47. On Time and Space Distribution of Earthquakes.—
A supplementary Note.

By Seiti YAMAGUTI,

Earthquake Research Institute.
(Received Sept. 18, 1934.)

Some discussions and objections on one of my recent papers®, were
given by Dr. I. J. W. Whipple in his paper, “ On the Alleged Tendency
for Great Ilarthquakes to occur sympathetically in widely separated
Regions”.?

He calculated the integrated frequency of the  preferential ratios””
with some assumptions. The integrated frequency to be expected accord-
ing to his theory ig represented by the stepped graph in the diagram.

Smooth curves have been drawn through the corners of the steps.
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It will be seen that the great majority of the points representing
Yamaguti’s statistics are within the area bounded by these curves. The

1) Bull. Earthq. Res. Inst., 11 (1933), 46.
2) Montlhly Notices of R. A.S., Geophysical Supplement, 3 (1934), 235.

3) The ratio, r=% in my paper was called by this name.’
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most striking exceptions are on the right, where five points are below
the bottom curve. With this reason, he says that the aggregate of the
preferential ratios in Table I, obtained by Yamaguti would be produced

Table I.

Region of the second of the two earthquakes

1 2 3 4 5 6 7 8
1 18 094 103 13 12 037 016 073
2 13 2:34 12 063 053 085 037 13
= . ) A e . . )
Region of the 3 059 10 066 165 053 033 13 164
first of tl}lle 4 089 076 083 0'90 16 10 13 049
tw arth-
quakes 51 094 | 08 | 095 | 11 - 092 | 11 | 115 | 105
6 037 17 | 10 10 054 17 11 13
7 113 0'55 058 077 103 22 16 090
8 073 063 18 074 12 083 090 102
1. The neighbourhood of the Mediterranean Sea.
2. Continental Asia.
3. Japan.
4. The Philippines and neighbouring oceanic regions.
5. Australia, including the oceanic environment.
6. North America.
7. Central America.

8. South America.
by chance, the sequence of earthquakes in different regions being equally
likely to occur in any order.

After examining Whipple’s results and conclusion, I came to per-
ceive that he might have misunderstood the true aim of my paper.

The preferential ratios such as, #=164 and »=1-80, may be produced
in any pairs of regions by chance, as he says, but we can say nothing
from his paper, why they happen in such particular sequences of regions
as Japan—South America, and South America—Japan.

The event that the frequency of the preferentinl ratios takes the
form of ordinary probability curve, is by all means different from the
event that in some particular sequences of regions, the preferential
ratios are greater than unity and in another particular sequences of
regions, they are less than unity. Thesc two events are obviously inde-
pendent from each other. ’

For instance, in a game of shooting, some men will take much
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better marks than the average, and some other men will take much
worse marks. The existence of such two kinds of men might be equally
probable, but we can say nothing of the skill of a certain individual
from the mere distribution of men of various marks. It suffices to
associate the occurrence of each pair of successive earthquakes with
the champion representing that pair.

Our final aim is nothing but to find out the skillful men and the
“less skillful men among many players. Of course, they cannot be deter-
mined with certainty by a single or two trials, but may be determined
approximately by taking sufiiciently abundant materials,

In my original paper, such a preferential ratio, r=No/N’, which has
the small expected number, N’, say, less than 3, may have large fluctu-
ation of its value with the variation of the actual number of occurrences,
N, but those ratios which have, N, say, greater than 5, do not-fluctuate
actually so much as from 02 to 2-84. Thus, the two preferential ratios
(1:8 and 0-5), one of which has No=18, and the other has Ny=5, both
having N’=10, may be considered at least to suggest some different
physical relations.

Tor the sake of reference, the earthquakes, 420 in number in the
original paper, were separated into nearly equal two parts according to
time, Jan., 1900~ Oct., 1918, and Nov., 1918~April, 1931, and the similar
calculations for the preferential ratios, were made separately, as shown
in Table II, ¢ and b.

As the data are too scanty for this purpose, in this case, we can
say nothing definite of the results, but such preferential ratios marked

Table 1I @. Jan., 1900~Oct., 1918.

Region of the second of the two eartbquakes
1 2 3 4 5 6 7 8
1 25% 077 0 184% | 128 053 032 077
2 154 17*% 21 073 028 116 035 084
Resi . 3 039 085 042 098 084 058 207 16*
e [&
e the| 4 | o067 | 122 | 122 | 113 | 098 | 134 | 10 049
two earth- . . . . . . )
quakes 5 154 103 0 146 112 067 0 69 14
6 0 174% | 058 184 10 08 14 058
7| 032 | 104 | 104 | 04 115 | 236%| 168 | 069
8 115 0 21* 025 169 058 069 17
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Table IT 0. Nov., 1918~ April, 1931.

Region of the second of the two earthquakes

1 2 3 4 5 6 7 8

1| 174%| 096 | 133 | 133*| 074 | 074 0 08

2| 096 | 37 | 059 | 03 081 | 081 | 05 132

) 3| 08.| 08 | 065 | 179 | 03 09 056 | 1.9*

fegion of thel 4 | 183 | 08 | 065 | 049 | 21 | 045 | 199 | o048

two earth-| 5 | 074 | o054 | 185 | 06 099 | 167 | 18 068
quakes

: 6 | 074 | 165%| 18 09 | 042 | 25 0 1:35

7| 182 0 028 | 189 | 103 | 154*| 095 | 125

8 | 04 182 | 148%| 095 | 09 068 | 167 | 037

by *, give the values greater than 183, in both the cases, so that in
such particular sequences of regions, we may be able at least to suggest
that the earthquake seems to be liable to be followed by another.
Among the others, the sequences of regions, Japan—South America, and
South America—Japan, always give preferential ratios greater than 1-43
which result may be considered to support the statement that an earth-
quake seems to be liable to be followed by another in the antipodal
region. This same result may also be obtained by the other method of
investigation which is described in a previous paper”, ° Statistical
Relation between the Trequencies of RHarthquakes in Japan and Other
Parts of the World.”

For another example, we have calculated the preferential ratios which
are given quite at random, by casting a die 400 times successively, and
obtained the next table. ,

The result shows that the range of fluctuation of the value of the
preferential ratio is limited between 068 and 1'48. Therefore, the pairs
of regions which have the values of preferential ratios decidedly greater
than 1'5 and less than 0°6, may at least be suspected to have some parti-
cular physical relation with regard to the sequences of earthquakes.
Morcover, no pair of regions for which equally large ratios are obtained
for the reversed sequences of earthquakes, such as between Japan and
South America, is found in this artificial case.

4) Bull. Earthq. Res. Inst., 10 (1932), 36
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Region of the first of two earthquakes
N=400
1 2 3 4 5 6

1 122 | 111 086 097 105 085

2 081 119 096 121 113 070

Region of the | 3 095 113 081 107 087 114
first of two

earthquakes 4 089 113 107 078 10 115

5 068 072 1-36 072 1-38 117

6 143 070 098 115 068 098

We are going to verify these results again after collecting sufficient
data for the great earthquakes in future time. ’

By the way, the earthquakes recorded on the catalogue ¢ Rikwa-
Nenpy6 ”, are such destructive ones as caused a considerable number
of death of men and animals, if they occurred in land, so that they
may be considered not to include any aftershocks.
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