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A Method of Determining Magnitude of Tsunami
and its Application to Tsunami Warning

H. Watanabe ' o

(Sendai District Meteorogical Observatory)

In this paper, the author describes the method to obtain the wave height near the origin of

tsunami from the initial motion of tsunami and its application.

near the origin was estimated as only 1 meter in the Sanriku-oki tsunami of 1933.

As an example, the wave height
We define the

magnitude of tsunami using the wave height of the origin, and the relation between the magnitude

m and maximum height of tsunami Hy (unit :

cm) is obtained as,

log Hin— (1. 06=-0. 07) m—+ (0. 99=-0. 07).

The energy of tsunami E; calculated from the theory of grav1ty wave is connected with m

-by the following equation,

log E— (20. 012-0. 026) + (1. 552-0. 17) m.

The value of E; of past tsunami is order of the 102! —10% ergs and the same one as the energy

calculated by Takahasi and Iida.

Furthermore, Hp is representéd as the function of the magnititude of earthquake M and the

depth of the origin of earthquake H (unit : km), by the following,
IOgHm~1 12M—0 0035 H—6 28.

This may be applled to the tsunami warmng
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Table 1.

Ai
'y
Am :
a

a0

Double amplitude of the initial motion of tsunami.

: Period of the initial motion of tsunami.

Maximum double amplitude of tsunami.

: The height of tsunami
: The height of tsunami at the origin when the depth of the origin of earthquake is zero (H=0).

at the origin.

The Sanriku-oki ‘The Tokachi-oki The Kamchatka The Bosb-oki The - Yetorup-oki The Sanriku-oki
Tsunami tsunami of March 3, itsunami of March 4, | tsinami of Nov. 5, | tsunami of Nov. 26, tsunami of Nov. 7, |tsunami of March 21,
o 1933 S 1952 952 953 1958 1960
Delz;f}‘ezfﬁfll(’; Srigin " 0—20km 45km shallow (010 km) 40—60km 80km 20km
M 8.3 81 8.2 7.5 (8.0) 7.5
Sea def;tr}i‘g?:ar the 5000m 1000m 300m 8000m 1000m - 1000m
o Hlemenmts 140 Ty An @ | AT An @ | A Ti An a | A Ti Am a | A Ti Aw a | A T An a
Tigtiltion\\\\\ cm min cm E:‘:%) cm min cm (carll)‘l)' em min cm (cargx) ‘cm min cm f:‘;gl). _cm rﬁin cm E:‘f-g) cm min cm (cf%)
Hanasaki 135 34 145 20 N
Kushiro 238 40 238 50 | 77 80 10078 20 42 25 16 |
Biroo ' 320 69 351 58 ' o
Hachinohe 210 30 374 85 | 174 57 309 54 | 100 71 175 87 12-32 18 6 | 47 52 102 21 | 41 30 80 13
, Miyak‘or 97 35 79 58 49 63 77‘6‘9' 6 24 7 5 19 29 22 25 | .33 23 33 12
Kamaishi - 56 16 60 9
Hashikami 45 40 56 20
Onagawa 174 27 174 51 | 11 75 178 71 3225 35 9 | 67 48 67 24 A
Ayukawa 150 30 150 105 | 66 20 87 54 |. 39 81 251 80 13 23 77 6 | 23 28 41 22 [ 31 10 42 14
Onahama ' 38 50 ‘38 52 | 75 75 164 77 | 20 27 28 6 17 30 25 19
Choshi ‘ 31018 50 6 | 24 43 44 18
Mera 56730 106 81 | 21 17 133 6
Mean value 30 9% 37 54 74 78 24 6 37 21 2 12
(102) (74) 1) | (38) (14)
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Table 2.

U OB R T RYL— Y REE A — = £

Catalogue of tsunamis following the earthquakes in the vicinity of Japan. (1926—1961)
No.| Dateand origin time | Epicenter | pyo Location M Hn | m Station Remark
o J.8.T.) Lati. Longi. | —°P 0 m " ‘
: : (°N) (°E) km |- cm .
11 1927 Aug. 6406113 | 88 142 20 off Miyagi Pref. 16.9(7. 1) 15 | 0.4 | Shiogama
2 1928 May 27 18 50 | 40.0 143.2 0—10 | off Sanriku 7.0(7.0) 25 | 0.6 | Ishinomaki
31 1931 March 9 1249 | 41.2 142.5 0 | off E Coast of Aomori Pref. | 7.6(7.7) 39 | 1.2 | Hachinohe
4 1931 Nov. 2 19 03 32.2 132.1 20 Hiuga-nada 6.6(7.5) 85% | 0.1 | Muroto
5] 1933 March 302 31 |39.1 144.7 0—20 | off Sanriku 8.3(8.5) 2400% | 1.9 | Rydri Bay destructive
6| 1933 June 190637 |38.1 142.35| 20 | off Miyagi Pref. 7.1(7. 3) 18 | 0.6 | Hachinohe ,
71 1935 July 19 09 50 | 36.7 141.3 0 off Ibaragi Pref. 6.5 ) 18 |10 Onahama
8| 1935 Oct. 13 01 45 | 40.0 143.6 40 off Sanriku 7.2(7.1) 33 | 0.7 | Hachinohe
-9 1935 Oct. 18 09 12 40.3 144.2 20—40 | off Sanriku 7.1(7.2) 20 | 0.6 | Hachinohe
10 | 1936 Oct. 3 05 46 38.2 142.2 | 50—60 | off Miyagi Pref. 7.7(7.3) 67 1.1 | Hachinohe
11| 1938 May 2316 18 | 36.7 141.4 10 . | off lbaragi Pref. 7.1(7.4) 83 0.7 | Onahama
12 | 1938 June 10 18 53 | 25.3 125.2 10 off NNW Coast of Miyako-jima| 6.7 100% | 0.2-| Miyako-jima disastrous
13 | 1938 Nov. 517 43 | 37.1 141.65 20 off Fukushima Pref. 7.7(7.7) 113 | 1.2 | Onahama
14 | -1938 Nov. 519 50 | 37.15 141.7 15 off Fukushima Pref. 7.6(7.7) 112 | 1.2 | Onahama
15| 1938 Nov. 6 17 54 | 37.5 141.8 0 | off Fukushima Pref. 7.5(7.6) 126 | 1.1 | Onahama
16 | 1938 Nov. 70639 |37.0 141.7 0 off Fukushima Pref. 7.1(7.1) 125 | 0.7 | Onahama
17 | 1938 Nov. 14 07 31 |[37.0 141.5 60 off Fukushima Pref. 7.0(7.0) 71 | 0.6 | Onahama
18 | 1938 Nov. 221014 |37.0 141.8 10 off Fukushima Pref. 6.7 29 | 0.2 | Onahama
19 | 1938 Nov. 3011 30 |37.0 141.8 5 off Fukushima Pref. 7.0(7.0) 19 | 0.6 | Onahama
20| 1939 March’ 20 12 22 | 32.3 131.8 10 - | off Miyazaki Pref. 6.6 80 .| 0.1 | Muroto
21 1939 May 11500 | 39.95 139:8 .0 Oga Pen. 6.7(7.0) 27 | 0.2 | Tsuchizaki
22| 1940 Aug. 20008 |44.1 139.5 0—20 | off Shakoten Pen., Hokkaido | 7.0(7.7) 200% | 0.5 | Haboro disastrous
23 | .1941- Nov. 19 01 46 | 32.6 132.1 0—20 | Hiuga-nada 7.4(7.8) 100% | 1.0 | SW Coast of Shikoku| disastrous
24 | 1943 June 13 14 12 | 41.1 142.7 .20 off Shnriku 7.1(7.4) 60 | 0.6 | Hachninohe -
25 | 1944 Dec. 7 13 35 | 33.7 136.2 0—30 | off Ténankai 8.0(8.0) 1000% | 1.6 | Owase destructive
26 | 1945 Jan. 1303 38 |34.7 137.2 0 Mikawa Bay 7.1(7.1) 62 1 0.7 | Senma
27 | 1945 Feb. 10 13 58 | 40.9 142.2 30 . | Off E Coast of Aomori Pref 7.3(7.3) 35 | 0.8 | Hachinohe N\
28 | 1946. Dec. 210419 |33.0 135.6 30 off Nankaidd 8.1(8.2) 610*% | 1.6 | Fukuro, Kii Pen. destructive
29 | 1947 Nov. 409 09 | 43.8 141.0 0—30 | off NW Coast of Hokkaid6 7.0(7.1) 200% | 0.5 | Wakkanai , disastrous
30| 1948 April 1801 11 | 33.1 135.6 40 off Shionomisaki’ 7.2(7.3) 50% | 0.6 | Inami
31| 1952 March 4 10 23 | 42.15.143.85 45 off Tokachi 8.1(8.3) 500% | 1.6 | Kiritappu disastrous
32| 1952 March 10 02 04 | 41.7 143.5 0—20 | off SE Coast of Hokkaid 7.0(7.1) © 30 | 0.6 | Hachinohe
33| 1953 Nov. 26 02 48 | 34.3 141.8 | 40—60 | off Bosd : 7.5(8Y3) 200-300% 0.9 | Choshi disastrous
34| 1956 March ~6 08 29 | 44.3 144.1 0—20 | off NE Coast of Hokkaidd 5. 8(61/2—63/4) 40 {—0.7| Abashiri
35 | 1958 Nov. 7 07 58 | 44.3 148.5 80 off S Coast of Yetorup Is 200-300 [(1.4)| E Coast of Yetorup| disastrous
36| 1960 March 21 02 07 | 39.8 143.5 20 off Sanriku 7. 5(7—71/4) 81 | 1.0 | Hachinohe
37 | 1960 March 23 09 23 | 39.3 143.8 20 off -Sanriku 6.7(6%/4—17) 29 | 0.2 | Ayukawa
38 | 1961 Jan. 16 16 20 | 36°02’142°16’ 40 off Ibaragi Pref. 6.8 42 1 0.2 | Ayukawa
39| 1961 Feb. 27 03 10 | 31°367131°51/| 40 Hiuga-nada 7.0 95 | 0.4 | Tosa-Shimizu
40 | 1952 Nov. 501 58 | 52 162 s (0—10)! Near E Coast of Kamchatka Pen. (8.2,8Y,) | 1840* | 1.8 | Paramoshiri Is. destructive
M

H m
Hp*

m

: The magnitude of tsunami defined by the author.

: The magnitude of earthquake by Tsuboi’s formula (The values in parenthesis indicate the magmtude by Gutenberg and Rlchter)
: Maximum height of tsunami. ‘
: Maximum height of tsunami determined. from field observation.
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~ Fig. 10. Relation between the magnitude of tsunami defined by the author (m) and
maximum height of tsunami (Hm).

dotted line formula (15).
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' Table 3. The energy of tsunami. v
. Tsundmi Saﬁriku—oki “Tokachi-oki | Kamchatka Boso-oki | Y.ertorﬁp;oki S{iﬁriku—oki
. (1933) T (1952) - ©(1952) © (1953) "+ (1958)° '(1960)
Energy X10%ergs | X10ergs | X10%ergs | x10%ergs "| X107ergs | X10%ergs
(1) 15 ' 4 14 0.14 0.9 0.4
(1) : 21 | - 10 17 0.5 3 L2
(m)! noo s s | oz 14 0.6
¢im) 16 - 5 16 0.2 1.4 0.6
(1) :by the aﬁthor.
(O) : by lida.
()’ : by Tida (modified).
(III) : by Takahasi. - '
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) log E;=10.8+1.5 M 22) 7 —7%, @i (1951) j:Aﬁ‘@Ey) 71_@&@ magnltude
B Table 4 The ratii'g of theﬂ.e:nerg)‘r of earthqua‘ke to the energy ‘of Atsunar-ni;
Tsunam1 Sanrlku—oki | Tokachi-oki | Kamchatka Bbsb-cki Yetorup-oki | Sanriku-oki
o (1933) (1952) (1952) 7 (1953) (1958) (1960)
E.(x10% ergs) 15 4 14 0.14 . 0.9 0.4
E (x10%ergs) | 170 .90 130 | .68 1
E/E, 11 . 22 9 | 79 60 | 28
: The energy of tsunami by the ‘aut‘hor.
E The energy of earthquake.
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