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Abstract

Long-period wave recorders were installed at Kaminato and Yaene,
Hachijo Island. The observations at Yaene were carried out over a
period of eight years in- order to understand the characteristics of
water level oscillations at an isolated island. According to spectral
analyses, the seiche periods of 4 min and 5 min are always predominant
in the fishing port at Kaminato. While features of wave spectra at
Yaene are flat on ordinary days, predominant peaks are found in a
band of periods of 5min, 7min and 10 min at the time of typhoons
and cyclones. It is remarkable that long-period waves of more than
15min are not significant at both stations. On the other hand, in
cases of tsunamis, the predominant peaks of spectra fall in the band
of long periods and its position moves to the low frequency part as
earthquake magnitude increases. ‘

1. Introduction

At the Miyagi-Enoshima and Izu-Oshima Tsunami Observatories of
the ERI, observation of long-period ocean waves have continued, some
results being reported (Takahasi et al., 1961, Takahasi and Aida, 1962).
As a satellite station, a portable long-wave recorder was installed at
Kaminato, Hachijo Island in Novemher 1958. Unoki and Nakano (1955)
discussed the relation between wind waves at Hachijo Island and the
weather condition from observations covering several years. In this
paper, making use of the sampled long-period wave records observed in
1959 and 1967, spectral analyses are made. Seasonal variations of power
spectra and the period of seiche at the island are investigated.

Moreover, for the 1964 Alaska and the 1965 Aleutian tsunamis ob-
served by the long-wave recorder and a further three tsunamis (Boso
of 1953, Chile of 1960 and Iturup of 1963) observed by a tide gauge,
analyses are made. The power spectral analysis of tsunamis caused by
the submarine vcleano of 1952 (Myojinsho) are shown. The features of
tsunami spectrum in relation to earthquake magnitude are discussed.
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Fig. 1. Distribution of the tsunami observations.

Fig. 2. General view of the temporary observation hut at Yaene.

2. Observation of long-period waves

Hachijo Island is situated on the Izu-Mariana Ridge, about 300 km
south of Tokyo. The long-wave recorder was set at Kaminato on the
east coast of this island (Fig. 1) in November 1958. This observation was
carried out over a period of six months. Another observation was started
at Yaene on the west coast from March 1959 and continued over a period
of eight years. Fig. 2 shows the observational hut at Yaene. The instru-
ment of a hydraulic filtering type (Aida, 1962) is used at both stations.
Different capillary tubes (diameters: 1.25mm and 0.94mm; length:
14 mm) are attached in two brass tanks (diameter: 15 em; length: 60 em),
respectively, and eleetric transformer oil of quantity of 107! is put in
both tanks. Pressure difference caused by the resistance of oil viscosity
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At Kaminato, the hydraulic tanks (sensitivity: A in Fig. 3) are set
near the tide station in a fishing port. At the station of Yaene, the
tanks are set at an inlet outside of a fishing port. The recorder is set
at a distance of 80m from the coast. Since May 1964, the recording
system has been improved to that of electric transformation because
the pressure in the vinyle tubes drops within a few months. The motion
of bellows is transformed to an electric variation, using a differential
transformer located near the coast. The transducer is connected with
the recorder, a pen galvanometer, by a 6-conductor electric cable. The
recorder, oscillating amplifier and the electric source 12V-battery are set
in the hut. Spectral response curve of the improved instrument is shown
with symbol B in Fig. 3. The maximum sensitivity is in the band of
34 min period.

Some examples of the long-wave records at Kaminato are shown in
Fig. 4: (A) for an ordinary day, (B) for a day when a conspicuous “beat”
is observed, and (C) at the time when a cyclone with minimum pressure
of 980 mb passed east off Hachijo Island. Fig. 5 shows some examples
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Fig. 4. Some examples of the long-period wave rccords observed at Kaminato.
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Fig. 5. Some examples of the. long-period wave records observed at Yaene.

of the records at Yaene: (A) for an ordinary day, (B) for the occurrence
of seiches and (C) at the time when a typhoon moved through the western
part of Japan. Scales of wave amplitude in Figs. 4 and 5 are those for
the maximum sensitivity at periods of 20 min and 34 min, respectively.

3. Spectral analyses of long-period waves

The spectral analyses of the sampled records in a semi-monthly interval
are made by Tukey’s method. Analyized time length of the record is 12
hours for which the records were sampled every 1 minute. Total number
of data points is 720 and the lag is taken at 80. Fig. 6 shows the power
spectra of simultaneous records at Kaminato and Yaene during the period
from March to June, 1959. Noise level at Kaminato is conspicuously
greater than that at Yaene and the seiche periods of 4-5min in the port
always predominate. Weather conditions at the time of occurrence of
conspicuous peaks of the spectra are as follows: Low pressure of 980 mb
is located far east of the Kuril Islands on 15 March. On May 1, a cy-
clonic wind was blowing at Hachijo Island. For the simultaneous records
at Kaminato and Yaene, the average coherence is 0.05 and the maximum
value of 0.3 is found at the period of 5min. This may indicate that
seiches around the island are not so distinet.

Making use of the sampled records observed at Yaene during the
year 1967 listed in Table 1, spectral analyses are made by the same
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Fig. 6. Power spectra of the records simultaneously observed at
Kaminato and Yaene during the period from March to June, 1959.
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Fig. 7. Seasonal variation of power spectra of the records observed at Yaene during
the period of one year in 1967.

method. The weather at Hachijo Island observed by the Japan Meteoro-
logical Ageney (JMA) at 3 o’clock and the range of sea states at Yaene
-due to visul observation made by Mr. M. Kobayashi, are also shown in
‘Table 1. Seasonal variations of the power spectra are shown in Fig. 7,
‘where the numerals on spectra are the serial numbers in Table 1. As
seen in Fig. 7, the spectra are flat in spring, while those in autumn and
winter have predominant peaks at periods of 5min, 7min and 10 min.
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Table 1. Date of spectral analyses at Yaene during}1967.

No. Date Hoehip 1 | con Sotore | Remarks
]
1 oohoiglzh 00 Jan. 15 e J 6-7
2 | 0001-1200 Jan. 31 b 6
3 | 2001-0800 Feb. 16-17 o 6-7
4 | 0001-1200 March 1 P 2 5
5 | 2001-0800 March 14-15 o 3-4
6 0001-1200 March 29 ¢ 3
7 | 0001-1200 Apr. 14 9 3
8 00 01-12 00 May 1 Q 2
9 0501-17 00 May 15 Q 2
10| 0001-1200 June 1 9 2
11 0001-1200 June 15 o 2
12 07 01-1900 July 2 « 2
13 | 0001-1200 July 15 e 2
14 | 1101-2300 Aug. 2 o® 2 Typhoon No. 1T
15 0001-1200 Aug. 15 ' o 2
16 0001-1200 Sept. 1 O 1
17 08 01-20 00 Sept. 15 f 3 Typhoon No. 22
18 | 0001-1200 Oct. 1 £ | 2 Cyclone
19 | 1301-0100 Oct. 15 o i 2
20 0001-1200 Nov. 1 o | 2
21 00 01-1200 Nov. 12 é { 3 Monsoon
22 2101-0900 Dec. 2-3 o« l 2 Cyeclone
23 00 01-1200 Dec. 17 SR N | 3

* Beaufort of visual observation at Yaene by M. Kobayashi.

According to weather maps, meteorological conditions were as follows::
On 2 August (No. 14), two typhoons of 878 mb and 980 mb were located
far east of Honshu and at the Ogasawara Islands, respectively. On 15
September (No. 17), a typhoon of 974 mb was passing near Hachijo Island.
On 1 October (No. 18), a cyclone of 998 mb was off Sanriku from which
a cold front was extended to Hachijo Island. On 2 December (No. 22),
there were two low pressure areas in the Japan Sea and the Ogasawara
Islands, respectively and a cold front was passing over Hachijo Island.

Noise levels of the spectra have a tendency to increase when the:
west wind is strong and the predominant peaks of spectra are often
caused by typhoons and cyclones. It is remarked that the conspicuous.
peaks are not found in the band of long periods of more than 15min in
spectra at both stations. This feature of spectra at Hachijo Island is.
different from that for Enoshima and Oshima.
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4. Spectral analyses of tsunamis

Tsunamis listed in Table 2 have been observed at Hachijo Island.
The 1953 Boso-oki and the 1960 Chile tsunamis were observed at Kaminato
by Honda's tide gauge belonging to the Japan Hydrographic Office. The
1963 Tturup tsunami was observed at Yaene by Fuess’s tide gauge be-
longing to JMA. As shown in Fig. 8, features of two tsunami records
at Kaminato are quite different. By the long-wave recorder, the 1964
Alaska and the 1965 Aleutian tsunamis were observed at Yaene. As
seen in Fig. 9, the initial wave of the Alaska taunami is obscure but
the waves of later arrival are clearly seen and are of long periods. In
contrast, for the Aleutian tsunami, waves of a conspicuous short period
were recorded which somewhat resemble the wave feature of nearly
tsunamis. During the period from September 1952 to August 1953, many
small tsunamis caused by the eruption of a submarine volcano named
Myojinsho, about 180km distant to the south of Hachijo Island, were
recorded by a wind wave gauge installed at Yaene (Unoki and Nakano,
1953). ‘

These records are analyzed. Analyzed time intervals of records for
tsunamis caused by earthquakes are 6 hours and those caused by erup-
tions 45 min, including the initial wave. The calculated results are shown
in Figs. 10 and 11. It is found that the predominating peak of spectrum
for the Boso-oki tsunami falls in the band of short periods, in contrast
to that of the Chile tsunami which falls in that of long periods. For
the Iturup, Alaska and Aleutian tsunamis, several peaks exist in wide
bands of periods, in which the peaks in the range from 6 min to 8 min
are the seiches in the neighborhood of Yaene. In cases of the tsunamis
caused by eruptions, the predominat peaks fall in the bands of periods
of 1.2min and 1.3 min, and the features of spectra not being so simple.

Table 2. Maximum period of tsunami spectra.

Max. period
Date ) ! Earthguake T (min)
Location magnitude
(GMT) \
; M Hachijo I. |  Encshima

1953 Nov. 25 Boso 7.5 17
1958 Nov. 6 Iturup 8.2 — 60
1960 May 22 Chile 8.5 80 80*
1963 Oct. 13 Tturup 8—81/y 36 50
1964 March 28 Alaska \ . 8.4 . 53 120
1965 Feb. 4 Aleutian \ (P 32

Calculated value by R. Takahasi.
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Fig. 8. Records of the different tsunamis observed by tide gauge. A, B: records at

Kaminato, C: record at Yaene.

JOC[”‘ 1964 ALASKA March 28,1964 \
1 , ' 1 i ! : 1 1

pp ! 12 3 14 I5 GMT 6
March 28,1964
P, \ ' ' ' . M
16 17 18 i9 0

\ R \\\\\ 3\ NE \\ \\\ ~,\
\ N\ DA N\\\\\ \\, e - eme

R ) Nﬂ\\*‘ \‘\N‘d‘\” \_1“\ e

I 1 BN A |
L A R R N I S
'Ry /74‘/___»4/ /_j'Feb.4,1965 [ / . 7 ¢
u Yy VACYAR Wy GI\fT

Fig. 9. Records of the 1964 Alaska and the 1965 Aleutian tsunamis observed by the
portable long-wave recorder at Yaene.

Takahasi (1961) discussed the relation between the effective period
T, of tsunami spectrum and earthquake magnitude M. Form spectral
analyses of the records observed at Miyagi-Enoshima, the empirical

equation was given as
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Fig. 10. Power spectra of the different tsunamis observed at Hachijo Island.
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Fig. 11. Power spectra of the tsunamis Fig. 12. Relation between the maxi-
caused by the eruption of submarine volcano mum predominant period of tsunami T'm
(Myojinsho). and earthquake magnitude M.
log T,=0.57M—2.85. ‘ (1)

As shown in Fig. 12, the additional data obtained at Enoshima (Hatori,
1967) have a close relation with the Takahasi’s equation. Iida (1961)

.
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presented another equation,

log T.,=0.23}—0.20, 2)

where the maximum value T, of the predominant periods of tsunami
spectrum obtained from different stations is related to M. Taking the
maximum value of the predominant period of each tsunami observed at
Hachijo Island, the relation between 7., and M, is shown in Fig. 12
together with Takahasi’s and Iida’s equations. The empirical equation
may be represented by

log T,,=0.57M—2.97, (3)

where T, is measured in minutes. The coefficient of M in (8) is equal
to that of the Takahasi’s equation but the maximum periods obtained
in Hachijo I. are shorter than that in Enoshima.

5. Conclusion

The spectra of oceanic long-period waves and tsunami at Hachijo
Island were investigated, and the following results were obtained: (1)
Features of spectra at Yaene are ordinarily flat, but predominant peaks
are formed in a band of periods of 5 min, 7min and 10 min, when the
disturbances are caused by typhoons and cyclones. (2) Seiche periods
of 4min and 5 min are always observed in the fishing port of Kaminato.
(3) Waves of long periods of more than 15 min are small in the spectra
of both stations except for the case of tsunamis. (4) The position of
the predominant peak of a tsunami spectrum moves to the low frequency
part as the earthquake magnitude increases. However, the predominant
periods at Hachijo I. are shorter than those at Enoshima. The different
features of spectrum seem to be caused by the relative location between
the tsunami source and the observation site, and the source direction.
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