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Executive Summary

This project has consisted in a detailed numerical/analytical study of statistical properties of the acoustic field in an oceanic environment parameters of which have 3-D, time-dependent, random fluctuations superimposed on a range-dependent deterministic structure. The focus of the research has been on developing mathematical models which translate uncertainty in (or purely statistical information about) environmental parameters into uncertainty (or statistical characteristics) of various acoustic observables of interest. Investigation of underwater sound propagation has been supplemented by developing improved dynamic models of environmental perturbations due to linear and nonlinear internal gravity waves.
 SEQ CHAPTER \h \r 1Uncertainty of received acoustic signals is usually due to uncertainty in source location and/or uncertainty in environmental parameters. An approach has been developed and implemented that allows one to factor out these two sources of uncertainty. The approach is based on a concept of scattering matrix for inhomogeneous oceanic waveguide.  Scattering matrix comprises all environment-related effects, but is independent of source and receiver location.  Statistical moments of this matrix have been analyzed to characterize uncertainties related to sound speed profile and bottom topography as well as to solitons of internal waves.

A quasi-stationary approximation has been developed to efficiently model acoustic effects of the time-dependence of the environmental parameters. New and improved techniques have been put forward to incorporate data on oceanic currents into acoustic propagation models based on a coupled-mode representation of the field and a wide-angle, energy-conserving, 3-D parabolic approximation.

Uncertainties in acoustic observables associated with cross-range environmental gradients and internal-wave induced sound-speed time-dependence have been quantified; numerical algorithm has been developed to predict statistical moments of acoustic signals in horizontally-inhomogeneous waveguides with time-dependent parameters. It has been demonstrated that propagation of statistical moments of acoustic variables, when achievable, provides a very efficient alternative to Monte Carlo simulations when mapping environmental fluctuations into fluctuations of the acoustic field.

Uncertainties in the travel time of a transient acoustic wave scattered at a rough surface have been quantified.
A theoretical approach has been developed for calculation of the correlation function of the low-frequency sound scattered by internal waves. This allows one to calculate correlation scales and error covariance matrix of the acoustic field in a 3-D inhomogeneous environment.

Travel-time biases associated with sound refraction and scattering by unresolved  inhomogeneities have been found to have important implications for various acoustic remote sensing techniques ranging from echosounding to ocean acoustic thermometry and tomography.

Recommendations have been made on reliability of predictions for various acoustic observables obtained assuming range-dependent ocean and disregarding horizontal refraction and effects due to ocean currents and time-dependence of the environmental parameters in deep and shallow water.

