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Monitoring of crustal deformation by GNSS data with appling the Stacking method
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Kazuki MIYAOKA®, Masatake HARADA ™ and Ryosuke DOKE™

Abstract

Earthquake swarm activities accompanied by GNSS baseline changes have occurred frequently at Hakone volcano. In some
cases, the baseline changes seem to have started several weeks prior to the earthquake swarms. In this study, we analyzed the GNSS
data, applying the stacking method in order to detect these small changes earlier. The stacking method is intended to improve the
SN ratio by cumulating the time series data of crustal deformation. By applying this procedure, the signal components are enhanced
and the noise ones are depressed. We set two types of combinations. A combination constructed by short baselines is expected to
detect crustal deformations due to a shallow pressure source. And the other constructed by long baselines is expected to detect
crustal deformations due to a deep pressure source. As a result of this analysis, we found that the start of changes in short baselines
combination had preceded the earthquake swarm activity by one month, the start of the long ones had preceded the earthquake
swarm activity by 2-3 months. In addition, we calculated the ratio between the short baseline combination changes and the long
ones. The difference of the amount of changes between the long baseline combination and the short one seems to indicate the source
depth difference. Comparing the difference of the ratio of the four activities in 2001, 2006, 2008 and 2013, we found that the source
depths of 2001 and 2013 were shallower than the depths of two others. This result is consistent with previous studies. The stacking

method was proved to be useful for monitoring of volcanic activity.
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Table 1. The magnitude of the noise level of each baseline.

Baseline name (cm)
Susono-Kan'nami 0.198
Susono-Yugawara 0.348
Susono-Odawara 0.304
Susono-Yamakita 0.254

Kan'nami-Yugawara 0.413
Kan'nami-Odawara 0.322

Kan'nami-Ooi 0.266
Kan'nami-Yamakita 0.238
Yugawara-Odawara 0.328

Yugawara-0oi 0.327
Yugawara-Gotenba 0.329
Odawara-Gotenba 0.325
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Fig. 3. Stacking trace of Short range (top red trace) and

original baseline traces (black). The amplitude of top

trace was reduced to one third of the original.
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Fig. 4. Short range trace (red) and Long range traces (blue)
of stacking. The black trace is original baseline for
reference. Daily number of earthquakes is also shown

in bottom panel.
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