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Spectral Analysis of the 1952 Kamchatka Tsunami

Observed at the North East Coast in Japan

Abstract

The spectra of the 1952 Kamchatka tsunami were computed for the observational
points at the north east coast in Japan. A dependence of the spectra upon the
observational point and a time variation of the spectra were investigated. As the
result it was found that a small incident angle developed a short-period component
and an edge wave caused a long duration of the tsunami. It is considered that
the shelf contributed to form the characteristic spectrum of the tsunami observed

in Japan.
Introduction

The Kamchatka tsunami of 1952 was observed in Japan with a sinusoidal motion
of a long period for the initial wave and a long duration. It was noticed that the
maximum amplitude phase arrived 6 or more hours later from the initial arrival.
Recently Ishii and Abe (1979) explained that the maximum phase had a character
of the edge wave which propagates along the shelf.

The spectra of the tsunamis observed in Japan were systematically computed
by Takahashi and Aida (1961, 1963). They found that the responses of the bay
and shelf show the important roles in any tsunami spectra. It is considered that
the total sampling of 20 hours is long enough to develop the seiche of the bay
and shelf. Accordingly the part which is occupied with the seiche becomes more
important than that occupied with the initial motion. So it is necessary to examine
not only a dependence on the obsevational point but also time variation for the 1952
Kamchatka tsunami. It is also expected to understand the characteristic property

of a distant tsunami with an oblique incidence.
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Method

The observational points are Kushiro, Miyako, Onagawa, Ayukawa and Onah-
ama at the north east coast in Japan which face to the north west Pacific ocean.
They are shown in TFigure 1. The astronomical tides were removed from the
observed ones by the use of the tide table published by Japan Meteorological Age-
ncy. The water height above the mean sea level was sampled from the initial
arrival for 10 hours with the interval of 3 min.  They were disolved into compo-
nent waves of 6-100 min on the Fourier analysis and the spectra of the tsunami
were obtained.  Furthermore, the spectra were computed for the interval of each 2
hours.  Thus 5 time series of the spectra were obtained and we discuss a time

variation for the observational point.
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Figure. 1 Geographic distribution of the observational points and the source
area of the tsunami wich is shown with a rectangle of a fault
plane derived by Kanamori (1976).

Dependence on the ohservational point

The spectra computed for 10 hours are shown in Figure 2. For Kushiro a
simple spectral envelope was obtained with a single peak in the period of 60 min.
On the other hand a flat spectral one without any remarkable peak was obtained
for Ayukawa and Onahama also shows an almost flat spectrum in envelope. For
the latter two the short-period components are predominant to the same extent as
the long ones.  Takahashi and Aida (1963) obtained the spectra with more short-
period components than our ones for these two observational points. Since they
took the long sampling time of 20 hours, it is considered that the sheiche predo-

minated. The spectrum of Miyako is similar to that of Kushiro about a peak
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Figure. 2 Spectra computed for 10 hors.
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of 60 min and dissimilar to it about the two secondary peaks at the values of
22 and 50 min. These sub-peaks are explained with the seiche period of the
bay. For Onagawa we obtained a flat spectral envelope with a high level from
30 to 90 min. Since this bay has a seiche period of 30 min, the lower side of
the high level is due to the seiche of the bay. The seiche period of the Ayukawa
bay is 8 min and it is concluded that the predominance of the short period of 10
min is due to the seiche. It is interested that the seiche makes a large contribu-
tion to the spectrum as described by Takahashi and Aida (1963). Onahama does
not face to any bay and it is difficult to explaine the predominance of such a
short-period component from the bay seiche.  Takahashi and Aida (1963) pointed
out the predominance of the short-period component for Ayukawa andOnahama.
As for our results it seems that the short-period component predominates with a
propagational distance. But it is difficult for it to be due to a propa- gational
distance. It is considered that the origin of the short-period component isdue to
the incident angle of the wave front. An incident angle gets small with a
propagation distance as shown in Figure 3. From the result by Abe and Ishii
(1979) the transmission coefficient of the shelf has a period dependence and operates

as a low-cut filter when an incident angle is small. We can expect the low-cut

120
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Figure. 3 Refraction diagram after Abe (1979). Incident angle is equal to the
angle between wave front and equi-depth line. Figures beside the wave
front show the time lapse after the origin time of the main shock.
Solid circles at the coast represent the observational points of Onah-
ama, Ayukawa, Onagawa, Miyako and Kushiro from left to right,
respectively.
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spectra in Onahama and Ayukawa from their result.  This result is quantitatively
harmoneous with their result.

Time variation of the spectra

The spectra were computed for every 2 hours from the initial arrival and the
time variations for 10 hours were obtained for the periods of 10, 20, 30 and 60
min. It is shown in Figure 4. From the result it is generally found that a
short-period component shows a large variation. The steep increaces in amplitude
are commonly found for the periods of 10 and 20 min in the initial stages of all
the observational points and they stop at the lapse of 6 hours except for Ayukawa.
This fact shows that a supply of the new wave stopped when it took 6 hours after
the initial arrival. The long-period component of 60 min keeps a large amplitude
from the initial stage of each station and it shows a recovery after a small decreace.

Particularly it is found that the level to be recovered exceeds the initial one at
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Figure. 4-1 Time variation of each period-component.
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Figure. 4-2 Time variation of each period-component.

the time lapse of 8-10 hours from the initial arival for Kushiro, Ayukawa and
Onahama. This recovery suggests the arrival of a new phase. The maximum
amplitude waves were observed in a coincedence with this recovery in the original
records for those observation points. This arrival time is harmoneous with one
for the edge wave on the shelf except for Kushiro, which Ishii and Abe (179)
obtained.

In conclusion it is found to be a common pattern for the time variation of the
tsunami spectrum. It is consisted of two stages. The former one is a time vari-
ation from the initial arrival to the time lapse of 6 hours.  This stage is rep-
resented with both a uniform high level of a long-period component and a steep
increace of a short one.  The latter is one from the time lapse of 8 hours, excep-
tionally 6 hours, to that of 10 hours. This one is represented with both a decreace
of a short-period componnt and a recovery of the initial level after a small decreace
of a long one.

It is important that the small decreace were observed before the maximum ar-

— 8 —
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rival in the long-period component. The seich period of the shelf is 60 min from
the computation with a simple shelf model by Abe and Ishii (1979). Since the
period is equal to one of the newly arrival, it is possible to identify the high
level with the seiche to be excited. But this small decreace and the recovery is
unfavorable to the excitation of the shelf seiche and favorable to the arrival of the
new phase from this recovery phase.

This analysis is restricted within 10 hours after the initial arrival.  This res-
triction is considered to be the minimum interval for the spectrum analysis like
this because the maximum amplitude phase appeared 6-8 hours later from the ini-
tial arrival. It is believed that a general aspect of this tsunami is described in
this analysis in spite of the restriction.

It is possible to estimate the relative incident angle into the shelf from the
difference of the spectral amplitude of 10 min in the use of the result by Abe and
Ishii (1979). One of Onahama is 1.5 times of that of Kushiro in the intial stage.
It is estimated to be 60 degrees for Onahama by assuming 80 degrees for Kushiro
from the amplitude dependence on the incident angle for the transmitted sinusoidal

wave. This result is consistent with the refraction diagram shown in Figure 3.
Conclusion

It was found in the spectral analysis that the shelf contributed to the spectra
of the 1952 Kamchatka tsunami observed in Japan. One contribution is the predo-
minance of the short-period component with the smaller incident angle and another
is the long duration of the tsunami due to the generation of the edge wave.
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