LETTER

Earth Planets Space, 60, 123—-125, 2008

Analysis of the tsunami generated by the 2007 Noto Hanto earthquake
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The 2007 Noto Hanto earthquake generated a small tsunami that was recorded at several tide gauge stations
along the coast of the Japan Sea. The most important feature of this tsunami is that two waveforms recorded at
the Wajima and Noto tide gauge stations, which are located 30 km apart, showed very different later phases—the
large later phases recorded at Noto were not observed at Wajima. Numerical simulation of the tsunami indicated
that the difference was caused by the shallow water bathymetry around the Noto peninsula. The large tsunami
that was amplified at a few tens of kilometers off the north coast of the Noto peninsula propagated towards
the Noto tide gauge station, but not towards the Wajima station. This study indicates that the propagation of a
tsunami caused by a shallow earthquake beneath a coastal area is significantly affected by the local bathymetry.
A comparison of the observed and computed tsunami waveforms indicated that the slip amount of the fault was
0.8 m. The seismic moment of the Noto Hanto earthquake was calculated to be 0.94 x 10'° N m (M, 6.6).
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1. Introduction

On 25 March 2007, a large earthquake occurred off the
northwest coast of the Noto peninsula in Japan. The Japan
Meteorological Agency (JMA) called it the Noto Hanto
earthquake and estimated the source parameters as follows:
origin time, 9:42 (JST); epicenter, 37.22°N, 136.685°E;
depth, 11 km; JMA estimated magnitude, M;6.9. The seis-
mic moment in the Global CMT catalog is 1.38 x 10" N'm
(M, 6.7). The Noto Hanto earthquake killed one person
and caused significant damage near the source area. The fo-
cal mechanism of the earthquake, estimated using the tele-
seismic body waves (Yamanaka, 2007), indicates a reverse-
type faulting with a right-lateral component (strike = 60°,
dip = 72°, rake = 120°). The Noto Hanto earthquake also
generated a small tsunami because a part of the source area
reached beneath the Japan Sea (Fig. 1). This tsunami was
observed at several tide gauge stations along the Japan Sea
(Japan Meteorological Agency, 2007).

The most interesting observed feature of this tsunami is
that among the tsunami waveforms recorded at the Wajima
and Noto tide gauge stations, which are located 30 km apart,
two showed very different later phases (Fig. 2): a large later
phase observed at the Noto station was not observed at the
Wajima station. In this paper, we attempt to determine the
generation mechanism of the large later phase recorded at
the Noto tide gauge station by carrying out a numerical
simulation analysis of the tsunami. We also compare the
observed and computed tsunami waveforms to estimate the
seismic moment of the earthquake.
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2. Data and Method for Tsunami Computation

The tsunami waveforms recorded at two tide gauge sta-
tions, Wajima and Noto, are used in our analysis (Fig. 2).
The real-time tide gauge data at the Noto and Wajima sta-
tions were provided by the JMA and Geographical Survey
Institute (GSI), respectively, through their homepages. At
Wajima, the first tsunami wave had an amplitude of 4 cm
and arrived about 30 min after the origin time of the earth-
quake. At Noto, the first tsunami wave had an amplitude
of 6 cm and arrived about 40 min after the origin time,
while the large later tsunami with amplitude of 18 cm ar-
rived about 90 min after the origin time of the earthquake.
A rectangular fault model (Fig. 1), which was estimated by
the Geographical Survey Institute (2007) using GPS data,
was used to compute the tsunami. The depth of the top edge
of the rectangular fault model is 1 km, the fault length and
width are 21 and 14 km, respectively, and the strike, dip,
and rake of the fault are 55°, 63°, and 137°, respectively.

The vertical seafloor displacement from the rectangular
fault model was computed using Okada’s (1985) equations
and used as an initial condition of tsunami numerical sim-
ulation. Finite-difference computations of the linear long-
wave equations (see Johnson, 1998) were carried out. The
total reflection boundary condition was used at the coast.
The 30-s grid bathymetry data produced by the Marine In-
formation Research Center in the Japan Hydrographic As-
sociation were used. The time step of the computation was
1 s to satisfy a stability condition of the finite-difference
computation. A slip amount of the rectangular fault (Fig. 1)
was estimated by comparing the observed and computed
tsunami amplitudes of the first arrived tsunami wave at the
two tide gauge stations.
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Fig. 1. Map near the source area of the Noto Hanto earthquake. Triangles show the locations of two the tide gauge stations, Noto and Wajima. The
rectangle indicates the fault model estimated by Geographical Survey Institute (2007). The focal mechanism of the earthquake used in this study is
also shown.
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Fig. 2. Comparison of the observed (solid lines) and computed (dashed lines) tsunami waveforms at the tide gauge stations at Wajima and Noto.

3. Result

The comparison of the observed and computed tsunami
waveforms at two tide gauges, Wajima and Noto, is shown
in Fig. 2. The slip amount was estimated to be 0.8 m. The
seismic moment of the 2007 Noto Hanto earthquake was
calculated as 0.94 x 10> N m (M, 6.6) by assuming the
rigidity of 4 x 10'© N/m?. Our estimate of the seismic
moment is similar to the other estimates, such as the Global
CMT estimate of 1.38 x 10! N m (M, 6.7), indicating that
the tsunami generation of this earthquake was not unusual.
Although the period of large later phases observed at the
Noto tide gauge was shorter than the computed ones, the
amplitude of the observed and computed later phases were
similar.

Figure 3 shows the bathymetry off the coast of the Noto
peninsula region and snapshots of the computed tsunami
at 10-min intervals up to 80 min after the origin time of
the earthquake. A large and shallow continental shelf ex-
ists around the Noto peninsula. At 30 min post-earthquake,
the first tsunami arrived at the Wajima tide gauge (Figs. 2
and 3). A larger tsunami propagated through a shallow
region around the Noto peninsula (Fig. 3(a)). When the

tsunami reached the deep sea, it became smaller and prop-
agated faster (Fig. 3(b)). The figure shows that a large part
of the tsunami energy was trapped in the shallow region.
This type of tsunami wave was called an edge wave and has
been studied in other tsunamis by Gonzalez et al. (1995)
and Tanioka and Katsumata (2007). At 40 min, the first
wave arrived at the Noto tide gauge (Figs. 2 and 3). The
tsunami was amplified a few tens of kilometers north of
the Noto peninsula where there is a large slope between the
shallow sea and deep sea regions (Fig. 3(c)). The tsunami
wave was refracted above the slope, and the resulting large
tsunami propagated towards the east. At 50 min, the first
wave has already passed the Noto tide gauge station. The
large tsunami amplified the north of the Noto peninsula
started to propagate towards the south along the shallow sea
off the Noto peninsula and became even larger (Fig. 3(d)).
At 60 or 70 min, the large tsunami that had been ampli-
fied north of the peninsula continuously propagated towards
the south and eventually reached the Noto tide gauge sta-
tion (Fig. 3(f)). However, that large tsunami did not propa-
gate towards the Wajima tide gauge station, which is located
about 30 km west of the Noto tide gauge.
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Fig. 3. The bathymetry off the Noto peninsula and eight snapshots of the computed tsunami at 10, 20, 30, 40, 50, 60, 70, and 80 min after the origin
time of the earthquake. Yellow or red indicates the positive waves and blue denotes the negative waves. Black and red triangles show the location of
the Noto and Wajima tide gauge stations, respectively. The ellipsoid shows a large slope between the shallow sea and deep sea regions.

4. Discussion and Conclusions

The Noto Hanto earthquake ruptured the shallow fault lo-
cated beneath the Japan Sea and the Noto peninsula (Fig. 1),
resulting in the tsunamigenic vertical coseismic deforma-
tion within the shallow water region around the Noto penin-
sula. In this case, the bathymetry around the Noto peninsula
significantly affected the propagation of the tsunami. The
large later phases observed at Noto tide gauge station were
not observed at the Wajima tide gauge station. The numer-
ical simulation of the tsunami indicated that the difference
was caused by the shallow water around the Noto peninsula.
The tsunami was amplified a few tens of kilometers north
off the coast of Noto peninsula. It propagated towards the
Noto tide gauge station and was recorded as the large later
phase. The large tsunami did not propagate towards the Wa-
jima gauge station and, therefore, no large later phase was
recorded there.

This study suggests that the propagation of a tsunami
caused by a shallow earthquake beneath a coastal area is
significantly affected by the local bathymetry. It is there-
fore important to estimate the maximum tsunami amplitude
along the coast using a detailed tsunami simulation.
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