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Table 1. The Tsunami of Feb. 27, 1961, as recorded on tide gauges
(All times are J.S.T.)

Wave originated at earthquake epicenter off the coast of Hiuga
(31°.7 N, 131°.7E) at 03 11 Feb. 27, 1961.

- Time of Up or Time of | Max. ! Period
No. Tide Station Max. Amplitude
Arrival Down Amplitude | H ' T

1 | Naze : oshogm 04 N5o™ | 13 €M gomin

2 | Nishino-omote 04 00 + 06 00 25 ;

3 | Makurazaki 04 27 + 05 32 | 13 | 16

4 | Namimi 03 30 + 04 20 12

5 | Suzureishi 03 30  + ' 04 18 | 12

6 | Aburatsu 03 14 + 03 51 | 45 ' 22
7 | Miyazaki 03 35 + 03 42 12

8 | Hosojima 03 22 + 05 22 78 120

9 | Hosojima, New Harbour 03 25 + 05 55 124
10 | Tokai 03 35 + 03 42 13 ¢ 18
11 | Hebizaki 04 00 + 05 10 10 19
12 ~ Yawatahama 04 25 + 06 30 28 S22
13 | Uwajima 04 12 + 06 53 18 22
14 ' Hosogi 03 58 + 04 55 | 17 20
15  Misho 04 08  + 07 16 70 . 30
16 ' Tosa-Shimizu 03 42 + 04 12 9% 1 22
17 ' Tosa-Shimoda 03 55  + 04 47 | 10 20
18 | Urado 01 08 + 06 08 20 | 18
19 | Kochi 04 15 + 06 05 17 20
20 | Kushimoto 03 46 + 052 36 23
21 | Aburatsubo 05 36 + 07 56 6 16
22 jMera 05 32 + 13 25 35 22
23 | Hachijo L. 05 10 2 2 3@

]
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Fig. 1. Distribution of Wave Heights (cm) and Arrival time (JST) of the
Hiuganada tsunami of 1961.
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Fig. 2. Relation between the proper period T, of seiche in a bay and the
wave height H in that bay.

n% (Fig.2), &% « FHYIC X VRS L CHEALEWO 21 v 2 To BHEL LT

2) K. HoNDA, T. TERADA, Y. YOSHIDA, and D. ISITANI, “Secondary Undulations of
Oceanic Tides”, Journ. Coll.Sci. Imperial Univ. Tokyo, Japan, 24 (1903~ 06).
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Table 2. Response of the tsunami at Various stations: Periods of seiches

and heights of the tsunami.

T: The mean periods of the tsunami estimated to be 22 min.

Hy: The maximum wave height at Miyazaki.

Seiches ‘ 'Wave Height
No. | Tide Station ! T| T, of Tsunami | H/H,
To : H
S min cm
1 Kushimoto  16.5~18.6 1.33~1.18 36 3.0
2 Urado 18 1.22 20 1.7
3 Tosa-Shimizu (22.8) 0.97 96 8.0
4 | Misho 34.1 0.65 70 5.8
5 Uwajima (49.8) 0.44 18 1.5
6 Yawatahama @ (17.6) 1.25 28 .2.3
7 Hosojima ' 17.8~20.3  1.23~1.08 - 78 6.5
8 Miyazaki 12 1.0
9 Aburatsu 15.0~19.0 ' 1.46~1.15 45 3.8

Wa, E2HRIZEWT () RIEEROFIE

D F D RS To=4l/Vgh ORAETHOI-LDT
flah s,

ERNC 24 v 2 EBDNS RN 35 50BN
WHRHZ BT e,

H 5P, RERETEVTH

WO RAD BERE,N LD

FRWREDHE 1 L5 2 ENORMEZ B E 35 L4 KTFIEL T 22 23 Hsh
5. LI o TSEOEEDO R MY T=22 5L LT T/T, &k, 2 EIEEOER Ho

T B E O H OBRZ kw7 (Table 2).

NI X B EME, REHRKOES, Y22 20 SEECEEOREERLT, HAX

Fig. 3. The topography of Misho Bay. Fig. 4. The topography arround the
Hosojima tide-station.
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DHFEEPRL DD DERONS C EZEE MW 5.

BHEOMEY L ORI L DI, BHERTAOLORABBOI D, BHIITH\VTK
BB RO ThHAS (Fig. 3).

MR OBRBREIL 2 7 FICRN SNt 0T, EAHEREEO D OIHEICHE LZH
MEHBICME L, TOBICERCTEHE2MEDLDONH 5 (Fig. 4).

3. R ® B
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Fig. 5. The inverse refraction diagram wave fronts correspond to every 5min.
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Table 3
| Epicenter i Linear
’ picen : dimension
No. Date Location —— M A (102km?) of central
ACE) ¢ CN) Fade
1|Mar. 9, 1931 | Off Hachinohe | 141.9 | 40.6 7.3 5.6 50
2 | Mar. 3, 1933 Off Sanriku 1 144.7 } 39.1 8.5 87 600
3 | Oct. 13, 1935 | Off Miyako y 143.3 | 40.4 7.1 2.9 100
4 | Nov. 3, 1936 | Off Kinkazan | 142.0 @ 38.4 7.5 5.3 90
5 | May 23, 1938 | Off Shioyasaki | 141.45 | 36.7 7.4 8.2 90
6 | Nov. 5, 1938 Off Fukushimai 141.65 - 37.1 7.7 10 120
7 | May 1, 1939 Oga Peninsula ‘ 139°49’ 39°57/ 6.9 0.52 40
8 | Dec. 7, 1944 Tonankai | 136.2 1 35.7 7.9 10 200
9 | Dec. 21, 1946 | Nankaido 135.6 @ 33.0 8.2 27 350
10 | Mar. 4, 1952 Tokachi ‘ 143°52'; 42°09’ 8.1 ! 22 [ 120
11 | Feb. 27, 1961 | Off Fiuga 131.7 | 31.7 7.2 : 80

§4. REOKEXLLELHOME

BEROEX L HEOFREEORHZIIFH L OTHLMZINTELD, COHEK
H e« BFY KX OTHED~ 7 =77 FLOBER RS bhi (Fig. 6).
SEOHFORFEROEE S 80km L35, LROBREFELLEVESTHS.
DEFLFR B W~ =5y FEATRROBEREZHELMIC LY, EELITIINLOD
#H (Table 3) 75, HEOHEDOAE X LLEROBREEIRD TH (Fig. 7).
ThbbIDBERII~ /=25y FE AT 2 — 2L LEVEENEBERTHLZ DL D
T, REBIFIURHCTHESEELDS L THY, ZOZENPDBHEOKRE IREETD
CLEBEHDODLILETHAD.
RERTRHLBBEERETIVE Fig. 7 TV THREHOEK A LREKOHDE
B2, BEOEX L XY IARLS/NIVIEETT. b bR ERTR D HR W IENF
THDLHZLERTHDERDNS.

L LERBEBRBARTSTHED, ~7/=5FY V8B ETHLF + v HEE, FY HEOR
BENBE 100km ZB X 5000, BEZRDEZHHZML TRV,
ERINLHABRIVTNIERIISHT 73R TH 52, BEHZEO X 5 CREK
PEECREILSDDOLH D, BELOHELGEUCHEIE, ERSLOMBIPEIRTY

3) S. OMOTE, “On the Central Area of Seismic Sea Waves”, Bull. Farthq. Res. Inst..,
25 (1947) 15.

4) K. IipA, “Earthquakes accompanied by tsunamis occurring under the sea off the
Islands of Japan”. Jour. Earth Sci. Nagoya Univ., 4 (1956), No. 1.

5 FHHE®BR B % AEREOERLAEO = FAF-r oK) g, i, 7 (1955),
No. 4.
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Fig. 7. Relation between A4 and L.
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20. On the Tsunami which accompanied the Hiuganada
Earthquake of Feb. 27, 1961.

By
Ryutaro TAKAHASI and Tokutaro HATORI,
Earthquake Research Institute.

At 3h 10m 59.1s (J.S.T.), Feb. 27, 1961, there occurred a remstrong earthquake
off the south-east coast of Kyushu, Japan. According to the Japan Meteorological
Agency (JMA), the magnitude of the earthquake was 7.2, depth 17 km and the position
of the epicenter 31° 7 N, 131° 7E. Accompanying this earthquake, a moderate tsunami
was observed on the coasts of Kyushu and Shikoku.

Since 1662, more than 10 earthquakes which here exceeded IV in intensity have
occurred around this region. Among them the earthquake of Nov. 19, 1941, resulted
a tsunami of the order of 1 m along the coast of Kyushu and Shikoku.

By the courtesy of JMA, Japan Geographical Survey, Japan Hydrographic Office
and the public works offices of several prefectures, the present writers could collect
tide-gauge records of this tsunami and have made some studies as described blow.

Features of the tsunami at different localities can be seen in Table 1 and Fig. 1.
It can be noticed that the initial motion of the tsunami is up everywhere, showing that
the crustal deformation which caused the tsunami has probably been a simple upheaval
in the origin area.

In this tsunami, the wave heights seem to have been modified by resonance pheno-
mena in some bays in the neighbourhood of the origin area. In Fig. 2, the maximum
wave heights H, as observed in different bays, were plotted against 1/75, Ts being the
proper period of oscillation of the bay. In the Fig. H, is the maximum wave height
at Miyazaki and T the period of the tsunami. The wave height is here defined as the
level difference between a trough and the following or the preceding crest. The mean
of the periods of tsunami waves at various localities was found to be 22min. and this
was assumed to be the period of tsunami 7. Some of the proper periods of oscillation
at different bays, shown in Table 2, were taken from HONDA and TERADAZ and others
were calculated by the formula Ty=41/vgh .

In Fig. 2, H/H, is large for Hosojima and Tosashimizu, where the periods of
seiches are so near to T that resonance must have amplified the tsunami heights. The
discrepancy in the value for Misho from the resonance curve in Fig. 2 might be the
result of energy accumulation owing to the V-shape of Misho Bay. See Fig. 3.

Inversed refraction diagrams were drawn starting from six tide stations on the
coast of Shikoku and Kyushu, as shown in Fig. 5. Wave fronts have been drawn every
minute, but in Fig. 5 only those for every 5 minutes are shown. The origin was thus
found to be a slender elliptic area with a long axis of about 80 km.

HIRONO and IIDA® obtained a relation between the magnitude M and the long axis
L of the elliptic origin of the tsunami. Their relation holds good also for the present
tsunami. UTSU and SEKI® found a relation between I and the area A of aftershocks.
The present writers deduced a relation between A and L as shown in Fig. 7. This
relation will give in some measure the shape of the origin area of the tsunami, if we
assume the origin area to be equal to A. The fact that L greatly exceeds the dia-
meter of a circle having the same area A with the origin, shows that the origin area
of tsunami is strongly elliptical.



