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Amplification effects by the Kanto basin of the 2004 Niigata Chuetsu and the 2011 Fukushima
Hamadōri earthquakes were compared. It was found that the predominant period was longer and
amplification larger for waves of the Niigata Chuetsu earthquake, which entered the basin from the
north-western direction, compared to those of the Fukushima Hamadōri earthquake, which entered
from the north-eastern direction. These differences may have been due to the steeper north-western
basin edge that is more suited to produce basin-induced surface waves. Also, correspondence was
seen between long-period amplification and the depth of the bottom two layers of the basin (at 900
m/s and 1500 m/s S-wave velocities), both at depths of 1 km or deeper.

I. INTRODUCTION

Long-period ground motions are typically defined to
have periods longer than 2 or 3 seconds. They have been
studied as a topic in seismology because they cause dam-
age in tall buildings and liquid storage tanks by reso-
nance [1]. Long-period waves are often generated by shal-
low earthquakes, as the main component of long-period
waves tend to be surface waves. They are also gener-
ated by large earthquakes that have rupture durations of
sufficient lengths. Long-period waves are attenuated less
compared to short-period waves, and in addition tend to
be affected more by deep ground structures since their
displacements are not as reduced by depth as short pe-
riod waves.

FIG. 1. Oil tanks damaged by long-period ground motions
and the resulting fire in the Tokachi-oki Earthquake of 2003.
[2]

Because sedimentary basins have low density, when
long-period waves are generated near a basin or when
they enter a basin, they are often amplified. This study
investigated this amplification effect in the Kanto basin.

The Kanto basin lies underneath Tokyo and the greater
Kanto area in Japan (FIG. 2). The deepest parts exceed

4 km, and it has been said that the predominant period
is around 7 seconds or above [3]. The basin has an irreg-
ular shape with two strips stretching to the north, and
another one to the north-west. Additionally, the basin
slope is gentler at the north-eastern edge compared to the
north-western edge. Previous research has suggested the
possibility that the degree of wave amplification caused
by the basin differs depending on the direction of the
incoming waves [4, 5].
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FIG. 2. Distribution map of network of K-net and KiK-net
stations. The color gradient shows the bedrock depth under
the Kanto basin. The epicenter locations of the two earth-
quakes are shown by two crosses. Based on J-SHIS map.

Therefore, this study compared two earthquakes that
occurred in different directions relative to the Kanto
basin, and investigated the differences in wave amplifica-
tion with respect to the basin structure. The main source
of data was the K-net and KiK-net seismometer stations
that are located in high density throughout Japan.
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II. THE TWO EARTHQUAKES

The two earthquakes chosen for this study were the Ni-
igata Chuetsu earthquake that occurred on 2004/10/23
17:56 with Mw 6.6 at a depth of 13 km, and the
Fukushima Hamadōri earthquake that occurred on
2011/04/11 17:16 with Mw 6.6 at a depth of 6 km (FIG.
2). They occurred north-west and north-east of the
Kanto basin respectively. They were chosen because of
their similarity in magnitude, depth and distance from
the Kanto basin [6].

The Niigata earthquake is said to have generated
strong long-period ground motion in the Kanto basin [7],
and this has been predicted for earthquakes that occur
north-west of the Kanto basin in general [4]. On the other
hand, the Fukushima earthquake is said to have gen-
erated less long-period ground motion [5], and this has
again been predicted for earthquakes that occur north-
east of the Kanto basin [4].

III. WAVEFORM COMPARISON

First, waveform data were analyzed to capture the
characteristics of long-period waves that were generated
during each of the earthquakes. Acceleration data from
multiple sets of K-net and KiK-net stations that lie in
straight lines from the epicenters through the Kanto
basin were taken for each of the earthquakes. The most
representative sets of accelerograms were chosen for each
of the two earthquakes and are shown in FIG. 3.

Acceleration data are typically used to look at short-
period components of the wave, but in this case long-
period ground motion could be seen for the Niigata earth-
quake, especially at SIT003 and CHB016. This shows
that long-period waves were prominent in the Niigata
earthquake. However, such long-period waves were not
seen in the Fukushima accelerograms.

Next, the acceleration data were integrated to obtain
velocity data, and a filter applied to include only wave
components with periods of 3-10 seconds (FIG. 4). Here,
the long-period waves can be seen with more clarity.
Only the radial component result is shown here, however
a similar result could be obtained from the transverse
component.

In the Niigata graph of FIG. 4 (a), long-period sur-
face waves first seem to have been generated around
IBR009 and SIT003, where the basin depth sharply in-
creases. As the waves travel through the basin, they
increase in period and also in amplitude relative to the
S-waves. The group velocity of the waves seem to de-
crease at around CHB003, when the bottom two layers
of the basin (900m/s and 1500m/s S-wave velocity layers)
increase in depth once again.

On the other hand, in the Fukushima graph of FIG.
4 (a), the periods of the waves were much shorter com-
pared to Niigata. Surface waves were generated around
CHB003, again where the bottom two layers of the basin

increase in depth. As they traveled through the basin,
the period remained short, and the amplitude did not
exceed that of the S-waves.

The peak velocities at each station in FIG. 4 (a) are
plotted in (b), but with finer filters of 3-5, 5-7, and 7-10
seconds applied, and with peak velocities plotted sep-
arately. In the Niigata graph, waves of all three pe-
riod ranges were greatly amplified in the first peak in
the basin depth, around GNM010, IBR009, and SIT003.
Waves in the 7-10 seconds range seem to be amplified
around CHBH10 as well, again displaying correspondence
with the bottom two layers of the basin. This corre-
spondence was seen in the Fukushima graph where there
was amplification around IBR006, and again at CHB028
and TKY025. However these amplifications were not as
strong as the ones seen in the Niigata case. Also, the pre-
dominant period seems to have been around 3-5 seconds
for the Fukushima case, but 5-7 seconds for the Niigata
case.

One possible cause of the differences noted above be-
tween the two earthquakes is that the basin edge is much
steeper in the Niigata basin profile than it is in the
Fukushima profile. It has previously been noted that
sharper basin edges are more likely to generate stronger
basin induced waves [8].

IV. VELOCITY RESPONSE SPECTRA

A velocity response spectrum is a spectrum of maxi-
mum velocity response of a series of oscillators, each with
slightly different natural frequencies, subjected to seismic
waves. The distribution of mean response in the different
period ranges in the spectra was mapped out in FIG. 5.

The largest response occurred at the 5-7 seconds pe-
riod range for the Niigata earthquake, but at 3-5 seconds
for the Fukushima earthquake. This confirmed that the
predominant period is longer for the Niigata earthquake
than for the Fukushima earthquake. This was also con-
firmed by the individual response spectra at three sta-
tions at some of the deepest parts of the basin (FIG. 6).
There were clear peaks around period of 7 seconds in the
Niigata spectra; on the other hand, the Fukushima spec-
tra did not have any peaks. The response was higher for
the Fukushima earthquake at shorter periods of 1-5 sec-
onds, but this was probably due to the fact that the three
stations that were chosen were closer to the Fukushima
epicenter than the Niigata epicenter, meaning that the
shorter period waves had less distance to be attenuated
over.

Correspondence with the bottom two layers of the
basin was again apparent in the maps of FIG. 5 as well;
while the response radially decreased from the epicenter
in the Fukushima case, the distribution of the high re-
sponse sites mapped out the bottom two layers of the
basin.
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FIG. 3. Accelerograms of stations that lie in a straight line from each of the (a) Niigata Chuetsu and (b) Fukushima Hamadōri
epicenters through the basin. Shown together are the maps of the stations, peak acceleration at each station (individual
waveform graphs are normalized), and the underlying basin profile.
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FIG. 4. (a) Integrated velocity data from the same stations shown in FIG. 3. Filter of 3-10 seconds period have been applied.
(b) Peak velocity for each of the stations in (a), separately shown for three period ranges of 3-5,5-7, and 7-10 seconds.
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FIG. 5. Mean velocity response distribution for the two earthquakes, separately shown for three period ranges of 3-5, 5-7, and
7-10 seconds. On the right are the maps showing the depth of each layer in the Kanto basin.
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FIG. 6. Velocity response spectra at three stations at the deepest parts of the basin (shown on the top right map) for the two
earthquakes.
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V. CONCLUSION AND FUTURE WORK

This study showed that long-period ground motion was
amplified by the Kanto basin both in the 2004 Niigata
Chuetsu and the 2011 Fukushima Hamadōri earthquakes,
but the predominant period was longer and amplification
larger for waves from the Niigata Chuetsu earthquake,
which entered the Kanto basin from the north-western
direction. These differences may have been due to the
steeper north-western basin edge that is more suited to
generating basin-induced surface waves. Correspondence
was seen between long-period propagation and the bot-
tom two layers of the basin, at 900 m/s and 1500 m/s
S-wave velocities, at depths of 1 km or deeper. This
may suggest that long-period wave are affected by deeper
ground structures.

Future work should investigate a greater number of
earthquakes around the Kanto basin, although the num-
ber of earthquakes around the Kanto basin with suffi-
ciently large magnitude and good seismic records is lim-

ited. Similar analysis should be done on other basins
too to investigate whether the same conclusions can be
generalized across multiple basins.

Furthermore, a previous study has suggested that wave
conversion within the Kanto basin may be one reason
why wave amplification was so large in the Niigata earth-
quake [7], arguing that seismic waves were refracted in
such a way that they interfered with one other in the
center of the basin. Another study has also suggested
the effect of basin shape in directing waves to certain
parts of the basin through refraction [9]. It would be in-
teresting to repeat a similar analysis on the Fukushima
earthquake, since the concave north eastern basin edge
may refract waves in such a way that the waves do not
converge within the basin.
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