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First of all we need to identify clusters of earthquakes, for which we use
the Single-Link method that can be applied for the prediction. Then, given
a cluster, we define the mainshock as the largest earthquake in a cluster.
Preshocks are the events that precede the mainshock in the cluster.
Foreshocks are the preshocks when they are substantially smaller than
the mainshock, for example, by the difference of 0.45 or more, otherwise
the cluster is called as Swarm.

Single—link—clustering 1926-1993, M=4 from the old JMA catalog

Cluster Foreshocks Swarms MA.  All clusters
member# #c ratio(%) s.e(%) #c ratio() s.e(%) #c #o

=1 467 37 +02 - - - 11676 12727
=2 125 6.5 +06 584 305 1.1 1207 1916
=3 57 80 =*1 271 379 1.8 387 715
=4 33 87 =15 153 405 £25 192 378
25 18 74 £17 93 384 £3.1 131 242
26 12 68 =19 63 356 £3.6 102 177
=7 10 79 +24 44 346 £4.2 73 127
=8 8 78 %26 31 30.1 45 64 103
=9 8 9.2 +31 29 333 51 50 87
=10 8 103 +34 25 321 £53 45 78

This table shows statistics of such foreshocks, swarms and the
mainshock-aftershocks including isolated earthquakes. The rate is about
4% for the first earthquake being foreshocks. If we have at least two
earthquakes in a cluster, then these become 6~7% for foreshocks, and
30~40% becomes swarm.
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| All types| 1605 | 1933 | 835 | 4373

Relative freauencies

| Ratio(® | 2.1 | 43 | 7.8 |
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Inter-event concentrating
Features (Ogata et al. 1995)
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These summarize the space and time concentrating features of each type of
clusters, by stacked and ordered. Looking at the slopes of the log cumulative,
foreshock concentrations are significantly stronger than any other types of
clusters. Also, increasing magnitudes enhance the foreshock probability. The
insets in (a) and (b) are normalized cumulative curves.
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Epicenter Separation Transformation
p=1—exp|—r/a}
Magnitude Difference Transformation
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2*Entropy0 = 523.96 / 2*Entropy = 460.29
Here the normalized cube is filled by such transformed * = _

differences. The yellow large balls and purple small balls 2 AEntropy 63.68
represent the foreshocks and the other types of clusters,
respectively. To see the ratios inside the cube, these are
projected to the sliced pieces as shown in the bottom left panel. % ﬁm*&%mo)ﬁ% o) ﬁ%“i
Plus signs and small dots represent the foreshocks and the other
types. Thick contour curve indicates the first 5% ratio and thin
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