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λ* +|-. = % + 1
2:45.67.

⁄9:;< =6>=? + − +2 + A B

λ* +|-. = C D + 1
2:45.67.
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λ* +|-. = % + 1
2:45.67.
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ETAS model
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observed cum #
ETAS curve
nonstationary 

ETAS curve

Spatial distribution of K0(t)

Nonstationary ETAS: λ0 1|34 = 6 1 + 8
9::;4<=4

⁄?@ 1 AB C<DCE 1 − 19 + G H

Nonstationary ETAS:
IJ K|LK

= M K + 8
N:O;KN=K

⁄PQ K RS TNDTU K − KN + U V

observed cum #
ETAS curve
nonstationary 

ETAS curve

Aftershock productivity K0(t)

Total intensity λ(t)
background rate µ(t)
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Nonstationary ETAS: /0 1|31 = 5 1 + 7
8:9:18;1

⁄=> 1 ?@ A8BAC 1 − 18 + C E

observed cum #
ETAS cum #
nonstationary 

ETAS cum #

Aftershock productivity K0(t)

Total intensity λ(t)
background rate µ(t)
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Nonstationary ETAS: /0 1|31 = 5 1 + 7
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⁄=> 1 ?@ A8BAC 1 − 18 + C E

• :605CT�(���%�M�(��W@a
Y_\dg^M�'W:401L!�FJ@
9=8<c]f
O*��9=8<c]fKXe
Z[g�h;2.;3.;4iL�JNQHA

• ;jN�#%�M]g[KN9=8<c]fD
SE�JNPIHD@GV�&L$�D 
TVUA

• ���(��?,>- N:704�L��FJB
Uh�"M�(�M)�	L��iA

• :704M41��&R�`ebg[D��FJ
BUA

µ(t) µ(t)

K0(t)
Aftershock productivity K0(t)

Total intensity λ(t)
background rate µ(t)



Nonstationary ETAS:
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= 5 1 + 7
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⁄=> 1 ?@ A8BAC 1 − 18 + C E
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1 − 1AF.H + CAF.H EAF.H
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Aftershock productivity K0(t)

Total intensity λ(t)
background rate µ(t)
Triggering by M7.3
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Nonstationary ETAS:
/0 1|31

= 5 1 + 7
8:9:18;1

⁄=> 1 ?@ A8BAC 1 − 18 + C E

��M7.3�
������	�ETAS��
�
/0 1|31

= 5 + 7
8:9:18;1

=>?@ A8BAC

1 − 18 + C E +
=AF.HI 1AF.H;1 1

1 − 1AF.H + CAF.H EAF.H

Aftershock productivity K0(t)

Total intensity λ(t)
background rate µ(t)
Triggering by M7.3
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The intensity function
! "|$ % ,' % , ( %
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This characterize the time-dependent magnitude 
frequencies of all detected earthquakes (Ogata 
and Katsura 1993, 2006).

�(M) = βe−βM 7 10a−bM

The detection−rate function
, "|', ( = ⁄. /0 ∫"2

3 exp 4 −' ///(/ dx

mBDC

sBDC
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M6.4, M6.5, M7.3 
from below

events  before M7.3

events after M7.3

The probability density distribution:
f (M| b,X,Y)= β(X,Y)e−β(X,Y)(M−Mc)

Here β=β(x,y) is a function of 
location, represented by a 
piecewise-linear function defined 
on the Delaunay tessellated region.
The  penalized log-likelihood is 
used. 
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WE vs NS distribution of the foreshocks projected to XY line vs depth distribution. 

M6.4, M6.5 from below

events  before M6.4

events after M6.4

M6.4, M6.5
from below

events  before M6.4

events after M6.4
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