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Table 1. List of tsunami magnitudes

Earthquake Tsunami magnitude
No Date
Location M M, |Imamura-lida| Hatori (1)* | Hatori (2)**
1 | 1896 June 15 | Sanriku 7.6 8.6 4 3.5 3.5
2 | 1923 Sept. 1| Kanto 7.9 8.0 2 2 2
3 | 1933 Mar. 3| Sanriku 8.3 8.3 3 3 3
4 | 1938 Nov. 5 | Fukushima-Oki 7.6 7.6 0 1 1
5 11940 Aug. 2| W. Hokkaido 7.5 7.7 2 2 2
6 | 1944 Dec. 7 | Tonankai 8.0 8.1 3 2.5 2.5
7 | 1946 Dec. 21 | Nankaido 8.1 8.1 3 2.5 3 ’
8 | 1952 Mar. 4 | Tokachi-Oki 8.1 8.2 2 2.5 2.5
9 | 1953 Nov. 26 | Boso-Oki 7.5 7.8 1 1.5 2
10 | 1960 Mar. 21 | Iwate-Oki 7.5 7.5 0 0.5 0.5 )
11 | 1961 Feb. 27 | Hiuganada 7.0 7.5 0 0 0
12 | 1963 Oct. 138 | Kurile 8.1 8.4 2 2.5 3
13 | 1964 May 7 | Oga-Oki 6.9 7.1 -1 —0.5 —-0.5
14 | 1964 June 16 | Niigata 7.5 7.9 2 2 2
15 | 1968 Apr. 1 | Hiuganada 7.5 1.7 1 1 1.5
16 | 1968 May 16 | Tokachi-Oki 7.9 8.2 2 2.5 2.5
17 | 1968 June 12 | Iwata-Oki 7.2 74 0 1 1
18 | 1969 Aug. 12 | Kurile 7.8 8.2 2 2 2.5
19 | 1970 July 26 | Hiuganada 6.7 7.1 -1 -1 —0.5
20 | 1971 Sept. 6 | Sakhalin 7.1 7.5 0 0.5 0.5
21 | 1972 Feb. 29 | Hachijoshima 7.0 7.4 -1 0.5 0.5
22 | 1972 Deec. 4 " 7.2 7.6 -1 1 1
23 | 1973 June 17 | Nemuro-Oki 7.4 8.1 1 1.5 2
24 | 1975 June 10 | Kurile 7.0 7.9 1 1.5 1.5
25 | 1978 Jan. 14 | Oshima-Kinkai 7.0 — -1 -1 —2
26 | 1978 June 12 | Miyagi-Oki 7.4 7.4 -1 0.5 0.5
27 | 1980 June 29 | Izu-Toho 6.7 — -1 —1.5 -2
28 |'1982 Mar. 21 | Urakawa-Oki 7.1 — 0 0 0
29 | 1982 July 28 | Ibaraki-Oki 7.0 — -1 0 —0.5
30 | 1983 May 26 | Nihonkai-Chubu | 7.7 8.1 3 2.5 3
31 | 1983 June 21 | W. Aomori 7.1 7.8 0 0.5 0.5 )

* Former method: Tsunami magnitudes were determined from the relation of Hoc
4712 and the maximum amplitudes obtained by tide-gauge records.
** Present method.
M,: Tsunami magnitude denoted by the Abe scale (ABE, 1981, 1985) which corres-
ponds closely to moment magnitude M,,.
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Fig. 1. Distributions of epicenter (closed circle) of the
investigated tsunamigenic earthquakes (M: earthquake magni-
tude) and tide stations (open circle). Numeral at the epicenters
is the serial number in Table 1. Example of measuring distance
4 is shown, Ha, Hanasaki; Ku, Kushiro; He, Hachinohe; Mi,
Miyako; Ay, Ayukawa; On, Onahama; Me, Mera; Km, Kushi-
moto; To, Tosa-Shimizu; Ab, Aburatsu; Es, Esashi; Fu, Funa-
kawa; Sa, Sakata; Wj, Wajima; Sg, Saigo.
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Fig. 2. Relation between tsunami height and distance, where the
inundation height (above M. S.L.) and the maximum double-amplitude
observed by tide-gauges are shown by small and large marks, respec-
tively. Location of the initial named stations is shown in Fig. 1. The
straight lines are tsunami magnitude scale, m, classified by the present
study.
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Fig. 3. Relation between tsunami height and distance. The com-
ments are the same as in Fig. 2.
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Fig. 4. Relation between tsunami height and distance. The comments
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lines classified by the magnitude scale, m, are expressed in accordance
with m=0.008L+2.7 log H+0.31.
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Table 2. HuE ORBRER [m]
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T3, TLEEARKCBNT, E—A V= =F .~ F M, £ OBEZERX M,=0.51m+
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Classification of Tsunami Magnitude Scale

Tokutaro HATORI

On the 31 tsunamis which were generated in the vicinity of Japan during the period
from 1896 to 1983, the tsunami magnitude on Imamura-lida scale, m, is investigated on the
basis of inundation heights surveyed along the coast facing the tsunami source and the
tide-gauge records. The tsunami magnitudes, m, obtain the relation m=2.7log H+2.7 log
4—4.3, where the tsunami height, H (unit: meter) is the average inundation height above
M. S. L. and the maximun double-amplitude observed by tide-gauges. 4 (unit: km, <2000 km)
is the epicentral distance which is measured along the short oceanic path. The tsunami
magnitude can be estimated at intervals of 0.5. However, the data of inundation heights
over 10 meters and those of the tide-gauge records which were observed at the capes and
islands were widely scatterd by the effects of topography. The magnitude values of large
tsunami (m>1.5) were defined about 0.5 larger than those by the former method (HATORI,
1979), using tide-gauge records only. The magnitude scale is closely related to the potential
energy of the tsunami: The magnitude scale is classified by tsunami height of 2.24 inter-
vals, and varies with the interval of 5 times for tsunami energy.

For each magnitude scale, m, the inundation heights, H (unit: meter) along the coast
facing the tsunami source are empirically expressed as m=0.008L+2.7 log H+0.31, where
L (unit: km) is the half area measured from the location of the maximum height along
the coast. Thus, the grade of magnitude scale, m, is clearly defined as follows:

[—1]: Minor tsunami observed by tide-gauges with wave heights less than 50 em. No

damage.

[0]: The maximum height is about one meter. Ships and marine products suffer
lightly. The tsunami height is 50~80cm within the area of 100km.

[1]: The maximum height is 2~3m. Houses on low ground are inundated and ships
are washed ashore. The tsunami height is about one meter within the area of
200 km.

[2]: The maximum height is 4~6m. Many houses are destroyed and some persons
are killed. The tsunami height is about 1.5m within the area of 300 km.

[3] : The maximum height is about 10 m and locally reaches 15~20m. The tsunami
height is about 2.5m within the area of 400km and this region suffers heavy
damage.

[4]: The maximum height is about 20 m and locally reaches 30 m. The tsunami height
is about four meters within the area of 500km and this region suffers very
heavy damage.




