15. Statistical Invest;gattons of Monthly Numbers of -
Earthquakes Felt at Tokyo.

By Fuyuhiko KISHINOUYE,

Earthquake Research Institute.

(Read June 18, 1946, March 16 and May 18, 1948.—Rec. March 31, 1949.)

The monthly numbers of earthquakes felt at Tokyo during 1872-
1923 were published by Messrs Y. Yasuda and T. Kodaira. And the
numbers during 1924-1942 are found in the Seismometrical Report of the
Earthqg. Res. Inst. Since then' although the recording is continued tlll ‘now,
it is not published yet.

The data before 1898 were omitted. in the present investigations,
because the recording depended only on human feeling and the
‘positions of the epicentres were not determined seismometrically. During
the period 1898-1947, 2916 earthquakes were felt at Tokyo, but in this
number those felt there anomalously were omitted. The maximum annual
frequency was 586 in 1923, the minimum 18 in 1945, and the maximum
monthly frequency was 444 in September, 1923.

Table 1.
Period No. of years No. of Annﬁal mean Monthl ﬁiean
4 No-oby _earthquakes naty ¥ o
1898-1047 50 2916 58.3 4.9
1936-1947 12 441 36.8 3.1

, PERIODIC;ITY OF EARTHQUAKES DURING 1872~1945.

The periodicity was investigated by the method of periodogram with
the monthly numbers. As the results, periods of 12 months, 25 months
and 50 monthe were found. Those longer than 50 months were studied
with the anrual frequencies. And on the per 1odogram, the amphtudes of
6 and 9 year period were noticeable.

‘1) Y. YasupA and T. KODAIRA, Earthquakes observed in Tokyo durmg the period
from September, 1872, to December, 1923. Tokyo, 1938.
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RELATION BETWEEN MONTHLY NUMBERS AND
INTENSITY OF FELT EARTHQUAKES.

_ Correlation between monthly earthquake numbers and intensity in
Japanese seismic intensity scale, which classify the intensity in numbers
0-6, of the strongest earthquake in the month was studied. The strongest
intensity in a month was adopted and weaker ones were neglected, because
although many in number total energy of the .weaker ones is usually
small compared with that of the strongest.

The correlation ratio between the number and the 1ntens1ty was

obtained as 0.4120.02. Furthermore, the correlation was investigated by

- non-correlation test for the following contingency table,

Table II.
Monthly Intensity scale
Number 0o 1 nm m v VvV VI
C0-4 27 150 105 70 14 0 0 366
5~9 0 44 56 71 10 1 0 182
10 0 -2 5 17 1 - 4 1 40
5 1 588"

27 196 166 158 35

Comparing the above values to those calculated under the assump-
tion of non-correlation between the frequency and the intesity, »* was
obtained as 145. The probability corresponds to the above value of 72 is
less than 0.001. Then it may be concluded that the intensity and the
monthly numbers are correlative as the writer descrlbed in the investiga-
tion of the Itd earthquake swarm of 1930.»

Table III.

Contingency table of intesity and earthquake number in
the previous month.

Monthly "~ - Intensity scale. o
Number 0 I o o Iv v Vi
0-4 ‘ 22 130 122 8 16 - 2 1 382
59 g 58 40 52 18 2 0 - 169
10< ’ 1 7 10 1 6 1 0 36
27 195 172 152 35 5 1 ! 587

£ 0.02>P>0.01

2) F KISHINOUYE, Bull Earthq Res. Inst. 15 (1937), 791.
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Correlations between the intensity of the strongest ea_rthquake in a
month and the monthly numbers of earthquake in the previous or the next
months were investigated by the methods similar to the above.

Table IV.

Contingency table of mtensxty and earthquake number
in the next month. -

M ohthly ) Intensity scale
Number o 1 ®m m 1V VvV VI
0-4 21 135 124 92 16 4 0o 392
5-9 5 55 38 49 13 0 o 166
10< 1 6 10 10 6 1 1 .. 8
o7 196 172 151 3% 5 1 | 587

X? = 32.7 0.01 > P> 0.001

From the above results, the more earthquake number, the more
probable” the occurrence of a strong earthquake. And when a strong
-earthquake occurs in a month, the number of earthquakes will become’
large in the next month, but the strong earthquake has little correlation
with the number of the previous month. In other words, even if the
monthly earthquake number in a certain month is very large, a strong
earthquake is not expected in the next month.

~ Correlation between the earthquake number in a certain month
and the previous or the next months were studied further by the method
of auto-correlation. For the comparison, the method was applied to the
monthly frequencies at Utsunomiya, Mito and Wakayama.®» The results
are shown in the following table.

Table V.
] - . [ Correl. Coeff. -éorrel. ratio | Correl. ratio
Place . Interval nl\algﬁf}fs go‘\:sf of successive | for the next | for the pre-
q two months month vious month
Tokyo » 1898-1947 ; 588 2269 } 0.2010.03 0.2810.03 0.26+0.03

{

|

" Utsunomiya 1891-1936 543 | 2883 0.22:+0.03 0.260.03 0.30+0.03
Miﬁo 1897-1936 438 | 3646 0.23+4:0.03 0.26+0.03 0.28-+0:03
Wakayama 1907-1936 | 818 | 1776 0.80£0.01 | 0.850.01 0.82+0.01

3) M. TAKEHANA, Kensin-jiho, 10 (1937) 118-146.




76 W " F. KISHINOUYE. o ' [Vol. XXVI,

In the calculations the monthly numbers over 18 were omitted.

It may be deduced that the monthly numbers are distributed-at random,
and the clustering of earthquakes such as after-shocks does not affect the
.monthly frequency distribution.

ON THE DISTRIBUTION*OF MONTHLY NUMBERS.

If the probability p is small and the total number N is large, the
distribution may be expressed in Poisson’s formula

i

flz) = me” where m = Np.
x!

The frequency-distribution of the earthquakes is usually expressed
in Poisson’s formula. In this formula if m becomes large, the distribution
~ will approach to Gauss’ normal distribution. This character of Poisson’s
formula will be seen in Fig. 1.9
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Fig. 1. Freguency-distribution of monthly numbers of felt earthquakes.

The frequency-distribution at Tokyo was expressed in the two for-
mulae (Flg 2) e :

fla) =220
(z-387)%
: —_ __:L , " exem? .
f&) = 7551 ¢

4) M. TAKEHANA, loe. cit.
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Fig. 2. Full line=Poison’s distribution, Broken line=Gauss’ distribution.

To examine which formula fits better to the actual frequency-distribu-
tion, the y2-test was applied over again. The values of 4? which correspond
to the above formulae were obtained as 82.9 and 64.5 irespectively.
Although the probability of the occurrence of these values are estimated to
be less than 0.001 in both cases; the normal distribution was in better
accordance than Poisson’s. In other words, the monthly numbers are
nearly to be considered as at random and uniformly distributed.

If the variation of annual mean frequencies can be expressed in the
normal distribution as above stated, the annual ‘mean number of earth-
quakes in the next year will be expected by the fiducial limits of the theory
of statistics.

Iff denotes the mean value and o the standard devxatmn, the next
mean value £ will be obtained by the formula,

Jf= f' +ao

L] . .

The fiducial limits for the allowable error 0.02 of each year are shown in
\Table VI. Except the year 1923 in which the great earthquake occurred, in
most years, 37 annually in 49 years, numbers of the next years were within
the fiducial limits. In early .1946, many earthquakes took place at
Tokyo compared with those in the previous years, and the citizens were
uneasy for the occurrence of a strong earthquake. But the fear might be
decreased if the above consideration admitted. The correlation between
the annual frequencies and the number of cases of the agreement to the
theory was examined by the y*-test. The value of »* was obtained as 8.57,
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s0 the number of earthquakes might be independent of fitness of the fiducial
limits in this case,

Lastly, the duthorr thanks Miss M Kotaka for her assistance of this
investigations.

Monthly Numbers of Earthquakes felt at Tokyo

: R B P IR b
Year Monthly Number f g ,g §§ "; = 5 g*é-: .
—| £5 =82 |8Q |B5
IREDNERONEOEDE 16
188 | 14| 2] 4| 2| 7,9/ 7 5[0 4 2| 4| 39! 26| 21
9 | 2 4, 7 8 4/ 2 41N 2] 3] 2|2 49 41| 241 20
1903 | 2, 6| 5| 2| 2] 5 14| 13|83 42| 35 20| 16
1138/ 10| 4|38, 3l 4|46 3| 73| 41| 34| 1.8/ 15
2 45|53 4| 6j4|l4j2 2/ 28/ 49| 41 17| 14
1903 | 51 9! 3|8/ 3| 2/ 5,2/ 1 5 6|1 4 | 37| 23! 19
4 1 6/ 3 8| 4] 4/ 2|10 5] 2| 78!|3| 62| 43| 24! 19
610/ 2.3/ 4/ 4|5 3|1/ 3|5]2 38/ 38| 20 17| 14
6 | 46| 2| 913 0y 2| 8] 3|68 0| 55| 46! 36! 30
7208 8/ 4| 2|3/ 31,2074/ 3 3| 31| 17| 14
| :
8 500/ 1| 0| 4|2 4/3/ 2 2|1/ 4| 28| 23!/ 17| 14
9 {2/8/10| 3| 5| 2|8 53| 4/6|6, 57| 48 24! 19
102,11 0[3) 6|4 4/3/10 7 7|5 52| 43| 26| 22
1| 4.8/ 6/ 38|23 1 4|5/ 5126 5| 44 -27| 22
12 110025 3(10]5| 3, 6[3 5 4|7 63| 538 25| 21
B 1105154 6| 5[5 4|4 3 8 2 41| 39 14] 12
4 475|413 4,4 1] 2 503 36 30| 16| 13
15 | 0y 1| 4{.9|10{ 5| 31 1! 516 2| 59 4.9 4.5 3.6
6 174/ 38| 2|2/ 2 3 10| 2 4,5 2| 4 | 33| 23! 19
7 [ 8, 6] 4| 3| 1| 43 4|3|5 9|3 53| 44- 22| 18
18 2083 5105|116 2 24,23 45 | 37| 241 20
19 1 2. 3| 2| 5| 6| 6| 4; 4,0, 2| 3| 1| 37 3.1 1.7 7 14
20 | 203 1| 1|8 2/ 621|218 3| 27| 21| 17
21 | 2/ 1] 12l 10!l 1 0] 1! 1] 311! 2| 20| 28| 23
22 | 4| 4, 610 4} 41 3i 1] 2] 2/ 5|1 4 | 37! 23! 19
i : .
28 | 75 6] 0| 6|17 5 34444(33734 26, 58 - -1 -
24 81| 11 21 4 8| 4! 2: 3|56 2|0, 8] 6 | 50| 25| 21
25 | 7i5) 1 1|2 4|2 11 2|5 3, 3¢ | 28| 19| 16
26 |10(10) 56| 4| 7| 5| 7/ 6| 2| 3! 7! 2. 68 5.7 26 21
271 | 4] 3| 6] 3 i 5/ 2] 4909/ 8 9, 3 6 | 54 26| 21
. . . K . i N 1 .
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The cost of this investigation was mostly defrayed from the Scientific Research Ex-
penditure of the Department of Education.




