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Abstract

Many kinds of hydroacoustic devices are used in the field of ocean development of resources and
observations. The effects of sound reflection from the sea surface are often evaluated in estimating the
performance of these devices and in analyzing various acoustic data obtained in actual seas. When the sea
surface waves are sufficiently calm, the assumption of specular reflections of sound waves is valid for the
estimation of the acoustic propagation characteristics. On the other hand, the actual surface waves change
randomly over time because of wind and gravity, and as a result, the reflected sound waves also fluctuate
randomly.

Many studies of reflected sound waves from the sea surface have discussed the statistical properties
assuming a stationary random rough surface. However, actual sea surface waves fluctuate spatially and
temporally because of wind and gravity. In our study, we evaluated amplitude and phase variability
characteristics of reflected sound waves from the fluctuating sea surface by acoustic simulation using the
finite-difference-time-domain method and water tank test.

In this study, we discussed the effect of sea surface wavelength on sound variability characteristics. As a
result, we found that the phase variability characteristics follow a normal distribution at low wave height
and a uniform distribution at high wave height at any sea surface wavelength. Also, the standard deviation
of phase matches the Rayleigh parameter. On the other hand, we found that the amplitude variability
characteristics follows the Rice distribution as in the previous studies. However, it has revealed that this
tendency is limited to the condition that the sea surface wavelength becomes small and the sea surface
becomes stationary random rough surface.

Next, we found that under the condition of relatively smooth sea surface where the sea surface wavelength
is large, the effective roughness of the sea surface smaller than the effective value of the sea surface
contributes to the amplitude variability characteristics. In this study, we conclude that the amplitude
variability characteristics of sea surface reflected sound waves can be quantitatively described by the
Rayleigh parameter using the effective roughness of the sea surface. In addition, the phase variability
characteristics can be quantitatively described by the Rayleigh parameter using the effective value of the
sea level.



