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Magnitude forecasts of the next earthquake and evaluation
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Segmentation of Single Link Clusters
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If there is a leap of magnitude (M) with difference of 0.5 or more, reset and restart calculating the
foreshock probability. Top row sketches illustrate earthquake clusters (including isolated earthquakes).
Some of them are subdivided into sub-clusters at each time when the maximum M increases by 0.5 or
more. The calculation of the probability that M will jump at the n-th earthquake in each sub-cluster is
calculated by the middle row formula. In the prediction formula of the foreshock probability for the third
and subsequent earthquakes in a sub-cluster, variables are certain nonlinear transformation'? of the time
difference, epicenter separation, and M difference between earthquakes as shown in the middle and bottom
row, The coefficients @y, by, ¢, and dj are given in the bottom right table”?. For the first earthquake
(including n = 1, isolated earthquake) in a sub-cluster, it is predicted with the reference G-R (b = 0.9), and
the probability of M leaping in the next earthquake is shown in the bottom left map of probabilities.
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Fig.2 Magnitude (denoted by M hereafter) prediction for the CSEP protocol. The density distribution that

predicts the M of the next earthquake in the sub-cluster is defined as follows. M :") is the maximum M plus
0.5 up to the n-th earthquake. Here, the black solid line in the left side panel is the truncated G-R
probability density distribution for the earthquake smaller than M f") , and the gray solid line is the G-R
distribution of threshold M j") (b= 0.9 in both cases). Bottom middle panel illustrates predictive M
density W(M |M ,---,M ), where the weight Pepn is probability that the next earthquake will make a
leap as given the second row equation. The M density is shown by each color curve here, depending on
M and P.,,- The corresponding cumulative probability distribution to these can be obtained in the
bottom right panel. Compare the performance of this M predicted distribution with the prediction of
the reference G-R distribution (M) . The information gain (the lowermost equation) is sum of
logarithmic ratio (information gain per each earthquake) at the right end. For each earthquake, its
value with positive or negative value indicates the goodness or badness of prediction compared to the
reference distribution, respectively.
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All Japan 1994 — 2011
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Fig. 3 Top panels show epicenter map and latitude versus sequential order of earthquakes, where the earthquakes
in a same cluster shown in the same color. The correspondingly colored +signs in the bottom panel show
information gains of the prediction of respective earthquakes (see the equation in Fig. 2) versus the
sequential order of earthquakes. Here the 5th earthquake and later in each cluster take the same M
probability density as the reference G-R model. Black solid function indicates the cumulative information
gains.
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