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Measuring seismicity diversity before and after the Kumamoto earthquake by
point process models
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Fig. 1 The seismicity prior to the Kumamoto earthquakes

Panel A: The central Kumamoto region is separated to the R1-R8 sub-regions. The fault models are due to
Geospatial Information Authority of Japan (2016, CCEP). Panels B: The ETAS estimate of the cumulative
curve (red) is superimposed on the observed cumulative curve (black) of earthquakes of M > 1.0 in
ordinary time (the left side of each pair) and transformed time (the right side of each pair). The
corresponding M—T plots are associated.
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Fig.2 Estimates by the ETAS model (1) and the non-stationary ETAS model (3).
The models are fitted to a seismicity of M > 1.0 in the R3, R4, RS sub-regions given from the top to
bottom row panels. The first and second column panels show the empirical (black) and theoretical (red)
cumulative curves of the ETAS fitted to the data against the ordinary and transformed times of the ETAS
model in the target period prior to the most significant change-point of the two-stage ETAS model. The
thick dashed light blue curve superimposed on the empirical cumulative curve indicates the theoretical
cumulative curve of the estimated non-stationary ETAS model. The third column panels show estimated
w(?) curve (red) and Ky(¢) curve (blue) of model (2); 2-fold errors are also indicated. The right-most panels
plot the K, values versus the locations of the earthquake epicenters.
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Fig. 3 The ETAS model (1) is applied to the foreshock sequence (from the occurrence time of the M6.5
earthquake to the mainshock M7.3) with different magnitude thresholds of M > 1.5, M > 2.0, and M > 2.5.
The theoretical cumulative curves (red) before the change-point (¢ = 0.16) are plotted against the ordinary
and transformed times, superimposed on the observed cumulative numbers of events (black), together with
the corresponding M—T diagrams. The top left panel plots the epicenter distributions.
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Fig.4 Non-stationary ETAS models (3) applied to the main-fault and off-fault aftershocks of the M7.3

Kumamoto earthquake.

Panel A indicates the epicenters and the fault models of the M6.5 and M7.3 ruptures, where gray disks
indicate events with magnitudes less than M3 whereas reds disks indicate those larger than M3. The
estimated occurrence rates and time-dependent parameters of the model (3) that is applied to the
aftershocks of M > 3.0 in the sub-regions S1 ~ S3 in panel A. In addition, for the regions S2 and S3, the
model (2) is also applied.
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Fig. 5 Earthquake detection-rates and b-value change, and the hypocenter depth variability.
Panels A show, from top to bottom, plots of h-values and detection-rate parameters”

SRV B O EBE TR BIEOWRS pAi. B GRE)NE, 5 M6.5, M64, BLUIMT3 KT

in time from M6.5 foreshock with double error envelopes against time on a log scale. The vertical

dashed lines show the occurrence times of the M6.4 and M7.3 earthquakes, which are marked by large circles. Panels B show depth variability against the transformed time. Yellow
stars indicate M6.5, M6.4 and M7.3 from left.
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Fig. 6 The spatial b-value variability near the regions of foreshocks and on—fault aftershocks.
In Panel A, white and red dots represent epicenters of the foreshocks before and after M6.4, respectively. Black dots represent epicenters of the aftershocks. Red open triangles indicate the epicenters of M6.4, M6.5, and
M?7.3 earthquakes located from the south. Red segments indicate simplified traces of the Hinagu Fault and the Futagawa Fault located from the south. The inset panel shows only the b-value image. In Panel B, white dots
represent the hypocenters of the foreshocks projected onto the XY lateral plane shown in panel A. Colors and contours show the b-value variability. The contours are shown in 0.02 increments. Red triangles indicate the
hypocenters of the M6.5 and M6.4 foreshocks in the order from the shallow to deep. In panel C, blue crosses of standard errors represent the hypocenter estimates of the foreshocks prior to the M6.4 event, and red crosses
of standard errors represent the hypocenter estimates of the foreshocks after the M6.4 event.
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