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Fig. 1. Attenuation of the maximum wave height (semi-amplitude) H, with distance
from the epicenter R. Examples of the data of 4 tsunamis are shown. m: Tsun-
ami magnitude of Imamura-lida scale are as follows: The tsunami magnitude is
defined as m=38, when the maximum height at the distance R=1,000km is 50 cm
on a R-H curve expressed in accordance with H/~E. The R-H curves for each
magnitude scale are drawn at 2.24 intervals of wave height (tsunami energy is
reduced by one-fifth with the decrease of magnitude in unity). E
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Fig. 2. Relation between the tsunami magnitude of Imamura-Iida scale (classified by
tsunami heights at the coast facing the tsunami source) and the present scale.
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Table 1. Data of tsunami and earthquake.

2 I R NI |

Tsunami Earthquake
Event Date . E, 3 I A

(x10* ergs)| (X10°km?) w (dyne-cm)
Sanriku 1896 VI 15 3 3.77 25 6.3x10*
Miyagi 1897 VL 5 2 0.14 9.4
Kanto 1923 IX 1 2 0.21 12 7.9 7.6%X107"
Hachinohe 1931 I 9 0 0.002 7.7
Sanriku 1933 M 3 3 2.36 30 8.4 4.3%x10%
Oga 1939 Vv 1 -1 0.004 0.6
Tonankai 1944 X0 7 2.5 0.23 14 8.1 1.5%x10%
Mikawa 1945 1 12 -1 0.003 0.4 8.7%x10%
Nankaido 1946 X0 21 2.5 20 8.1 1.5x10%
Tokachi 1952 M 4 2.5 0.41 8.8 8.1 1.6%x10%
Boso 1953 XI 26 1.5 10 7.9
Niigata 1964 VI 16 2 0.6 3.6 3.2x10%
Hiuganada 1968 IV 1 1 0.018 1.6
Tokachi 1968 V.16 2.5 0.82 17 8.2 2.8x10%
Iwate 1968 VI 12 0 . 0.017 3.9 5.1x10%
E. Hokkaido 1969 VI 11 2 0.41 18 - 8.2 2.2x10%
Nemuro 1973 VI 17 1.5 0.088 7.2 7.8 6.7x10%
Izu-Oshima 1978 1 14 -1 0.0001 0.08 1.1x10%
Miyagi 1978 VI 12 0.5 0.008 5.5 2.9X10%
Kamchatka 1923 T 2 3 8.3
Kamchatka 1952 X1 4 4 60 9.0 3.5x10%
Aleutian 1957 W 9 3.5 9.1
Iturup 1958 XI 7 2 11 8.3 4 x10%
Chile 1960 V 22 4.5 130 9.5 2.7x10%
Urup 1963 X 13 2.5 30 8.5 7.5X10%
Alaska 1964 I0 28 4 110 9.2 7.5X10%®
Aleutian 1965 T 4 3 68 8.7 1.2%x10%
Peru 1966 X 17 2 11 8.1 2.0x10%

m: Tsunami magnitude (Imamura-Iida scale).
of fault model and crustal deformation.
magnitude (Kanamori scale).

M,: Seismic moment.

E,: Tsunami energy calculated by data

S: Area of tsunami source. M,: Earthquake
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Fob LT 1952 SEH A F 4 o» AP D V=T o — FiZ m=4 L& bh, 1938 L=k

H (m=3) »

FLRR e P IR IR D & R,

IR " L

TR E AT X . —T,

1896 AESREDS « 1946 47 Y o — o Vil T, RIS 20m % & 2 B E A diEs
L, m=4 RISk, HWERELO NI I
g m=38~8.5 LHEILhD. {EKRDOSH « HHA 7 — MIRKYEFH TR LT
LOE L, SEOFPLIEKR ORI T - 2 b SR DT, ZD X5k

K E IS TH » 7end, SR TGk



B BRI & = F L% — & OBIER 535

' \ ' i i 60 Chil
7 ile
- /
033Sunrikou
- )/ 52 Kamehatka
107 |~ / |
- /
o}
N o
r /
= / N
— L /
) ; ©
ot /
2 / o
- N ’
1 / /
’
/ [}
10% |— / . / _
- / /
L ,/ /®G4nlaskn
- / J
o % o 91511 sanvike
o | ; ® 1596Sanriku
[ /
fd ..
© L /% ° @33 sanriku
/
— / @®1856 Sanrikuy
5 / /
s 0% - // / T
w / @ 68 Tokachi
[ r ’ o .
L / ®64 Niigato
B // 69 Shikofan i T
/ [e] @ 52 Tokachi
L
/ /8 1793 Miyagi
,/’ @23 Kanto
/
o / @ 1897 Miyagi
1020.— / . —
- @73 Nemuro
- / log E+ =0.7m+ 19.] g
L o8 /
- / ‘68 Hiugonoda
’ [ J
/'GBIwa'e DATA
19 i
107 — O Tsunami waves —
r / @ 78 Miyagi
[ ® Fault model
| ®'39 Oga ® Crustal N
® 45 Mikowa deformation
- / @ 3! Hachinohe
lOle | | | | | { 1
-2 -1 0 | 2 3 4 5

Tsunami magnitue, m

Tig. 4. Relation between tsunami energy obtained by various methods and tsunami
magnitude. Some events are shown with both the year of occurrence and the

event name.
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25. Relation between Tsunami Magnitude and Wave Energy.

By Tokutaro HATORI,
Earthquake Research Institute.

Based on the attenuation of the maximum wave height with the distance along the
continental shelf from the earthquake epicenter, the tsunami magnitude of Imamura-lida
scale, m, are determined. According to the present method of making use of far-field
tsunami waves observed by many tide gauges, the tsunami magnitude can be estimated
within the accuracy of about +0.5. For example, the tsunami magnitude of the 1960
Chile tsunami is the largest where m=4.5. The 1952 Kamchatka and the 1964 Alaska
tsunamis are m=4,

Using the data of the seismic fault model analyzed from the observed tsunami waves
and the crustal deformation of the ocean floor, the relation between tsunami energy E, and
tsunami magnitude m is expressed as log E;=0.7m+19.1. The tsunami energy is reduced
by one-fifth with the decrease of magnitude in unity. The potential energy is the order
of 10%! ergs for large tsunami (m=3) and of 10 ergs for small tsunami (m=-1). The
average vertical displacement in a tsunami source, estimated by using the tsunami energy
and the source area, is 1 to 1.5 meters for large tsunami and 10 to 20 cm for small tsunami.

The tsunami magnitude m is good closely related to the earthquake magnitude of
Kanamori scale M,, which is estimated from the strain energy released in earthquakes or
the seismic wave energy. Combining M, and the seismic moment My, which is empirically
expressed as log My=0.7Tm+26.89.



