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Fig. 1 The seismicity in the central area of Kumamoto prefecture, from 2010 to April 14, 2016 before the M6.5 earthquake

of 14 April 2016, with magnitudes M > 1.0. Each paired panels are the results by the XETAS program. The ETAS
model is fitted to the most likely change-point (gray dashed vertical line) if exists, then extrapolated, shown in red

curve, superimposed on the observed cumulative curve in black. We see the relative quiescence after September 2015.

The downward arrow indicates the occurrence time of the 2011 Tohoku earthquake of M9.0. Quiescence can be still

significant with some higher threshold magnitudes at the same change-point (i.e., 1800 elapsed day).
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Fig. 2 The ETAS model fitted to M > 1.0 earthquakes in each region of R1-R8 separated from total area of Fig. 1. Quiescence

is detected in R3, R4, RS (see Fig.2 continued below), but no significant anomalies found in the rest of the regions. In
each of the paired panels, the ETAS estimate of the cumulative curve is superimposed (red curve) on observed (black
curve) in the ordinary time (left side of each pair) and the transformed time (right side). The corresponding M-T plots
are associated.
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Continuation of Fig. 2

Seismicity of M > 1.0 in the regions, R3, R4, RS. (Left hand side panels), ETAS estimate of the
cumulative curve (red) fitted the data in the target period before the change-point, and observed
cumulative curve (black). (Right hand side panels) The non-stationary ETAS model estimates: x(f) in
red and K, (?) in blue, with 2 fold error curves. The right side panels show spatial distribution of K, (7)
against the locations of triggering earthquakes.
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Fig. 3 The aftershock activity (M > 2.0) of the M5.0 earthquake that occurred in 2000 in the same region of the M6.5 in 2016.
There is relative quiescence from 4 months after the M5.0 main shock up until the M6.5 Kumamoto earthquake.
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Fig.4 Analyzed results by fitting the ETAS modes to the aftershock sequences of the M7.0 Kagoshima-Ken western offshore

earthquake in November 2015 (left side) and the M7.0 Fukuoka-Ken western offshore earthquake in 2005 (right side),
respectively. The theoretical (red) and empirical (black) cumulative curves of the aftershocks are plotted with the
respective threshold magnitudes M., with the M-T diagrams. No aftershock of M > 4.5 and M > 4.0 occurred for the last
150 days and 10 years in the former and the latter case, respectively. The same change-point is considered for the lower
magnitude threshold in the corresponding panel in the bottom row.
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Fig. 5 Analyed results of the M6.5 Kumamoto earthquake of 2016 by the ETAS model. The red theoretical cumulative curves
are superimposed on black empirical cumulative of the aftershocks of M > 1.5, M > 2.0, and M > 2.5, associated with
the M-T diagrams.
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Fig.6 The ETAS model is applied to each aftershock cluster of Kumamoto (M > 3.0), Aso (M > 3.0), and Oita area (M >
2.0), respectively. The p-values of the decaying rate of aftershock frequency appear different to each other, and fit well,
respectively .
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Fig. 7 Analysis of the entire Kumamoto aftershock sequence (M > 3.0) by the ETAS model. (Top left panels) The ETAS
model is applied to the superposed aftershock sequence in Kumamoto, Aso, and Oita regions, and the cumulative
number of events in the transformed time is plotted. (Right panels) In the depth distribution against the transformed
time, the foreshock activity migrated toward as deep as the M7.3 mains hock hypocenter. The frequency of the felt
aftershocks (bottom left panel) of the M6.8 event decays rapidly compared to that of the M7.3 aftershocks probably
either because of the migration, or the aftershock quiescence (cf. Fig. 5).
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£ 8 (FER S V) MO ¥ 12X A GR~ 7 =F 2 — FHEEEGA bl (/£ LBX) & ki<
FA—=% (WTEM) ORMZLE 2 fFEER RAHE (M64) RAE (M7.3) ThESREEIRIZZEL
LCwa, (FHSH)V) 857 TR ETAS £ 7 )V & SL#ICIEER ETAS ET VA HEE L7728 25,
BB 1 (320 L TO R WAREAEENE/ ST X —F K(0) ZRTROYES M3 OREL D KE W,
Fig.8 (Left side panels) Earthquake detection rate analysis”. Time changes of the b-values (top left panel) and the detection
rate parameters (left middle, left bottom panels) with double error curves, for the entire period of the foreshocks and
the aftershocks. The b-value changes stepwise at the largest foreshock of M6.4 and at the main shock of M7.3. (Right
side panels) The non-stationary ETAS model® ¥ is applied for the same entire sequence, where the ETAS parameters in
Fig. 7 were adopted as the reference. The time variation of the K, parameter changes significantly while the background
activity p values remains constant. The aftershock productivity K, take higher values during the foreshock activity than
during the M7.3 aftershocks.
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