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Fig. 1. Locations of XCTD stations. Numerals de-
note the station numbers.
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Table 1. Parameters for the model to analyze the sound propagation and the transmission loss.
Sound ray diagram Transmission loss
Beam number 20 100
Elevation angle —25°~25° —89°~89°

Sound speed profile

A 20’th order polynomial approximation is used to require the sound speed profile. Plot in-
tervals for the approximation are 10 m and 100 m over and below 500 m depth, respectively.

Boundary conditions

No substance is assumed over the sea surface. At 0 m depth, longitudinal sound speed de-

pends on the sound speed profile, speed of transverse sound wave is 0.0 ms ™', water density

is 1.0 gem ?, dissipation rate of the longitudinal sound wave is 0.0 dB/wavelength, and dis-

sipation rate of transverse sound wave is neglected. At the bottom of the sea, longitudinal

sound speed is 1550 ms™ ', speed of transverse sound wave is 0.0 ms™', water density is 1.5 g

cm?, dissipation rate of the longitudinal sound wave is 0.5 dB/wavelength, and dissipation
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rate of transverse sound wave is neglected.
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Fig. 2. 10 day mean 100 m temperature map in Mid-
July, 2007 after Japan Meteorological Agency.
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Fig. 3. Cross sections of (a) water temperature (°C),
and, (b) salinity on 18 and 19 in July, 2007. Nu-
merals over the figures are observational station
numbers. The shaded triangle area on the lower
left side of the figure represents bottom of the sea.
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Fig. 4. T-S scatter diagrams at 141°40'E (St. 1) (a) and 144°23'E (St. 11) (b) on 18 and 19 July, 2007 with
the water system classification based on Hanawa and Mitsudera (1987). The symbols of circle, triangle,
square, and star show the observed depths of 100 m, 200 m, 300 m, and 400 m, respcectivey. The water sys-
tems classified are the warm current water system (TW), the Oyashio water system (OW), the Kuroshio
water system (KW), the cold lower-water system (CL), the surface-layer water system (SW), and the
Coastal Oyashio water system (CO).
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Fig. 5. (a) A cross section of sound speed on July 18 and 19, 2007 and sound profiles at (b) St. 1 (141°40'E)
and (c) St. 8 (143°30°E). Numerals on the top of the cross section denote the observation station number.
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Fig. 6. Ray diagrams (Figs. a, c, e and g) and Transmission loss (Figs. b, d, f and h) from the range de-
pendent model with a sound source on the coast at 30 m depth (Figs. a and b), at 400 m depth (Figs. c
and d), and at a distance of 160 km from the coast, at 30 m depth (Figs. e and ), 400 m depth (Figs. g
and h) on July 18 and 19, 2007. The scale bar represents the transmission loss in dB. Symbols of subma-

rine in the panels represent the sound sources.
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cal Agency.
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Fig. 9. Same as Fig. 4 except for on January 29 and 30, 2010 and at (a) 141°40'E (St. 1) and, (b) 142°45'E

(St. 5).
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Fig. 10. Same as Fig. 5 except for on 29 and 30 in January, 2010, and sound speed profiles at (b) 141°40'E

(St. 1) and (c) 142°29'E (St. 4).
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Same as Fig. 6, except for on 29 and 30 in January, 2010.
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Fig. 12. Same as Fig. 4, except for 8 T-S scatter dia-
grams between 141°40'E and 146°00'E. Isopleths of
sound speed at the 0 m depth are plotted as black
lines. Red, green, yellow, and purple triangles in
the panel denote the depths of 100 m, 200 m, 300 m,
and 400 m.
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Fig. 13. Same as Fig. 12 except for on 29, 30 in Janu-
ary, 2010.
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Sound propagation in the sea near the Sanriku coast
on 18 and 19 in July, 2007, and on 29 and 30 in January, 2010

Miyuki Suzuki®, Kikuro Tomine', and Hanako Ogasawara

Abstract

Structure of the sea and sound propagation in the sea near the Sanriku coast are ana-
lyzed on 18, 19 in July, 2007 (warm season), and on 29, 30 in January, 2010 (cold season).

The Tsugaru warm current widely spreads near the Sanriku coast, other warm water
masses are over the offshore sea of the coast, and the sea surface is warmed by the warm at-
mosphere on 18, 19 in July, 2007. The cold Oyashio water system lies under these warm
water masses. The large water temperature difference makes it easy to form shadow zones
in the warm water masses near the sea surface. If a sound source is settled in the cold
Oyashio water system under the warm water masses, the sound is trapped in the sound
channel formed near the Oyashio water system. Moreover, water temperature of 30 m depth
near the coast, though it is in the Tsugaru warm current domain, is relatively cold to make
shadow zone in surrounding warmer domain of the Tsugaru warm current and in the other
warmer water masses near the sea surface if a sound source is settled near the coast.

The Tsugaru warm current was only 40 km wide near the Sanriku coast on 29, 30 in
January, 2010. The Oyashio water system widely spread over the sea surface and the Coastal
Oyashio water system occupied a part of the sea surface to form a surface duct.

Key words: the Sanriku coast, water temperature distribution, sound propagation
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