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Long-period Ground Motions Recorded in the Tokyo Metropolitan Area during
the 16 July, 2007 M 6.8 Off Niigata-ken Chuetsu, Japan Earthquake

Takashi FURUMURA*, Shunsuke TAKEMURA™ and Toshihiko HAYAKAWA*

Abstract

Large and prolonged shaking with long-period ground motions having periods of about 7 sec
were observed in central Tokyo during the Off Niigata-ken Chuetsu, Japan, M 6.8 earthquake on
16 July, 2007. The observed ground motions from a dense nationwide strong motion network (K-
NET and KiK-net) demonstrate clearly that the long-period ground motions consist of Rayleigh
waves, which developed at the northern edge of the Kanto Basin and were induced by conversion
from the S waves radiating from the earthquake source. The amplitude and the duration of the
long-period surface waves were enhanced dramatically as they propagated in the Kanto Basin,
which has a thick cover of sedimentary rocks overlaying rigid bedrock. Observed ground motions
of long-period signals at the center of Tokyo from the 2007 Off Niigata-ken Chuetsu event corre-
lated well with observations from the Chuetsu earthquake on 23 Oct. 2004 (M 6.8). By analyz-
ing waveform data from the main shock and aftershocks of the 2007 Off Niigata-ken Chuetsu
earthquake and the Chuetsu earthquake in 2004, it is found that the long-period surface wave
having a dominant period of about 7 sec at the center of Tokyo is developed efficiently by a large
earthquake with a magnitude greater than about M 6.5-7, but it is not developed by small earth-
quakes of less than about M 6.5.

Key words : Kanto Basin, long-period ground motion, strong ground motion, 2004 Niigata-ken
Chuetsu Japan earthquake, 2007 Off Niigata-ken Chuetsu Japan earthquake
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Fig. 1 Distribution of ground motions following the 2007 Off Niigata-ken Chuetsu earthquake, Japan. The ampli-
tudes of the ground velocity motions are shown for times of 20, 60, 120, and 180s after the earthquake. Red

circle indicates the hypocenter of the earthquake.
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Fig. 2 Record section of EW component ground velocity motion associated with the Off Niigata-ken
Chuetsu, Japan earthquake. Waveform traces of nine stations are normalized by the maximum
amplitude of ground motion at each station. Maximum ground velocity at each station is shown at
the top. Locations of seismic stations are shown on the insert map.
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Fig. 3 (a) Depth distribution of basement in Kanto Basin (Tanaka et al., 2006) and positions of K-NET and KiK-
net stations (TKY007, CHBH10), and (b) 3-D view of basement topography.
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Fig. 4 Distribution of peak ground acceleration (cm/s/s) (a) and displacement (cm) (b) during the 2007 Off
Niigata-ken Chuetsu, Japan earthquake. Star and small squares denote hypocenter of the earthquake and
recording stations, respectively.
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Fig. 5 Attenuation of peak ground acceleration (PGA) (a) and peak ground velocity (PGV) as a function of
hypocentral distance. Solid and dashed lines represent the expected PGV attenuation function for a M 6.8 in-
land earthquake in Japan (Shi and Midorikara, 1999) and the magnification of such attenuation by factors

of 0.5 and 2.0, respectively.
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Fig. 6 Comparison of observed ground velocity motions recorded at Shinjuku (TKY007) of the NS and EW compo-
nent ground motions from the 2007 Off Niigata-Ken Chuetsu, Japan earthquake and from the 2004 Niigata-
Ken Chuetsu, Japan earthquake (a). (b) Velocity response spectra for the two records.
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Fig. 8 (a) Comparison of observed ground motions recorded at Shinjuku (TKY007) of EW component ve-

locity motion for the main shock and three aftershocks of the 2004 Niigata-Ken Chuetsu, Japan earth-
quake. Each waveform trace is normalized by the amplitude of the S wave. (b) Velocity response
spectra for these records. ¥ and YV denote the 1st and 2nd dominant period of the response spectrum.
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Fig. 9 Velocity response spectrum at (a) Central Tokyo (Earthquake Research Institute and Otemachi, To-
kyo) and at (b) Chiba (KiK-net CHBH10 station and Togane, Chiba) during the 2007 Off Niigata-
ken Chuetsu earthquake, 2004 Off Kii Peninsula earthquake, and 1944 Tonankai earthquake.
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