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1. Introduction.

It was already remarked by the se’smologists of our country, that
the seismic activities in different districts seem to be connected by some
statistical law of sequence, that is, the earthquakes are liab’e to occur
In some particular regions immediately following an carthquake in a
certain region.

The present investigation was made with the intention of testing
this opinion statistically and also of studying the relation between the
direction of the apparent “ movement ™ or “transfer ” of epicentre and
the barometric gradients as well as the other meteorological elements.

It was hoped also that we may obtain by this investigation some
hint on the existence and location of the “‘weak lines” of the earth’s
crust in our country.

The investigation was made with regard to the earthquakes in the
different parts of Japan as well as of the entire world.

The statistical frequencies of time intervals of the successive earth-
quakes were also investigated and thus the probable “periods” of
occurrence were obtained.

2. Methods of Imvestigations.

1) Kwantd Districts. .

From the Abridged Monthly Report of the Central Meteorological
Observatory in Japan, the “felt” earthquakes, 2370 in number, were
taken, which occurred in Kwantd Districts (Provinces of Iwaki, Suruga,
Kai, and a southern part of Sinano included), during the period of 7
years, June, 1924—May, 1931. The epicentres? were plotted on a map

1) For convenience’s sake, the epicentre is supposed to move from one spot to
another to cause the successive earthquakes.

.2) The position could only roughly be estimated as the name of the district is only
known. :
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for each month and connected by a straight line successively in the order
of time. The number, «n, of these straight lines, falling in the direction
within each sector of azimuth angle 15°, which is formed by dividing
all directions into 24 parts, were counted. The number, », thus obtained
were separated into 4 groups, according to the seasons, i.e., Spring
(March—DMay), Summer (June—Aug.), Autumn (Sept—Nov.), and
Winter (Dec.—Feb.), and they were plotted in vector diagrams against
the azimuth angle, N-direction being taken as zero, as shown in Fig. 1.
The yearly mean diagram for all seasons of 7 years is shown in Fig.
1, e. N

For 120 “conspicuous” and “ rather
conspicuous ” earthquakes, which oc-
curred in the same districts, during the
same period, the azimuthal distribution
of the direction of epicentre * transfer ”
were investigated and plotted in the
similar manner, as shown in Fig. 2. In
this case, the positions of epicentres
are more distinctly known than the
former case.

Vector diagrams were also drawn Fig. 2 “Conspicuous” and “rather
which show the characteristics of given conspicuous ” earthquakes.
districts in the mode of sequence of earthquakes, giving the azimuthal
distributions of epicentres of the earthquakes which occurred immediately
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Fig. 8, a. Before and After an earth- Fig. 3, b. “Felt” earthquakes.
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before and after an earthquake in a definite locality, as shown in Fig. 3.

To get a hint of the physical meanings of transfers of epicentres
in such directions as shown in the above figures, the number, n, were
separated into 12 groups for 12 months, and compared with the direc-
tions of pressurc gradients at Iwaki, using the results of investigation
“On the Relation between the Frequencies of Earthquakes and the
Pressure Gradients ”, by Prof. T. Terada.®

The vector diagram for n’s were transformed into the corresponding
ay-diagrams and arranged as in Fig. 4, a, taking the directions of the
monthly mean pressure gradients at Iwaki as the respective origins of
directions, the error of +7.°5 being admitted. The similar 2y-diagrams
are also constructed for the deviations of n from the yearly mean. The
results are shown in Fig. 4, b, ¢, in which dotted lines on the left-
hand quarter are the means of the four quadrants.

Before we may inquire into the physical meaning of the above
result, it is necessary to make a calculation regarding the statistical
probability of » for the case in which the earthquakes occur quite at
random. For this purpose, the whole region were divided into 13
districts according to the usual classification made by the Central Mete-
orological Observatory, and the following calculation of probability was
made.

Let Nk, N,, ....be the number of earthquakes which occurred at

3) Journ. Mteorolog. Soc., Japan, 28 (1909).
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the districts, K, L, ....respectively during the epoch taken, then the
probability, Px:, that the earthquakes will occur at the district L, next
NNy
22NNy,
to occur at I, next to K, will be given by N’= Py 2N, where ZN=2370.
The value of the ratio, #, of the actual number of occurrences, NN, to the

to K, may be expressed by Prr= , and the expected number, N’,

calculated number, N’ that is o‘:%, were calculated as shown in Table I.
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Table I. Kwantd District.

7>1-3 and 7<0-6 are distinguished by different types respectively.

1. Iwaki, 6. Kuzytkuri-Oki, 11. Sagami (land),
2. Kasimanada, 7. Bos6 Hantd, 12. Suruga-Kai,
3. Kasumigaura, 8. Tokyd, 13. Idu Hantd.
4. Tukuba, 9. Simotuke-Koduke,
5. Kinugawa, 10. Sagami Wan,

After

1 2 3 4 5 6 7 8 9 10 11 12 13
Before

1 211|091 11 | 0-87| 097| 1.1 | 0-75| 0-56| 1-0 | 0-85| 1-1 | 0-65 13
2 10 { 1-3 | 1-1 | 0-78] 0-92| 0-76] 0-85| 0-96| 1.1 | 1-1 | 0-87| 1-2 | 0.92
3 11 (12|10} 11| 12| 071 1.0 | 0-63| 0-93| 0-69| 1.1 | 1.05| 1.01
4 0-80| 0-72| 1-8 | 0-92| 0-83| 0-28| 0-77| 1-2 | 1-7 | 1.03| 1.1 | 0-59 14
5 0-87 1-2 | 0-84| 15 | 1-2 | 0-77| 0-81| 1-1 | 1.0 | 0-80! 0-64| 0-94| 0-59
6 071} 1.1 | 0-64| 0-93| 0-78| 3-2 | 0-42| 0-77| 0-67| 1-6 | 1-3 | 0-64| 0-95
7 087| 0-55| 1.0 | 0:92| 0-85| 1-3 | 24 { 1-0 | 1.0 | 1-1 | 0-84| 0-48| 0-80
8 11| 096 1-5 | 0-60| 1.0 | 0:77) 0-87| 1:6 | 0-93| 0-67| 0-86] 1-1 | 0-50
9 1.0 | 1.1 | 11 | 0:79| 1-4 | 0-47| 057| 0-79| 2-0 | 0-52| 0.91| 1.2 | 0-37
10 0-77} 0-93| 0-69| 0-72| 0-75| 1-4 | 1.2 | 1-0 | 0-72| 4.0 | 0-18| 0-56 0-43
11 093\ 0-77| 1.0 | 1-2 | 0-71} 0-65| 0-71| 1-4 | 0-61| 0-53| 24 | 2.6 | 0-85
12 0:56| 1-0 | 0-35| 1-8 | 1-1 | 0-64| 1-4 | 0-77| 0-48| 0-56{ 23 | 21 | 1-2
13 1:3 | 0-77| 0-64 0;74 0-82| 0811 091 1-3 | 0-37| 0-43| 0-64| 1-02| 44

The particular pairs of districts which correspond to values of »
greater than 1.3, and those less than 0-6, were respectively taken and
shown on the maps of Fig.5, a, b. The arrows show the order of sequence
of earthquakes. Two arrows connecting a pair of districts in opposite
senses show that between these two districts the either sense of transfer
is probable in Fig. 5, a, and improbable in Fig. 5, b. A single arrow
shows that the transfer in that sense only is so.

Similarly, such pairs of “conspicuous” and *rather conspicuous”
earthquakes with »>1-5 and 7<0-45, is shown in Fig. 5, c.

Taking the directions of the straight lines, connecting all the possible
pairs of the centres of these 13 districts, the vector diagrams for
the mean of s in each azimuth, were constructed as shown in Fig. 6.
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Fig. 5, a. Pairs of regions with »>13

Fig. 5, ¢. “Conspicuous” and “rather conspicuous” earthquakes.
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— r>15
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Fig. 6, a. Azimuthal mean of »’s for all
possible combinations.

Fig. 6, b. Azimuthal means of »’s taken
for those combinations with »>1-8 and
r<06, excluding the cases 1:3>r>046.
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2) Tohoku and Hokkaidé.

The “felt” carthquakes, 1410 in number, which occurred during
the same period as in the case of Kwant6 District above investigated,
were taken and similarly treated. In this case, however, the directions
of transfer of epicentres were comparatively simple, and seemed to be
conveniently separated into two kinds, one of which is N-S direction,
and the other E-W direction approximately. For the first kind, we
have divided the entire regions into 8 groups according to latitudes i.e.,

37°-38°, 38°-89°, .... 48°-44°, and 44°-46°, and calculated the values of
= ;Vf, for each pair of groups, which are shown in Table II.
b .
Table II. Téhoku and Hokkaid6
1. Near Iwaki (37°-38°N) 5. Near Mutu Oki - (41-42°N)
2.,  Kinkwazan (38-39 ) 6. ,,  Hokkaidd, S. part (42-43 )
3. ,; Miyako (39-40 ) 7. » , mid.  (43-44 )
4. ,, Mabutigawa (40-41 ) 8 o, » 5 N. (44-46 )
After
m 1 2 3 4 5 6 7 8

14 14 0-84 0-86 0-70 0-76 1.0 078
11 102 | 11 0 080 | 10 11 1-03
0-92 0-65 14 1-4 0-66 0-79 1-15 13
047 0 1-4 54 097 | 13 0-58 0

0-87 12 0-50 0-65 2-1 0-89 1-04 0-79
0-95 0-80 0-97 0-58 0-93 16 0-78 1-18
0-84 117 11 0-77 11 0-84 1-2 0-63
13 0 0-87 19 1-3 1-0 032 52

[e oI e S - - I

For the second kind of epicentre transfer, we have counted the
number, J, of the transfer of epicentres in E—W or W—E direction,
remaining in nearly the same latitude, for every month of 7 years, and
investigated, in which month the value of J is relatively great. On the
other hand, the corresponding monthly barometric pressure gradients
towards north and towards east, were calculated from the data for Sap-
poro, Isinomaki, Nemuro, and Niigata, respectively, and compared with
J. No sensible correlation could be found between them. Next, the
number of tracks of cyclones for every month traversing these regions
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were taken from the Abridged Monthly Report of the Central Meteoro-
logical Observatory in Japan, and compared with J in the following
manner. :

The values of J and the number of tracks of cyclones were respec-
tively plotted side by side against the same time axis. A certain
tendency of parallelism is observed between two curves.”

Taking J and the number of tracks as ordinate and abscissa respec-
tively, zy-diagram was plotted (Fig. 7, ). We have imagined that some
better correlation may be revealed between J and number of cyclones,
if we take J in the limitted region near Hokkaids, with greater latitude
than 42°, and a corresponding diagram was also drawn for this region
alone (Fig. 7, b).

Taking, instead of J, the ratio, #/, of J to the total number of
earthquakes, N, for each month which occurred in the whole region, an
zy-diagram was similarly drawn (Fig. 7, ¢). In these diagrams, curved
lines are constructed by connecting the mean point of each ¥ corresponding
to each x, and the ellipse in the last diagram is drawn by inspection
co as to contain all points properly.

For the last diagram, the similar method of analysis was applied as
explained in the previous paper”, and obtained the percentage values of
a=43, b=25, ¢=28, d =4, showing a predominance of positive correlation.

‘We have also calculated the correlation ccefficient, ¢, of # with
respect to the number of tracks of cyclones, applying the ordinary

No. of tracks of cyclones

0 I 2 3 4 $_6 ﬁ7_8 ‘ No. of tracks of cyclone
J ] 01 23 4 5 6 76
- Jr"—‘——*—L —F
St o o
41 o oo » . 4% . o -
3t 3+ PR T - S
24+ 2L
] +4
O « 8 5B e 01 o ot a2 .
Fig. 7, . Whole region {37°-46°N). Fig. 7, b. Near Hokkaidd (>42°N).

4) Curves here omitted.
5) S. Yamacury, Bull. Earthq. Res. Inst, 10 (1932), 36.
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formula, ¢ =——2_#_Efn” -, where £=1,2, 0 1 1\21,0' ;f t;acis of eyelones.
VEEZ Im..:‘?‘?ff
. 84, and obtained 0.47 for its ¥ in% —mms
value. The results may suggest the 10t
possible existence of such an effect
of cyclone. 301

3) All Parts in Japan.

@) The ‘conspicuous” and
“rather conspicuous” earthquakes,
370 in number, which occurred in 10
Japan, during the period of 7 years
(June, 1924—May, 1931), were taken 0
from the Abridged Monthly Report Rttt )
and investigated with regard to their Fig. 7, e.  Whole region.
mode of sequence from one group of latitude to another, in the similar
manner as before. Corea was excluded for obvious reason.

Table III,.a. Conspicuous” and “rather conspicuous”
earthquakes in Japan taken from Kisyd Yéran.

1. 22°-96°N 3. 82°-34°N 5. 35°-36°N 7. 37°-38°N 9. 40°-42°N
2. 26-32 4. 84-85 6. 36-37 8. 38-40 10. 42-45

After
m 1 2 3 4 5 6 7 8 9 10
1 33 0 | 091 | 053] 081 | 098 | o0 | 059 | 057 | 21
2 0 0 0 25 062 | 088 0 28 20 17
3 14 | 11 | 12 | 087 | 091 | 10 | 10 | 10 | 14 | 029
4 105 | 125 | 087 | 25 | 077 | 094 | 038 | 11 | 083 | 103 .
5 11 | 062 | o045 | 102 | 24 | 058 12 | 029 | 14 | 018
6 078 | 095 | 12 | 0ss | 068 | 16 | 16 | o2t | 052 | 13
7 080 | 18 | 10 | 115 | 114 | 113 | 086 | 13 | 020 | O77
8 0 14 | 10 o | 12 | 08 | 26 | 31 | 081 | 038
9 o57 | 13 | 14 | 14 | 056 | 052 | 041 | 081 | 24 | 13
10 11 083 | 12 069 | 085 | 102 | 13 23 056 | 1'4

b) The “ destructive ” earthquakes, 315 in number, which occured
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Table III, b. “ Destructive ” earthquakes in Japan
taken from Rikwa-Nenpyo. A

1. Tyodsen. 4. Sikoku-Tytigoku 7. Kwantd

2. Taiwan 5. Kinki 8. Tohoku (37°-40°N)

3. Kydasyt 6. Nobi-Hokuroku 9. Mutu-Hokkaidd

After

1 2 3 4 5 6 7 8 9
Before

1 2'9 026 061 042 084 022 11 088 | 085
2 0 29 095 27 0-68 11 091 066 11
3 0-91 14 33 15 079 083 o021 | 067 | 12
4 042 1-33 15 22 0387 24 059 045 18
5 099 0 105 0 26 0-99 079 | 077 08
6 044 18 083 059 059 25 095 | 12 0
7 067 073 083 21 079 048 14 11 12
8 105 11 067 0 077 073 0-99 17 15
9 085 11 062 0 03 14 14 11 29

in Japan during the period from 27 A.D. to 1931, were taken from
Rikwa-Nenpyé (the Secientific chronological Table), and similarly treated
as before. In this latter case, however, all regions were divided into 9
parts, those are, Tybsen, Taiwan, Kytsyd, Sikoku-Tytigoku, Kinki, Nobi-
Hokuroku, Kwant6, Téhoku, and Mutu-Hokkaidé.

The results for these two cases are shown in Table III, @, 0.

Among such cases with < 0-6, those, which have too small expected
number, N, are to be disregarded in discussions of the results.

4) Al Parts of the World.

The Great Earthquakes, 420 in number, which occurred in different
parts of the world, during the period of 31 years, 1900—1931, were
taken from Rikwa-Nenpyd, and they were classified into 8 groups ac-
cording to the geographical regions of occurrence: those are, the Coast
of the Mediterranean Sea, Continent of Asia, Japan, the Philippines
with neighbouring oceanic regions, Australia including the oceanic en-
vironments, North America, Central America, and South America, and
similarly treated as before. The results are shown in Table 4, a, and
in Fig.8, a,b. In this case, the probability, P, that the earthquakes
will occur at any three regions J, &, I, successively, was also calculated
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by P=_ NolNely
Y SIS NN,
J K L JV;)

“values of the ratio, rzﬁ—, were calculated for about three hundred com-

and the expected number, N'=PZN, and the

’

binations. The particular combinations of 3 regions which correspond
to >4, 4>¢r>3, and 3>¢>2, where N,>3, were taken out as shown
in following Table IV, b.

Fig 8, b. Pairs of earthquakes with »<06.
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Table IV, a. All Parts of the World.
After
% 1 2 3 4 5 6 7 8
1 18 | 94 | 103 | 12 2 | osr | o016 | 073
2 13 234 | 12 063 | 053 | 085 | 087 | 13
3 059 10 066 1:65 058 038 13 164
4 089 076 083 090 16 10 13 049
5 094 | 08 095 | 11 092 | 11 115 | 105
6 087 | 17 10 10 05; | 17 11 13
7 118 | o055 | 058 | 077 | 103 | 22 16 090
8 073 | 0625| 18 074 | 12 08 | 090 | 102
2. Continent of Asia.

1. The Coast of the Mediterranean Sea.
4. The Philippines with neighbouring oceanic regions.
6. North Ame-

3. Japan.

5. Australia including the oceanic environments.
7. Central America.

rica.

4.

8. South America.

Table IV, b. All parts of the World.

4>r=38

3>r=2

1 —>3 >4
2-—>8-—5
3—>4—1
4-—>6-—>4
4 —>7—>1
5—>4-—>5
5—>2 —2

8§8-—>5—>8

1—>4—>4
1—>5—o7
3—>4—538
4—>1—-1
5-—>5—>5
5-—>8—>7
7—>3—>4
4 —>3 o7
7—>5—>3
8>3 >4

§-—>7-—5

5) Frequencies of the Time Intervals.

The time intervals from an occurrence of the great earthquakes to
the next one, were obtained for the different cases of the above data of
the earthquakes, i.e. in the world, in all parts of Japan, and in Kwantb
Districts, and the frequencies of intervals falling in successive 10 or 100
days, respectively, were counted and plotted as ordinates, the days of



Part 1] On Time and Space Distribution of Earthquakes. 59

the intervals being taken as abacissa. The general trend of these curves
shows the random occurrence of the earthquakes. We have calculated
the frequencies, f, for purely random occurrence, assuming, f=ae ", and
obtained the deviations of the actual frequencies from these theoretical
values of f, which are shown in Fig. 9, a, b, for the Great Earthquakes
in the World. In order to ensure that the periodicity of the deviation
curve is not due to the apparent one proper to any accidental pheno-
- mena®, we have also tried to take the half intervals, or the overlapping
intervals of days for comparison. The essential feature of the curves
remained the same.

For the particular pairs of the earthquakes, in the above three cases,
corresponding to »>1-25, »>1-4, r>1-6, and r<0-6, which are the results
in the previous investigation, the similar treatments were applied.

The curves for the destructive”, “conspicuous” and “rather
conspicuous ” earthquakes in Japan are shown in Fig. 10, 11, and
12, respectively. '

The curve for the “ conspicuous” and “rather conspicuous” earth-
quakes in Kwant6 District is shown in Fig. 13.

0 220 40 60 80 I 120 days
f

af t t
160 Total carthquakes 0
1% =421 5 /‘\ /\/ s,
€0+ i 0 /\
10 -5 \/ ~ Total
201N 4 200 N=421]
07— ‘ af
s Falirs of regions with 5
20 r>125 NEVAN AN A
10 y=n 8_._!2 -5 ~ r>125
0 ok N=118
af
T Do. 7>16 Al
A S N=78 ol AN\~ 2
10 N 1, _ / e 16
0 ol N8
fr Do. r<06 4
104 N=33 2
Rt G JIVAN £
2 S % -3 % r< 06
0} V=33
Fig. 9, a. In the world. Fig. 9, b. In the world.
actual curve. Deviation curves of frequency.

-------- theoretical curve.

6) T. TErRADA, Proc. Tokyd Physico-Math. Soc., [2], 8 (1916).
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Fig. 12, a. Japan. “Rather Fig. 12, b. Do. Overlapping
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earthquakes.
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0 1 2 3 4 5 6 1 & 9 10days
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v 10
0
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Fig. 13. Kwantd. Fig. 14. “Felt” earthquakes in Kwantd
“Conspicuous” and * rather Districts (May, 1925—April, 1928)
conspicuous ”’ earthquakes. N=573

In the case of Kwantd Districts, the similar investigation was made

for the “felt” earthquakes also, successive one day intervals being taken
here, which result is shown in Fig. 14.

3. Results and Discussions.

1) Kwantdé Districts.

From Fig. 1, we can recognize some seasonal variations in the
mode of transfers of epicentres, which may probably be connected with
the barometric pressure gradients. If we take the annual mean of 7
years, above seasonal variations entirely vanish, and the diagram forms
a smoothed ellipse, of which the major axis runs from NE to SW
directions. - The vector diagram for winter resembles to this yearly
mean, which fact might have some physical meanings to be still inves-
tigated.

Looking at the curves showing the deviation from the yearly mean,
opposite trends are observed between the curves for spring and summer,
as well as for autumn and winter.

The diagram (Fig. 2) for the “conspicuous” and “rather cons-
picuous ” earthquakes shows somewhat different features compared with
that for ““felt” earthquakes, i.e. the protuberances in NE, SW and
northward directions are sharply defined.

Referring to Fig. 3, @, before and after the earthquakes in the Sea
off Iwaki, there is a large probability of finding the “ felt” earthquakes
in SSW-direction, and the “ conspicuous” and “rather conspicuous”
earthquakes, in SW-direction.
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Many interesting features are observed regarding probabilities of
occurrences of the next “felt” earthquakes in different azimuth before
and after the earthquakes at different localities (Fig. 8, a, b, ¢, d), of
which details will be reserved for a future investigation.

From the vector diagram which corresponds to Fig. 4, it seemed
at first glance, as if there exist some maxima at the directions of about
zero, 45°, and 90° measured from the direction of pressure gradient.
The vector diagrams were transformed into ay-diagram to make this
fact more apparent, the angle being taken in clockwise sense, as shown
in Fig. 4. Form the mean of the four quadrants of the yearly sum
curve, given by broken curve, we can see the distinct maximum some-
where near 45°, which may correspond to the direction of maximum
shearing stress in the earth crust due to the pressure gradient (Fig. 4, b).
The yearly sum curve for the deviations from eilipse (yearly mean)
above cited, has shown maxima of curve at about 0° 45°, and 90°. The
maxima at 0°, and 90° may mean that a tangential or normal stress
upon a preexisting fissure may call forth a succession of carthquakes
along that fissure line. It is interesting to observe that the pressure
gradient at Tohoku has given the better results than that at Tékyo. The
comparison of pressure gradient with the “conspicuous” and *rather
conspicuous ” earthquakes is omitted here, the number of cases being
too scanty for this purpose.

From Table I and Fig. 5, a, b, we may be able to remark as to
the “felt” earthquakes, the followings :—

a) The earthquake is most probable to occur once more immediately
in the same district when an earthquake occurs in a certain district.

b) The earthquakes are liable to oceur at Idu next to Iwaki, and
vice versa.

¢) The following combinations of districts have large probability
of epicentral transfer (»>1-7):

Tukuba — Kasumigaura, Tukuba — Simotuke-Koduke-Nisimusasi, and
Suruga-Kai-Minamisinano —Tukuba.

d) Two combinations of districts such as, Tyosi-Kuzytkuri-Oki and
the Sagami Bay, as well as Sagami (land) and Suruga-Kai-Minamisinano,
have large probability of epicentral transfer to and from each other.

e) After an earthquake in Tékyd and the Tokyd Bay, Kasumigaura
has a large probability of occurrence of the next earthquake, and it is
3 times as large as that at Tukuba, which is situated very near to
Kasumigaura, while on the contrary, after the earthquakes in Suruga-
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Kai-Minamisinano, Tukuba has &5 times as large probability than
Kasumigaura. '

/) After an earthquake at Tukuba, the next one occurs very
rarcly off Kuzytkuri (r=028).

'g) Such combinations as, Off Kuztiykuri—B6s6 Peninsula, Béso
Peninsula — Suruga-Kai-Minamisinano, = and  Tukuba — Suruga-Kai-
Minamisinano, habe very small probability of epicentral transfers, and
they are only one third of those for the reverse directions.

1) Sagami Bay seems to be indifferent toward Sagami (land), Idu,
and Suruga-Kai-Minamisinano as for the occurrence of “felt” earth-
quakes, as well as Idu towards Simotuke-Koduke-Nisimusasi.

i) If we connect the pairs of districts with large probability of
epicentral transfer in duc order of succession, we may be able to draw
the following two loops :—

Tukuba—Simotuke-K éduke-Nisimusasi—Kinugawa—Tukuba.

Oft Kuzytikuri— Sagami (land)— Suruga-Kai-Minamisinano— Bosd
Peninsula—Off Kuzytkuri.

j) Kasimanada carthquakes occur very frequently in succession
with an earthquake in different districts both before and after the latter,
except only that the earthquakes at Kasimanada very rarely ogcur next
to Bo6s6 Peninsula.

As for the “conspicuous” and  rather conspicuous” earthquakes,
(Fig. 5, ¢) the following tendencies are observed though the total number
of earthquakes taken is only 126.

@) Next to a ‘* conspicuous” and “ rather conspicuous ” earthquake
at Iwaki, either Kasumigaura or Simotuke-Kdduke-Nisimusasi is very
liable to have such an earthquake, while Kasimanada has little chance
to have such one, which results are also to be seen in Fig. 3.

) Kasimanada has large values of probability of occurrence of
such an earthquake immediately after Tokyo, Kasumigaura, or Kinugawa.

¢) Twaki and Kinugawa are indifferent toward each other, as for
the occurrence of earthquakes.

On the diagram of the mean » (Fig. 6, a), we can draw an ellipse,
major axis of which is inclined about 50° from north. Besides, the
graph has conspicuous maxima in the directions WNW and ESE. On
the other hand, the azimuthal mean of ¢’s, such as 7>1-3 and 7<0-6,
(Fig. 6, b), gives somewhat similar diagram as the former. :
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2) To6hoku and Hokkaido.

From Table II, we may be able to remark the followings :—

a) An earthquake in a certain district is liable to be followed by
another in the same district.

b) After an earthquake in North Hokkaidé (>44°N), another is
liable to occur near Iwaki, but such rarely occurs near Kinkwazan
(38°-89°N), in spite of the neighbouring situation.

¢) From North Hokkaid6é to near Mabutigawa (40°-41°N), and
from Mabutigawa to South Hokkaidé (42°-43°N), the transfer of epi-
centres frequently occurs, but it is seldom that the transfer occurs in
the reversed directions.

‘ d) The regions near Mabutigawa and near Miyako (39°-40°N) are
~closely connected with each other as regards the transfer of epicentres.

e) It is interesting to observe that the regions, North Hokkaids
and Central Hokkaid6 (43°-44°N) are indifferent to each other as for
the occurrence of earthquakes. The regions, near Mabutigawa and near
Kinkwazan are also independent with each other.

3) All Parts in Japan. ,

From Table III, a, b, we can remark the followings :—

a) An earthquake is liable to be followed by another in the same
distriet.

b) If we connect different district in chain, choosing the pairs
with large 7’s>14, we obtain the following cycle or half-cycle for the
“ conspicuous” and ‘“‘rather conspicuous” earthquakes and for the
“ destructive ” earthquakes, respectively: Taiwan— Hokkaidé—Sanriku
—Iwaki—Kwanté—Mutu—Sikoku-Kytsyi—Taiwan.

Toéhoku— Hokkaidé—Kwanto—Sikoku-Tytigoku— Nobi-Hokuroku—s
Taiwan—Sikoku-Tytgoku.

Of course, this does not mean -that the actual sequence of earth-
quakes occurs in this order, but that each successive pair of districts
in this chain shows frequent connection in the temporal sequence of
earthquakes.

¢) Near Kinugawa and Iwaki are indifferent towards Mutu as for
the occurrence of the “ conspicuous” and * rather conspicuous” earth-
quakes, and also Taiwan and Nébi-Hokuroku towards Tyésen for the
“ destructive ” earthquakes.

d) There is irreversibility of the directions of transfer of epicentres
between Kwantd and Mutu for the “conspicuous” and “rather cons-
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picuous ” earthquakes, as well as Kwanté and Sikoku-Tytgoku for the
“ destructive ” earthquakes.

4) All Parts of the World.

From Table 1V, and Fig. 8, a, b, we may be able to remark the
followings : —

a) Among 8 regions, the Coast of the Mediterranean Sea and
Continent of Asia, of which the boundary was assumed to be the line
of longitude 50° or Caspian Sea, as well as North America and Cent-
ral America have large probability of occurrence of two earthquakes
in succession in the same region while Japan has the least value of
this probability (r=0-66). :

The rest of these regions have normal values of this probability.

b) From Continent of Asia, epicentres are liable to be transfered
towards South America, but not to Central America. A similar relation
holds for the cases, from Japan to the Philippines (r=165), and to
Australia (r=053).

¢) Epicentres are liable to be transfered in the direction such as
to cross over the Pacific Ocean from Asiatic side to American side and
also to travel about the Pacific Coast in counter-clockwise sense. Above
all, Japan and South America seem to be intimately connected with
each other as for the sequence of occurrence of earthquakes both before
and after one another (r=1'64 and r=1'80), which may be considered
to verify the result of the preceding paper” that an earthquake seems
to be liable to induce another in the antipodal region.

d) It is of rare occurrence that the transfer of epicentre cross
over the Atlantic Ocean.

¢) For the transfer, Asia—>South America, we have r=1-25.

Investigations were also made as regards the probabilities that
earthquakes occur in three regions in a definite sequence one after
another. We can say yet nothing definite in this respect, as the data
are still too scanty for this purpose.

5) Frequencies of the Time Intervals.
The frequency curve of the time intervals of the Great Earthquakes
in the world seem to show a period of 27'5 days. The same period

7 S. YAMAGU&I, loc. cit., B).
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is obtained whether we choose 5 days or 10 days for the division of
the time axis of the curve. This period seems to correspond to the
period of rotation of the sun, 27-3 days, relative to the earth. In Fig.
9, a, the theoretical frequency curves, for random distribution, f=ac™,
are calculated, and in Fig. 9, b, the deviation curves are drawn.

The intervals of successive two earthquakes were classified into
different groups according to the combinations of the two cpicentral
regions. The value of r for each pair of regions was assigned. Next,
those pairs were picked up for which r>1'25, and the frequency curve as
well as the deviation curve were constructed for these earthquakes only
as shown in the curve f. in Fig. 9, ¢, and b. The number of the
cases taken is given there by N. 'Similarly f;, fi, were obtained for
r>1-6, and r<<0'6 respectively.

It is interesting to observe that the curves for large values of 7>
1:25 (V=118), are parallel to those for the total earthquakes (), N=421)
while on the contrary, the curves for small » (r<06, N=33), show a
different course compared with the former.

The “ destructive ” earthquakes in Japan, taken from Rikwa-Nenpy6
for which r>1:4, (¥=25 among the total of 151), during the period of
330 years (1600-1930), show the period of 363 and 727 days, which
correspond to one year. The curves for the total number of earthquakes
show the opposite course in the interval from 150 to 650 days and the
parallel course in the interval over 650 days, compared with the above
case (Fig. 10).

“ Conspicuous ” earthquakes taken from Kisys-Yoran, during the
period of 8 years (May, 1924-April, 1932) show the periods of about
45, 65 and 95 days, which are also observed as the secondary periods
in the case of “destructive” earthquakes taken from Rikwa-Nenpyd
above cited, while the particular groups for »>1-4 (N=20) of the former
earthquakes, show a somewhat opposite course (Fig. 11).

“ Rather conspicuous” earthquakes in Japan, taken from Kisyo-
Yoran, which occurred during the same period as above, show the periods
of about 20, 38 and 53 days, (Fig 12, a), which are obtained cither we
divide the time axis by 5 days or overlapping 10 days interval. The
maximum at about 18 days which is seen in Fig. 12, a, vanishes when
the overlapping intervals of the time axis are taken as shown in Fig. 12, b.

Tor the “ conspicuous” and “rather conspicuous” earthquakes in
Kwanto Districts (May, 1924-April, 1932), the periods of about 23 and
38 days are seen from the deviation curves for the successive intervals
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of 5 days, as well as for the overlapping intervals of 10 days as shown
in Fig. 13. -

For the “felt” carthquakes in Kwant6 Districts (May, 1924—April,
1932), the remarkable maximum of frequencies of occurrence takes
place at 1 day (i.e. 12 hours-36 hours), and moreover, three maxima
at about 3, 6 and 9 days (Fig. 14). The period of 9 days is also seen
from the curve for the Great Earthquakes in the World, when we
take 5 days for the division of the time axis.

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.

5. HLTRONERIN K A AT ik o -C

i B A

WP —oDIBTEHNE S &, R2HEOLIITHIE - THITEIHE Y B & 253038, HARo
WIREARICK O TRISENER TR . |

Aurgeik b Bt 2 HAHIC R L~ , NFRREREYoFm L, RIKGE L ollofFE %, Wi
T+ HE TRz,

ThbX, CoWEIED TRBITAG 2ol RMoEER e RE, JIHTREL L L
LAT LEHAR. ,

Rz oWFZEit HARDHMICAT 2 THTR T ond 53, 2MRoMWTRICH - T L RN
Zildiz.

MR STR 2T oMo, WREMEE RIS IREk- T, Riomizinc, MR
V4R & I % sk T L.

LGB AU ISR THE, bk Y TE o B IR RE 0BT o Y Jv- = &, RURIE
Biokme, FIESRE oilciiE sz sBRofT 2 o & 2L L.

B BEKICRT 2 ZIBAE oK W 2k : LT 0° 45°, Rt 90° oFmIciRiERLEB Y B
ZEEMOR.

o 00 Ut 90° o, YIEMET) R O SEHE S o FRICHE T 5 0T, BnikoM 3
ET 2L ThIE, WolHoBICEITHROFBHRE R 3 2 b iz e

X 45° oK WEBIBHE N oAl 2 FRICHET 2 b ot FH~ b 3.

BRGSO 2 AR TSR T, —D oMW AavIiHG & Dzh 3 ¢ &R s T



68 On Time and Space Distribution of Earthquakes. Vol XL,

3 LEIGTES TR OE s S RIERICR E {, La-b @il & B8E UTR 2 St T
WolEDC LICHIRLT, WEROM 22 TE? LRSS L, U2 UCHEN, W2
BT RAT B & ORI HIICHTE 2 WiElksk & <, By 5 3 o SHEF O 21
OTIHED LRI LTH B,

FICHALH TG I T, TR A & R — B i TSI B3 2 < & &, ot oBgicdliz
2 MEAEOL L oI ECHBBMGA 2 ¢ & 20, LoMPfHl e LT 047 L ZRAIER .

PSR I T RE AT X v, R AT 2, M s MBI 2
BE2g <, XATER 2 0gh L REOKMICE 246215 v

B, HACL R & @ RATICHNS LT 2 2 Ll LR Rfiod 3 L 2MY, TR
MPEICAE 2 ML, JhEREZ & B TRICS 2 BN R BT 2 ) L RSWRZ GRFRME
LA T IR EEIYICEE T DHEEHNBIR) ok —FUINHCHED 5 & ks HIR .

T T IR T, BRI 2 N 550 275 H L HmBI 23, 2B CHiERicE
+ 2 kM oRMonl 278 HIKET2botFE~bh 3.

HAUCIANG 2 EEIRHTICH T iE 868 ARt 727 H & RIM—EREILoNBICHE T 50
B %15,

R 2 AT REH I TIR— A (12 BRIE—86 IR & RS LwlloREES 2
z & ok, (GFE-FmMEZER).




