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Abstract

The tsunamis which were generated at E Luzon I. on Aug. 1,
1968 and off NE Celebes I. on Aug. 10, 1968, were observed along
the Pacific coast of Japan. Wave amplitudes at Tosa-Shimizu and
Kushimoto, both of which are located at the cape, are relatively high
and amount to 20-30 cm with the period of 15 min.

Refraction diagrams of both tsunamis are drawn and the difference
of the wave amplitude between SW Japan and NE Japan is investi-
gated. The maximum wave group observed 3-6 hours after the initial
wave front arrival can be explained by the effect of edge waves.

1. Introduction

Distant tsunamis generated in regions from the Kurile Islands to
Alaska and of South America were studied in the previous papers
(Hatori, 1965, 1968), with respect to the distributions of tsunami energy
and refraction diagram along the coast of Japan. In this paper, the
behavior of tsunamis generated in regions from the Philippines to Indo-
nesia is discussed. One of the famous historical tsunamis generated in
this region, was that on Aug. 26, 1883 accompanying the eruption of
Krakatoa (6.7°S, 105.4°E) which was propagated across the Pacific Ocean
and the Indian Ocean. Some abnormal tidal activities were felt on the
Japanese coast, too (Imamura, 1945). The tsunami on Aug. 15, 1913 in
the Celebes Sea, generated by an earthquake (Shallow, M=8'), was
observed at the tide station in Japan (Imamura and Moria, 1939).

The tsunamigenic earthquake on Aug. 1, 1968 occurred at the east
coast of Luzon I. (Philippines) and those of Aug. 10 and 14, near
Celebes I. (Indonesia). According to the International Tsunami Infor-
mation Center (Newsletter 1 (2), Sept. 1968, Honolulu, Hawaii), some
parts at coastal areas in Celebes I. were damaged by Indonesian tsunamis.
These tsunamis were observed with small amplitude at tide stations in
Japan. Making use of tide gauge records of 31 stations, tsunami phe-
nomena are investigated. Refraction diagrams starting from the epicenter
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Fig. 1. Geographic distribution of epicenter of earthquakes accom-
panied by tsunamis {1627-1968).

at E Luzon I. and NE Celebes 1. are drawn to investigate travel times
and the distribution of tsunami energy along the coast of Japan. Ex-
istence of edge waves propagated along the continental shelf is discussed.

2. Historical tsunamis

According to the National Earthquake Information Center (Lander,
ed., 1968), seismicity of the rigion from Taiwan to Indonesia in a year
of 1967 is as follows: A seismic zone (M<7, d=83km) lies from Taiwan
to the west side of Luzon I., across between Luzon I. and Mindanao I.
and tends to the east coast of Mindanao I. Depth of earthquakes in
the region from south of Mindanao I. to Molucca Passage is relatively
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Table 1. Tsunami on Aug. 15, 1918, as recorded by
tide gauges. Wave originated near the earth-
quake epicenter (5.5°N, 123°E) in the Celebes
Sea, at 12:18 (GMT), Aug. 15, 1918.

‘ Imtlal wave ' Max. wave
Tide 3
station \ Travel time E zﬁglle ‘ Period ‘ T
h m | min ! h m
Hososhima 4 06 l 20 ' 11 30
Kushimoto 4 42| 22 3 %

r: Time interval between the arrival of front and the maximum wave.

deep (d=71-300km). Anocther zone lies from north of Celebes to New
Guinea directed in E-W. Seismicity of Taiwan during the period from 1809
to 1958 was indicated by Hsu (1961) as follows: Relatively deep earth-
quake (40>d>100km) occurred actively off the east coast of Taiwan.
As for inland Taiwan, most earthquakes were very shallow (d<10km)
and were often accompanied by erustal deformation.

Making use of the tsunami catalogue (Iida, et al., 1967), epicenters
of tsunamigenic earthquakes which oceurred during the period from
1627 to 1968 are plotted in Fig. 1. Principal earthquakes are indicated
with the year of occurrence and magnitude. It is most remarkable
that the generating region of large tsunamis is the west side of the
island arc rather than on the Pacific coast. There iz little tsunami
generation on north New Guinea. However, most tsunamis might have
been overlooked owing to sparse population.

Inundation height for the tsunami of 1918 generated in the Celebes
Sea was Tm at SW Mindanao I. and double amplitude of 40cecm was
recorded at Kushimoto. Table 1 shows the principal features of records
given by Imamura and Moriya. From Fig. 1, the magnitude of earth-
quakes accompanied by tsunami is 7 or more. Historical tsunamis gave
no effect to the Japanese coast because these tsunami origins were
located in the west side of the island are.

3. The Philippines and Indonesia tsunamis of Aug. 1968

Earthguake data reported by the U.S. Coast and Geodetic Survey
are shown in Table 2. Figures 6 and 7 show the principal tide gauge
records at the Japanese stations. On the records obtained by long-wave
recorders at Miyagi-Enoshima and Isu-Oshima, the tsunamis on Aug. 1
and 10 were slightly observed (Figs. 8, 9). The tsunami on Aug. 14
generated at W Celebes 1. is indefinite on the records (Fig. 10).
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Table 2. List of earthquakes.

Dates and Time| Epicenter Depth M Comment*
(GMT) km
Aug. 1, 1968 16.5°N 36 7.0 No evidence of tsunami
20:19 122.2 E
Aug. 10, 1968 1.4 N 33 an Local tsunami; Huge waves
02: 07 126.2 E swept coastal areas in the
Donggala district of Celebes
Is. Numerous deaths and much
damage.
Aug. 14, 1968 0.2 N 23 73/, Island of Tuguan at north tip
22:14 119.8 E of Celebes Is. submerged and
disappeared. Large local tsu-
nami.

* after the International Tsunami Information Center.

Aug.1.1968 Aug.10.1968 v
Philippines Indonesia
M=70 M=74%

12 10
Fig. 2. Distribution of double amplitude of the maximum wave (cm)
for the tsunamis of the Philippines and Indonesia.

Figure 2 shows the distributions of the maximum double amplitude
along the Japanese coast for the tsunamis on Aug. 1 and 10, 1968.
Wave amplitude at the cape is larger than other places due to the
convergence of refracted waves and is 20-30em. Amplitudes at Kyushu
and the South-West Islands are small, though these places are a relatively
short distance from the tsunami origin. This behavior seems to be
caused by the direction of incident waves. The details of each tsunami
are as follows:

The Philippines tsunami on Aug. 1, 1968

The shape of an envelope of wave train for distant tsunamis usually
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Table 8. The tsunami on Aug. 1, 1968, as recored by tide gauges. Wave
originated near the earthquake epicenter (16.5°N, 122.2°E) at the
east coast of Luzon I., at 20:19 (GMT), Aug. 1, 1968.
Initial wave Max. wave The 2nd
) highest
No T1df3 A ‘ B wave
station P
Travel pise | Period| TSV Rise |Period DOSM® Doube| =
h m cm min%‘ h m cm min cm h m cm h m
1 Naze 2 23 3 10 3 o7 6 12 216 | 10 3 40
2 |Nishino-omote| 2 28 2 16 4 2 28 N
3 |Aburatsu 2 54 4 20 16 630 10 220
4 |Hososhima 310 3 4 2 40
5 [Totoro ?
6 Kabae 3 06 6 20 3 06 6 20 12 5 33
7 |Tosa-Shimizu | 3 06 3 3 49 10 20 16 2 50
8 |Kami- ?
Kawaguchi
9 Kochi ? 6
10 Muroto 251 4 8 3 04 T 15 27 220 21 510
11 |Kii-Sirahama | 3 00 2 351 4 32 6 2 23
12 |[Kushimoto 2 51 4 15 341 6 12 28 330 | 26 535
18 {Urakami 301 3 10 4 03 7 15 12 2 56
14 {Owase 319 4 12 411 6 16 12 301
15 |Nagashima ? 8
16 |Toba ? 4
17 [Morosaki ?
18 {Omaezaki "3 33 4 12 4 41 6 10 24 328
19 Uchiura ?
20 |Minami-Izu 316 4 8 411 4 8 18 545 | 16 2 30
21 {Kozu I. 319 3 8 428 6 7 16 3 02
22 \Izu-Oshima ?
23 |Mera 3 38 4 16 436 5 18 27 306 14 6 23
24 |Choshi ? 20
25 |Onahama 415 2 22 4 41 4 22 13 753 11 4 05
26 |Ayukawa 5 49 5 8 13
27 \Enoshima ?
28 [Kesen'numa ? 12
29 |Hachinohe ? 5
30 [Urakawa ? 14
31 |Hiroo ? 10
32 |Kushiro ? 6
33 ‘Hanasaki ? 5

A: Wave front is indefinite. Wave front is determined with the aid of the refracti{‘);
7: Time interval between the arrival of

diagram. B: Evident wave commences.
front (A) and the maximum wave or the 2nd highest wave.
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Fig. 3. Refraction diagram of the Philippines Tsunami of Aug. 1, 1968 (time
interval: 5 minutes). Numeral at the tide station is the serial number in Table 3.

observed in Japan, is a spindle type. It is difficult to judge the wave
front arrival in the present case from the records because of too small
amplitude. In Table 3, the waves of symbol A are read from the records
with the aid of the refraction diagram and those of symbol B are a com-
ment of relatively evident arrival. r denotes time interval between front
arrival (A wave) and the maximum or the 2nd highest wave. The
locations of each station are shown with numeral in Fig. 3 corresponding
to the serial number in Table 3.

The tsunami source being assumed at 16.5°N, 122.2°E, wave fronts
are drawn at 5 minutes intervals in Fig. 3. The travel times of wave
front are 2h 30 m-3h 00m at the coast of Kyushu-Shikoku and 8h-4h
in Kinki-Kanto districts. As shown in Fig. 3, wave rays start from
the tsunami source in the direction of each 10 degrees increment, and
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conspicuous divergence is observed in NE Japan. The observed ampli-
tudes in this region are the ordinary level of daily wave activities. In
cases of the tsunamis of the 1944 Tonankai and the 1946 Nankaido, the
wave-height in NE Japan is conspicuously small. These behaviors seem
to be caused by the effect of direction of the island are.

The Indonesia tsunami on Aug. 10, 1968

The summaries of principal features of records at various stations
are given in Table 4. The maximum wave-height at Urakami was 40
em, arrived at 9 hours after the initial wave front. Travel time of the
initial wave with the period of 15 min is about 5 hours in SW Japan.

Table 4. Tsunami on Aug. 10, 1968, as recorded by tide gauges.
Wave originated near the earthquake epicenter (1.4°N,
126.2°E) off NE. Celebes I., at 02:07 (GMT), Aug. 10,

1968.
) Initial wave Max. wave The Z?Sa‘t]ggh%t
St’glggn Travel Double Double Remark
tinrYe Rise | Period ampl. ampl.
h m cm min‘ cm h m em h m
Naze ? 10
Nishino-omote ? 5
Aburatsu 4 337 3 18 6 4 03 6 7 10
Hososhima ? 4
Kabae 5 03 7 16 15 3 55
Tosa-Shimizu 53 7 15 18 3 42 12 8 00
Kochi ? 6
Muroto 4 55 6 14 16 3 30 Swell 30cm
Kii-Shirahama ? 5
Kushimoto 4 55 6 15 20 4 03 18 7 16
Urakami 5 05 10 18 40 9 00
Owase 5 21 10 14 22 5 13
Nagashima 5 33 6 30 16 3 16
Toba ? 6
Omaezaki ? 22
Minami-Izu ? 18
Mera ? Swell 40em
Choshi ? » 3bcem
Ayukawa ? 7 30cm
Urakawa ? » 30 cm
Kushiro ? 7 25cm

r: Time interval between the arrival of front and the maximum wave.
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Fig. 4. Refraction diagram of the Indonesia Tsunami of Aug. 10, 1968 (time
interval: 5 minutes).

In NE Japan, the waves of tsunami were masked by a storm surge
due to Typhoon No. 7. In those days, a temporary observation of tide
had been made at Iwo-jima, Ogasawara Is. (Fig. 4) by the authors.
From the record of a portable tide gauge (magnification : 1/26, paper
speed : 11 mm/hour), the tsunami could not be found.

Figure 4 shows a refraction diagram and the wave fronts are drawn
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starting from the assumed tsunami source at 1.4°N, 126.2°E, at 5
minutes intervals. The travel times of the.final weve front agree well
with the observed values. The direction of the wave fronts for the
Indonesia tsunami is different from that of the Philippine tsunami and
is parallel to the coast of SW Japan.

4. Edge wave

In case of distant tsunamis, the maximum wave has often been
observed several hours after the initial wave. This phenomenon has
been explained by means of a theory and model experiment, 7. e. the
maximum wave group may be identified as edge waves propagated along

a continental shelf with the mini- )

mum group velocity. In cases of 9 s/
the Kamchatka and Iturup T / /
tsunomis, the ratio of the time 8r // o /8
interval of the arrival of the L / /n b
front and the maximum wave to / . /
that of the occurrence of the ok / V4
earthquake and the initial wave N
arrival were found to be 3.15 from 5r // o/ 4
tide guage records in Japan (Hatori ° / / /‘/
and Takahasi, 1964). aor ! Py

For the present tsunamis, &/ /o e -

. . . 3r T,/ o
these relations are shown in Fig. P o oo
L. K /e

5 where the solid circles are the ol // & {1968 Au|
maximum wave, open circles the </ //,,'b 2 {1968 A 10
2nd highest wave. The profile W/ @S A% Indonesia
of shelf is assumed step-type and )/ * { Celebes ™
the time interval between the o Tz 3 4 5 6 7

earthquake occurrence and the
wave front arrival is ¢, that of
the maximum wave ¢t. The ratio
a of the time interval for each
wave is

pe t=to

Cx

Travel time
(hours)

Fig. 5. The relation between travel
time of the initial wave front and the
time interval between arrival of front and
large wave. Closed circle: the maximum
wave, open circle: the 2nd highest wave.
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where ¢, is long-wave velocity on a shelf, ¢, that of outer sea, en(=¢"ne)
the minimum group velocity. Let &, k. be the depth of shelf and that
of outer sea, respectively. The ratio a is expressed as

a=—1 1)y,
c/m hl

The factors were given by Sat6 (1951) as follows: ¢/, =0.8431 at h./h,=5
and ¢’,,=0.9140 at h,/h,=38. These factors are put in the above equation.
The ratio can be obtained as follows:

a:1.65 at hg/h1:5 y
@=0.9 at hafh=3 .

The ratio of water depth are shown as a parameter in Fig. 5. In case
of the Kamchatka and Iturup tsunamis, the observed values were ex-
plained by the parameter of h,/h,=10. It is interesting that the shape
of wave envelopes for distant tsunamis propagated from the north and
from the south of Japan is classified by the different topography of the
sea bottom.

5. Conclusion

Historical tsunamis generated in Philippines and Indonesia are located
inside these island arcs. Therfore, the effect of tsunami has been small
for the Japanese coast. For the Philippines and Indonesia tsunamis, the
wave-height in NE Japan is smaller than that in SW Japan. This
behavior seems to be caused by the effect of direction of the island are
rather than the increase of distance from the tsunami origin. The
maximum wave was observed at 3-6 hours after the initial wave front
arrival. This wave is explained by the wave-train with the minimum
group velocity of edge wave.
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Fig. 8. Feature of long-wave records for the Philippines Tsunami of Aug. 1, 1968,
at Miyagi-Enoshima and 1zu-Oshima.

Fig. 9. Feature of long-wave records for the Indonesia Tsunami of Aug. 10, 1968,
at Miyagi-Enoshima and Izu-Oshima.
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22. HAKFEDRT I 5mtEs
W8 T4 VYV, AV IFRYTOBRKLTONT
wEwE P B E K

T4 VEY, 4 PRy THBCRESRBRAEO 5 b, BARR TR, G4k 1883 £ 8 A7
S H b T RIIOWTKIZ X HEESES b, e 1918 4 8 A L NAVECHIE & i T, B
AL\ T 40em OWESBH ST, BN CHE & ol Bd M7 » CHIE OB M ki
7T PIET, #0£ EMOVEHIZS »C, HARC KT 2T OB HILAVNS o e

1968 45 8 Hicix 8 fH, Hi#x e - AlEnED, 1 Bory vEFUFOHE (M=17.0) & 10
HorL N2 EmoE M=TY,) X 388k, BARM TR X » TRl s he.
14 BOEL RZVEEOHE M=T3) 1 L 3HEEZ, BROEENLEIED LNz, Tak2
fHD £ L N2 Cit, BHAE ClEC X AHEMRE IR TV 5.

8 H1BE 10 BoEid, HEFBKLHAD LS RloRE ¢ 20-30em O4IFEE LD,
ORI 0 B WENKE L, BIFEOUIC L3R~ L 6hie, BUbHA, Jull LBEEREE T,
PR —I AT D W L 8T, W & OEBEOENC EE NS V. IEROERIFRIZ L S &,
R BAFBOBIMOMEIC L - C, FEARNDEART IR LELDOND.

HoFvyoh, T ho7@EEOX S RETEN T, BASHORGOWRIF L Th - 1.
Wz B R 1 BB L O D EIRRIC BUKIRE bR, AR OEE b AR TER E
Nro. ZhE KB EL Sy FIOHE LS 0%, T&E»DLE 1 EOEMERRI &8 13
M KREREE COBMLELRLD, CNbOMBATI~NDS L 2 SN, BEiLRERIE O b
EFNVCEIR »7c b &, KEH Ro/hy (bt BEEILOKE, het SNEOKE) %95 f—2—LL
TRt &, ARIOEMEE hofh=5 & 8 &igh, HoaF v v h, T o TFEKETE hofh=10 TH
¥, TDL5IE, HILAKXETEEAAL TOMEMEOR VA, WEOMmA L XBIE T
P EARN




