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Introduction.

In a previous papers?, some possible effects of thunderstorm and
also of cyclone upon the occurrence of earthquakes were studied. In
connection with these problems, the relations between earthquakes and
precipitations as well as barometric pressure and temperature, are in-
vestigated statistically in the present paper.

This problem was already investigated by Prof. F. Omori®, with
the result that rather intimate correlation could be found between the
earthquakes observed at Tékyd and the precipitations at Niigata and
Akita.

More reliable data in these days than in the time of Prof. Omori
for the earthquakes, as well as for the meteorological elements, could
be taken from the Abridged Monthly Report of the Central Meteoro-
logical Observatory in Japan during the period of just ten years, from
June, 1924 to May, 1934.

Method of Investigation.

As for the “felt” earthquakes which occurred in Kwanté District,
they were classified into 5 groups according to the locality; these are,
Iwaki Oki and Kasima Nada; Ty6si Oki and Sagami Nada; Kinugawa,
Tonegawa and Kasumigaura; Tékyé and Bo6sé Hanté; Sagami (land)
and Idu Hantd6. They were compared firstly, with the precipitations,
the barometric pressure and the temperature on the Japan Sea side,
and secondly with those on the Pacific side, and lastly with the dif-
ferences of the two sides.

The meteorological elements in the Japan Sea side were taken from
the data at three stations, Kanazawa, Takata and Niigata, for each

1) S. YAMAGUTI, Bull. Earthq. Res. Inst., 12 (1934), 214 and 742.
2) F. OMor1, Rep. Imp. Earthg. Inv. Comm., 68-1 (1910), 21.



570 S. YAMAGUTI. [Vol. X111,

season, namely, Spring (March~May), Summer (June~Aug.), Autumn
(Sept.~Nov.), Winter (Dec.~Feb.), and denoted by Q,, B,, and T, for
the precipitations, the barometric pressure and the temperature, res-
pectively. Those for the Pacific side were taken from the data at three
stations, Tokyo, Mito and Onahama, and denoted by Qp, B, and T,
respectively.

We have calculated the correlation coefficients, of the “felt” earth-
quakes in respective region above cited in each season, with respect
to the corresponding values of @’s, B’s and T’s, applying the ordinary

Mdxdy
formula, 7‘_1 IS0 S

Next, as for the “conspicuous and rather conspicuous” earthquakes,
which occurred in Kwanté District, they were classified into two groups,
according to their occurrences in land or in marine area, and the cor-
relation coefficients of them with respect to the same meteorological
elements as above taken, were calculated similarly as before.

The results are shown in Table I, II and III.

Table I. Correlation Coefficient between the Precipitations, @
(in 100 mm), and the Earthquakes in Kwant6 Districts.

Earth- “Felt” earthquakes ;;?;g;g;;gg;;guggg
quake
regions| Iwaki | Tydsi Kg'l:v%;l Tokyd | Sagami
Oki Oki | Tone- (land) .
Season Kasima | Sagami Kgawa. Bosd Ida Land | Marine
) asumi- ~ ~
Nada Nada zaura Hanto Hanto
& J 0-16 —0-39 —0-24 0-22 —0-32 —0-25 —0-39
il P —0-23 043 0-15 —0-95 —0-33 —0-54 0-16
w | J-P 0-26 —052 —0-23 0-30 0-17 0-39 —0-27
81 J 0-14 063 052 —0-23 —0-06 —0-10 —0-20
§ P —0-50 —0-24 0-06 —0-01 0-24 —0-24 —0-04
o | J-P 0-41 0-49 0-17 —0-22 —015 0-11 —0-08
g J —0-06 —0-03 062 0-17 078 035 030
g P —0-25 —0-32 0-23 0-21 0-20 0-03 —0-39
< | J-P 0-19 0-26 0-07 —0-11 0-10 0-13 047
| T —0-07 —0-57 —0-06 -073 —0-36 0-91 061
E|P —0-38 0-09 0-09 047 | —012 | —016 | —038
B | J-P 0-05 —052 —0-08 —077 —0-98 0-23 063
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Table II. Correlation Coefficient between the Barometric pressure,
B (in mm. Hg), and the Earthquakes in Kwant6 Districts.

” “Conspicuous and
Ea;;ﬁ- “Felt Kearthquakes rather conspicuous”
e . e i - ~ ~ .
1('1egions Iwaik ) Tyosi . é;?v a Tokyd Sagami
Oki Oki | Tone- A (land) Land Marine
Season Kasima | Sagami | _gawa | Bosd | Idu
Nada Nada Kagsglﬁla' Hanto | Hantd
o | J 0-29 053 0-01 0-01 —0-07 —0-14 0-54
E P 0-49 045 0-01 0-05 —0-05 —0-13 0:57
w | J-P| —073 0-13 —0-03 —-0-16 —005 002 | —0-20
g J 0-20 0-01 0-05 0-47 0-06 0-42 0-38
E| P —0-05 —0-11 —0-23 052 0-16 0-27 0-28
a | I-P 0-34 0-16 0-37 —0-01 | —0-12 0-18 009
£ J 0-21 0-42 —0-40 0-09 013 —017 —010
8| P 0-16 0-36 —036 0-20 0-10 —012 —008 -
21 3-P| o0 | —002 012 | —044 001 | —0-09 0-01
| J 0-08 044 0-05 063 0-34 -0-25 —0-51
E|P —0-02 0:35 0-01 0-68 032 | —027 | —054
B | J-P 047 0-23 0-22 —062 —-0-08 —0-13 0-47

Table III. Correlation Coefficient between the Temperature
(in °C), and the Earthquakes in Kwanto Districts.

» “Conspicuous and
Eartﬁ- “Felt” earthquakes rather conspicuous”
uake . N Inu- A A .
lflegions Iwaklk ) Tyos(x)k. Kéggva Tokyd Saigax(;u
9 ! ! Tone- Bosd (and) Land | Marine
Season Kasima | Sagami ngyrﬁi- 0s0 Idu
Nada Nada gaura Hantd Hanto
& J 0-38 074 0-07 ~0-01 —0-07 —0:40 0-54
E P 0-59 0-46 0-44 0-09 0-13 0-10 0-34
w | P-J| —014 0-12 —018 0-16 0-01 —0-25 0-18
] J 0:23 0-47 013 —0-21 —0-47 —0-25 0-05
Elp 0-21 0-31 0-09 —0-06 —0-49 —0-10 023
g
a | P=J 0-11 0-41 0-09 —0-31 —0-11 —0-31 —0-28
g J 0-08 0-46 —0-60 —0-02 —0-50 —0-45 —0-24
g P 015 0-26 —0-51 —0-08 —0-49 —0'43 —0-29
& | P=J| —o031 0-46 0-15 0-25 0-28 0-22 0-34
5| J 0-11 0-23 0-02 0-59 —0:22 —0-35 —073
E| P 0-22 0-34 0-18 05 | —038 | —027 | —069
B | P-J 0-34 052 071 | —021 | —076 0-23 0-04
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Results and Discussions.

As the period of investigation is only ten years, we can say noth-
ing definite, but we may be able to suggest the following tendency :—

I. For the “felt” earthquakes.
1. The earthquakes in Iwaki Oki and Kasima Nada are liable to

ocecur,

(@)
®)

when the precipitation is abundant on the Japan Sea side,
and scanty on the Pacific side in summer;

when the barometric pressure and also the temperature are
high on the Pacific side, and low on the Japan Sea side in
spring. This barometric condition is usually produced when
the “high pressure” is prevailing on the Pacific Ocean.

2. The earthquakes in Tydsi Oki and Sagami Nada are liable to
oceur,

(@)

()

when the precipitation on the Japan Sea side is compara-
tively little in winter and in spring; but it is contrary in
summer;

when the barometric pressure and the temperature are high
on the Japan Sea side in spring. This result is contrary
to the case of Iwaki Oki and Kasima Nada.

3. The earthquakes in Kinugawa, Tonegawa and Kasumigaura,
are liable to occur,

(@)

(0)

when the precipitation is abundant on the Japan Sea side
in summer and in autumn; this result is similar to the case
of Iwaki Oki and Kasima Nada, both regions being situat-
ed in the north side of Tonegawa;

when the temperature difference, (7,—1T,), is great in win-
ter, and also when low temperature prevails on both the
sides in autumn.

4. The earthquakes in Tokyo and Bos6 Hantd are liable to occur,

(@)

(b)

when the precipitation is comparatively large on the Pacific
side, and little in the Japan Sea side in winter; it is similar
to the case of Tyodsi Oki and Sagami Nada, both regions
being situated on the south side of Tonegawa; the result
is contrary to that of Prof. F. Omori;

when the barometric pressure and also the temperature are
high on both sides in winter as well as in summer.

5. The earthquakes in Sagami (land) and Idu Hant6 are liable to
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oceur,
(@) ‘when the precipitation on the Japan Sea side is abundant

(0)

in autumn; .

when the temperature on the Pacific side is higher than
that of the Japan Sea side in winter, and also when the
temperature is low on both sides in summer and in autumn.

For the ‘“conspicuous and rather conspicuous” earthquakes.
6. The earthquakes in land are liable to occur,
(@) when the precipitation on the Pacific side is little in spring;

(b)
(c)

(@)

(0)

(¢)

when the barometric pressure is high on the Japan Sea side
in summer;

when the temperature is low ‘on both sides in autumn.
earthquakes in marine area are liable to occur,

when the precipitation is abundant on the Japan Sea side,
and little on the Pacific side, and also the differential pre-
cipitation, (Q,—@.), is great in winter; it is similar in au-
tumn; this result corresponds to that of Prof. F. Omori ;
when the barometric pressure is low on the Japan Sea side
as well as on the Pacific side, and also the barometric pres-
sure difference, (B,—Bj), is great in winter; this barometric
distribution may be produced by a cyclone, frequenting the
Pacific Ocean, of which the effect upon the occurrence of
earthquakes is already investigated and reported in a pre-
vious paper®; and when, the barometric pressure is high
on both sides in spring;

when the temperature is low on both sides in winter, and
it is high on the Japan Sea side in spring. The latter case
is similar to the case of the “felt” earthquakes in Tyo0si
Oki and Sagami Nada.

In general, the “felt” as well as the “conspicuous and rather
conspicuous” earthquakes are liable to occur, when the meteo
rological conditions are abnormal.

Large correlation coefficients are generally obtained in winter
than in any other seasons, probably due to the fact that the
monsoon is most markedly established in winter.

The winter precipitations on the Japan Sea side gives the

positive correlation coefficient with respect to the “conspicuous
and rather conspicucus” earthquakes in Kwant6é District, but

3) S. YAMAGUTI, loc. cit., 1).
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it gives negative coefficient with respect to the ‘“felt” earth-
quakes. ’

The effect of the precipitations on the Japan Sea side upon
the occurrence of the earthquakes in Kwant6é District is in op-
posite sense compared with the effect of the precipitation on

‘the Pacific side, and the former is more effective than the latter.

To compare the result of the present investigation directly to
that of Prof. Omori, the yearly number, N, of the “conspicu-
ous and rather conspicuous” earthquakes and also the corres-
ponding precipitation, Q,, at Niigata, Yamagata and Akita,
were taken, and the correlation coefficients between N and the
precipitations at various stations, were calculated similarly as
before as shown in TableIV.

Table IV. Correlation Coefficients.

Precipitations at various stations.

Earthquake
regions

Kanazawa
Takata
Niigata

Niigata
Yamagata
Akita

Tokyd
Mito
Onahama

Qr

Qr

Qr

Qr-r

Qr—rp

Land

0-06

0-32

—015

0-11

0-25

Marine

—0-02

0:21

—0:25

0-20

0-28

The result is not quite conclusive, and only coincides with that of
Prof. F. Omori as regards the sign of correlation.
the fact, that the values of the coefficients vary considerably with the

seasons.

This is due to

Neither the data are sufficient for ensuring the result, so that a
definite conclusion regarding the matter must be reserved for a future.

In conclusion, I wish to express my best thanks to Prof. Torahiko
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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SRHEDEY Jo.
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WOERIFN 2 0C, I H BRI R ELHOLEETRETHS.

(3) KFAPHAOBEED AR OEIE & v U-TIEED KILAREIT, W) « AR
T MR TARRRILIET D EY L. '
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(6) %FBRFKREWNERD, HAERITE L U TRIEADN I RN 5 HERIE0I;
OV THEE R BRI 58 Y B, ZURHTLOHI 2 it TH 5.
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