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Abstract _ :

The JMA started making probabilistic forecasts of aftershock activfty in 1998. The work is carried out
at the Earthquake Prediction Information Division of Seismological and Volcanological Department in .JMA
when a maximum seismic intensity of weak 5 or larger is observed and the earthquake is a mainshock-
aftershock type. Up to the present (from 1998 to March,1999) , probabilistic forecast has been issued only
once for the northern Iwate Prefecture earthquake (M6.l) that occurred on Selp‘tember 3, 1998. We,
however, determinecl parameters of 'aftersh/ock activity (K, ¢ and p in the modified Omori’slaw and b-
\}alue) necessary to calculate‘the probabilities for other major earthquakes as well, and used the results in
monitorin'g activities In the course of the work, we have found that it is not easy to obtam stable
parameters immediately after the mamshock

The following are points to which we must pay attention in calculatmg the probablhty of aftershock
(1) The tlme When we change the way of calculation that is based on the estlmatlon of only K to the one
that uses more accurate parameters should be about one day after the mamshock wa1t1ng that parameters
get to be stable. ' ' )

(2) When the b-value is small, the aftershock probablllty becomes large. W1th1n one day, we must take
care that b-value m1ght be calculated to be smaller than true value

(Sl We must take an appropriate lower limit of earthquake (Mth) that is larger than the level of
earthquake detectron and is not so large lest data number should get to be too small.

(4) Because it is known that in the v1c1mty of volcano, a large aftershock is apt to occur, we must take.
care the place Where the earthquake occurs. ‘ ‘ ,
(5) The activity that is accompanied by the spread of aftershock ar'ea or induced earthduakes cannot be
modeled by a simple modified Omori’s law. In such cases the parameters get to be unstable‘and the
aftershock probab1hty is evaluated to be too large or too small So we must pay attentlon to the change of

' selsm1c act1v1ty
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JMA determines the parameters that are needed in the probabilistic forecasting of aftershock activity
and puts these to practical use in monitoring the change of aftershock gctivity. Aftershock activities of the
Mie-Gifu Prefecture earthquake and the Southern Miyagi Prefecture earthquake in 1998 have been lasting
anomalously long. We traced the temporal change of parameters in the modified Omori’s law (especially
p-value) . As the result, it is recogni.zed that in some cases of aftershock activity lasting anoinalously long,r
p-value in a few days from the mainshock is in the contrary considerably larger than the standard one in
the crust. .

The most likelihood method is generally used as the method for estimating the parameters of the
modified Omori’s law. But the simulation shows that the (non-linear) least squares method or the
Anderson-Darling method in which the one variable is reduced is equivalent to the most likelihood
method. .

As the clustering nature of aftershoéks gets to be strong, the aftershock probability changes largely. It is

found that the Anderson-Daflin_g statistics Wn? can-be used for one index of clustering of aftershock

activity which affects the stability of aftershock probability.
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Table 1 Work flow for probabilistic forecasts of aftershock activity at JMA.
This table shows the work flow for probabilistic forecasting of aftershock act1v1ty when a maximum seismic
intensity of weak 5 or larger is observed. . :
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Table 2 Parameters of aftershock activities.
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No. is the earthquake number, M is the earthquake magnitude, Mth is the lower limit of aftershock magnitude. K,
c, p are parameters of the modified Omori’s law and b is b-value. « is the indicator for aftershock activity that is
defined by equation (5). The unit of time in the modified Omori’s law is day.
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Fig.2 Seismic activity of the northern Iwate Prefecture earthquake (M6'.1 on September 3, 1998) .

(a) Seismic activity from September 3 to September 81998.
(b) Focal mechanism solution of the mainshock.
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Fig.3 Temporal change in the probability that aftershock with M5.0 or larger will occur within the following three days for
the northern Iwate Prefecture earthquake.
(a) The observed cumulative number of earthquakes and that expected by the modified Omori’s law using the
trigger time for the observed earthquake (eqmvalent to M 225) TO is the head time of modeling period and T1 is
the last time of it.
Using the up and down component of a velocity seismometer at Iwate-Kuzumaki where the epicentral dlstance is 44
km, only- the K-value is calculated by the trigger time for the earthquake (K=56). For other parameters, standard

_values in the crust are used for calculation (c=0.019, p=1.12 and b=1.0). The degree of accuracy in estimation is low

because only K is calculated, and the expected curve of cumulative number is displayed in the form that the expected
curve and observed one agree to each other at the last time of modeling period (T1). So the expected. curve that
should passes along the top of steps of observed curve, is passing alonig the bottom of its steps in practice. - :
(b) Temporal change in the probability that aftershock with M50 or larger will occur within the following three days.
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K, ¢, and p are parameters appearing in the modified Omori’s law, while b represents the b-value and N is the number
of data used. Prob is the probability that aftershock with M5.0 or larger will occur w1thm the followmg three days at
the time 24 hours after the occurrence of the mainshock.
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This graph shows relation between b-value and the probability that aftershock with M5.0 or larger will occur within

the following three days at 10:00 September 4, 1998.
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Fig.7 Seismic ‘aciti‘\'/ity of the Mie-Gifu Prefecture éafthquake (M54 on April 22,1998).

(a) Seismic activity from April 21 to
mechanism solution of the mainshock.
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Fig9 Temporal decay of aftershock activity for the Mie-Gifu Prefecture earthquake.
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64

(a) BRAGE
k1998 09 11 00:00 —- 1998 .10 15 24:00
m

101 N=344

BRENRE3EHEI~4T

s d DEFZRR 97 (A-B )

NS7E(A N=339
[
. . ]
1998%9R 158 Al
gi524 LA )
a
- . o
38° 20"
;
/
/) M T —T T
N124W(B)
; // O \ N Sep Oct
K 7.0
O fEd OM-TH -
8°10° 6.0 M -
O g .
. 5.0
. ) 0 ;
( ) 4§ depth
\ s0 ke 6 - .
>
. 20 O 5 - .
5 10
/. 2 A 4 .
SN i : 1 UND 20 S |
740°40" 140°50" T41°E : 3
2 | . i )
. . 7!‘ ]
( ) 0 BRI R 0
: - \ A= [T AR . I . .
b BRHHE o T
1998 09 01 00:00 -- 1999 06.01 24:00 .
10km o . N=497 : .
&5
15985 SA 5 E i d OREZERIS R (A-B HA)
1685244 13km _ MS5. 0] NS7E(A v . N=481
a a a - a o J j
240, Batae Cista .
f TGO L X PR
et TAn T VT
B o . :
38°20" |~ R . -
A i ‘
V .“,o PR “ .
2 : .
gY LN I
7.0 N124w(BJSep | Oct T Nov I Dec T Uon 1 Feb I Mar | Apr | May
O 1998 1999
38°10' 6.0 .
Q samd oM—T
. 5.0 " F Neagt
| 3 , |
- depth - 8 -
\ (km) 8
30 Y9 ~
e y, ; 7
s 20 O )
- ° 10 6 6
a 1.0 A !
' o g5 -
/AL / : 1 UND 20 > 5
T40° 40" 140°50° T41°E .- ;
: 5. .
. o . :
(€) A H=X LB (FHIRIRR) . 1
1998/09/15 16:24:02.8 i | -
SOU?HERN MIYA?:O?igFg'E 1 T o
?‘8 igx;"l N ' ",‘;5'0 Sep OC:QQ{;‘IOV ! Dec ' Jon Feb :V;jgrgl Apr T Moy

S
STR DIP SLIP

47°
117°
87%

NPl 178° 35°
NP2 477 657
N:110 SCORE

Fig.10 Seismic activity of the: southern Miyagi Prefecture earthquake (M5.0 on September 15,1998).

(a) Seismic activity from September 11 to October 15,1998. (b) Seismic activity June
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1,1999. (c) Focal mechanism solution of the mainshock.- e :
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Fig.11 Aftershock activity for the southern Miyagi Prefecture earthquake.
(a) The cumulative number of earthquakes observed and as expected by the modified Omori’s law.
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corresponding to the 1 or about 167days model period respectively.
(c) b-balue. :
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Fig.12 Change in the p-value for the aftershock activity of the southern Miyagi Prefecture earthquake.
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Fig.13 Example of analysis by a least square method (the northern Iwate Prefecture earthquake (M6.1 on September 3,

1998)).

Temporal change of parameters when calculatlon is executed at each time gradually taking the longer model length is
shown (time step is 1 hour). K, ¢, p. b, and N are the same as those of Fig4. Prob4.0 and Prob5.0 show the probability
that aftershock with M4.0 or larger and M5.0 or larger occurs within the following three days, respectively. W2
indicates the Anderson-Darling statistic Wn2. PERR is difference between the accumulated earthquake number in 24
hours predicted by the modified Omori’s law using its parameters calculated per hour and the observed one. Mth is 1.8.
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Fig.14 Example of analysis by a maximum likelihood method (the northern Iwate Prefecture earthquake (M6.1 on
~ September 3, 1998)).

" Analysis same as those of Fig.13 is carried out by a maximum hkehhood method. The notation in Fig.14 is same as

- that of Fig.13. . . .
NS A= ERBEEROBHECLSZE(L (Anderson-Darling iﬁ)
K c pL
15 - 0.12 25
10 L s_-\-\« N T —— o% ; \;(,.._" 2 ey -
ey . T AT AN NN i
L - . . 006 |——— Wt | 15 -
5 004 1 —
0.02 . 05
0 0 - 0
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
day day day
b Prob4.0 Prob5.0
% %
-0.94 . = 40 6
1092 — —— . .
22 p—; 0 |-y : ol
o - . . PN
088 — - 20 K 2 iy -
086 |z . - 10 ’*\\W———i '«\\M
0.84 - : ) : - 0 L n -
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
day day day
N w2 ) PERR
150 05 — . s
100 [~ - oM s A —
: E 03 = — = 0 NN ——]
50 |Fom o e 02 |- - e e e . ot 2 3 4
0.1 -5 w
0 - 0 o
0 12 3 4 5 [ 1 2 3 4 5 | -10
day day day

Method . AND-DAR i%
T0(day) 0. 002083
;o Mth .8

Flg 15 Example of analysis by the Anderson-Darling method (the northern Iwate Prefecture earthquake" (M6.1 on
~ September 3, 1998)).

Analysis same as those of Fig.13 is carrled out by the Anderson Darling method. The notation in Fig.15 is same as
that of Fig.13.
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Fig.17 In each graph, the ordinate is the cumulative number of earthquakes as observed and abscissa is the cumulative
number of ‘earthquakes as expected. Graphs are arranged in the order of the increase in the Anderson-Darling
statistic W nZ, Data within five days after the mainshock is used for calculation by the Anderson-Darling method.
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