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A baseline probability model

Isosurface of A(t x, y)

Hierarchical space-time ETAS model
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Estimated from M>=5.0 for 1926-1995
Y¥ = earthquakes of M>= 6.7 during 1996 — 2011 Mar
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2006 — 2011, M>=5 earthquakes
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Figure 1. Epicentres of earthquakes (M, = 4.0, depth <100km) in
the JMA catalogue (1926-91).
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ErfEIfEIfE. fHEREE. YU =—F 31— FZE 0Ogata, Utsu & Katsura, GJI, 1996
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E#Fﬁﬁﬁiﬁﬁ: ti(':j — tj} _tic

MEER = (X0 (Y )
YI=F2 gi;=M]-M;

— FDE:
@ BEEROZEHR: t> 7
(0 for t <0.01
T =< log(100t)/log(3000) for 0.01 < ¢ < 30
1 for 30 <t

@ tHEEMOE®R: r>p
p =1—exp{—min(r,50)/ 20}
@IV =_Fa—FEDOEH: g>y

B { (2/3)exp{g/o1} for g <0
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Algorithm of foreshock probability calculations ©gata, Utsu &

in case of plural earthquakes in a cluster Katsura, GJI, 1996

For plural earthquakes in a cluster, time differences t; ; (days), epicenter
separation r; ; (km), magnitude difference 9; ; are transformed into the unit cube

[ (ti,,-,ri,j,gi,p»(ri,,-,pi,,-,m,,)e[o,l]?’]

1 . 1-p
p= - < f =logit(p)=In
1+e P

Probability p_ is calculated sequentially

z{aﬁzbﬂ,, +zckp,, +Zd - }

#{I<J}I<j k=1

Arithmetic mean of polyn@mials of the normalized
space-time magnitude variables for all pairs of
earthquakes (i <j) in a cluster.

The coefficients a, b, ¢, d are estimated by the
maximum likelihood methad together with the AIC.

logit(p,) = logit {:u(xl' yl)}

1 (x, y) indicages probability of initial
earthquake afflocation (x,y).
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Foreshock probability forecast (%)

50.0

10.0 20.0

5.0

2.0

1.0

0.5

45

40

35

30

oon O

o

139.3 138.5 138.7

ancl], ]

e ()

O

1384 1393 1395 1397

and[, 3]

@

o

o
a
*m.h_é___.—-—-—-—'_'_'

o

=1 © g
-030  -020  -040
Backwadtd Time
S
@ =5
182 ve 3
E 8%
g §
=< c &
l l l i : l l 3 T T T LOL "
-60 =50 -40 =30 =20 -10 0 ~0.30 ~0.20 _0.10 0.00
i Backward Time (days)
Backward Time (days) [ 2013 Apr. 22

2013 Apr.

T T T
-0.30 -0.20 -0.10 0.00

Backward Time (days)



0.15
|

2011 March @
"N M7.3 IorgesT foreshock

M9.0

M. >65
M>4

—Actual foreshock cluster

——ther type cluster

; [— Others freq. 100% | Forecasts and results
© O Foreshock freq. | T e
w ! J
2 e )
§§ i ; Plural earthq. ¥ o= 3
o O . 'H'"":"I....‘i_.!"o. g
2 1994 - 2011 2 S Sl
X 8 A
2° c 10% TR T T At
o Q \-:‘\
o o -l
g I | | | I g
0 10 20 30 40 0 =
Probability forecast (%) o 1% .
LO. _ [ qg -
(=) 1
: — Others freq. "5
- i O Foreshock freq. ]
o o . 2
S L =
ga : Single earthq. Q
J o 1 (U =
g : 1994 -2011 2 0.1% - 199& 2011
o N — 2
[
= ]
5 Actual foreshock cluster
S t——i— i ———O0ther type cluster
O |
> 4 6 8 10 12 > 001%
Probability forecast (%)

Forecast& performance 19944 -2011& 2 > 10 20 50 100
Predicted e Order of earthquake in a cluster
probability ' 10% 15% |

[ SO SRR S R e EG——
Foreshock 4 10 30 12 14| 70
Others 179 211 263 115 51 | 819
| S L R, SR e e e
183 221 293 127 65| 889
P et s g o M) Ogata & Katsura,
Relative 122 45 102 9.4 215| 7.9 GJI, 2012

Frequency

Cluster types

Majnshock
AM l l
v —

Aftershocks Preshocks Aftershocks

r
ainshock

I Mainshock- @ Swarm type, if AM <045

Aftershock type @ Foreshock type, if AM= 045

'\

J




iry

VDHETROBFIRIIL,, B TCEZHERLUHEREL TR T 5(C
1. FERTRINB|T L N\,

VDRI CH L AR EBOREZTHOMER T R (K- BT RADOHES
DETFI)Z®EZ22% (CSEPDEAZE),

D R EBRERETINDOXITZEDLLENDHD,

QQEFHEN, RBEOWMRKLDON, YORBREWARENH L DM
DYDTHEEI2ARE 5,

> RMEDOREERY REDOLDYINT, ZOEE, ZOH M,
CORBEETTHERILEE (BERAIF) Y2520 nTLWnw , The?
RV RABELR BN H S,

> ERRAZUYAMEOEARBEZIEATLEBRETTIVOIERK
VREZILTERVERTTRTLLHIC, SEDOBRRA T —F DHE

BUERERAZZZBERL G HRARZED, REWICTRIT LI
NH T Thb,



