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Real-time prediction of the probability of aftershocks after the main shock

FOR KPR PE A ISR AT

e A BT ZEFT

Institute of Industrial Science, University of Tokyo
The Institute of Statistical Mathematics

RELHENEZ724%, FiZ— B BIEIZLORORENEZDHERDIET @, T2 TAER
Br HOMICEZSD~7 =F 2—F 4 YL EORBEOKEEIAE L — A BISEETOD. BRITKRERT
XL BGROREBEN R AETHMRE TR TELIENEETHD. —FH, KEO~T =F2—RFNRFET
Th—n H ORBEDT~8FHEDY. 2D, (b, ¢, p) EOFELEIR STA—ZDET N EM > TTHRE
DY ARERZFRTDOIIARER LA LU EFZRIER520Y . EICKEBEOBE KX, MER G
TR DD TELDREBENFHAL, REOREVBIINGIFALTLEI 2O, 1B URNIZTHEITIZE
DEEL )Tz,

T — & ORBPITRAR-FESEREH]R Gutenberg-Richter HIDFEFH AT DFERICK X Ip g% 5.
29 DT, RIPEOMEHIRMEE ZTICIR AND Z ENMETH D, RELMBEOERITIE,
BIICHREER TR, RERKBTHLHMNIOHITIBELTLES Z LD DH. 2D LI RXKBED
HHMBRAET —HD, EERIZIZEDREDOHOMBENEE T E P2 DHEE HEZ2 A X ik
[CHESERFRLEZY . 2L CAE], IEEF 2T — & B REBERNE CIT LA LNHEETHFIEEZRT L
7=V, ZONEE ERORBO TRET VA EDELZLCIY, REREREOT —200, VT L
HALTRBEOHRT NPT DI /2o72.

2011 A= AL H G ASFPE HIFE#% D Global NEIC O4RET — 4% HIWT, RTHITIEOH 014
P37z, SHIZ 2013 45 2 AICHEE IR A Yk Cilid Zo7c v/ =F 2 —K 6.3 OHIEI A E % O Hi-net B
BBLHIS AT DI TRITENTZT —F Zflio7-THIE T HBENDOKET PDE 7 —F %72 T illE
HERTCARMFEp~ T =F 2— R T —H BT AR TR T EOmE N2 ) O 7.

OmMiTiEz, BIRRE, FHEAN, BR—8)
STHR :
1) KGIT - RBEET (2009) G, £ 81 %, pp. 101-131.
2) HERAEZEZS (1998) http://www.jishin.go.jp/main/yoshin2/yoshin2.htm
3) WERHEAERBFZEAT (2005) AR, 73 2, pp. 666-669,
http://cais.gsi.go.jp/ YOCHIREN/report/kaihou73/11 10.pdf.
4) Omi, T., Ogata, Y., Hirata, Y. and Aihara, K. (2013) Scientific Reports 3, doi:10.1038/ srep02218.
http://www.nature.com/srep/2013/130717/srep02218/full/srep02218.html



http://cais.gsi.go.jp/YOCHIREN/report/kaihou81/03_04.pdf
http://www.jishin.go.jp/main/yoshin2/yoshin2.htm
http://cais.gsi.go.jp/YOCHIREN/report/kaihou73/11_10.pdf
http://www.nature.com/srep/2013/130717/srep02218/full/srep02218.html

120
19454F =;aith=(M6.8)
2004375 B it iE (M6.8)
1943 EHItE(M7.2)

90

2008FEF SHAIMEHZE(M7.2)

SRIEFEEDE

19954 E B ALtz (M7.3)
20075 EEEF BibE(M6.9)

2004F SR HithE(M7.1)
20004F SHUE FaSPiE(M7.3)
2005418 /M) (B /550t = (M7.0)
2007438 B it = (M6.8)

30

0 10 20 30

AENSDIFBEZEL

F1XK. MALLEDORERBHDO LR

Figure 1. Comparison of numbers of aftershocks (M > 4.0) in inland or costal areas in Japan.
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Figure3. Observed aftershocks of the 2011 Tohoku-Oki earthquake of M9.0. (a) Epicenters and (b)
time versus magnitude of earthquakes that occurred in Japan according to PDE/NEIC catalogue.
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Figure 4. Estimation of time-dependent detection rate. (a) Estimates of mu(t) for learning periods of 3 h, 6 h, 12 h,
and 24 h after the main shock are represented by magenta, blue, green, and red curves, respectively. (b) Closed
circles represent normalized magnitude histograms of observed aftershocks. Each grey curve represents the
instantaneous magnitude distribution predicted at the time when each earthquake occurs, and red curves represent
their average for each time window.
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Figure 5. Forecast of underlying aftershocks and observed aftershocks. Closed circles represent
empirical occurrence rates (# / day) of observed aftershocks with magnitude (a) M > 5.0 and (b) M > 6.0.
Occurrence rates of underlying aftershocks with magnitude (a) M > 5.0 and (b) M > 6.0, estimated for a
learning period (solid curve) and forecasted for the following period of the same duration (dashed curve).
Learning periods are 3 (magenta), 6 (blue), 12 (green), and 24 (red) h after the main shock. Bars indicate
95% predictive intervals of empirical occurrence rates (see Supplementary Information).



Hi-net |

A, =12,

0.01 0.1

1

3h 6h 12h24h

elapsed time from a main shock [day]

a
4
[}
©
=
c
o
@©
=
0
5
4
1))
©
=
i
oD
@
E

0

3h 6h12h 24h

JMA

A(t). i=1,2, -

0.01

0.1

1

probability density

probability density

elapsed time from a main shock [day]

FM b, i(t),6), i=1,2,

100 L 1] 5 L] 3'6h 1
. ® L
107" F B & 3
10-2 3 1 1 1 ]
100 L, ° () 6'12h 4
4 @ é
107 ) o 1
[ ]
102 § , : ,
100 L o0 12-24h 4
L )
107 2 2 3
102 | , , ]
0 1 2 3 4
magnitude
f(M|bA5/:l(ti)56-)a izla 25
5 | | © 3.6h |
100 E @ E
z ® =

magnitude

FB6X. HOCHUROHEE (M6.3) DAFEIE A% A NI Z oo RBISH T2 TR Z0RER (1
X413 Hi-net 7 —%, FXIZIMA-PDET —%) . SHAXEFUE LR AT ry L7z,
Figure 6. Estimation of the time-dependent detection rate for the JMA catalog. Notations are the same as

in Fig. 4.
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Figure 7. Forecast of underlying aftershock activity for the JIMA-PDE (top) and automatic Hi-net (bottom) catalog.
Notations are the same as in Fig. 5. @ shows frequency of the detected aftershocks, and [0 shows frequency rate (# of

aftershocks / day) of observed by the JMA.
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