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ABSTRACT

The research last year consisted of three parts:

A. Emission, absorption and scattering by foam,

B. Polarimetric passive microwave remote sensing of foam covered ocean;

C. Brightness temperature of ocean with wind based on paralleled code of SMCG and PBTG.
A: EMISSION, ABSORPTION AND SCATTERING BY FOAM

Emissvities of ocean surfaces are affected by the presence of foam. Recently, field experiments have
been conducted to study the foam emissivity as a function of polarization, observation angle and
frequencies between 10 GHz to 37 GHz. The measurements exhibit interesting frequency dependence.
The results are not explained by simple mixing formulae nor past empirical models. In particular, the
emissivities at 10 GHz are observed to be higher than or comparable to that of 37 GHz. Foamisa
mixture of air bubbles and sea water. The bubbles range from sizes of hundreds of micronsto
millimeters. We conduct theoretical modeling based on modeling the microstructure of foam taking
into account bubble size and fractional volume of water to rigorously study the emission, absorption
and scattering properties and to account for the observed frequency dependence and polarimetric
dependence of emissivities. In a previous paper, we used the model of air bubbles coated with a water
layer. The absorption and emission are calculated by using the dense media radiative transfer theory to
account for the observed emissivities. Recently, to study the effect of foam, we used Monte Carlo
simulations of exact solutions of Maxwell equations. In the Monte Carlo simulations, we calculated the
stochastic Green’s function. We model foam as densely packed non-absorptive particles (air bubbles)
in an absorptive background (sea water). Maxwell equations are put in the form of dipole interactions.
Up to one or two thousand bubbles are used in the simulations. We use the Monte Carlo simulations to
calcul ate the absorption coefficent, effective permittivity, scattering rate and phase matrix. We then use
Monte Carlo ssimulations to cal cul ate the absorption rate and effective propagation constant. After
solving the absorption and effective propagation constant, we can further calculate the emissivities
from the medium and compare with the measurements.
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B: POLARIMETRIC PASSIVE MICROWAVE REMOTE SENSING OF OCEAN WIND
VECTORSWITH FOAM-COVERED ROUGHENED OCEAN SURFACE

In the past, we succeeded in formulating an el ectromagnetic scattering model of foam by treating the
foam as densely packed sticky air bubbles coated with athin seawater coating. We apply

el ectromagnetic scattering theory and dense media radiative transfer theory to analyze the effects of
foam on the passive microwave remote sensing [3].

In thiswork, we further investigate the polarimetric passive remote sensing of wind-generated sea
surfaces combined with foam. The second-order small perturbation method (SPM) is applied to the
Stokes vectors of thermal emission from foam and random rough dielectric surfaces described by
anisotropic directional spectra.

Consider thermal emission from alayered medium with coated dielectric particles embedded in a
background medium, asindicated in Fig.1. The layer consisting of coated particles (in region 1) covers
an ocean (region 2). Between region 1 and region 2 is the small-scal e sea surface described by an
empirical sea surface spectrum proposed by Durden and Vesecky. In solving the radiative transfer
equations[1, 2], the iterative approach is convenient for the case of small albedo or small layer
thickness. It can give physical insight into the multiple scattering processes since there is a one-to-one
correspondence between the iterative order and the order of multiple scattering. The final results of 4
Stokes parameters and comparisons with experiments will be presented soon.

C: BRIGHTNESS TEMPERATURE OF OCEAN WITH WIND BASED ON PARALLEL
CODE OF SMCG & PBTG

With recent advances in computational electromagnetics and available computer resources, we
calculate 3-dimensional Maxwell equation solutions with 2-D rough surfaces for practical remote
sensing applications. Highlights of our numerical approach are: (i) The sparse-matrix canonical grid
method (SMCG) and the physics-based two-grid method (PBTG) are used. (ii) An algorithm has been
implemented for parallel computing. We use a Beowulf cluster that consists of 32 processors connected
by a 100 Base TX Ethernet switch. The workloads of computing the sparse-matrix-vector
multiplication corresponding to the near interactions and the fast Fourier transform (FFT) operations
corresponding to the far field interactionsin MOM can be easily distributed among all the processors.
(iii) Dense discretization of the surfaces is used because of high permittivity and an energy
conservation check is verified.

The results for ocean surfaces at 19 GHz are presented [4]. All results are based on the energy
conservation check, which gives acceptable values of energy conservation errors. They are shown in
Table | and Table I1, which are calculated by parallel computing. 1024 points/A? of discretization of
surface in simulation is used in Table I, and 4096 points/A? of discretization is used in Tablell.



TABLESAND FIGURES

Tablel. Emissivity and brightnesstemperature with various values of ky, , for 3-D ocean
scattering problem. k. =100rads/m, surface area 64 A%, 1024 points/A? for dense grid.

Polar. (ra(I;:/m) emission Ecr;)er:g.y IfEIr(:\]II :-r?‘gcc: Te(K) ATBsgr?;Sgﬂ ?
TE 400 0.30667 | 0.99763 0.28728 86.79 5.49
TE 1000 0.31120 | 0.99813 0.28728 88.07 6.77
TE 4000 | 0.31230 | 0.99887 0.28728 88.38 7.08
™ 400 0.54289 | 0.99997 0.55927 153.64 -4.63
™ 1000 0.54469 1.0025 0.55927 154.15 -4.12
™ 4000 0.54303 | 1.00078 0.55927 153.67 -4.60

Tablell. Emissivity and brightness temperature with various values of ky , for 3-D ocean
scattering problem. k. =100rads/m, surface area 64 A2, 4096 points/A? for dense grid.

PO ooy | S0 | T e | T | e
TE 400 0.29788 | 1.00140 0.28728 84.30 3.00
TE 1000 0.29844 | 0.99792 0.28728 84.46 3.16
TE 4000 0.29645 | 0.99740 0.28728 83.90 2.60
™ 400 0.56973 | 1.00230 0.55927 161.23 2.96
™ 1000 0.55058 | 0.99970 0.55927 155.81 -2.46
™ 4000 0.53216 | 0.99740 0.55927 150.60 -1.67
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Fig. 1. Geometrical configuration for thermal emission from a foam-covered ocean rough surface.
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