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Figure 1. Retrospective forecasting example using the multiple elements prediction formula. Concept of
probability gain.
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Figure 2. Location-dependent b-values of Gutenberg-Richter law to estimate probability of large
earthquakes of the region. The b-values are indicated by the color table in the right side of the panels.

The a-value represents seismicity around the location (X, y).
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Figure 3. The baseline probability of M5 and larger in Japan evaluated by the location dependent background rate

(u-value) of the Hierarchical space-time ETAS model; which predicts probability of large earthquakes, by combination

with the location-dependent G-R law in Figure 2. The stars represent earthquakes of M6.7 or larger occurred during

1996-2010 (bottom left). Similarly obtained background seismicity rates of earthquakes of M4 and larger in inland

Japan (bottom middle). Areal strain rate estimated by GPS observations [right bottom].
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Figure 4. Space-time cross-correlations (top right two panels) of large earthquakes (top and middle left panels) relative to
the main shocks (bottom left) whose aftershocks are analyzed by the ETAS model. The middle column panels are the case
of normal aftershock activity, and the right ones are case where the relative quiescence lasted three months or more.
These indicate that probability gain is a few-fold within 100km distance compared to the far field, and furthermore that

the probability gain is about 10-fold larger within 100km distance during the first 6 years if the relative quiescence
is observed.
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Figure 5. Point-process model to investigate the causal relationship between anomalies (unusual intensities of ground
electric-potential by day) and earthquakes. The conditional intensity rate of earthquakes of M4 or larger within the
circular region of 300km radius from Huailai station shows that probability gains except for the aftershock effects vary
in the range of 1/3 ~ 3 fold rate of the background seismicity rate .
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Figure 6. A cluster of earthquakes can be classified as foreshocks, swarm or aftershocks. Discrimination of foreshocks is
an important issue in short-term earthquake prediction. Namely, it is desirable to forecast whether or not an ongoing cluster
of earthquakes will be followed by a significantly larger earthquake. See Ogata and Katsura (2012, Geophys. J. Int.) for
the details.
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Figure 7. Conclusions



