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ABSTRACT
The Japan Meteorological Agency issues information on aftershock probability after occurrences of large earthquakes.
The occurrence probability of aftershocks is evaluated by combining the Gutenberg-Richter formula and the modified
Omori formula (Earthquake Research Committee, 1998). ‘

This study presents a new method for probability evaluation by using the ETAS model (Ogata 1988, 1992) instead of
the modified Omori formula. The present method can be applied to seismic activities not only of the main shock-aftershock
type, but also of the swarm type.

We first determine the parameters of the ETAS model based on seismic activity of the past. The occurrence
probability of earthquakes is then evaluated by the Monte Carlo method, which is carried out as follows:

1) For a short time interval At, an earthquake is generated with probability A(t) At. Here A(t) is the intensity function of
the ETAS model at the present time t. '
2) When an earthquake occurs in step 1), its magnitude is determined by the truncated Gutenberg-Richter distribution
(Utsu, 1978).
The present method is applied to some of the recent activities. For activities of the main shock-aftershock type, no
significant difference in evaluation is observed between the present method and that of the Earthquake Research Committee.

For swarms, probability shows natural ups and downs, depending on the activity of the past.
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Figure.l An example of Monte-Carlo simulation using ETAS model
Mobs: magnitudes of earthquakes observed
Msmu: magnitudes of earthquakes generated by simulation
Intensity function 1: intensity in observation period
Intensity function 2: intensity due to earthquakes in the observation period
Intensity function 3: intensity due to earthquakes in the observation period and simulation period

Intensity function 2 is calculated beforehand to save computation time.
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Table.1 Evaluation methods for aftershock séquences and seismic swarms

Intensity M Main—-shock |Seismic

function distribution | —aftershock | swarm °
model.1 |MO G-R o X '
model.2 |MO T-GR @) X
model.3 |MO |Utsu @) X .
model.4 |ETAS G-R A A
model.5 |ETAS T-GR @) @)
model.6 |ETAS Utsu (@) @)

MO: Modified Omori model

ETAS: ETAS model
G-R: Gutenberg and Richter formula
T-GR: truncated Gutenberg and Richter formula (Utsu, 1978)
Utsu: Utsu model (Utsu, 1971)

o : available

x : not available

A : not available for p'rac‘tical use
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Figure.2-1 ~Application of Various Model for Main shock-Aftershock
Sequences  (1995/01/17 Kobe Earthquake M7.3)
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Figure.2-2 Application of various model for Main shock-aftershock
type (2003/09/26 Off Tokachi Earthquake M8.0)
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Figure.2-3 Application of Various Model for Main shock-Aftershock
Sequences (2005/03/20 Fukuoka Earthquake M7.0)
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Figure.2-4  Application of Various Model for Main shock-Aftershock

Sequences (2004/10/23 Niigata Chuetsu Earthquake M6.8)

31

400

- 300

- 200

- 100

100 §

90

Probability %

=O=model 1

80

—8— model 2

@ model 3
© model 5

70

60

—@— model 6

50

40

30

20

0 4.0
Expected Number

50

140 |

120

100 |

80

60

40

20

== model 1

—— model 3

40 5.0 6.0

model 2

model 5
model 6

observation

median of model 5

7.0 : 8.0
Magnitude

=V~ €HER 69 HMEY



ETAS £5 )L % F Wiz g 8 O 45 ke 3T

Table.2 Parameters of model 1-3,5-6

(1) 1995/1/17 Kobe Earthquake Mo7.3

Modeling period : 1995/1/17 05:46 — 1/17:23:59 (0.76day)

model 1 model 2 model 3 model 5 model 6
Mth 2.5 2.5 2.5 2.5 2.5
u - - - 0.00 0.00
K or k 63.48 63.48 63.48 1.26E-09 1.26E-09
c 0.13 0.13 0.13 0.13 0.13
o - - - 5.08 5.08
p 1.65 1.65 1.65 1.65 1.65
b 0.68 0.66 0.36 0.66 0.36
Mup - 7.30 - 5.35 7.30 5.35
(2) 2003/9/26 Off Tokachi Earthquake Mo8.0
Modeling period : 2003/9/26 04:50 — 9/27 23:59 (1.80day)
model 1 model 2 model 3 _model 5 model 6
Mth 30 - 3.0 . 3.0 3.0 3.0
[ - - - 0.00 1.00
K or k 83.04 83.04 83.04 3.64E-03 3.64E-03
c 0.10 0.10 0.10 0.03 0.03
o - = - 2.06 2.06
p 0.96 - 0.96 0.96 1.42 1.42
b 0.61 0.59 0.34 0.59 0.34
Mup - 8.00 6.46 8.00 6.46
(3) 2005/3/20 Fukuoka Earthquake Mo7.0
Modeling period : 2005/3/20 10:53 - 3/31 23:59 (11.55day)
model 1 model 2 model 3 model 5 - model 6
Mth 2.8 2.8 2.8 2.8 2.8 .
U - - - 0.00 0.00
K or 48.55 48.55 48.55 - 2.56E-12 2.56E-12
c 0.04 0.04 0.04 0.04 0.04
o - = - 2.29 2.29
p 113 1.13 1.13 1.22 1.22
b 0.89 0.86 0.71 0.86 0.71
Mup - 7.00 6.41 7.00 6.41
(4) 2004/10/23 Niigata Chuetsu Earthquake Mo6.8
Modeling period : 2004/10/23 17:56 — 10/24 23:59 (1.25day)
model 1 - model 2 model 3 model 5 - model 6
Mth . 3.0 3.0 3.0 3.0 3.0
u - - : - 0.00 0.00
K or k 44 .41 44.41 44.41 3.64E-03 3.64E-03
c 0.08 0.08 0.08 0.03 0.03
o - - - 2.06 2.06 .
p -1.54 1.54 1.54 1.42 1.42
b 0.59 0.56 0.34 - 0.56 0.34 .
. Mup — 6.80 6.38 6.80 6.38

Mo: magnitude of Main shock Mth: threshold magnitude pk,c,a,p: ETAS model parameters
K,p,c :Modified Omori model parameters b,Mup: truncated G-R or Utsu(1971) model parameters
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Figure.3 Seismic swarm near the Miyake island in 2000

Magnitudes and cumulative numbers of earthquakes are plotted against time,
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Figure.4-2 Application of model 5 and 6 to seismic swarms near the Miyake Island in 2000.
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Table.3 Result of model 5 and 6 for seismic swarm near Miyake Island in 2000

®

@ @ @ @ @ 5 @ Average cumulative

from 07/02 00:00 |07/09 00:00 {07/16 00:00 |07/23 00:00 |07/30 00:00 |08/06 00:00 j08/13 00:00 ;08/20 00:00 |08/27 00:00 ¢ ®_g_ ) number
to 07/04 23:59 |07/11 23:59 |07/18 23:59 |07/25 23:59 |08/01 23:59 |08/08 23:59 |08/15 23:59 |08/22 23:59 |08/29 23:59 |° of @—@
forecast _

expected number : E - L oo )

>M4 61.9 33.0 28.3 16.1 -25.6 28.2 7.7 10.1 5.1 24.0 215.9
w [DM5 1.7 4.9 4.2 2.4 3.9 4.3 1.2 | 1.6 0.8 3.4 31.0
g >Mé6 0.7 0.5 04| - 0.3 04 0.5 0.1 0.2 041 0.3 3.1
o |Probability (%) ‘ ' B :
ElbMma 99.7 96.6 96.3 91.3 97.9 98.5 77.0 | _83.9 59.9 89.0 |

>M5 -87.6 71.6 68.7 55.8 74.6 78.9 .37.6 45.6. 26.6 60.8

>M6 37.3 279 26.2 17.7 26.3 29.9 95 | - 11.7 6.7 21.5

expected number ' ' ’ B B e

>M4 84.2 34.3 29.3 16.8 ..26.6 | 28.1 1.1 10.1 5.2 26.9 2422
© {DM5 10.9 4.4 3.8 2.2 3.5 3.6 1.0 1.3 0.7 3.5 - 315
° [>M6 0.7 0.3 0.2 0.1 0.2 | 0.2 0.1 0.1 0.0 0.2 2.0
8 |Probability (%) ' v . .
E >M4 99.7 96.8 96.5 91.5 98.0: 98.6 77.3 .84.0 60.1 89.2

>M5 ‘ j

>Mé
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Figure.5 Application of model 5 and model 6 to a Stationary Activity

(SW. of Ibaragi Pref.)

Left: Magnitudes and cumulative numbers of earthquakes are plotted against time,

Right: Probabilities plotted by right scale
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