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Predicting changing rates of swarm activity by volumetric strain changes
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Fig. 1. (Left panel) Eastern Izu swarm region (Inner rectangle). Red star indicates the
volumetric strain meter located at (139.0508°E, 34.8025°N). (Top right panel) Magnitude vs
time plot of the seismicity during 1980~2012 with M = 3.0. (Right panels) Epicenters of the

major swarms.
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Fig. 2. Upper and middle panel shows
observed volumetric strain and the
differences during the 1998 swarm
period. Gray and black lines represent
raw and corrected data, respectively;
spikes are due to coseismic effect.
Bottom panel shows M-T diagram of
the swarm.
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Fig. 3. Estimates of the non-stationary ETAS model (gray), the background rate (red) and
aftershock productivity (blue) for respective swarm activity; all the curves are in logarithmic
scale except for M-T plots in the bottom.
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Fig. 4. Magnitudes v.s. the logarithm of the volumetric strain changes in 30 seconds after the
events. Log linear model log(strain) ~ — 34.81 + 3.23M is shown by the dashed line.

M (i:rrlolfcs);l(r:so E?glation Strain vs # events Strain vs (7 # declsbietlei?e\clisevent
1988 0.50 (0) 0.56 (-15) 0.50 (-10)
1989 0.51 (-1) 0.53 (-14) 0.51 (-6)
1993 0.51(0) 0.70 (-15) 0.62 (-3)
1995 0.44 (0) 0.53 (-13) 0.46 (-11)
1997 0.50 (-5) 0.54 (-13) 0.51 (-5)
1998 0.47 (0) 0.55 (-13) 0.50 (-8)
2006 0.38 (0) 0.57 (-13) 0.49 (-12)
2009 0.52 (-7) 0.58 (-14) 0.55 (-10)
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Table 1. Maximum cross correlation of the strain time series against numbers of swarm events
per hour, against background rates per hour estimated by the non-stationary ETAS model (1),
and against numbers of the background events by the stochastic declustering algorithm using

the stationary ETAS model. Numbers in the brackets are lime-lags in hours; minus values

indicate that the strain values precede the events in hours.
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Fig. 5. (Left panel) Coefficients of the regression in Equation (2) regarding time lag up to i =
200 hours. Each color corresponds to respective swarm period. The colored solid curve shows
the response function of the coefficient: B; = B(x,y)exp(—oc i) estimated by the least
squares, from the coefficients f; of the corresponding color. The thick black curve is the
response function from all swarm periods. (Right panel) The parameter value f,, of each
swarms plotted against the distance  of the onsets (average distance of the first 20 events).

The curve shows the relation A(x,y) = 9.14 X 10 + 1.41 x 10°/(1.937 x 103 + d(x,y))
estimated by the least squares. The horizontal dashed line is the average 1.16.

Total | 1988 | 1989 | 1993 | 1995 | 1997 | 1998 | 2006 | 2009

B(xy)x107 | 1.16 | 0.95 099 |1.19 1.28 | 1.10 1.06 | 1.11 | 1.39

o 0.078 | 0.074 | 0.080 | 0.074 | 0.081 | 0.074 | 0.080 | 0.078 | 0.078

H2FR., FHIRDNT A —HHEE

Table 2. Estimates of the coefficients in Equation 3
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Fig. 6. The upper panels show the background rates (black curve; same as the red curves in
Figure 5) estimated from the non-stationary ETAS model (1), those (blue curves) estimated
from linear regression in (2) for all the swarm cases, and those (green curves) predicted from
the equation in (3) for respective swarm activity; all the curves are in logarithmic scale. The
lower panels show the cumulative numbers of swarms (black); estimated and predicted

cumulative swarms by the non-stationary ETAS model with the () with (2) and (3),

respectively. The colors correspond to the corresponding upper panels.
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