28. Seasonal Distributions of Earthquakes in the World.

By Seiti YAMAGUTI,

Earthquake Research Institute.

(Read Dec. 21, 1937.—Received March 20, 1938.)

The “Index Catalogue of Epicentres for 1913-1930” recently com-
piled by E. F. Bellamy which contains the times of occurrence, and
the co-ordinates of epicentres, of 6738 earthquakes that occurred in the
world during the said period, is a storehouse of valuable material from
which reliable statistics can be made relating to the occurrences of
earthquakes. Although the seasonal distributions of éarthquakes have
been the subject of many classical studies, it may not be profitless to
discuss this problem with the newly arranged materials in view.

By plotting the epicentres on maps separately, for each month, it
became clear that the geographical distributions of earthquakes differ
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Fig. 1a¢. Season Number with Maximum Earthquake Frequency.
1: March~May, 2: June~Aug., 3: Sept.~Nov., 4: Dec.~Feb.

from month to month. The maps were divided into compartments by
parallel latitudes and longitudes, which were drawn for every 30 degrees,
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and the number of earthquakes that fell into each compartment a
month was counted. In order to see the changes in earthquake fre-
quencies for varions times of the year, the 12 months were divided into
four groups, viz. (1) March~May, (2) June~August, (3) September~
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Fig. 1b. Season Number with Minimum Earthquake Frequency.

November and (4) December~February, which we shall here call
seasons, in the same way that is done in the temperate zones, and the
number of earthquakes for the 3 successive months belonging of that
season were added to each compartment. The seasons with maximum
and minimum earthquake frequencies that were found in this way are
shown in Fig. 1, @ and b respectively. On the average, the maximum
frequency occurs in the second season of the year; to be more precise,
the season number with maximum frequency seems to increase from
western to eastern longitudes and from northern to southern latitudes,
with the second season as the mean. In Fig. 3, the earthquake frequen-

cies for different zones are plotted against the months: N;, N,, ------ N, _,
Sqs Sgy weeeee S;.., being the zones bounded by latitudes, 0°~10° N, 10°~
20° N, «veeee 70°~90° N, 0°~10° S, 10°~20° S, -.... 50°~90° S res-

pectively. In Fig. 4, the earthquake frequencies for the four quadrants
are also plotted against the months. In every figure, the thick lines
indicate overlapping means. What is remarkable is that the curves for
the NE and NW quadrants are approximately opposite in phase.

In order to get results that are likely to prove of more geophysical
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Fig. 2a.

Monthly Earthquake Fre-

quencies in Various Compart-
ment along Zone, (a).

Fig. 2b.

Monthly Earthquake Frequencies in

Various Compartment along Zone, (b).



358

~25 1

~20

20 1

(4)

(5)

(6)

—

Fig. 2¢.

Monthly Earthquake Frequen-
cies in Various Compartment alon
Zone, (c). )
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significance, three zones a, b, ¢ were taken along the three principal
earthquake belts, each of these zone being divided into several compart-
ments as shown in Fig. 8. Zone () runs along Japan, the Philippines,
and Australia, Zone (b) along the Pacific coast of North and South
America, while Zone (¢) runs along the Mediterranean coast of Eurasia.
In Fig. 2. the earthquake frequencies for each of the small compart-
ments are plotted against the months. It is notable that the curves for
Japan and for the Mediterranean coast are opposite in phase.
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In order to get more concrete results, Fourier’s analysis was resor-
ted to in arriving at the annual distributions of earthquake frequen-
cies. Given 12 values, of monthly frequencies, the Fourier coefficients a,
Oy oveeee (g, Dy --oen- bg for the annual distribution were determined in the
usual way. From the values found, the relative amplitude of the annual

_ b
term (¢1=1/ ai+bi/a,) and the phase of maximum, ¢= tan“&l‘ were cal-
1
culated and plotted in Figs.5,6,7. To enable a comparison of these
values with what may be expected as the result of fortuitous happen-

ings, the expectancy of the annual amplitude ?"=/ % is also shown by

the dotted lines in Fig. 5, where N is the number of earthquakes taken
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in the calculation. In the same figure, the months | with maximum
earthquake frequencies are also indicated. The times of maximum
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frequency change in the northern hemisphere from June to November,
successively, according to latitudes— a sueccession that is too regular to
be attributed to chance.

It is aiso noteworthy that, whereas the maximum in September
takes place in Ny—zone, in February it does so in the Sg;-zone, a differ-
ence of about half a year separating them.

The amplitudes of the annual term differ considerably with the
particular compartments. They are large along the Mediterranean Sea,
Japan, the Philippines; and also along the southern Pacific coast of South
America where the amplitude exceeds four times the expectancy.

The coefficients for the higher harmonics were similarly calculated,

Certain periods seem to prec_lominate in certain compartments, although
whether this fact has any real physical meaning or not is not clear.

In conclusion, I wish to express my best thanks to Dr. C. Tsuboi,
who has given me many useful suggestions in the course of these studies.
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