2016 SFREXMBOREOHERE T
Probability aftershock forecasting of the M6.5 and M7.3 Kumamoto earthquakes of 2016

RRARFAEERMZAR

HEH BRI AT

RIEKRZMEVEA

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

Earthquake Research Institute, University of Tokyo

BUE, RBOWRIIFEZBESOREE" [REOHFEFMFIEICOWT) ITHESWTEHEA
SNKET TTHRESVPITONTNDD, REERICHILT D720, NEEZEDORTERNOR
BYE 27 — 2 IS LTERE ORI RORFHA#B 2B L T, Kk @ FHROKRBR=ZAR
Gutenberg-Richter H| D /3F 2 — & 2 ET DG FIEERE LY, ZOHIEIZLY, 2016 4
4 O M65FEAHIEORE (1K) KU5I&Hi< M7.3 OREMRRSM (F2M) %2, £h
ENARER SKHNG, VT NAFA LTRSS TRTEHL R LT, ELIERRRETFEH L2
L7z 2003 FHia R B E (M6.8) ORBERINIOL ba AT T ¢ 77 Tl &2 FatE L
7= (F3X),

XHIZ, MI3REARM G OHEORED Rl L OO 1 HOBZILIZ) T ¥ A KT
—r AR ETORYTRIY Zx Lz (BB 41X, F7z CSEP A AMGEE v & —IZ 8§k + O HIST-
ETAS E7 /L% & M4 Pl EOREICET 2 FIRs SR T E5K) 2R,

AIRHTIZEE L CREGT— e bEBIRT — &, BRI Hi-net 77— & 2 (EH L 7=,

GLEE7%, RIZERE, 5L, BF—8)

3R

1) HEFAAEZES (1998) http://www.jishin.go.jp/main/yoshin2/yoshin2.htm
2) HURAEPEWIIERT - SUEHEERAISERT (2014a) 1EHE T 91 (3-2), 66.

3) WKAPEWIFEAT - HFHEERMIZERT (2014b) HERE S 92 (11-2), 386
4) FEFHERIIERT (2010) RS 83 (1-2), 5.



Aftershock forecasting after the 2016 Kumamoto M6.5 earthquake
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Fig. 1. Probabilistic earthquake forecasting after the Kumamoto M6.5 (14/04/2016) earthquake until the occurrence of
the main shock (M7.3). We use the Omori-Utsu and Gutenberg-Richter models for our forecasts, and their parameters
are estimated from the Hi-net automatic hypocenter catalog. The top panels show the estimate of the detection rate of
aftershocks during respective learning periods. The middle panels show our forecasts (red) compared with the actual
observation (black: Hi-net catalog, blue: JMA catalog). The forecast using the generic model that represents standard
aftershock activity in Japan is also plotted as a green line as a reference. The bottom panels show the time variation of
the instantaneous occurrence rate during each forecast period. The color of the line represents the time and the time

evolves from cyan to purple.



Aftershock forecasting after the 2016 Kumamoto M7.3 earthquake
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Fig. 2. Probabilistic after forecasting after the Kumamoto M7.3 (16/04/2016) main shock.

A format is the same as the Fig. 1.
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Aftershock forecasting after the 2003 Chuetsu earthquake
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Fig. 3. Probabilistic after forecasting after the 2003 Chuetsu earthquake (M6.8). A format is the same as the Fig. 1. Here

the forecasts are prepared based on the JMA catalog.
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1-month forecast of aftershocks after the 2016 Kumamoto M7.3 earthquake
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Fig. 4. Intermediate-term forecast of aftershocks after the 2016 Kumamoto M7.3 main shock by using the ETAS model.
We estimated the parameters in the ETAS and GR models from the first 1 day aftershock data in the JMA catalog, and



forecasted the following 1-month aftershock activity using the stochastic simulation. We first sampled 1000 ETAS

parameter sets from the posterior probability distribution, and changed the parameter sets sequence by sequence in the

simulation (Bayesian forecasting). We used the GR model for the magnitude distribution with the upper limit at the

maximum magnitude of aftershocks during the learning period plus 0.3 (blue lines), and at the main shock magnitude

(red lines). By combining the simulations from the two different magnitude distribution, we obtained the predictive

distribution. The red bar in the right to the panel represents the 2.5%, 25%, 50%, 75%, 97.5% points of the predictive

distribution.
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Fig. 5. The spatial forecast of earthquakes during 2016 Kumamoto earthquake sequence by using the HIST-ETAS

model. The parameters values that had been submitted to the CSEP Japan testing center are used.
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