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Detecting misfits of the ETAS for seismicity anomalies
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The ETAS model is a point process model to describe the triggering effects on offspring events.
It provides good prediction when the underlying mechanism, or the parameter set of the ETAS
model, is uniform over the focal period. This suggests that, when an estimate deviates wildly from
the observation, we can suspect that there are changes in mechanisms along time. My research
focuses on this deviation, or misfit, of the ETAS model to identify the cause of the disturbance.

Changes in seismicity often caused by external stress changes (ACFS) transferred from nearby
faults’ activities. Movements in different faults affect differently, hence it is possible to speculate
which fault is the major cause of an observed misfit. Any supporting observation other than ETAS
model must be followed. Once we suspect a fault is slipping, we could prepare for upcoming
earthquakes in that fault or in nearby faults potentially triggered by it. In chapter2, we applied
this methodology to, although retrospectively, the 2008 Iwate Miyagi earthquake of magnitude 7.0.
With careful partitioning of the regions around the source fault of the earthquake, by checking the
misfit of the ETAS estimation in each region, we found that, among the two fragments of the fault,
the southern fragment had slipped some years before the main shock. More careful examination
suggested that the center of the slip moved deeper along the fault afterward, right before the main
shock. These fault activities are also supported by the crustal deformation around the fault,
observed by GPS network.

The method we adopted for examining the ETAS misfits in chapter2 is the change-point
analysis. Here we assumed that the parameters change abruptly at certain time, and checked if
fitting the ETAS model separately before and after that time improves the model in statistical
sense, by AIC. The timing of optimal significant change-point and the direction of diversion are
compared with the ACFS caused by the southern fragment of the fault in each region.

This simple method does not suit the case when we have good reasons to guess that the
parameters change gradually over tvime, or that too many disturbances are involved for the
change-point method to be carried out. For such cases we suggest to use a misfit function, which
measures diversions of the ETAS estimation from data along time. Such a misfit function is
estimated as the best modifier to the ETAS model in a given framework. In chapter3 we proposed
two types of misfit functions; one modifies the ETAS intensity by multiplying some number at
each occurrence time of event. The other modifies only the background seismicity, again by
multiplying some number at each event time. Since the number of parameters for these modifiers,
or misfit functions, is large, we used Bayesian smoothing method. The major difference in these
functions is that the second function reflects changes only in background seismicity.

We then applied these methods to various complicated éases, include the data sets contain very
short periods of earthquake swarms, over 100 years of large earthquake observations over all
Japan, and some earthquake clusters triggered by the 2011 Tohoku-oki earthquake of the
magnitude 9.0. Unlike the conclusive examination in chapter2, the applications here were

experimental.
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