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Change in seismicity rate around major active faults due to the 2011 off the Pacific coas
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The modified ETAS analysis on earthquake swarms induced by the Tohoku earthquake
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The ETAS model provides a good estimate of earthquake intensity when the underlying mechanism is uniform, or stationary
Any diversions of it from the data hence imply seismicity anomalies involved temporally into the focal region. Activation and
guiescence caused by stress changes from outside are one of such anomalies. Relatively long-lasting changes can be treate
the ETAS model with one or a few change-points; in which framework all or part of ETAS parameters are estimated separately
and independently across those change-points. This method, however, has troubles when changes occur gradually over time
kicks in for a short period of time, or appears repeatedly. For such cases, alongside the change-point framework, we consider tl
following more flexible form of misfit functions q(t)’s which estimate the misfits of the ETAS model from data.

We here adopt two forms of misfit functions. Both of them are to be estimated as the best modifications of the ETAS model
to data, evaluated at each occurrence time of event. Because of this large parameterized nature, we use the Bayesian smoott
method to estimate them. The first misfit function modifies the overall reference ETAS intensity itself;

lambda’(t)=lambda(tq(t). (modell)

Any large diversions of g(t) from unity reveals misfit of the ETAS model and hence suggests anomalies in seismicity. The
second misfit function re-estimate the background component of the ETAS intensity: mu, which is originally constant, as a time-
varying function mu(t) in the form

mu’(t)=muxq(t), (model2)

so that the estimated function let us follow the change in the background seismicity which is most susceptible to certain cause
among the ETAS parameters. We check the characteristics of these functions with simulated data first, then applied them to sor
of inland earthquake clusters triggered by the Tohoku Earthquake as well as the data sets with swarm events, to which the norm
ETAS model poorly fits. The data sets include earthquakes on Nagano-Niigata prefecture boundary (M6.7), eastern Shizuok
(M6.4), Fukushima Hamadori (M7.0) and swarm events in north-west of Lake Inawashiro.
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The 2011 M9.0 Tohoku-Oki Earthquake triggered widespread seismicity throughout the Japanese island arc including Hokkaid
and Kyushu regions. In particular, a significant increase in the shallow seismicity was observed in the minutes following the main-
shock along the Pacific coast of NE Japan, notably the northern part of Ibaraki Prefecture and the southern part of Fukushim
Prefecture. The most striking feature of the induced seismicity is that the focal mechanisms reveal normal faulting with a T-axis
orientated in a roughly E-W direction. Several large magnitude events including the maximum 7.0 earthquake have occurre
during the sequence. It is very important to understand why such intensive earthquake swarm activity associated with large ma
nitude events was triggered therein.

We have, therefore, conducted a series of temporary seismic observations through a dense deployment of about 60 portal
stations after outbreak of the intensive seismic swarm. We manually picked P- and S-wave arrival times of earthquakes usin
waveforms retrieved from the dense seismic network. We determined high-resolution three dimensional velocity structures ap
plying the double-difference tomography method [Zhang and Thurber, 2003] to the datasets.

At the northern part of the Ibaraki prefecture, depth-sections of hypocenters show an earthquake alignment dipping westwarc
at 40 to 50-degree at depths shallower than 10 km. On the other hand, hypocenters at the south-east part of the Fukushima p
fecture show diffused pattern, consisting of many small seismic clusters. Most of hypocenters appear to be located along velocit
boundaries between high- and low- velocity bodies. Note that a low velocity body is clearly imaged beneath the hypocenter o
the largest M7.0 event (2011/04/11) in this seismic sequence.
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