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Prospective forecasts of large aftershocks were tested based on a
simple method proposed by Yamashina(2008). Considering the
aftershock activity preliminarily announced by JMA, the first
alarm made at 22:00 on March 11 (occurrence of the main shock
was at 14:46 on the same day) was that “M=7.0£0.5 by 24:00".
Although it was false, an event with M=6.67 occurred only 13
minutes after the alarm period. Among 6 alarms cbtained up to
March 18, 3 cases were successful. In the remaining cases, time
delay of only 13 minutes and a lack of magnitude value of only 0.1
were included. Therefore, the present forecast method was proved
to be useful in the current activity at least to some extent.



Current forecasts by JMA:
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Example:

B Magnitude 7 or greater within S days from 10:00 on March 13 :
70%.

B Scismic Intensity 5+ or greater in JMA scale within 3 days
from 14'00 on March 14 ' 40%.

B Magnitude 5 or greater from 00:00 on March 18 to 24:00 on
March 21 ! several to 50 times.
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What sort of information 1s useful?
Different approach 1s under testing.

Although JMA are making an effort to inform a perspective of the
aftershock activity, additional or somewhat different information, if
possible, may also be useful.
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First announcement of the prospective forecast
at 22:00 on March 11 Gn Japanese Standard Time)
B Magnitude 7.0+0.5 by 24:00 on March 11 (20-30%),
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First announcement of the prospective forecast
at 22:00 on March 11 (20-30%)
B Magnitude 7.0+0.5 by 24:00 on March 11 (20-30%),

False but nearly successful
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Forecast at 22:00 on March 11 (20-30%)

M Magnitude 7.0£0.5 by 24:00 on March 11
— A 1 M6.6? at 00:13 on March 12.

Forecast at 00:20 on March 12 (20-30%)
B Magnitude 7.0£0.5 by 07:00 on Mareh 12
— A I M6.47 at 05:11 on March 12.

Forecast at 00:40 on March 12 (20-30%,)

M Magnitude 7.2£0.5 by 08:00 on Marech 12
— X ' M6.47 or less.

Forecast at 10:30 on March 12 (20-30%,)
B Magnitude 6.8+0.5 by 02:00 on March 13
— O M6.87 at 10:47 on March 12.

Forecast at 10:00 on March 13 (50%)
M Magnitude 6.7X£0.5 by 20:00 on March 14
— O M6.67 and M6.57 on Mar.13-14.
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Latest example: Forecast at 12:00 on March 17 (50%)
M Magnitude 6.6 0.5 by 15:00 on March 20

Hereafter, M6.1? occurred on March 19
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Alarm periods and magnitude ranges of the present forecasts
(rectangles) and the magnitudes of aftershocks (circles)
announced by JMA immediately after the occurrence. Red
circles represent the events forecasted by the present alarms.




T HRIFEDHA : Method of the present forecast

Notice to the latest 10 events
Mean magnitude of 10 events: X
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FHFEOB Alarm : If X =Xa,
then Mmax+0.6(*+0.5) is expected during 2T

Mmax Xa=Mmin+0.4, Mmin=>5.3, and
N 2'T 1s replaced this time by 2.2T




Previous results tentatively obtained in 2008

Results of virtual prediction (during twe menths from the main shock)

Date Lecation M Successful alarm Incorrect rejection
2003 9 26 Off Tokachi 8.0 100% ( 14/14 ) 31% ( 21/68 )
2004 10 23 Chuetsu 0.8 88% ( 59/67 ) 44% (104/235)
2005 3 20 Fukuoka 1.0 80% ( 45/56 ) 13% ( 4/32)
2007 3 25 Off Noto 6.9 62% ( 56/90 ) 12% ( 7/60 )
2007 7 16 Off Chuetsu 6.8 29% ( 10/34) 0% ( 0/23)
2008 6 14 Iwate-Mivagi 1.2 87% ( 27/31 ) 24% ( 16/67 )
2008 512 Sichuan(CEA) 8.0 65% ( 39/60 ) 3% (12/34)

High rate of successful alarms was obtained in many cases.
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If real-time forecasts were possible
in the present aftershock activity:

(From 19:11 on March 11 to 03:41 on March 15)

Rate of successtul alarm:
16/24=67%

Rate of incorrect rejection of alarm:
6/34=18%



A B piC 5

1) REGEEBSTFHITABELFEZEALT, /FEBOEF FHIZEE AT
2)3H18 Eiﬂd”ﬁﬁiém‘:@@@%ﬁ,ﬁmﬁ% SENIEESNARE2ER
ERRELE. BYOHBO2EL, FBEDIINE, HAWVIIEEIZITV RS
XDOEENFEALT.

3)WHINETFHRIFERDL, WRRKBAXST —F o7 —DH Dk
B RELTWAD, LIZLIEF B BEIESN AL FoE R ZENBLND
XTIz B, FEOUBERFOYEBIE ZII DN TOZBEEED =

Tentative summary
1) A convenient method of forecasting large aftershocks
are tested prospectively.

2) Successtul or nearly successful forecasts were obtained in
many cases.

3) Improvement of the present empirical rule and efforts to make
clear the physical basis are expected.



Appendix: Abstract of the 2008 meeting of the Seismological Society of Japan

A rule for predicting large aftershocks

Ken' ichiro Yamashina(Earthq. Res. Inst., Univ. Tokye)

1. Hint to a new prediction rule

It is5 known that a large aftershock may be preceded
by abnormal decrease in aftershock activity. It is,
however, quite limited in ocecasion to be able to
detect the significant decrease in activity prior to
the oeccurrence of a large aftershock.

In some cases, the decrease in aftershock activity
will appear in larger events slightly more than
smaller ones. Consequently, a certain pﬁrameter which
will represent the difference of the activity between
larger and smaller aftershocks may help us to think
about forthcoming large aftershocks.

2. Proposal of a prediction rule

Congidering that a rule should be simple and easy
to be applicable to the limited available data, notice
here only to the latest 10 aftershocks with magnitudes
larger than a certain threshold. In the present :
primitive discussion, parameters are defined as
follows.

Mo: Magnitude of the main shock

Mmin:Lower threshold of the magnitudes of aftershocks

Mmax:The largest magnitude among the latest 10 after-
shocks (which are larger than Mmin)

Ma: Expected magnitude of a forthcoming large after-
shock

dM: Additional magnitude defined by Ma—Mmax

X: Mean magnitude of the latest 10 aftershocks

Xa! Level of the alarm

Ta: Time period of the alarm

T1 and T10: Time of the oceurrence of the first and
the last events of the latest 10 aftershocks,

respectively

When the value X will become less than Xa, a
large aftershock with magnitude Ma will be expected
between T10 and T10+ Ta. Although suitable values
of the parameters would be examined for respective
aftershock sequence, standard values are tentatively
proposed as follows, based on the 2008 Sichuan, the
2004 Sumatera and recent several Japanese earthquakes:
Xa=Mmin+0.2~0.4. dM=0.6%20.5 (i.e. Ma=Mmax+
0.6+0.5). Ta=2X(T10—T1). In addition, Mmin
will be Mo—3~4, and almost all sarthquakes larger
than Mmin are required to be observed.

In the present case, Ta was slightly changed as 2.2 X (T'10-T1).
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