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Introduction.

In a previous paper,” the mechanical stress produced in the earth’s
crust due to some mode of barometric pressure distribution on the earth’s
surface at the time of thunderstorm was considered as one of the agen-
cies which may bring about a possible effect of thunderstorm upon the
occurrence of earthquake. In connection with these problems, the re-
lations between cyclones and earthquakes, firstly with regard to “ deep”
earthquakes and next with regard to ‘conspicuous and rather con-
spicuous ”’ ones, are investigated statistically in the present paper.

It was aimed to find out the space distribution of epicentres with
reference to the positions and the directions of propagations of cyclones
frequenting the vicinity of the earthquake regions of Japan within 3000
kilometres, during the period of just 8 years, from 1926 to 1933.

It was also investigated, under what type of configuration of cyclones
and anti-cyclones, the earthquakes are most liable to occur.

Lastly, the correlation between the pressure gradient and the depth
of the “deep” earthquake, was sought.

The data for the earthqualkes were taken from the Abridged Monthly
Report of the Central Meteorological Observatory, and those for the
cyclones, from the Daily Weather Charts of the North Pacific Ocean,
published by the Imperial Marine Observatory, Kobe in Japan.

Method of Investigation and Results.

1. Frequencies of Distances.

The distances to the epicentres of the *“ deep ” earthquakes from the
nearest cyclonic centres at the time of occurrences of the earthquakes,
were respectively estimated, and the frequencies of cases with the dis-

1) S. Yamacuri, Bull. Earthq. Res. Inst., 12 (1934), 214.
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tances falling in successive 200 kilometres, were counted. Such cyclones
as are distant more than 3000 kilometres from the epicentres being dis-
regarded. In comparing the relative frequency, the areas of zones
between the concentric circles with radius of 200, 400, 600,....3000
kilometres, respectively, each with the epicentre as origin, must of
course be taken into consideration. To eliminate this areal effect as well

as the characteristic geogra-
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abscissa as shown in Fig. 1, (a),
in which the smoothed curve in thick line was drawn by connecting
the middle points of the successive two points.

From this curve, we can see at first glance that, very near the
cyclonic centres, i.e. within 200 kilometres from them, “deep” earth-
quakes very rarely occur, and a remarkable maximum of frequency
seems to exist about 900 kilometres apart from the cyclonic centres.
This latter result seems to suggest that the region of maximum stress
difference in the earth crust, due to cyclone, occurs at the places about
900 kilometres distant from the cyclonic centre.

To test, on the other hand, if the results may have any real physical
meanings or not, with respect to the relation between the “deep” carth-
quakes and the cyclones, we have investigated an artificial case in which
the positions of epicentres and cyclonic centres are given quite at ran-
dom. About 270 epicentres of the ““ conspicuous and rather consplcuous

earthquakes and their corresponding cyclones were numbered 1,2, 3,.
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270, respectively. A lot was drawn first, among a bundle of lots num-
bered from 1 to 270, to decide the number of epicentre corresponding to
the first cyclone. Next a second lot was drawn to decide the number
of epicentre corresponding to the second cyclone, and so on. With the
artificial epicentres thus obtained, not corresponding to the ecyclones
actually, the similar frequency of distances, f,, was obtained and the
value of the ratio, r.=f,/f;,, was calculated and drawn, as shown in
Fig. 1, (b). TFor the calculation of arbitrary frequency, J» it is necessary
to take a pretty large number of earthquakes, so that we were obliged
to take the “conspicuous and rather conspicuous” earthquakes instead
of the “deep” earthquakes, of which the number was only 60.
The latter curve for 7. has
shown the character similar to
that of the former . Thus, %
these results seem to suggest . 12
some real physical meanings, \:?m
with respect to the relation .
between the “deep” earth- 4
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feat > 8 j‘:.fa /f ’ 1 idental Fig. 2. Frequency of distances between
eature of pure y. acciaenta cyclonic centres and epicentres of
occurrence as shown in Fig. 2,(a), “ conspieuous and rather conspicuous

the centre of gravity of the earthquakes.

epicentres being taken at a point in the offing near Iwaki. Thus, using
the function, f,=2(n+1-x), already cited in a previous paper,” the per-
centage value of r4=f,/ > fz, was calculated and drawn as shown in Fig.2, (a).
The value of the deviation of 7, from this value of , i.e. Ar=ry—ry,

2) loc. cit., 1).
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was obtained and shown in Fig. 2, (). On the other hand, the value of
the ratio, rs=f.//f,’, was calculated and plotted as shown in Fig. 2, (c).

Both curves in Fig. 2, (b) and (c) show the similar characters as in
the case of “deep” earthquakes, except that a rather remarkable maxi-
mum of frequency occurs at a distance of about 500 kilometres in this
case, instead of 900 kilometres in the preceding case.

2. Azimuthal Distributions.

Firstly, the azimuthal frequency of cyclonic centres referred to the
epicentres, falling in the direction within each sector of azimuth angle
10°, was counted and named pa Also the similar frequency for the
total cyclonic centres, p, referred to the centre of gravity of the epi-
centres of “deep” earthquakes above cited, was counted. The value of
the ratio, re=pd[p:;, as well as the value of the ratio of pa to the fre-
quency for arbitrary earthquakes, pi, i.e. 7=pu/ps, for the sake of com-
parison, were calculated and .

plotted in Fig. 3, in the case Agimullc angle, v degrce.
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To make the physical
meanings, if any, of the
above results more clear, the
number of cyclones, N, fall-
ing in a mesh made by
dividing the wide area from
Philippines to North Siberia
(10°~60° N-latitude) and from
West China to near Midway
Islands (110°~180°E-longi-
tude), with successive lati-
tudes and longitudes of com-
mon difference of 5 degrees

ﬁ/ﬁ n percent.
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for each, were counted. The 0

number, N, at the time of
occurrence of the earthquakes
during the period of 8 years,
1926~1933, was denoted by
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Fig. 4. Azimuthal frequency of cyclonic
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earthquakes.
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Fig. 5. The value of the ratio, 7;,=Na/Nt, in percent for the “deep” earthquakes.
Na=number of cyclones at the time of occurrence of “deep” earthquakes.

Ne=total number of cyclones.
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Fig. 6. The value of the ratio, r,,=Nd/N:, in percent for the
“conspicuous and rather conspicuous” earthquakes.
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during the period of 8 years, 1926~1933. !
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of 135°E on every day during the same period of 8 years, by N;. The
values of the ratios, rp=N,/N, and ry=N/|N;, were calculated and
plotted on a map, respectively, as shown in Figs. 5 and 6, for the
“deep” and the “conspicuous and rather conspicuous” earthquakes,
the value of W, itself being shown in Fig. 7.

The result seems to show that, on the “deep” earthquake zones,
cyclones occur not much frequently than usual at the time of occurrence
of the “ deep” earthquakes, whereas just in the margin of the zones,
the cyclones occur frequently at the time of earthquake. v

For the ““conspicuous and rather conspicuous” earthquakes, similar
tendencies are seen and the cyclones frequenting the Pacific Ocean side
seem to affect the occurrence of earthquakes more than those on the
Japan Sea side.

These results are concordant, more or less, with the results already
shown in Figs. 1~4,

For the sake of reference, the frequencies for the directions of
propagations of cyclones, falling in the direction within cach sector of
azimuth angle 10° (a) at
the time of occurrence of ” g imuth angle din degree.

the 113 deep ” Oal‘thquakes, f 0 '4,0 80 120 160 200 240 280 320 360
and (b) at the time of occur- i
rence of the  conspicuous Z
and rather conspicuous” 5
earthquakes, were counted ; @
similarly as before, and 2
plotted  in  zy-diagrams 1 /v '
against the azimuth angle, 4(;» )
N-direction being taken as 35
zero, as shown in Iig. 8. 301
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and  rather conspicuous” %
earthquakes, as well as of , A
“deep” ef]'rthquakesi ) only Fig. 8. Frequency of directions of propa-
one conspicuous maximum gations of cyelones.
of frequency for directions (a) At the time of occurrence of “deep”
of propagations of cyclones carthquakes.

. ° (b) At the time of occurrence of “con-

exists at about N60°E. spicuous and rather conspicuous”

This seems to be due mainly earthquakes.
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to the fact that the latter direction is generally prevalent without regard
to earthquakes.

Next, we investigated, in what directions, the earthquakes occur most
frequently, referred to the centres and the directions of propagations of
cyclones. The number of the earthquakes, g, falling in the direction
within each sector of azimuth angle 10°, which is formed by dividing
all directions into 36 parts, were counted, angle being taken clockwise.
The number of the arbitrary earthquakes, ,, corresponding to ¢4, were
also counted, similarly as before. The values of the ratios, re= @4/,
and r=@,[p,, were calculated and plotted in vector diagrams, against
the azimuth angle, the direction of propagation of cyclone being taken
as zero, as shown in Figs. 9 and 10, respectively for the “ deep” and

“ conspicuous and rather conspicuous” earthquakes.
a0 32 0 1o ”“f""%%’ aCiad
“‘",.".z.', . e
. SIS,

(D
(7 Q~ SN
> v"
SN

Y12 =Pal/Po
in percent

® 136 150 110 1

Fig. 9. Azimuthal frequency of the epicentres of “deep” earthquakes,
referred to the direction of propagations of cyclones.
Pa=actual frequency.
gp=arbitrary frequency for the “conspicuous and rather conspicuous”
earthquakes.

The results show that, the “deep’ earthquakes are liable to occur
in transverse directions and also in directions inclined about 45° referred
to the direction of propagation of cyclone, and that the “ conspicuous
and rather conspicuous” earthquakes seem to have a maximum fre-
quency of occurrences about in the direction of propagation of cyclone,
though slightly deviated towards right from it. There is another maxi-
mum, in the direction just to the left, and moreover small doubtful
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maxima of frequencies are seen between these maximum directions in-
clined about 45° to them.

The physical meanings of these results are not yet clear, neither
the data are sufficient for ensuring the result, so that this point may be
reserved for the future investigations.
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Fig. 10. Azimuthal frequency of the epicentre of “conspicuous
and rather conspicuous” earthquakes, referred to the dircetions
of propagations of eyclones.

3. Arrangements of the Cyclones and the Anti-cyclones.

To see, under what type of configuration of the ecyclones and-
anticyclones surrounding the epicentre, the earthquakes are most liable
to occur, the following procedure was made. All possible distributions
of the low and the high pressure regions, were classified into five types as
shown in Fig. 11, and the actual number of occurrences of earthquakes,
M, belonging to each type, was counted from the weather charts on
the days of actual occurrences of the earthquakes. The number of
arbitrary earthquakes, Jf,, corresponding to 3, was similarly counted
from the weather charts on the days without the earthquakes, the posi-
tions of the artificial epicentres being replaced for the actual ones by
drawing a lot successively as already explained. The values of the
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ratios, ru=M[M, and r;=2I/[M,,
were calculated respectively, for the
“deep” and the * conspicuous and
rather conspicuous” earthquakes, as
shown in the annexed table.

I- II- | III- | IV- | V-

type | type |type | type |type
eaﬁ'i%%,l;akes ru=15| 88 | 12 | 047 | 074
““ conspicuous
;‘Eﬂsg;’jgggs me=18| 16 | 18 | 006 | 053
earthquakes
where

>M,=2>.M,=60,
and

M) =2> M,/ =283

From this table, we may be able
to say that the “ deep” as well as the
“ conspicuous and rather conspicuous”
earthquakes will occur most frequently
in such arrangements of the low and
the high pressures as represented by
II-type, and rarely occur in the simple
slope of pressure gradient as in V-type.
And next, they are also liable to
occur in the distributions of I-type
and III-type. In IV-type, the “ deep”
earthquakes are rare, while the ‘ con-
spicuous and rather conspicuous ”’
quakes, occur indifferently.

These results must be re-examined
where a more abundant material is
available.

earth-

4. Pressure gradient and Depth of “ deep”
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Fig. 11. Types of distributions
of cyclones and anticyclones.
@ marks the epicentre.

earthquakes.

Lastly, we have investigated the relation between the pressure

gradient and the depth of epicentre.”’

Measuring the depression of the

cyclonic centre, Ab, below the pressure at the position of the corres-

2) H. Hoxpa and M. TaxenANA, Kensin Ziho, 8 (1934), 47.



[Vol. X11I,

752 S. YamacuTi.

ponding, or the nearest epicentre, and dividing it by the distance, d’
between them, the provisory value of the gradient, Gz%b , was calcu-

lated in the unit of mm.Hg[100 km. Taking, G, as ordinate and the
depth of the epicentre, as abscissa respectively, zy-diagram was plotted
as shown in Fig. 12. The mean value of G’s, falling in each interval
of 20 kilometres of depths
was obtained and marked by
A, neglecting such point as
exist only one in its belong-
ing interval, and thus, the
straight line was drawn by
inspection so as to represent
the general tendency of the
relation.

Though the result is not
quite decisive, we may be able
to suggest a possible positive
correlation between the pres-
sure gradient and the depth

“of the epicentre.

To test, if the above
relation may exist really or o o o5 o7
not, the mode of the varia-
tion of the frequencies of
the “deep” earthquakes with
various magnitudes of pres- #
sure gradients, between 0 and
2 mmHg[100km., was in-
vestigated. The frequency, &,

¢4, falling in successive 0-1 ",F:j .
mmHg[100 km., was counted Sosf A .
and plotted as ordinate ’

against the pressure gradient,
G, as shown in Fig. 18, (a).

Depth of epiccnlrc:  Aim.
100 40 80 220 260 &P300 / 340 380 420

Fig. 12. Pressure gradient and depth of
epicentre,
Ab=Depression of cyclone from the pres-
sure at the position of epicentre.
d=Distance betweenlepicentre and the
nearest cyclonic centre.
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Fig. 13. Frequency of “deep” earthquakes
in various pressure gradientes.
ga=actual frequency on the days with

Similarly, the arbitrary fre-

quency as above cited, g,

corresponding to the pressure
gradients on the days without

“deep” earthquakes.

@ =arbitrary frequency on the days with-

out any “deep” nor “conspicuous
and rather conspicuous” earth-
quakes.
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any “deep” nor “ conspicuous and rather conspicuous ” earthquakes, was
counted and plotted as before as shown in Fig. 18, (). The value of the
ratio, 16 =qa/qs, Was calculated between the interval, O~1-1 mmHg/[100 km.,
and plotted as shown in Fig. 18, (¢), in which a straight line inclined
to the axis of (f, may be drawn, representing the general tendency
of distribution of eleven points.

The result that the value of the ratio, 7 will increase with the
increase of the value of pressure gradient, may be considered to verify
the preceding result for some extent, and moreover shows that the real
“deep” earthquakes could not occur with a small magnitude of pressure
gradient less than 02 mmHg/[100 km.

In conclusion, I wish to express my best thanks to Prof. T. Terada,
under whose supervision the entire work has been carried out, and who
has given me many useful suggestions throughout the course of my
investigation.
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