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Detection of Long-term Slow Slip Event by Strainmeters Using the Stacking Method
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ABSTRACT: A long-term slow slip event from early 2013 in the Tokai area of Japan was detected using data
of strainmeters by applying the stacking method. It is known that long-term slow slip events lasting two to
five years have been occurring roughly every 10 years in the down dip area of the supposed source region of
the anticipated Tokai earthquake. It is hard to detect long-term slow slip events with individual strainmeters
due to their relatively large long-term noise.

In the stacking method, observed polarities are aligned and stacked based on the theoretical values
calculated for each assumed slip source on the Philippine Sea plate boundary so that small changes will be
emphasized. By applying the stacking method to the data of strainmeters, we could detect an ongoing
long-term slow slip event which started in early 2013.

This is the first case of detecting long-term slow slip events by strainmeters in the Tokai area. The total

amount of slippage was estimated at 9.55x10*® Nm, corresponding to 6.6 of Mw in May 2015.
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Fig. 1 The map of source areas of the long-term slow
slip event (L-SSE; previous event) and short term
slow slip events (S-SSE). Moreover epicenters of
deep low-frequency earthquakes (gray dots) and the
source area of the anticipated Tokai earthquake
(solid curve) are shown. The triangles and circles
indicate multi-component type strainmeters and
volumetric strainmeters respectively, and open
triangles of those are multi-components type not
used in this study.
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Fig. 2 Stacked data of observed strain.
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Upward changes seen at grid 66 and 77 (see Fig. 3) represent a slow slip occurrence at these grids. Gray

hatches show the reference period of the trend.
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Fig. 3 Candidate grids for moment release estimation
using the grid search method (red solid line).
The slips of the four grids inside the red line are
determined by grid search from observations in
black solid line.
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Fig. 4 The comparison of stacked strain changes between
observation and calculation.
The graph shows the amount of changes in the
observed (black) and the theoretical (white) values of
the stacking waveforms.
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Fig. 5 The temporal changes of total amount of the slip.
The increase rate of the slip is nearly constant.
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Fig. 6 Comparison of slip area between the analyses of
GNSS data and this study.

The gray and black lines show the slip contours of the

last and current events obtained by GNSS analysis
(GSI, 2015b) respectively. The slip areas (3patches)
obtained in this study are located at the center of the
slip area estimated by GNSS data.
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Fig. 7 Comparison of the amount of slips between
analysis of GNSS data and this study.
The size of the moment is consistent with GNSS
analysis (GSI, 2015b).
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Fig. 8 Influence of the noise of individual observation
point.
From autumn 2014, irregular changes at Miyaguchi?2
have affected in the stacking waveform of No.65 and
66 (dashed line). The arrows in No.64 show
short-term SSEs.
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