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1. INTRODUCTION

A Doppler spectrum of radar signals scattered from ocean waves is a rich source of information about wave’s evolution.
For linear, single-valued, small-slope surface waves, the Doppler spectrum can be modeled using a two-scale (or composite)
scattering model [1, 2]. In papers [3, 4], L- and S-band radar Doppler spectra were modeled for weakly-nonlinear waves
using Creamer surface representation which allows capturing some effects of wave nonlinearity, however, wave steepening
and breaking is beyond capabilities of this approach.

2. APPROACH

Recently significant progress was made in numerical modeling of ocean wave breaking and subsequent modeling of full-
wave electromagnetic (EM) scattering [5, 6]. However, to employ Monte-Carlo—type simulations one would need to greatly
reduce computational time. In our previous study [6], we developed a numerical approach that deals with breaking of
individual 2D nonlinear waves by solving the Laplace equation. Using this approach we managed to simulate an evolution of
non-single-valued surface waves, including the last stage of wave breaking. Also, we successfully reproduced the main
features of temporal and polarization behavior for a scattering cross section from an individual breaking wave and
corresponding Doppler spectra using a full-wave numerical code which deals with C-band radar scattering from those waves.

The next step was to consider a statistical ensemble of breaking waves driven by an initial elevation spectrum of surface
gravity waves, and to calculate the corresponding ensemble of electromagnetic fields scattered off such surfaces. To
significantly accelerate the simulation of a lengthy nonlinear wave evolution, we have developed a fast code which is based
on a so-called Hamiltonian approach. However, it can deal only with single-valued surfaces, so when the wave under
consideration is reaching a near-breaking stage we return to the Laplacian code.

3. RESULTS

Using this combined approach and initial wave conditions derived from a power-law—type surface spectrum, we
generated a large number of wave realizations pertaining to a time interval before and during wave breaking. Each of those
realizations included thousands of consecutive wave profiles separated by a short enough time step in order to calculate well-
defined radar Doppler spectra. In our paper we discuss the behavior of radar Doppler spectra at two polarizations obtained by
such an approach for various types of breakers in various stages of the breaking process.
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