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Outline

®& Aftershock forecasting, and its problems



Mainshock, Aftershocks
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Eqgrthaueks during 1-year period before and after
the Tohoku-oki (M9.0) earthquake



Mainshock, Aftershocks

The Tohoku-oki earthquake (2011/03/11)
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Importance of Aftershock forecasting after the main shock

®# Large aftershocks can cause additional damages in the affected area.

& Aftershock forecasting has been carried out to reduce the seismic risks.
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Aftershock forecasting by Japan Meteorological Agency
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Forecasting aftershocks after the main shock

& Immediate forecast of aftershock is strongly required.
& We need to tailor a forecast model to each aftershock sequence.
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1995 Hyogoken Nambu(M7.3)
2007 Noto Hanto(M6.9)

12004 Miyagiken Oki(M7.1)

.= 2000 Tottori-ken Seibu (M7.3)

2005 Fukuoka-ken Seihou-oki(M7.0)

2007 Niigata-ken Chuetsu-oki(M6.8) 4 mmm—
2007 Chuetsu-Oki (M6.8)

Time from the main shock [day]

30



Why is iImmediate aftershock forecasting difficult?

The data in the early period is highly deficient.

Earthquakes
1995 Kobe earthquake of M 7.3 ‘
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Outline

# Immediate forecasting of large aftershocks within one
day after the main shock



Empirical law of aftershocks:

- time evolution of aftershock activity

The Nobi earthquake M8.0 (1891) Omori-law
1000 e—r—rrrrm— T Ty
B s k
i | it N A(t) =
i \ ¢=0.797 day t _|_ C
. I ® : |
1 - 'o% E 4
| \ g Omori-Utsu law
0.1 3 '.;\.S.\( ? k
it i Al) = (t +c)P
Pt IR e day) T. Utsu(1961)

Utsu, Ogata & Matsu’ura (1995)



Empirical law of aftershocks:

- magnitude-frequency relation

frequency
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ForecaSt mOdel (Reasenberg and Jones 1989)

The rate of earthquakes of the magnitude M at time ¢

At, M) = e f T e~ M
C

Omori-Utu  Gutenberg-Richter

Parameter Estimation

Estimate the parameters K, ¢, p and £.

Forecast the probability

The expected number of earthquakes with magnitude M > M,

in the time interval [t,, t,]

tg @)
n:/ dt/ dMA(t, M)
t1 M.



Schematic illustration of our procedure
Underlying Egs: detected EQs. + missing EQs.

Statistical Modeling
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Schematic illustration of our procedure
Underlying Eqgs: detected EQs. + missing EQs.
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Statistical Modeling

Underlying Aftershock Model
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Detection

Probability density

Magnitude

Estimating the detection rate

M u u
1.0f Magnitude dependence of the detection rate
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Ogata & Katsura (1993).

Time dependence of the detection rate

- Assume the parameter u is a function of the time.

- Estimate u(t) by using Bayesian smoothing method
Omi et al., (2013, 2014, 2015).

o o 1o o 2004 Chuetsu aftershock sequence
Time [Day]



Objective Bayesian Estimation

Estimate B = U1, U2, U} B and O from M = {My, My, -, My}
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State Estimation: Find M that maximizes the posterior p.d.f.

Posterior: Pg o v (uIM) o Pg ,(M|p)Py ()

Parameter Estimation: Likelihood Prior

Find B, o and V that maimizes the posterior p.d.f.
P(B,0,VIM) x Pg ,,(M)P(B,0,V)

Marginal Likelihood Prior



Bayesian forecasting: considering the estimation uncertainty

Plug-in
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(Omi et al., JGR 2015)



Forecasting experiment

The aftershocks of the 2011 Tohoku-oki earthquake of M9.0
The NEIC PDE Catalog (provided by USGS)
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Forecast experiment with the 2011 Tohoku sequence

Learning period

0 -1 day

Forecasting period

1 - 31 day
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Immediate forecast with the 2011 Tohoku sequence
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Conclusion

& We proposed a method for estimating the underlying aftershock
model from the deficient data of early aftershocks.

& Our method well forecasts the aftershock activity from the
deficient data available a few hours after a main shock.
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General Discussion

& Point process models can be applicable to diverse
phenomena such as earthquakes, neural spiking activity,
human communication, crime occurrence (predictive
policing).

& Mathematical methods are useful to solve problems in the
society.
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