water)
Taking an example from p. 4
0.085 g/c.c
of the incense stick, as the water deficit by relative humidity 40094 from
when by 8445, we get.
‘ t/t’ = 1—o0,077

At the same time, t/t’ can be calculated directly from the observa-
tions, which leads to the vetification 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 within a closed vessel, time t and
t' correspondmﬁ to the humidity 409 and 8494 at 25°C are found to be
1600 sec. and 1710 sec. (reduced to I mm r'zd:us) respectwely Thereiore,

1600
tit = = 1-0,00
/ 1710 4
The agreement between the values observed and calculated is quite

satisfactory, in spite of many assumptions as to the constants as well 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 guantity is a main factor controlling the velocity of burning.®

§ 14 COMBUSTION OF MAGNESIUM RIBEON IN THE AIR

The above conclusion leads naturally to the suspicion that a burning
rod made of material quite il'u-flifferer_lt to the varfation of the relative
humidity may behave quite otherwise than the one above experimented
with. Any metal may, for example, serve this purpose.

We made, therefore, in a large glass chamber of 3o0x70x 100 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 dimen-
sion commaonly obtainable at a chemical shop, with a width of 2.68 mm.
thickness 0.12 mm. and weight 2.49 g. The main results are briefly
shown in the following table.

Table 15 Combustion of Magnesium in an Air Chamber

'l'c:mpcrﬂ.ture . Hl-m‘.idit).' % Time (sec.}
180 — 17.8 40— 49 350
18  anT AT a7 2aA
CFRRED T e SE] g Tt
18.0 — 20.5 - 55— 50 204
18.3 — 206 o — 64 260
18.2 — 20.9 70 — 67 268
18.0 — 21.2 6 — 08 260
18.2 ~— 21.2 94 — G3 Z73
'1‘emperuturé {means} Il‘ﬁmidity (rﬁcans) Time fme:ms) 5€C
26.2°C ' 81.2 9% 318.3
16.5°C 82,0 % 322.3

We have not rewnttcn the details of the time of burning with res-
pect to temperature- change, because the manner of variation of burning
time is almost the same as that of the incense stick.

Spemal care was taken in this experiment to burn the metal band
always under the same conditions. When the magnesium ribbon is driven
upward passing through two slits, it is pressed between two oppositely
rotating pulleys. I’LVCIY effort was made to kccp the helght of the ﬂame

3 The influence arising dlrecﬂy from the moisture in the air is insignificantly "small;

see ihe section of (he 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 disagreable consequences and made
exact measurement almost impossible, Hence, only the qualitative argu-
ment in regard te this result can be applicable.

The fact revealed in the experiment is this, The effect of tempera-
ture on the time of burning is the same as before, and that of humidity
gives rise to quite contrary consequences; the velocity of burning in-
creases with the humidity. It can not be decided at present whether it
has to do with the relative or the absolute humidity, because under the
same temperature, we cannot vary the one, without causing correspond-
ing change in the other.

This unexpected result seemed at first incredible, and so the same
experiment was repeated polishing 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.®

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 into oxygen and hydro-
gen, as in high temperature as when magnesium burns in air, i.e.

2 H,0=2 H, + 0O,

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 result quite contrary to our cx-
pectations we carried out another one by using different material. We
let stearin candles burn, varying the degree of humidity and measured
the burning time.

Table 16 DBurning time of stearin candles
(diameter, 4.7 mm, length, 5.8 %; 6.0 cm)

Weight Termperature Relative humidity Time/weight
936 mg " 17.0 — 17.2°C S0 — 88 9% 974 sec/g
1] ¢ 17.0 — I7.2 70 — &8 1440
930 ‘170 — 17X 8o — go 1120
930 7.0 — 17.8 46 — 50 945
934 17.0 - 17.4 46 — 49 g1

9 No charge in the weight of the magnesinm-ribbon, whether polished or not, could
Le detected, while wood, paper and the like simultaneously observed showed conspicuous

variation.
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As an average

relative humidity time/wt
53% 1173 sec/g
458 9% 918 sec/g

Hence the increase of relative humidity by 1094 increases the time
of burning by 0.74%. ; o

We have also tried with vegetable oil to affirm above result, the
apparatus being, in this case, the self recording. The consequence is
not so accurate, as to be able to express it in numbers, yet it has
seemingly to slacken its burning velocity as the humidity is lowered.

The retarding effect of humidity upon the burning of candles should
be explained in other way than that upon incense stick, because the

Fig. 10
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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.

§ I3 VARIATION OF WATER-CONTENT OF MATERIALS
. OF HOUSE-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 temperaturc and relative
humidity.
Table 17 Variation of water-content of various materials. {in gram)

Date Temp. Flumid. Sat. def. Japan, Japan. Fool's Rice Woolen Lint Tncense

Cypr. cedar cap paper  cloth stick

I 261°C 69.0% g.oomm 5.090g  5.307 6052 5370 33960 S0 s
z 251 8z.6 5.05 6.033 5307 600z 5450 3421 3239 0960
3 252 83.0 487 6.046 5.358  6.I16 5472 3429 3247 0962
4 263 74.9 7.58 5.998 £.316  6.066 5380 3404 3216 0950
5 zZ7.0 86.9 4.12 6.059 5.373 6.140 5.8I7 3436 3203 0.063
6 250 82.9 592 6.033 5.348 6100 5459 3425 3246 0.962
7 251 70.7 8.46 5.973 529z 6.032 5342 3.388 3195 0953
8 222 755 687 597§ 5299 5089 5350 3389 3197 0953
9 238 66.8 8.35 5955 5.275  £.o18  5.325 3379 3184  o0.951
Io 220 732 6.17 5.984 5.303 5148 5366 3395 3201 00953
11 222 60.4 .02 5.Q31 5.254  5.996 5.2gz  3.368 3172 0068

Iz 10.3 574 8.02 5-922 5244 5083 5278 3.362  3.165  0.047
I3 199 52.5 9.11 5.878 5,202  5.947 5.232 3.342 3142 0.943
14 19.1 61.5 717 5.950 5.271  6.oo8 5310 3377 3978 o0.052
I; 101 79 1 4.13 6.010 5328 6079 5.427 3410 3225  0.958
16 215 v8.3 4.88 6.009 5329  6.084 5425 3410 3220 ©.958

Length Iocm 1ocm 12 48 ~oom Io.bcm focm
Breadth 5.1 5.1 sheets sheets  jem x58 long
Thickness  0.23 0.25 8pieces

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 weight and defi-
clency of saturation was calculated for each material and is reproduced
below.
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Table 18 Correlation coefficients Letween weight, relative
humidity and saturation deficiency

. Cor. coef. of weight Cor. coef, of weiglt
Materials . e . .

with relat. humidity with satur, deficien.

Japanese cypr- 0984 £ o0.00§ — 0802 + oobo
Japanese cedar - 0.984 * 0.00% — 0.808 + o0.058
Fools cap 0.088 + o0.004 —0.822 & 0048
Rice paper 0584 £ oo — 0.845 £ o056
Woolen cloth 9938 4 0.004 — a8l5 = 0.034
Lint 0977 £ o.005 — 0.823 4 0055
Incense stick 0.g976 + o.oo8 — 0858 4 0046

Thus the water content has, for all the materials, nearly the same
high correlation with relative humidity and it is greater than with satura-
tion deficiency. The average amount of the weight cha.hgc for each
material is more clearly brought out in the following table,

Table 19 Change of weight of various materials in percentage.
Jap- cyp. Jap. ced. F. c Rice f)np. Waal. clot. Lint  Tncense st.
% o1 0.74 077 1.28 o.70 a.8g Q.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 water
between the surrounding air and the material. The rice paper' is the
only exception ; 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. Jap. Jap. Facl Rice Wool Incense 1 Incense 1
humid. temp. diff. Y ced. cap. paper  cloth stick stick
83.09% i

~ 26.8°C  2.8°C 0124 0127 0066 ©I29 0037 0016 0040

82.09;

707 %6

~ 23.9°C  34°C o020 0066 0068 .0080 oIz .cO17  .0CO§

70.39%

10 This value is half of that previocusly obtained. Mention should however be made of
the fact that in this case the measurement was made under ever changing humidity, while
in the other the humidity was constant.

it The sheets of Japanese rice paper are thin, light and very fibrous and translucent,
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The above data are too scanty to allow a claim to much value
therein. The general trend is, nevertheless, that in spite of the same
humidity the water decreases with arise of temperature.

§ 17 GENERAL REMARKS ON COMBUSTION

Generally speé.king, such materials as wood, paper, wool and so on
are all of fibrous structure, though differing in other properties, and take
in or 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 almost 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 this, one from fire statistics in
Japan and another from London.

Table 21 Annual frequency of fire-outhreak per day in Japan
(excluding her colonies) 1889-1918.%

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
507.7 606.5 5537 537.8 500.0 3757 2022 3308 280.0 204.4 390.0 5254

Remark: The cold months December to May have a remarkably large number of
fires, while in the warm months June to November they are very few.
The numbers rise and fall with considerable regularity, and there are
two showing a maximom (February and August) and two showing a
minimum (July and September).

Table zz Annual frequency of fires per day in London 191z-1g21.1%
' Jan. Feb. Mar. Apr. May June July Aung. Sept. Oect. Nov. Dec.
13.80 1326 1236 IL31 1094 I1L67 9.19 857 Gl4 1018 13.31 13.00

Remark: The cold season November to March is visited more frequently by fires
than the warm season, April to October.

12 These values are taken from the Japanese year-book of statistics 1921 compiled by
‘the Board of the Census. _ )

13 This is taken from Daily Report of Fires in the County of London Fire Brigade
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 be
treated of in the subsequent sections.

In advance it should be stated however that the occurence of fires
_1s not a function solely of temperature in conjunction with human
negligence, but of other meteorologlcal conditions.  This indicates
clearly, that the rise and fall of the frequency 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 correlation coefficient between the outbreak of fires
and meteorological conditions

correlaticn coef. het.  probable error
3 fire ontbreak and
1t Relative humidity — 0.80 0.03
2z Specific humidity — 056 0.04
3 Least relative humidity —o0.72 0.04
4 Vapour tension —0.72 | 0.04
5 Absolute humidity ~ oJI ' _0.0§
6 ‘Temperature — o0 0.04
7 Precipitation — 0.54 0.06
8 Vaporisation — 0.45 0.07
9 Atmospheric pressure + 0.32 ' 0.07
10 Sunshine hours + 0.28 .07
11 Mean wind velacity + 0.23 0.08
1z Maximum wind velocity - O.I1 o.08
13 Stormy hours + 011 0.09

From the above table it should be admitted that the role played
by temperature is rather subordinate, and that the other elements,
especially moisture are prominent factors with respect to fire occurrence.

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

The best weapon with which to attack such a problem is doubtless
the coefficient of correlation. But there are several kinds of correlation
coefficient to work with. What is constantly used howevc:{ in our
calculations is the ordinary one i.e. the coefficient of correlation
between the departures from the mean value. Another often employed
is called the method of variate dlfference,—-correlatlon between the suc-
cessive differences.

Since its appearance, this method has been advocated by several
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statisticians and meteorologists, and it will still 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 subsequent events A undergoes a change with
two sets of events B and C which differ both in origin and period
(if the change is oscillatory), the method of variate-difference is
markedly advantageous, especially if the object is to seek the correla-
tion between A and B of a considerably shorter period, whilst if the
reverse is the case, the usual method is preferable.® 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 respectively.

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 small fluctuation.

First expressing two sets of events with Fourier's series, each
departure is reckoned from the corresponding value calculated from the
above series, instead of using, as usual, the mean value. This method
is found effective when employed in the study of fires in London, and
we belicve 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 was 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 official returns, for which we express our best thanks.

§ 19 TOKYO.S

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

1 See an appendix at the end of this section.
15 Its population and the number of families respectively are 2,173,201 and 456,820

{1920)
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with the outbreaks of fire, the specific humidity less highly and the
other meteorological elements -still less, in the order of the numbeérs in
the table. All of them are negatively correlited except the pressure,
sunshine, wind and stormy hours.

(1) Humidity and temperature. The 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 atmosplere, 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, however, as closely
correlated in actuality as its correlation coefficient indicates, because in
Japan it is Véry dry in the winter and moist in the summer; thus for
example the coming of the seasonal dryness enhances the hazard of fire
not only from itsclf, but from the lowering of tecmperature (particulary
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 seascnal change.

Fortunately, however, to get the corrélation coefficlent 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
corrclation, 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 partial correlation
coefficients 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 tem :crature. Or going a step further we
may say that the latter coefficient might be positive, for its probable

16 See-FL 3.



32 Seitare Suzuki

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 conflagrations.

Table 24. Statistics ot fires for Tokyo. (daily)
A: all causses included; B: _}1e5ling sources excluded.

1917, Jan. Feb, Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
No. of occ. of A 0.97 146 o©54 083 068 063 058 065 €20 097 .87 L33
No. of oce. of B 039 0.6I 035 047 @55 040 .36 ©32 013 oOI o060 o065
relative bumidity 58.5 56.3 655 686 730 822 y3o 705 866 823 603 oI
temperature 23 45 64 127 158 106 257 250 =220 168 BI1 40

1918 :
No. of oce. of A L3E 0.67 0.00 €70 0.52 037 065 061 ofo 052 or7 LYY
No, of occ. of B 0.68 o.25 055 0.37 042 023 029 048 050 026 050 0.65
relative humidity §54.0 61.6 651 727 761 83.9 81,9 %7o.5 8oy 830 748 7L
temperatare 6 36 67 11y 165 201 260 20,1 22,6 16,0 104 3.9

The correlation coefficient between humnidity and the fire in case

B = — 048 + 0.11
The correlation coefficient between temperature and fires in case
B = —o41 + ors

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 well coinciding with the values of six years’ statistics.

The first two correlation coefficients, detived 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 partlal correlation coefficient of those two
factors. -

The fact that the correlatxon coefficient between the fire and tem-
perature diminishes in magnitude far less than might have been expected
is not very surpsising, because temperature and humidity are very
clo‘se]y 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,

betwéen 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 between the annual changes
of fire and of humidity, where that due to the monthly change is
though imperfectly, removed.

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

Monthly change of

coefficient of correlation. F;.'ﬂ' 7. .
Those correlation coeffici- -4 .
ents vary from month to sk ; ;"/
month. A cursory glance , S

at the diagram of regres- -2 L

sion lines (Fig. 11) con- //

vinces us of the fact that A""/V
|

their correlation is perfect . -
g =i
during the period when -4 5 * e
& P s / Relatioe Hamadily
e 4
>

both the humidity and
the temperature are high.

b2
T

These facts are recognis- o
ed not only in Tokyo _(” 3l
but everywhere with the N
exception of a wvery few b 1

. Fores broken
cases, as is shown later out

and fully discussed.

In this connection it would 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 May. 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) ILEvaporation, vapour tension, and specific humidity. The study
of forest fires in California is 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 correlation with evaporation is not so great
as that with relative humidity. The same relation can be enunciated
in the case of vapour-tension, and so it is with either monthly mean
value of absolute- or specific humidity. These correlation coefficients
are of the same order and never exceed that of relative humidity.
This fact reveals at length the true nature of the underlying interrela-
tion betwecn fire and moisture.”

(IV) DPrecipitation. The correlation coefficient between fire and
the monthly amount of precipitation is — 0.54. Judging by the diagram
of regression lines, they correlate well when the two elements are
small in magnitude. TIts effect on firc is possibly two-fold.

The damping action of precipitation on fire seems seldom to come
directly from rain, because the statistics of daily outhreaks of fire in
Osaka reveal the fact that there are many rainy days in which fires
very often occur {the correlation between rain and relative humidity is
not so great as one would expcct) so that its high corrclation 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 he atiributed, as the correlation coefficient between fire and
humidity is larger than that between the fire and precipitation, and all
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 weather-elements. Deno-
ting the frequency of fire-occurrence, relative humidity, temperaturc
and the amount of precipitation by the numbers 1, 2, 3 and 4 and using
the following total correlation-coefficients, we get,

Talle 25 Multiple correlation,

r, = — 0.80 r; = — 0.70 g = — 0.54 3 = + 0.87

rgs = + 0.44 r4 = + 065

Tz = — 0.54 Ips= — 0.70 rpa= — 0.61 Tpa= + 0.84
+ 0.06 + 0.04 + 0.05 + 0.03

7 sec § 28,
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rpe = — 001 Iy = — 0.04 Iz = — 036 rys; = + 0.60
+ 0.08 + 0.08 + 0.07 + 0,05
Iyy = + 0.72 Ty = + 043 Fyq = + 010 1Ty, = — 0.33
+ 0.04 + 0.07 + 0.08 + 0.07
Tia = — 0.44 T~ — 0.05 np= — 0.03 Iype= — 034
+ 0.07 + 0.06 + 0.08 + 0.07
Ty = + 0.76
+ 0.04

Relatively considered, either rye or rpe is numerically far less
than ryg (partial correlation-coefficient between fire and relative humidity,
both temperature and precipitation being constant) though naturally
much smaller than the total correlation-coefficient.

Further making use of the following mean value, standard deviation
of all orders with mean errors, are

M=1.18 M,=74.27% M;=14.08°C M,=4.68mm/day
6, =0.521 ¢,=8.2209 a;=7.982°C a,=2.901
01054=0.312 0y, =2.012  0y;5=3.707 O 18=2.074

All the four regression-equations of the third order can be readily
obtained, but at present we confine ourselves to the equation giving
the number of daily fire-occurrences X, in terms of three other varia-
bles, namely relative humidity X,9, atmospheric temperature X;°C and
daily amount of precipitation X,mm.

X, = 4.7231 — 0.04674 X, — 0.00252 X; — 0.00775 X,

The results of calculation from this equation compared with ob-
served facts are not so satisfactory.

(VI) Wind and atmospheric pressure. They both correlate posi-
tively with occurrence of fire as shown above, though considerably low
in value. The correlation with wind is however found in a higher degree
in other places than in Tokyo. To this subject we shall return later.

(VII) The 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 montl, but not always
in the same manner.

We will now turn attention to this subject and consider, for con-
venience, the ratio of the latter to the former-—burnt area per one
occurrence of fire-outbreak. This quantity “a” is very useful for
obtaining the numerical expression of the rate of spreading of a fire,
or for the inflammaktle state of the building material. This is quite
analogous to the combustibility or burnability 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, otherwise 1/a, or something like it, seems rather
preferable to a, because in the majority of cases, it spreads out in all
directions. The result of calculation however indicates no great differ-
ence between them. So the following set of correlation coefficients
was calculated, taking a as the moment for determining the fire-
spreadings. ‘

Talle 26 Correlation coefficients between a and the meteorological elements.

Correlation coeflicients betwceen a and

Daily mean amount of precipitation — ©.21 * 0.076
Monthly mininum homidity — 0.20 % 0.076
Monthly mean relative humidity — 0.19 4+ 0.07%
Monthly mean temperature — 0.13 & 0.078
Monthly mean wind velocity — 0.03 4 0.07Y
Monthly mean evaporation — 0.03 = 0.079

The r6le of the precipitation is in this case preponderate, whilst
on the other hand the mean relative humidity now loses much of its
significance.

Wind influence on the spreading of fire is surprisingly small, quite
contrary to our expectation. The comparatively great checking effect
of precipitation on fire-spreading does not lie, presumably in the ex-
tinguishing action of rain, but negatively in action of the drought which
reduces the water-supply of the fire-pump to a considerable extent, and
so on. The somewhat high correlation between fire-spreading and
reiative 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 formula

I
_N; ,2 (Xﬂ - Xs+1) (Ys - Ys+1)
£ ,/ 2 (Xs — X :)2 /fj‘\"m(Ys — st)
N 4 N

where x;, Yyeseerananeans wesiieiXs Viewaeiewe R are the measurements
of quantities at successive intervals.
Now suppose that x and y consist of two parts respectively, that is
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X, =a + G, Xo = 2, + Ogeeeennnsn seaeeaXy = 8y + Gyevicncnnnes
vi=Db 4+ B yo=Dy + Fperecrreininnn Yo = byt Beeiiennnn
then

I
N 2 (a's — By — %+ as+1) (by—byy — |'9|+ﬂs+1)

‘/_.E-(an — A5 '_ &, + as+1)2 ,/E_(b_s ;_bn-il — ﬁs + ﬁs-ﬂ)’
V N N

r=

“N‘{E (as - s*]) {bn - bs:—l) + 2 (as - aan) (ﬁu - Ba-r-i)

"“{E (Ra—a3,.0)" + D@, — 2, +2 3 (2, —2,,y) (& —am)}

+ 2= 2 (B = B) + Db, = bu) (4 = a0) |

/
Y 2 0 b 4 S — ¥ + 22 (0 — buer) (B — B

Assuming firstly that both a and b fluctuate rapidly about their mean
value while « and F go up and down very slowly, and secondly that
a and b as well as @« and § correlate so strongly that the first and the
second terms in the numerator remain finite and the last two terms in
the numerator and the last one in the denominator can be considered
as very small, for not only either (u, — g.,,) or (3, —f.;1) is small in
magnitude and varies slowly from term to term, but also usually con-
secutive terms (a,—a,,,), (b,—b,,:), are used to differ in sign, Conse-
quently,

o] D= a) Be—bi) + S — @) B —hu) |
y —N--{'Elias—am>2+2(a=—am>ﬂ Y 2| S —bu. o+ 26— )

r =

Usually the first term is larger than the second in both the numer-
ator and the denominator, so that

2 (3. _ H) (b sbl)

R )/N ==
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Where 22— %1 and By = By 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 transformed in the same way as
above,

N @+ @) (b + B

Y Serar) L Soray

T{r{gas b, + 3la 3 + e b, + 8, a,}

/il & Do)

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

I
{Sab + Seb)

r= ;=
1 ” 1 ae
/? (Zang + Ea};) / 'Ni' (Eb: + Zf‘?s')
As the last term is, in this case, larger than the first,

'I;‘— Eau ﬁs

r =
P T

Thus, r becomes the correlation coefficient between « and 3.

It must be borne in mind however that the above two results are
only applicable when '

(1) a and b are short periodic and highly correlated, and their
amplitude is not great.

(2) « and 2 are long periodic and highly correlated, and their
amplitude is large.

Thesc 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, « and 2 to the annual change.
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8§ 20 FORECASTING THE OUTBREAK 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 present, for such a purpose, a regressicn-equation for telling
the number of fire occurrences of the following month X, is obtained
by knowing the mean value of relative humidity X, as well as tempe-
rature X, of the previous month.

Denoting by 1, 2 and 3 the daily mean value of outhreaks of fire
in the month under question, the monthly mean value of humidity and
of temperature, the following statistical constants are discernible.

Table =7
Mean value Standard deviation Correlation-coeff,
i 1.152 a.6955 rig — 9.40:10.06
z 74.50 % 7.1cy ryz; — 0.56 + 0.06
3 14.03°C 7.084 r;; -+ 087 & c.o2
Tps — Q.01 Tgs — Q.31 Ty, -+ 0.82

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

The regression equation is,
X, = 1.284 — 0.060981 X, — o04171 X5 )
The accordance between the values calculated and observed is not
good, so that this equation is not expected to be of great assistance in
forecasting fires.

§ 21 ITUKUOKA®

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 yeats, 1912 to 1925, and secondly the monthly amount of
the consumption of coal gas in this town is aft our disposal.

This prefecture is somewhat wide in area, but all the meteorological
elements in this calculation are 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 p;;uia{i011 and the number of houses (1920} are respectively 1,840,938 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.

Table 28
Correlation ¢oefficient
between outbreak of fire and
Relative humidity T — o062 4+ 003
Absolute homidity — 0.56 =+ 0.03
Air temperature — 055 o004
Precipitation — 0.33 == 0.05
Maximum wind velocity — 0.09 & 0.05
Mean wind velocity + 018 4 0.05

By using the method of variate difference,
Correlation coefficient
Letween outbreak and

Relative humidity — 036 =+ o.0%
Air temperature — 029 4+ 005
Consumption of coal-gas 0.2 o0

Tn either case, the correlation coefficient in relation to humidity stands
high. The low correlation between gas consumption and fire again males
untenable the view that the frequent cccurrence of fires during the winter
is due solely to much use of fire; although the amount of gas-supply can
not he 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. ' ‘

Monthly correlation coefficients between fires and the weather ele-
ments. The correlation cocfhicient differs from season to season, as has
already been stated briefly ; the following monthly investigation throws
much light on this matter.

Table 29 The ccrrzlation cosfficients Letween fire and the meteorological
clements (by usual method)

The number of oliservation is 14.

|

Month Relat. hamidity Min. humidity ’l;empera.ture Wind-velocity
Jamaary 4-0.22 4- 0.17 -+ 0.27 o4 0,16 — 0.05 & 0.18 —0.52 £ 013
Felbyruary —oz2b4 o1y — 0.09 =+ 0.18 — o019 £ 0.1 — 0.28 4- 0.17
March — 0.52 4 0.13 — 0.29 4 0.17 — 0.29 £+ Q.IY - a.17 4+ o018
April — 044 - 0.14 — 0.10 + 0.18 —0.27 4+ 0.17 -~ @50 & 013
May — 0,49 £ 0.14 — o.fo 4+ o1z + 000 + c.18 - 0,10 £ .18
Tune — 0,40 4 0.14 — 0.36 & 0.16 — 0.20 4 0.17 — 0,07 & 018

July — 0.53 32 0.13 — 043 2 0.15 — o010 + 018 + 002+ 0.18
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August — 0.34 £ 016 — 0.15 4 0.57 — 022 & 0.17 — 021 + 017
September — 0.61 £ 0.11 — 0.03 £+ 018 — 0.31 & .10 + 0.02 + 0.13
Cetober — 0.45 &4 O.I5 — 0.52 & 0.14 + 0.02 & 0.19 — 056 £ 013
November  — 0.23 o 0.18 — 0.40 £ 0I5 + 007 + 0.1g +0.0I 4 0.19
December — 0.76 + 0.05 — 0.35 &+ Q.15 — 0.86 £ 0.1 +0.17 £ 0.18

Table 30 The correlation coefficients between fire and weather elements
(by the method of variate difference)

Temperature,
Jan,  Felb. Mar. Apr. May June  July Aug. Sept. Oct, Nov. Dec.
+ 014 4 014 — 0.30 — 0.08 + 0.02 +- 0.22 4 0.20 — 0.32 +}- 0.26 + 0.45 — 0.1g — 0.52
+ 0.18 - 0.18 -4 0.17 L 0.10 & 0.1¢ £ 0.18 & 0.18 £ 0.18 k- 0.17 & 0.16 X 0.19 £ 0.09

Humidity,
— 0.0 =m 0.23 — 0.68 = 0.77 — Q.74 — 0.41 — 0.86 + 0.40 — 0.66 — 0.21 — 0.59 — 0.77
4 0.18 L 0.I8 4: 0.10 L 0.08 & 0.08 4: 0.16 :k 0.05 & 0.16 - 0.11 £+ 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
compatatively great during the period from spring to summer (March
to August) and small from autumn to winter (September, October and
November). 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 the
public.™

§ 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 conspicucus among the other.

England differs conspicuously from Japan not only in climate, but

19 In March 1g25, Tokyo was visited Ly a series of fires, and on the 17th of the same
month {14} by a sever conflagration, when the relative bumidity was lowered to 2395,
In March 1926 a host of fires thrice assailed the prefecture of Hukuoka; the first group 10~
1zth, the second 14-17th, the third 24th-261h; this month has, in relative humidity, three
conspicuous minima, ie. on the rith (5825 mean), the 15th (53%mean) and the 26th (489
mean) each of which falls within the corresponding hazard period. On January 17th {4ba.
m) 1622, a lig fire took place at the town of ITukuoka when the relative humidity came down
to 5125 at 22b 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 state for fire-hazard in Tokyo and 509 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 statistics® 1912-1921 in that great town,
July is the warmest month, its mean temperature being 62.1°F (16.7°C)
and January is the coldest, the mean temperature being 40.7°F (4.8°C)
while June is the dryest, having 67.8% as the mean relative humidity and
December the most 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
building 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 rooms in a flat burn simul-
taneously and so on. According to the Reports of the Fire Brigade of
London, January the hazard month has the highest number of fires, its
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20 We have copied this statistical report through the kindness of the librarians in the
British Museum, from « Daily Report of Fires in the County,” London Fire Brigade, as men-
tioned before, also the weather dala from the « Weekly and Monthly Weather Report” 1912
to 1921, Meteorological Office. We are indepted to the officials of both offices for the per-
mission to use these valuable data.

The corresponding weather elements in Tokyo are:

January : 3.1°C August : 25.3°C
February 1 622 both months July and September: 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:

between fires and air temperature — 0.50 + 0.047
between fires and relative humidity + 0.02 4+ 0.063

Thus, there exists ne correlation at all between fire and humidity.

By the method of variate difference, however they increase a little
more, thus fire and humidity ..c.eveeereeennn.. ves 0.17 4 0.061

Such a small correlation is due partly of the incompleteness of the
mathematical treatment, partly 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 Auctuation 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 period of these ten years there are six damp years and four dry

s
lavirull i

years, and all- these years without exception bear tstii‘ﬁ(}j‘l_'y in
the closeness of the relation.

With a view to make it suitable to our purpose, the method of
harmonic analysis already briefly described, is adopted. First, we
express in the simplest form the monthly number of fire-occurrences,
and the monthly mean valucs of temperature as we]l as humidity, as
follows :

o it . t
f,= 11.0667 + 2.3378 cos _2% 4+ 0.5438 sin 2%
o N amt o 27t
y = 76.79 A+ 7.1I €os = 5. sin ——
f,= o 11.20 cszm: 1.02 sinz'—-rt
n= 5244 . 05 —F . T

where _
f, = the daily mean value of fire occurrence in a month.

f, = the monthly mean value of air temperature.
f, = 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)



Month Jan.
fo 1340
. 13.60

12.50
17.30
13.50
12.20
16,20
13.20
11.c0
15.80
12.50
fy 3924
'y 4080
41.50
38.40
4c.60
45.50
35.90
30.10
28.20
41.10
46.00
fn  83.90
f’h 3500

L e
felom anh)

B1.co
B1.c0
84.00
78.co
33.c0
86.00
Bz2.00
85.00

“eh.

3-37
12.20
14.10
11.30
11.30
12.00
10.10
1L.60
13.00
14.50
16.20
40.23
44.10
41.40
44.70
40.70
40.00
35.50
4380
3fmg0
4330
41.60
8o.45
83.c0
74.60
83.00
8z.00
7.0
82.co
81.c0

8rco

&4 00
8o.00

Table 31
Mar. Apr.
12,70 IL61
10,30 13.10
12,00 12.40
1060 1350
13.20 11.10
12.30 1LCO
13.20 1140
12,00 840
11.40 10,30
14.30  10.40
14.30 1L30
4396 49.44
4670 4q.10
45.00 47.20
44.20  50.40
42,20 4660
4c.00  48.40
3850 4280
43.90 45.10
z0.80  ab.co
a6.60  40.30
4650 4830
yboz 7179
79.co0  b5.co
7788 73c0
78.c0 69.cO
77.60 60.00
8z2.00 Go.co
7500  72.00
74.0 30.00
#8.00 54.00
7a.c0  67.00
yqco G900

Each difference
obtained, and then by correlating them we get

Humidity
Temperature
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Tondon
May
10.37
1140
10.60
12.90
12.00
8.20
.90
6,70
11.10
1L.30
15.30
55.16
50.50
55.30
53.€0
54.1T0
5540
37.40
56.co
L
5e.60
55,10
‘68.55
68.co

oo
FL.CC

68.co
67.00
20.00
bt.co
67.00
63.00
66.00
67.c0

fires and weather elemcents,

Jun.
978
8.50

10.40

12.00

11.10
7.50

10.60
0.20

15.20
8.80
3.40

5¢.63

5G.00
6o.co

60.40

60.00

54.80

63.20

57-6a

L0570

60.30

60,20

68.14

72,00

A oon
C7.C0

&8.co
67.c0
73.00
64.00
64.00
61.00
74.00
to.co

Jul
873
1I0.51
7. 10
12.30
9.50
6.7

Aug,
8.77
7.40
0.20
.50
7.50
7.90
6.50
6.00
12.10
.90
1L.80
6c.65
57.79
0I.40
63.40
fi1.80
64.co
61.570
6z.50
63570
57.70
62.80
7313
77.00

o ey
72L0

74.C0
76.co
72.00
75-G0
71.00
O7.c0
7900
66.co

Sept.
044
11.30
c.je
11.20
0.40
.40
7.00
6.40
.50
0-40
11.10
56.62
5370
£8.00
57-70
57-40
56.20
56.3¢
55.90
£7.20
5710
50.80
77-50
¥ 4.00

b N
S 100

FOCO
75.00
78.co
76.00
7500
70.c0
82.00
70.00

"Oct,

10.52

9.00

8.80
s0.60

0.10

7.50

8.%0

7.10
12,100
13.60
14.60
51.46
47.50
5360
52.00
49.00
53-10
40.60
49-40
4530
52:COo
50.20
81.79
82.co
85.00

70.00

83.co

81.co
8o.00
5300
75.c0
87.00
7%.00

Nov.
LYY
12.50
11.50
10.60
13.30
11.co
11.20
10.10
14.30
23.50
14.C0
45.72
43-80
45.00
45.00
36.20
43.90
47.06
42.60
3250
4330
40,30

. 84.()'}

8z.00

Qo nm
S 5.0

81.00
B4.c0
86.00
84.00
&i.00
85.00
8h.co
85.co

between the value calculated and observed is

Table 32

Correlation coefficient between fires and

By usual method
— 0.43 = 60§
+ .33 -+ c.00

By variate difference
— 0.38 4 c.05
-+ 0.0I =+ ¢.00

Dec.
12.8z
11.80
I5.30
12.20
11.20
14.c0O
14.40
10.30
13.50
12.40
14.5C
41.25
45.80
4z.10
42.40
43-9¢
37.00
3620
46.30
42.8¢
41.c0
44.80
B5.44
86.00

Low
GGG

84.00
87.co
Sg.co
81.ca
oo
8o.co
86.00
S1.co

singly

Of course such a method must be applied only after careful exami-
Dut it seems that this is more reasonable than the method of

nation.

the variate difference usually employed.
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The correlation coefficients now obtained show the negative corre-
lation between fires and humidity, and, though a little surprising, the
positive correlation between fires and temperature.

And hence it needs scrupulous reexamination.
computed from month te menth, as follows :(—

They are therefore

Table 33

Cor, coef. bet, Cor, coel, bet. Cor. coel. bet.

Month fire, temper. fire, huridity temper., humidity
Jan, — 0.30 4- 0.19 — 0.50 £ O.EL 4+ 052 4+ 016
Teh, — 041 £ 0.18 — 0.15 3 0.21 4-0.32 4+ 0.19
March — 616 £ o.21 4 oozt o2l - 006 4 0.21
April + 0.1 = ©.I6 —0.65 £ o.12 — 0.65 + 012
May — 0.06 + 0.21 — Q.51 4+ 0.I6 — 0.43 L o1y
June + 0.30 + 0.20 — 0.55 &+ Q.If — 038 + 0.8
July -+ 084 £ 006 — 056 4+ 0.0u — 0,86 L 0.05
Avgust 4-0.31 £ 0.19 — 051 £ 011 — o052 Loio
Sept. + 0.51 4 0.16 — 0.50 £ 0.16 +- 0.03 £ 0.21
Ot 4+ 0.27 4+ 0.20 — 016 2+ 0.21 + 002 4 0.2)
Nov, — 0.29 2 0.20 + 03.3 £ 0.19 +0.11 £ 0.21
Tec. — 0.54 =& €.15 — 0.50 + o.16 4+ 0.04 + 0.21

Although the mean error is so great that it sometimes makes the
correlation obscure, two facts are guite clear, namely, the correlation of
fires with humidity is distinctly negative, and with temperature positive
particularly in summer.  Such a correlation during the hot months is

found also not seldom in Japan.

Table 34. Correlation coefficienits with temperature during the hot month.

Prefecture July August Throughout the year
Osaka + 0.6%7 4+ o.15 + 0.28 & o.25 — 0.41 1 005
Yamaguti + 0.50 + 0.19 + 0.44 - 0.22 - 0.59 4 0.04
Nagasaki 4-0.63 £ 0.14 + 0.03 4 024 -- 0.63 4: o.04
Fhime — 0.55 5 0.1y 4+ 0.14 £ 0.26 - .65 & 0.04
Aomori + 0.03 -+ 0.34 + 0.25 &+ 0.32 ~ 0.43 4 0.07
Tukui -+ 0.07 & 0.27 —0.05 4 0.16 — Q.22+ 0.06
Sailama F .22 £+ 020 + 043 + 022 — ©.70 4 0.0z
Aiti - 0.25 & 0.25 4- 0.22 + 0206 — Q7L 4: 0.03
Yamanasi + 0.14 =+ 0.26 + 0.36 + o.é3 — 0.68 4 .03
Hukusima — 0.10 £ 0.34 - 0.34 -1 0.3Q — 0.£0 % 0.04
Kagawa + ob1 4+ o1y — o008 £+ 6.27 — .62 4- 0.04
Saga 4+ 0.17 -+ 0.26 4+ 0.02 4 0.17 —- 052 + 0.04
Akita — 0.0 4 0.27 + o0z £+ o2y — 0.40 £ 0.05
Miyazaki + 0.59 + 0.23 + 0.55 =+ 0.19 — .43 + 005
Nara — 0.43 % o.22 —0.57 + 018 — 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 England,
quite different though it is in every respect from Japan.

§ 23 OSAKAX

The statistical investigation of fires hitherto dealt with is concerned
entircly 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 weather factor with the daily number of fives should be ap-
proved as better suited to the purpose.

However daily statistics toget-hcr with the corresponding weather
conditions were not casily obtainable, except that of the city of Osaka,
so that we shall be content to confine curselves to a sfu:iy of one par-
ticular locality, namely Osaka, the sccond greatest city in Japan.

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

several correlation coefficients referring to the weather conditions.

Table 35 Statistics of fires in Osaka

1917. Jan. Yel. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec
A. Firc-oce, per day 000 1.21 074 0.97 ©.74 0.57 0.577 0.6I o.20 020 073 L.38
B. Fireoce. per day o.57 0.93 @71 097 074 0.57 0.77 0.6I 0.20 0.23 053 1.00

Temperatare 3z 43 7.0 128 16,5 2.1 274 266 24.3 18z 46 g2
Hamidity 650 668 70.7 60.9 jo.7 774 767 747 Bo5 70.0 725 636
1918.

A, Tire-occ. per day I.zz 1.18 0.97 080 oJI 053 0.6I 0.97 0.63 0.74 093 I.1I6
B. Firc-occ. per day 1.00 Lo4 @81 057 071 0.53 0.6 0.97 0.63 074 007 1.00
Te:nperature 28 41 7.3 132 InI 212 209 26.0 230 176 113 6.4
Humidity 64.6 70.5 669 725 493.5 820 775 769 77.8 78.4 743 3.9

21 These results are in accordance, in the main point, with those of K. ‘Taguti, thougn
in regard to the wind influence, his and ours are somewhat different.
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1919. ) . i
A. Fire-occ. per day 1.03 0.73 0,90 0.70 087 0.77 078 081 0.83 0.45 oyo 155
B, Fire-oce, per day 0.68 a.50 0.81 067 087 o057 077 0.81 083 0.43 067 1.32
Temperature 45 4.9 85 138 17.8 217 254 268 230 17.9 128 638
Humidity 60.4 73.3 71.8 60.6 715 782 77.9 754 762 74.5 76.8 63.9
A all canses included
B; heating sources excluded

As to the monthly distribution of fire-frequency, the figures in the
table are found to be not perfectly consistent with those obtained in
Tokyo. With regard to the correlation coefficients however they are
nearly in accord.” _

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

Table 36
All causes included
Correlation coeflicient between fires and

By usual method By variate difference
Humidity = 0,79 4 0.042 — 0,57 % 0.077
Temperature — 0.69 -}- 0.058 - 0.25 & 0.107

The cause due to the heater excluded

Humidity — 052 + 0.082 — 0.22 + 0.108

Temperature — 0.31 4 0.101 — 0.19 4 o.1I1

Osaka daily fire statistics now at our disposal cover three years,
consequently there are 3x 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 conclusions derived therefrom cannot be said to be quite
trustworthy,

Correlation coefficient between fires and humidity
= — 0,13 4 0.20

Correlation coefficient between fires and temperature
= — 0.08 * 0.20

2 Population and number of families nre respectively 1,252,083 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 escaping from this is to take a
much longer interval than one day and yet shorter than one month.
We take therefore every ten days' statistics and deduce the following
correlation coefficients :

Correlation coefficient between fires and humidity
= — 0.48 + 0.049 o
Correlation coefficient between fires and temperature

= — 0.42 *t 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 small 2 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
correlation coefficient between the mean humidity of either ten days or
twenty days previous is found to be — 0.44 + 0.05, or — 0.29 + 0.00,
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 preceding.

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

Denoting the fire, humidity and temperature by 1,2 and 3 we get,

Table 37
Kind Mean Standard deviation
1 fire oulbreak 8.24 346
2z relative humidity 73.589%; ) 5.864;
3 air temperature 14.60°C; 8.a13°C
I, = — 044 + 0.05§ Iy = — 0.43 + 0.05 rsm = + 0.65 + 0.04
Tps= — 0.24 & 0.06 f.= — 020 £ 0.06 fyy= 4+ 0.57 £ 00.4

Further expressing their quantities by X, X, and X;, the regression
equation is
X, =2393 — 019X, — 011 X,

As may be imagined this equation does not tell the number of
fire-cceurrences in advance. The correlation coefficient is too small to
do this.
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§ 24 FIRES 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.

(1) Tirst comes the consideration of the correlation between the
area of conflagration and the mean wind velocity.

Among 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 amount, the greatest being + 0.28 in the prefecture of
Hukusima, and the least so low that it can hardly be considered as
correlated.

We 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. But the correlation between those two velocities
is very high. So the same degrec of correlation will naturally be expected
in the latter case also. Therefore, the attempt to find it has better be
dispensed with.*

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 coeffiicident of correlation becomes + 0.20 & 06, a little larger
if the mean value of every ten days instead of every month is selected
as the factor, the coefficient in the latter case being + 0.16 + o.111.
Still this cannot be regarded as very convincing.

The investigation on conflagrations at Hakodate? enlightens us
considerably in this matter.

2 Further the attempt to find the connection between fires and the numler of stormy
days or hours is still more discouraging, for their correlation coefficients are:

Iwate -4 0.52 & 0.045 Tokyo § + o.11 + 0.086 Hukui 4 0.28 4- 0.058

Osaka § -+ 0.24 4+ 0.065 Koti  + 0.07 £ 0.063 Hukuoka 4 o0.17 4 0.057

Hukucka § -+ 0.22 & 0.062

The coefficient marked with §is that with stormy hours, that unmarked that with stormy
days. ‘

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

2 1lakodate is a city in the district of ITokkaido with about 145,000 imhabitants and
experienced during past years a large number of disastrous fires, several of which bad des-
troyed almost the whole city.
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Table 38 Wind-influence on great fires at Hakedate in which

mote than a hundred houses were burnt,

Ty of Wind-veloclty ‘Wind-direction Dates
houses burnt
8,077 - 16m SE August 25 1907
140 IS m N March 23 Ig9T1
%33 14— 16m W April 12 191z
1,532 14— 16m W May 4 1913
257 ) 11— I§5m E May 24 1913
840 I3m E April & 1914
673 I3— I5m NW Decem. 1 1914
1,763 45 m ] August 2z 1916
2,141 8—13m E | April 14 1921

The table show that the number of houses destroyed in such con-
flagrations are vey little affected by the increasing velocity of the wind®,
in consequence of which its correlation coefficient is possibly reduced to
the minimuny. _

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

For the purpose of elucidating such a complicated relation it is there-
fore necessat"y in following the development of a fire, always to refer to
the chart of wind velocity. We have, at the present, two instances, in
one of which the wind increased in strength whilst the fire was spreading,
and in the other it had just begun blowing when the fire broke out.

(1) A great fire that broke out in Tokyo™ 14h March 17th 1925.

Time 14h 15 16 17 13 .

Wind-velocity NW4om/s NNW7.4 N85 Nog N7.6

(2) A fire that took place in Hukuoka g4h Tanuary 17th

Time zh 6 Lo

Wind-velocity NNWg.gm/s NW g0 NW 7.1

Both those cases show the existence of a close correlation between
the wind and the fire, and no doubt many other evidences could be found
elsewhere.  Nevertheless, if judged from the statistical point of view,
the answer is always negative. ' '

% The vearly mean velocity of wind at Hakedale is 5.5m/fsec and wind with a velocity
of more than 1omfsec is not frequent there.
26 The samc fire as referred to 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
arca burnt is not influenced by the excessive force of the wind but by
some 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 fierce 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 iIs 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 Prof. S. Fujiwara on the
occasion of the great earthquake fire of September 1, 1923, and the
other of which was noted by foresters on several occasions.

(I} The correlation between the outbreak of fire and wind is
more conspicuous than that between the wind and the area burnt. Such
an instance we have found already in Tokyo, and subsequent researches
establish ultimately the fact that this relation applies to every prefecture
and every city without single 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 smaller than that of humidity, with only
two exceptions out of 30 cases. These two abnormal prefectures (Simane
and Hukui) both face the Japan Sea.

Table “-;9
Correlation coefficient between
Ordinary method Variate difference l
|
lukui — 0.22 4 0.06 — 0.34 3 0.00 the fire outbreak and
Simane — 0.55 & 0.04 — 0.41 £ 0.0 relative humidity
‘ i 3 X ' .20 £ 0.00 "
MG J-adgkioog +o oo the fire outhreak and mean velocity
Simane 4 0.56 =+ 0.04 + 0.36 -+ 0.06
 Hukui  — 0.55 = 0.04 eenrenanesaees the fire ontbreak and temperature

Simane — 0.59 = 0.04

As the above table shows, this exceptional relation comes back to
normal, when the coefficient is calculated after the method of variate
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difference. So the comparatively great coefficient between fires and
wind may be orly apparent, and due to the influence of a third factor,
possibly the temperature, for by such a method of calculation, the
influence of this weather element can not be largely eliminated from both
of the coefficient.”

All things taken into account, therefore, the influence of wind on
fires, with regard to its velocity is not so great as most people believe,
anyhow so far as the present statistical research is concerned.

(III) 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 ifs spreading.

Fig 13.

Lines of Equal
Frequency of Outbreak of
Fires per 1co Families

If the Hukuoka fire-statistics during last 14 years is refered to, the
WNW 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 important relation to it. The great conflagration at Hakodate

27  Referring to the fact that the correlation coefficient between the outbreak of fire,
and temperature in these prefectures is greater than in the others,
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Fig 74

Lines of Equal Coefficient of
Correlation between Humidity

and Frequency of Fires

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 foen like wind brings a pa'rching 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 O''HER 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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The radial distance from the origin represents
the total pumnber of fires that broke out in that
direction.

. With this in view, the fire statistics of 1917-1925 years for 29
prefecturcs and 4 great towns (mcludmcr three already studied) were
examined. The mean monthly fire frequency of fires, the number of
families of the correspondmg places and the correlation coefﬁcmnt_ be-
tween 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 meteorological elements. as was usually the case
alse in the former study, the relative humidity has, for most places, the
highest correlation with fires, their coefficients ranging from —o.80
(Tokyo) to —o.19 {Hakodate). The temperature has a less intimate
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correlation with fires, its coefficient falling to between —o.74 (Totiki)
and —0.09 (Aomori). The mean velocity of the wind, and the amount
of precipitation correlate with fires in the same degree of magnitude,
the former coefficient varying from +o0.77 (Saitama) to —o.22 (Naga-
saki), and the latter from —o0.57 (Totiki) to —o.01r (Hukui).

The area burnt has a small correlation coefficient with the mean
velocity of the wind, fluctuating between -+0.28 (Hukusima) and —0.40
(Totiki).

All these results coincide with those obtained in the places already
investigated. - -

(2) The annual variation of the frequency of fires in Japan has
been already stated. 1t has two maxima, in the months of February
and August; and two minima, in July and September, these months
exactly corresponding to those of yearly minima and maxima of the
relative humidity, as shown in Fig.13. : '

As has often been mentioned before, fire-frequency durmg ‘the cold
season is much larger than what would correspond actually to the dry
state of the air, and the difference of successive monthly values (first
differencial coefficient of fire frequency to time) answers the purpose
‘much better, ‘ '

Month ’ Jan. Feb. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan.

Suce. dift. of
fire-occurrences

11.8—55.8—-15.0—28.8—~133.3—83.5-}-38.6—41.2 4.8 05.6 1354 72.3

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

Fig. 15 lucidly bnngs out the close connection between the relative
humidity and fires. The fire frequency varies instantly in response to
" prevailing relative humidity, so that there is no lag of time in the
outbreak of fires, at any rate only one month at the most. This can
be numerically proved, by taking and comparing the correlation coeffi-
clent hetween the monthly mean value of the relative humidity and that
of the fire of the next month, or of the next one, and so on. For
instance, in Tokyo it decreases steadily as the month advances, thus
showing the correlation as being the highest, if two factors are taken
simultaneously. ; .

It is to be rcmembered that the hazard month tends, somcwhcre in
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the north - eastern part of
Japan, to move with the
increase of latitude a little

Table 38

Correlation coefficient

toward the warm month, With Tst month oS Abih
though in the majority of 2nd mouth —olg +ood
the other districts it re- 3rd month +olr oli
mains at the same month 4th month Fo8 2607

th month +o. Foo
namely about January or 3 22 5

February. _

(3) Daily change of fire occurrence. This investigation was a
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 fire-
reports of the current numbers of newspapers, 1924-1926, we get the
following table :

Table 40 Daily frequency of fires in Japan.

Number of fires Number of fires

1Tours in Japan in Iukuoka Relative humidity  Temperature
I * 2190 Ly1 837 % 13.47°C
z 177.0 1.63 84.3 13.25
3 188.5 083 84.7 13.07
4 137.0 0.42 85.0 12.G1
5 97.5 0.67 § 85.3 12.77
6 580 0.42 85.2 12.80
7 40.0 0.38 83.0 13.40
8 &8 370 § 0.03 78.4 14.67
9 54.5 0.4z 72.6 "r6.13
10 74:5 0,42 68.0 L7.11
11 ¥ 3.5 * 0.60 64.9 8.1z
1z ) 7z.5 0.50 63.2 18.65
13 § 6.5 0.83 62,1 18.77
14 7O.5 § 1.38 * 61.9 19.06
i5 * 883 * Io4 62.5 18.89
6 03.0 1.58 64.3 18.38
17 § 470 § orL 67.8 17.54
18 530 0.63 2.0 16.5%
19 655 o8 75-7 ' 15.71
20 89.5 L.oo 78.3 15.12
21 * g0 1.zL 80.0 14.67 -
2z § 845 % 1.0 S1.2 14.30
23 1:18.0 § Lz29 8z.2 13.68
24 146.5 * 1.83 830 ’ 13.70

#* denotes maximum, § minimam.
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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 10h 3om—1i11h 30m IIT 20h 30m——2z21h 30m
Il 14h 30om—Igh 30m IV oh zom— 1h 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

e, i Lullscguiace

as corresponding to the Japanese r
of which one inclines to assign the cause of fire accidents wholly to
human negligence. On the other hand, the investigation of forest fircs
along the railroad caused by the scattering of sparks from the chimney
of the locomotive br'ngs us to about the same resuit as that of house-

fires, thus

mc

anl &1
1Caa (1w

Table 41 Forest fires cavsed by locomotives along the railroad in the charge
of the Sendai Railroad Bureau (1915-1925)%

No. of fires
Heur No. of fires No. of trains passed No. of trains passed
- 2z o 740 0.0c0
2- 3 Q 710 ©.000
3- 4 o 70.0 0.cco
4- 5 o 78.0 .00
5— 6 o 137.0 ©.000
o 7 2 161.0 o012
7 8 & 1555 ® c.o3g
8-9 5 152.5 0.033
g9-10 =} 1500 § o.000
10-11 1z 1570 0077
11-12 i8 161.0 * oz
12-13 6 ' 156.5 § 0033
13-14 21 143.5 * 0.1431
1415 14 152.0 0.002
15-10 1z 150.0 0.055
16-317 8 169.5 0.047
17-18 5 169.0 0.030
18-1¢ 1 161.0 § 0.000
1G-20 1 148.5 o.c07
20-21 3 144.0 * 0.021
21-22 1 135.5 0.007
22-23 o 1095 § o.con
23-24 4 02.0 0.043
24~ 1 3 510 0.937

28 These numbers were communicaied to me in letters by Mr. Wasio, Fngineer 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

House fires Forest fires
Ist maximum I5h 13h 30m
2nd maximum 21h 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 cotresponding to the driest hour
of the day.®®

§ 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 with the wet season of early
summer and the second minimum with the typhoon season in the late
sumimmer. '

Fig 17
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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
following fact. Some places not small in number have, as in London
or in Hukuoka, the positive correlation coeffcient between the fires and
air temperature during the hot season, July or August. (More examples
of this will be given below)

Table 42 Correlation coefficient between fires and temperature

Month Osaka Yamaguti Nagasaki
January —0.36 £+ o.22 — 037 o022 —0.80 & o.08
Febrnary —0.74 £ 0,12 + 0.15 — 0.25 — 0,67 L olz
March + o021 & 0.24 -+ 0.04 & 0,25 - 0,32 = G20
April — 0.91 &£ 0.05 4 0.30 & 0.2z — .19 £ o.22
May 4+ 0.36 + o.22 4+ 017 + o.2% — 0.59 £ 0.1
June 4 0.53 & 0.8 + 0.46 + ©.20 4 0.36 & c.z0
July 4 0.67 + 0.15 4-0.56 £ 0.19 4+ 0.63 £ 0.14
August + 0.28 = o.2% + 0.44 + 0.22 4 cog £ o.24
September 4+ o.52 £+ o.20 + o.21 + o.26 — 0.40 %+ 0.20
Cctober — .20 4 0.26 0,26 4 o235 — o.06 + 0.24
Novemler — .06 -+ o.27 + @45 - 021 — 0.33 + o.21
Dé-:ernber — 0.0 £ 0.27 + 0.65 + o.15 + 0.3z £ 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 Huknsima Hukui
July 0.03 + 0.34 — 0,10 + 0.27 —0.10 + @39 0.07 £ .27
August 0.25 + 0.32 ©.20 + 0.27 0.34 + 0.30 —0.k5 + 0.16
Saitama Yamanasi Aiti Nara
July 0.2z £ 0.26 0.14 & 0.26 o.25 + 0.25 — 043 Lt c.22
Angust 043 £ .22 0.56 + 0.23 o.22 1 020 — 0.5y + 0.18
Kagawa Ehime Miyazaki Saga
July [Xa) B S & — 0.55 + ©.19 0.39 + 0.23 .17 + 0,26
August 08 + 027 0.14 £ 0.26 0.55 + .19 .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 of fires that
broke out one after another and proceeded from west to east in March



The Fires and The Weather

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 cn-
closed by a square indicate
what may be considercd as
fires belonging to the same
group.

There are 4 series of
successive groups of fires, at

intervale of threas r‘ﬂ}?s or a

Lol Vowas VLol U =

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.

§ 27 THE VARIATION OF
WATER CONTENT
IN TIMBER

The daily and weekly
change of the Ilength of
timber exposed to the humid
air has already been studied
by self registering apparatus,
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Its water content probably ﬁndergoes 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 tegarded as those of the actual pillar.
The material used was Abies sachalineusis, Mast.

Table 45 The weight of a wooden bLlock and its relalive humidity,

Date of max. and Date of max. and min, Phase diff,
min. of relat hum. Amount of weight of wocd Amount bet. hum. a wt.
gk gahareme L 43% 7h 45m L SO0 4h 35m
4th  6h gom 11 91 8h om II 0.78 1h 20m
14h 4om L 51 1gh 35m L I-30 4h 55m
sth sh 3om H 98 8h zom H 1.56 zh s5m
13h 3om L 47 1gh 35m L 1.56 6h gtm
6th 6 om H 97 Sh zsm H 1.50 2zh 25m
13h gom L 55 18h 35m L .60 4h 55m
yth 4h om H 96 8h 25m ¥ 1.30 4h zsm
1zh Tom L 55 i7h 35m L .30 sh 2g5in
8th th sm H o8 7h 45m H 1.22 2h 4om
ish 1om L 49 21th 45m 1. 1.56 6h 35m
oth 3h 1om H 56 8h som H 1.04 th 4om

L: minimum ¥ : maximum

Thus the phase difference between two minima amounts to sh 36m,
and that between two maxima to 3h 24m. Its determination in the
case of the maximum of relative humidity is found in no less degree
indeterminate, 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-Mather
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type). The wooden block to be tested is 15x10x5 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 15%10 c¢m®) expose to the air, while, 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 densi-
flora, S. et Z. and Abies sachalineusis, Mast. For the Afrst material,
we made use of a 22.5 volt battery of sufficient capacity, and one of
.5 volts for the second. The strict constancy of the voliage during
a week's operation is perhaps doubtful, but the error arising therefrom
is of small consequence because the resistance of the material under test
is very great. By such an apparatus several photographically recorded
resistance-variation charts were 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.

Table 46
Pinus densiflora
Period 2zh  om§ 24h  om§ 25k 3omj 2z3h  5om (mean)
Time-lag 7h  10m1 6h  4om sh zom 6h 23m

§: the period hetween minima, t: the period between maxina.

Abies sachalineusis, Mast.

Period 24h  20mft 23h  somt 23h  zomft 24k 30mf 23h  gomf
Time-lag 3k 6m sh  6m 5h 42m th  6m sh 42m
Pericd 23h  som§ 27h  zom§ 2zh 4om§
Time-lag sh 1gm 4h  4om sh 3om

It is known that the 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 cither the water
content or the temperature. The increase of the former and the decrease
of the latter both call forth the same effect giving rise to increasing
conductivity. To determine which is more prominent, we made usc of
a small wooden block 10.6 cm long, 4.8 cm wide and 4.7 thick, the
weight and the current strength of which could be selfregistered in the
same way as before, only differing slightly 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 conductivity and of weight of wood.

Variation of humidity Variation of weight Variation of intensity of elec, str.
Date of max. J— Date of max. | Phase | Amount | Date of max. | Phase | Amount
& minima. & minima. diff. {g) & minirna. eiff. (z)
th h m th h m h m th h th h m |xI10-6A.

z3 21 o1, | 32% |24 4% o L]l o—-a5b 24 5 30 L)1 9 30l—073
24 7 20II| 94 11 30 H | 4 30—o37 13 30| 6 10/—0.47

i3 o 1| 28 20 z0 L| 7 ol—o80 19 40 L] 6 of—ox1
28 v o H [sle] 25 1w o ll 3 ©|--0.23 25 I4 30 H 7 40/ —0.29
11 40 L | 32 8 30 L} 7 o—o058 20 20 I.| 8 40|02
26 150 ll| g 26 10 oI | 8 o—oor [26 10 20H | 8 30/+o0.26
12 30 L | 45 18 o L 5 30|—o.26 19 ol 6 30i—0.41
2z g ild g8 2z % ose My gl Yer € sellt 7ostrboss
27 14 o L 42 6 30 T, z 30| 019 21 10 L. 7 I¢|—0.44
28 2 oM | <8 28 o9 30H | 7 3¢/+053 [28 8 oH| 6 of+o.18
15 ¢ L[ 58 19 zo L| 3 z20/4-0.35 zo0 zo L | 4 2zo|—o0.44
xg 1 3011 ©g 29 9 oll 7 34081 2 4 50 3 20/—0.09
16 o i 5o 3 8 30 L1166 c|dosz 2z oL | & o050
3¢ 230 H g 3 3o Il 1 3u|to.be 30 =2 3cH| o c[tosy

Lo Miniveu, o Maxinum.

The weight of the timber varies in harmony with the change of
rélative 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
said, though the time of appearance of the maxima and minima of the
carrent 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-va_,riation. _ 7

We have ascertained, so far, that the maximum of water-content
of timber, and also presumably of current-strength, appears about at
1oh a.m. and the minimum usually at 6~8h p.m. So the use of the
electric method of measuring the water-content is recommended in
cases where direct weighing of the material is found impossible;
moreover it may be employed with much more advantage, if a knowl-
edge of detailed changes is desired. And the results obtained as
shown in table 47, are, in the first order, the same as those obtained
by weighing of the timber. Next the mathematical solution of the
absorption will be briefly compared with experimental results.

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

BB Py, B

ot ox  ox _
where ¢ denotes the water-content, in unit volume of material and is
called 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,” but may be conceived of as invariable throughout the same

direction.
Assuming k as independent of x, we get:
0P o g B0
at ox*

Now let us consider that the relative humidity of the air near the
boundary surface varies as H_cos (bt) where H, is a constant and b

is 2z by frequency ; for example, b becomes —zi;: when the problem is

concerned with daily variation of humidity and — 2% for seasonal
24 % 365

variation. Again dehoting the saturation water content in material by

. a = g
d,, and by taking the ratio = corresponding to the atmospheric re-

i}

% It differs by the tangential, 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. As subsequent experi-
ments indicate, absolute moisture varies with the relative humidity of
the surrounding air and in less degree with the temperature. The
determination of an absolute moisture is not so difficult, but with
relative moisture it is quite other-wise. At present it is beyond our
reach to measure the latter as well as a,. i

Presumably, there exists a high correlation between relative moisture
and relative humidity, whereby the dependency of absolute moisture o
on relative humidity may be considered to be an indirect consequence,
and it changes with the latter probably because the saturation water
content &, is, to certain extent, independent of temperature. An excep-
tion arises, however, when the temperature becomes very high, in which
case the saturation water content is gradually affected and is reduced
in value. Thus, assuming the intimate conncction between relative
moisture and humidity, we have two alternatives as the condition to be
satisfied in the boundary. (at x = 0)

(1) Hcos bt = ¢ —

~
(2) H%os bt — — = — K :_a_
) Ty cX
where ¢ and k are constant.
As the solution of (1), we get
B e
6= Dol &% VRt oon it B il (I

[~ r 2k

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

M}/L cos (bt — L)
c b 4
or H_Oa"“ /!jcos —21 t — _T_)

[ 2n 1 8
Therefore,

() Q is proportional to the amplitude of humidity and to the
square root of its period and of the diffusibility of the wood.

(b) Time-lag is just Sth of the period ; for example, the maximum
and minimum value of the total water 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 :

0. / k& o . 2n T Y
Y E (/oo 2 0Dy /T o 1)

To take an example from Hukuoka we have
Relative humidity™ 88.495 the greatest at §h a m.

(daily) 62.97% the smallest at 1-2h p.m.
Difference 25.5% its half value 12.8¢/ corresponds
to H,
Relative humidity®>  82.79 the greatest in September
(annual) 73.29 the smallest in February

Difference g.5 its half value 4.8% corresponds to H /'
Ratio =Hy/T /H)W 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

g=e Vo & {A cos (bt—fx) + B sin (bt — fx)}

(& /D)

where A = T i

A , \2 2o

(am +k V ok / + 2k

1o /‘_b___ H,
?
B =
‘-’ bl\’2
Or ) v —]l’_r

H_e £ :

g = e == cos {bt— ¢y — x — ¢ 11
0 /B bR ( 2k e
}/\am Vzk)+_2k

ES
where cote =1 s b
. - k’ U}ll

- From thirly years’ statisties at TTukuoka Meteorolagical (Mservatory.
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the total quanﬁtff of water is

HOV/J;_ cos (bt-%— 9

L by, BET
‘/_(am + % ’/_21{ ) T
This is more general than solution (I), because (II) becomes (I)

when we put k/ = 0. On the other hand, when we put o, = o, (II}
becomes '

ar)

H B — A 4 |
o=y 11; g ™ VI s bt — l/ 21‘31; x — j}f) (TIT)
_ H.k yo HokT 027 o T
Q - - b—— K - COS (_bt - —5“) = 2 7: & cos T (t 4 )
Therefore, 7
(a) Q is proportional to amplitude of humidity, period, and
diffusibility.

(b) Time-lag is I4th of the period.

Sc 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-
a.bsorp'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.

(1) 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, e, S, and « respectively,
we get the following expression for absolute humidity (air in kg per

km):

S, (b—e)
(1 + at) x 760
The ratio of air density of winter to that of summer is
o
1+ at! \ 760 760/ 7 b—b _ e—¢
I+ at b & =1+a(t-t)+ 760 760

760 T 760
where the dashed .and not dashed letters denote the weather elements
of winter and of summer respectively. To make a rough estimation of

their influence, we make use of the following mean values of weather
elements for Tokyo in the coldest and the hotest months.

t b e H

February 3.7 762.1 2.68 62%
August 25.3 757.6 10.63 82%

(a) Temperature-effect (t’ —t) = 0.079 (positive effect)

(b'—b)
(b) Pressure-effect 60 = 0.006 ( ,, & )
Humidity-efi v
(¢) Humidity-effect 6o~ = 0021 ( » » )

The total effect becomes 0.106 ie. 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—¢ 0.623x0.48 (e —¢)
! — £ R it I e 7 )
@ E'—1) % 760 760 0.23 760

= 0.079 + 0.006 + 0.021 — 0.079 = 0.079

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

The amount is somewhat in the order of — o 5/ — 395 =
_ 400-25.3 375
1.056 :
This negative effect amounts to 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 quantitative argument is difficult to deal with and the following
calculation gives only a partial idea in regard to it.

Suppose a vertical air column with height h, the air-density within
and outside being o, and p, respectively. If t is higher than t’, the
air current flows out from the orifice on the top of the column with
the velocity,

/ 2(pe—pm) hg
_ Pr
where g is the acceleration of gravity.
Making use of data from Tokyo, the ratio of the oxygen supply
in winter to that in summer is

_ S —p) _ t—37
B = (P25 — @0) T Y 1553

R varies by temperature t, as below,

t 2.53 Ibo 100 o0
R o< 114 1.06 1.04

The air temperature within the burning fire is more than 100°C,
so that 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 material. If the cause of inflammability lies
outside of the burning material the factors mentioned now should play
important rdle, in consequence of which the air temperature, atmos-
pheric pressure and water-vapour should have close correlation with fire
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frequency, but as a matter of fact that is not ' the case as we have
already shown. o :

The fact that the relative humidity has the greatest correlation
with fire-frequency among many 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 varfation
of the water content in the materfal i3 decisive on this point, and
another alternative is the damping influence of water vapour in the air,

However, the correlation hetween the outbreak of fires and the
specific humidity (vapour quantity in kg of air) is found to be always
less than that of relative humidity, as is shown by the statistics of
three prefectures and a city, \vitfcly separated from each other.

Table 48 Corrglation.CCefﬁcient between the oulbreak of
fires acd the specific humidity

Hukucka - 0,59 & 0,034 Ehime --0.53 & 0.044 Iwate — .55 - 0043
Tekyo — 0.70 & c.033

As we have stated in the foregoing section, the water-quantity
undergoes a change, more in accordance with the wvariation 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 quantity in the
material, which changes from minute to minute with the change of
relative humidity of the air.

3L It is noteworthy fact that the correlation coefficient belween fires and the saturation
coefficient is mot only negative, lLut also small, for instance for Tokyo and Hukuoka it is

—0.444-0.00 and —o0.4140.04 respectively

The fact that they are negatively correlated makes no sense at all, and it should be rather
interpretated that there is no correlalion between them. At the same time it must be borne
in mind that the fact that the correlation between the water content of many matcrials and
the relative humidity of the surro'uuding air is greater than that between the water content
and the saturation deficiency, has a close relation to the statistical result just oltained.

.S, 1In the physical laloratory of the Department of Technology in the Tokyo Univer-
sity, the measurement of the specific heat of the same sort of incense-stick as previgusly experi-
mented with was through the kindness of Trof. M. Majima many times repeated, and o©.28
was found to be the most probable value. ‘The time ratio calculated by this new constant
approaches much nearer 1o the ratio observed.
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~ Such a conclusion was first anticipated by Prof. Fujiwara and
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. k

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 with house-fires is thoroughly investigated, thus:

1. The most important factor of the problem among the numerous
mcteoro]ogicall elements is the relative humidity.

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

3. The combustion of some substances is influenced by the water-
quantity of air, when they burn with flame and temperature is mode-
rately high.

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 is, they burn strongly 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 daily.
It corresponds in many respects with the seasonal and daily variations
of the moisture in timber, paper and cloth etc. in the room.

Therefore we can conclude that the relative humidity has the great
influence not only on the burning but also on the fires.,
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