HBE MO T DR L

Fig #ZFpE . mE o

Yk

Prediction of the Number of Earthquakes

Mitsuyuki Hoshiba. Hidemi Ito and Takashi Yokota
Meteorological Research Institute

A new statistical model is presented which describes the time evolution of seismic activities of swarm
nature. The model is given in terms of a system of conditional probabilities

P(X(t)=n, Y(t)EA|#,) (t=0, 1, 2, 3...... ,n=0,1, 2, 3...... ).
Here X(t) represents the number of earthquakes on time t, Y(t) is a vector quantity(e. g. magnitude,
mechanism etc. ) and the #, is the mforma‘mon acquired before time t P is assumed to depend on two
parameters 4, & whose values are determined when #; 1s known :

P(X(t)=n, Y(t)EA | #,)=q(n, A : 4, a)
The simplest case is discussed in detail ; Only X(t) is treated and the Poisson distribution is assumed
for q '

. P(X(t)=n |5‘)= q(n: )=eA A"/n!

together with : ‘

2 —/%4—2' a(s) - X(t-s).
This model 1s apphed to prediction of seismic activities. The quality of the prediction is examined in
case of the Matsushiro Swarm Earthquake (1965—-1967).
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MATSUSHIRO (142DAY)

ANC\K 1 2 3 4 5 6 7 8 9 10
? -14245.0  -15339.1  -15380.5 -15389.7 -15391.4  -15389.5  -15806.1 -15427.2 <l5425..3 -15423.8
3 - 8145.1 - 8506.3 - 8532.7 - 8539.3 - 8540.8 - 8539.5 - §548.6 - 8561.9 - 8560.3 - 8558.7
a - 5452.3 - 5502.5 -.5522.1 - 5525.3 - 5524.3 - 5522.4 - 5526.6 - 5536.4 - 5534.5 - 5533.3
5 - 3778.8 - 3819.5 - 3834.0 - 3838.8 - 3837.1. - 3835.1 - 3838.3 - 3845.7 - 3843.9 - 3841.9.
6 S 27717 - 2805.9 - 2819.7 - 2822.4 - 2821.0 - 2819.3 - 2822.1 - 2828.3 - 2826.4 ) \

Table 1 AIC of models (2. 14) with (2. 13) and (2. 15) using the data up to the 142th day.

MATSUSHIRO (142DAY) .

NC ue a(l) a(2) a(3) a(4) a(5) a(6) a(m a(8)

2 . 0.6’?105 0;29220 0.23144 0.10187 0.09873 0;04298 -0.17068 0.17024 0.26864

3 0.43712 - 0.28172 0.2?932 0.083944 0.11622 0.06889  -0.18919 ’0’. 16551 0.26475

4 ~ 0.33697° 0.27289 0.2560.9 0.12979 0.08523 0.01424  -0.12387 0.13060 0.27015 ‘V .
5 0.25775 0.27?;’79 .0..26495 “ 0.10030 0.13362 ~0.0].355 -0.12184 0.13934 0.26013

6 0.20232 0.26581 0.25983 ’0.12554 0.14067 0.02663 -0.16642 0.12572 0.26104

Table 2 Estimated parameters when Nc=2~6 and K=8 using the dafa up to the 142th day.
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Fig. 2 The distribution of the normalized error
(x(I)= 2)/A/ 4. Nc is the coarse-graining
factor.
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Fig. 3 Left : Same as Fig. 1 but the period of
1st-242th day. The model is constructed
based on the data in the period A( 1st-
142th day). Prediction is made for the
period B( 143th-242th day).
Right: Approximate form of the pro-

" bability density function of the maximum
number of earthquakes in the period B(
143th-242th day).
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Fig. 4 Probabili'ty that the number of earthqua-

kes is almays less thanI for the last J
days of the period B ( 143th-242th day).
The solid line, the dotted one and the
broken one show the cases J=3, 6 and 11,
respectively.
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Fig. 5 Asin Fig. 3, but A: 1st-236th day.
B: 237th-336th day.

HSA00EIL) | & 75 BRER T, #4A0% & FRIL T
LEZB. . L ’

B) #1%C400[a 4 # % 5 B OXEHEE 22608 H A
5311HB T, 600EI%#2 5 XEHEER, 283 H H
P H32BHETH S, EEOESTIE240H H T 400
B2, 2448 BT600EALZ TWS. FillLD
LEBOESHOANEDICERILLTHEESELS.
T DEWOE B E R FRIBAGED S b
4 HBIC2GICAE Lo T, ThETT 51
HICEHERBLSOER(§ 20 YY) E2EEICHN
BN S, ' ‘
C) WHT BHELR%TFig. 61T7Rd. PEREHT K
%o 3 AE G50E T TH 2 ” 2V BE41E3H
1T%DHERTIHET 5 EFRIL T3S,

MATSUSHIRO® (237 TO0 336 DAY)
25.0 -
20.0
15.01

7
10.0
5.0
0-0 T T T T
0 10 20 30 40 50
I (NO. OF EQ.)

Fig. 6 As in Fig.4, but B: 237th-336th day.

MATSUSHIRO (236DAY)

NC\ K 1 2 3 4 6 7 8 9 10
5 -10084.7 -10140.0 -10168.4 -10173.4 -10173.9 -10174.9 -10177.3 -10186.5 -10184.1 -10182.2
6 - 7476.8 - 7521.8 - 7549.2 - 7553.1 - 7554.0 - 7553.3 - 7554.0 - 7557.6 - 7558.7 - 7557.7
7 - 5738.1 - 5776.0 - 5795.3 - 5798.3 - 5798.6 - 5797.7 - 5798.2 - 5800.1 - 5801.0 - 5799.1
8 - 4510.6 - 4547.8. - 45667 - 4568.1 - 4569.5 - 4568.3 ’ - 4569.3 - 4570.1 - 4'571.0 - 4569.0

Table 3 As in Table 1, but with the data up to the 236th day.
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Fig. 7 Asin Fig.3, but A: 1st-305th day B:306th
-405th day.
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Fig. 8 As in Fig.4, but B: 306th-405th day.
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Fig.10 As in Fig.4, but B: 382th-481th day.
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Fig.11 As in Fig.4, but B: 601th-700th day.
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Fig.12 As in Fig.4, but B: 823th-922th day.
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Fig.13 Stability of probability density function of maximum number of earthquakes A:
1st-142th day B: 143th-242th day with the parameters left: K=8, Nc=5
center: K=9, Nc=5 right: K=8, Nc=4.
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Fig.14 As Fig.4 with the parameters A : K=8,
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Fig.15 Stability of probability density function of maximum number of ea_rthquékes Al 1st-
236th day B: 237th-337th day with the parameters K=4, 5, 6 and 9.
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Table 5 Stability of m and 0 (the parameters

: K=4, 5, 6 and 9)
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Fig.17 As in Fig.11 with the parameters K=6,
7 and 9.
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