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‘Magni_tudes Estimated from Body Waves for 'vGreat Earthquakes
Tonreo Nagamune
(Sei;mologz’cal Division J. M. A.)

~ The relation between the magnitudes derived from surface waves of about 20 sec period,
M (or Ms), 'and those derived from body waves (P waves are generally -used), m (or Mpg),
is studied for relatively large and shallow earthquakes which occurred from January 1969 to
June 1971. The data of magnitude used here are the ones reported by the USNOS. The
following relation is obtained.. .
Ms=1, 89 Mz—4. 62 : ' ) (@)

In a previous paper, Nagamune et al (1969) obtamed the followmg formula, for relatlvely
small earthquakes (4.0<m<86. 4).

. M=1.05m—0.02 - ' ' (2)

Straight lines expressed by Eqs (1)and (2) cross each other at about M=5% (m=>5%).
The values, of dm/dM are 0.95 in Eq. (2) (for small earthquakes) and 0.53 in Eq. (1)
(for large earthquakes), respectivly. That is, the values of a/T (where ¢ and T are the
maximum amplitude of P wave and its period, respectively.) increase by about 9 times with
increment of M by ‘unit, for the earthquakes whose magnitudes M are less than about 5%,
and by only about 3 times for the earthquakes of MJ more than about 5%.

"~ On the other hand, the predommant periods of body waves are a function of magmtude,
and vary with the following formula, log T=aM-}-b, where a and b are constants.

Then, it is suggested that such variation of ¢/7T with M as above is caused by the variation
of the amplitudes of body waves. This means that the amplitudes of P waves for the great
earthquakes can be rarely 'grown as expected from those of surface waves (of about 20 sec
period) which vary proportional to 10M, In practice, it is frequently found in the cases of
the great éarthquakes, as pointed out by Yoshiyama (1950), Miyamura and Tsujiura (1964)
and Nagamune (1971), that the amphtudes of P waves were very small relative to the,
magmtudes of earthquakes : .

The P waves (first arrivals on selsmograms) correspond simply to the waves radiated at
the first breaks which are not always related to the whole energies of earthquakes. - - J

It is concluded that the magnitude scale based on the body waves may not be appropri-
ated to the earthquakes greater than some magnitude which is proposed in this paper as
M: 7.3~7.4, m: 6.3~6.4. ~ '
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Fig. 2 Relation between Mg and Mjy reported
by the USNOS. The data for earthquakes of
Ms26.0 or Mp=6.0, which occurred from
January 1969 to June 1971, are plotted, in’
addition to the data for earthquakes of Mg(
6.0 and M3y(6. 0, which occurred in 1970.
Dotted lines indicate stra1ght lines in Fig. 1.
Solid line indicates the relation between Ms
and Mg, Ms=1.89Mp—4.62, obtained from the
present data. .
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Fig. 3 Relations between My reported by the
USNOS and magnitudes estimated by the J-
MA (solid circles), and between Mg and ave-
rage valués of magnitudes estimated by Pa-
sadena, Berkeley, Palisades, Golden, etc.
(open circles)
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Fig. 7 Response curves of selsmographs ins-
talled at Tokyo, JMA
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Tabele 2. Comparison of magmtudes m estimated from the data of Tokyé with those
v reported .by ‘he USNOS. :
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Luzon C i
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h: 48km. . C 82 9.5| 86/ 0.9 |7.1;7.1
New Ireland D 3.7-0.5| 7.4, 0.9 7.1J
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Instrumental constants and response curves of selsmographs are shown in Table 1 and Fig. 7.
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