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A modelling for atmospheric precursor of a big tsunami*

Shigehisa NAKAMURA**

Abstract:
appeared after the occurrence of big offshore earthquake as found in the Japanese historical
descriptions, documents and records. The author’s interest is to show that stratifications in
the sea and in the atmosphere cause to form an acoustic caustic in each media if a source is
assumed to be located on a fault line including the epicenter of an earthquake on the sea
floor. Sound on the sea surface just above the epicenter is the strongest to propagate through
the atmosphere to form an acoustic caustic in the sky. A sound from the caustic can be
taken as if it were a cannon boom or a thunder-roll for those who are on the earth in a
range of several tens kilometers from the source. Sound can be directly detected by people
in the ground-surface layer of 10 m thick above the sea surface within a range of about

A possible model is proposed for an atmospheric precursor of a big tsunami which

80 km from the source.
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Fig. 1. Vertical temperature distribution of the
earth’s atmosphere. Meteorological layers are
classified as troposphere, stratosphere, meso-
sphere and thermosphere. Aeronomical layers
are classified as D, E, F; and F; layers.
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Fig. 2. Acoustic rays in the sea radiated out of a source on the sea floor. (a) Sound speed
is 1,560 m/s on the sea surface (¢=0km). (b) Sound speed is 1,480 m/s at the level of
sound channel which is assumed to be located at 1km below the sea surface. (c)
Sound speed is 1,520 m/s on the sea floor (z=3km). (A) Relative acoustic ray density
(RDS) as a function of horizontal distance R (in km) from the source. (B) Acoustic rays’
pattern in the sea which gives RDS distribution with a variable R as shown in (A) for
the sea surface. Rays in (B) are in five-degree angle step from the vertical (0°) to the

horizontal (90°).
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Fig. 3. Acoustic transmission and reflection at
a plane sea surface. Assume that the media
I and II respectively for sea water and air are
separated by a line P-P’ as a sea surface.
Density and sound speed are denoted as p and
C, respectively. Suffices 1 and 2 are to notify
the properties of the media I and IT, respectively.
Incident ray is notified as Ry, transmitted ray
as Rr, and reflected ray as Rg.
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Fig. 4. Acoustic rays in the earth’s atmosphere radiated out of a source on the sea surface
which is assumed to be located just above a fault line including an epicenter of an earth-
quake. Sound speed is 330m/s on the earth’s surface (z=0km). It is 270 m/s at the

height of 80km above the earth’s surface.

It is 562.6 m/s at the height of 200 km above

the earth’s surface. Circle (P) indicates the place where acoustic rays concentrated well
to form an acoustic caustic in the atmosphere.
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