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Relocation of Debris Flow
around the Yake-dake Volcano and Kamikochi Area, Central Japan,
Using Ground Motion Data Recorded by Seismometers

R LA H
Shiro OHMI

Synopsis

We demonstrated to determine the location and origin time of the debris flow using
the ground motion data recorded with short period seismometers around the Yake-dake
volcano and Kamikochi area, central Nagano prefecture, Japan. Seismic waves radiated
from the debris flow are assumed as the surface wave and their location and origin time
are determined so that RMS of the difference between theoretical and observed
amplitude of the seismic signal are minimized by grid search method. We applied this
procedure to the ground motion data of the debris flow that occurred near Ubuya-sawa
valley, Kamikochi area in June 23, 2011 and could determine the location and time
which well coincide with other filed investigations. We suppose this method can be one
of the powerful tools to determine the location and the origin time of the mass
movement phenomenon such as not only debris flow but also pyroclastic flow around
the volcanoes.
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Fig.1 : Distribution of high sensitivity seismic
stations. Red, green, and blue squares represent
online stations operated by Kyoto Univ., Jindu
River System Sabo Office (MLIT), and Japan
Meteorological Agency (JMA), respectively.
Magenta squares show the offline stations
operated by Kyoto Univ.

Plate 1: Seismic observation site in the Kamikochi
Disaster Prevention Information Center operated
by Matsumoto Sabo Office (MLIT) (upper) and
Sercel L4C-3D type seismometer installed at the
site (lower).
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Plate 2 : An offline seismic station installed on the
Togesawa No.6 Sabo Dam.
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Fig.2 (cont.) : (b) Example of seismic waveform at
station DP.KKHZ in the same time range shown in
Fig.2 (a). Seismic records with low noise are
obtained in the dry season.
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Fig.3 : Seismic waveform data observed in
Kamikochi when a debris flow took place in the
Ubuya-sawa valley on dJune 23, 2011. EW
components waveforms from 14:00 to 15:00 (JST)
are shown.
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Fig.4 : (a) Example of the waveforms used for the
analysis. For the location of seismic stations, see
Fig.1. Original waveform of the UD components
with 50Hz sampling rate are shown.
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Fig.4 (cont.) (b) Example of preprocessed
waveforms (1). Bandpass filter (1Hz — 3Hz) is
applied to the original waveforms shown in Fig.4

(a).
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Fig.4 (cont.) (¢) Example of preprocessed
waveforms (2). First, envelope waveforms of the
band pass filtered waveforms shown in Fig.4(b)
are calculated. Then, five (5) seconds moving
average processing is applied. Finally, down
sampling to 1Hz are performed and used for the
analysis.

Fig.5 : Configuration of the grid points in the
target area together with the schematic of the
analysis. Grids of 40m spacing are configured in
the 10km x 10km area. Red triangle shows the
Yake-dake volcano while magenta squares show
the seismic stations. Seismic source is assumed at
each grid point (green star) and theoretical and
observed waveform amplitude are compared at
each seismic station to determine the best
location of the seismic source in the grid search
scheme.
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Table 1 : Site amplification factor at each seismic
station used in this study. Vertical (UD)
component waveform of an M2.5 earthquake on
June 30, 2011 located in mid Nagano prefecture
was analyzed. They are normalized by the value
at station DP.KKHZ.

Station Code | Amp. Factor
DP.KKHZ 1.000
DP.ABTG 0.670
DP.EKD2 3.667
DP.KUR 0.336
DP.NKNY 0.533
DP.TSIK 0.076
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Fig.6 : (a) Preprocessed waveform from 13:23:20 to
13:25:00 (JST) in June 23, 2011. They exhibit
clear peaks at stations DP.TSIK, DP.KKHZ, and
DP.NKNY. Open stars denotes the estimated
origin times of the seismic signal.
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Fig.6 : (b) Estimated location of the seismic source
in the time range shown by open stars in Fig.6(a).
Open stars in the figure show the seismic sources,
which are located near Ubuyasawa valley at the
south of DP.TSIK, where the debris flow is
reported.
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Fig.7 : (a) Preprocessed waveform from 13:36:00
to 13:37:40 (JST) in June 23, 2011. They exhibit
clear peaks at stations DP.ABTG and DP.NKNY.
Because of the power failure due to the debris
flow, DP.TSIK has no data in this time range.

137.55°

137.60°

DP.EKD2

|
MT.YAKE

137.55°

137.60°

0.00 0.20 040 0.60 0.80
Residual Index

1.00

Fig.7 : (b) Estimated location of the seismic source
in the time range shown by open stars in Fig.7(a).
Open stars in the figure show the seismic sources,
which are near station DP.NKNY. Data absence of
the station DP.TSIK might have affected the error
in the relocation of the seismic source.
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Fig.8: (a) Preprocessed waveform from 13:12:30 to
13:15:50 (JST) in June 23, 2011. They exhibit no
clear peaks but gradual increase of the amplitude.
Open stars denotes the estimated origin times of
the seismic signal.
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Fig.8 : (b) Estimated location of the seismic source
in the time range shown by open stars in Fig.8(a).
Open stars in the figure show the seismic sources,
however, the estimation error is larger than those
in Fig.6(b) and Fig.7(b)
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