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Abstract: By using iterative method to solve the vector radiative transfer equation for a 

layer of scatterers with randomly rough underlying boundary. the backsc3nering coefficient 
is derived. and is applied to the two-scale model of rough sea surface with foam 
scatterers. Employing a newly-modified Cox and Munk's probability dens.ity function and a 

semi-empirical Pierson's sea spectrum. numerical results of polarized backscattering 3re 
calculated. The functional dependences on wind speed and direction. and other parameters 

are discussed. and theoretical results are well compared with experimental data. 

I. INTRODUCTION 

Electromagnetic backscattering from randomly rough sea surface and the functional de

pendence on wind (speed and direction}.and the parameters of sea surface have been interest
ed in the ocean remote sensing. Numerical approach of the two-scale model has been widely 
applied to the study of scattering from complex rough sea surface. which is modeld as a 
com bination of large and small scales. 

However. it has been observed that foam and whitecaps over sea surface driven by 

strong wind can significantly effect the emissivity of sea surface. Droppleman (1970, 

1. Geophs. Res. ) modeled foam as a homogeneous layer with a mean dielectric 

constant. Rosencratz and Staelin (1972, J. Geophs. Res.) proposed a model of a series of 
plane. thin films parallel to the smooth sea surface. All of these models are far from the ac

tual picture of randomly rough sea surface. Moreover. in the active remote sensing of 
backscattering from sea surface. the effect offoarn scatterers has not been studied. 

In this paper. we present a model of a layer of discrete scatterers over a two-scale 

randomly rough surface. By using iterative method to the vector radiative transfer (VRT) 

equation and the boundary conditions of rough surface. the polarized back scattering 

coefficients are derived. The solutions include the scattering from foam scatterers. rough sur
face, and coupling contributions of scatterers and surface. Employing Pierson's sea spec-.. 
trum and a newly-modified Cox and Munk'$ probability density function. numerical results 
of backscattering coefficients at large incidence angles are obtained. The functional depen-
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dences on wind speed and direction. and parameters such as polarization. observation an
gle. frequency. etc. are discussed.Theoretica! results are well compared with experimental 

measurements. 

2. ITERATIVE SOLUTION OF VRT EQUATION 

\Ve are concern with the problem as shown in Fig.l . The vector VR T equation of spher

ical scatterers is 

cosO :z 1(0. <1>. z) ~ - K,I(O. <1>. z) + J: dO'SinO'] : d<l>' 

1'(0. ell; 0'. <I>'}' 1(0'. <1>'. zJ. 

The boundary conditions are written as( O<O<1t 12 ): 

I(x-O. <1>. z~d)~IOiO(COSe-cosO')o(<I>-<I>'}. 

1(0. <1>. z ~O) ~ J:" dO'SinO'j; d<l>'R(O. <1>; 0'. <I>'}. I(x - 0'. <1>' . z ~ 0). 

(I) 

(2a) 

(2b) 

where lOi is the incidence intensity. R is the bistatic reflectivity at the rough boundary 

z= O. whose elements Rpq(p, q = vertical polariation v. or horizontal polarization h) is ex
pressed by the bistatic aattering coefficient Jlpq(O . <J); 0'. <J)') as 

R .. (O. <1>; 0'. <I>'}~ 4~ 1 .. (0. <1>; 0'. <I>'}~~:~ (3) 
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Fig.J Geometry of the problem 

We use iterative method to solve Eq.(1) and the boundary conditions (2a. b).We obtain 

the zeroth- and first-order solutions of backscattering coefficients; respectively: 

q~(e,) ~q"o(O,)exp( - 2k,dsecO,). (4) 

where O'pqo(OJ is the baclcscattering coefficient of rough surface without the top layer of 
scatterers; the · factor exp(- 2KedsecOJ is the attenuation due to the scattering and 

absorption through the layer depth d. 
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I P",(o .. n+<I>i; 0'. <I>')R.,(0'. <1>'; n-Oi. <l>i) . -., ~ 

x K (S;Oi 0) {l - e,p [-.K,d(secO' - secOi») l 
~sec -sec ; 

. -.. ~ 

seeD' { 1 x -ex 
K,(secO' - secO,) p 

[- K,d(secO' - secOi») l 
4n f·1l fa + K~ cosOiexp( - 2K.dsecOi) 0 dO'sinO' 0 d<I>' 

I P,.(n-O'. <1>'; 0'. <I>")R.(O". <1>"; n-O,. <1> ,) 

x K ( s;,cO' 0') { 1 - e'p [- K.d(secO' + secO"») l 
• sec + sec 

I h b · (I) 0) d (I) nt esameway. wecano tamuvv ' u~h' an O"bv' 

3. BACKSCA TIERING FROM nVO-SCALE ROUGH SEA SURF ACE 

(5) 

It has been studied (Fung and Lee. 1982, IEEE J. Oceanic. Eng.) that. at large inci

dence angle. backscattering from two-scale rangdomly rough surface is mainly contributed 

by the large slope average of the small purturbation solution: 

u,,o(O .. <1>0) ~ ffu:;(O •• <1>0)(1 + ~.tanOi)P(~.·. ~f)d~.d~,. (6) 

where all notations follow Fung and Lee (1982).The azimuthal angle <1>0= 0 0 is upwind di

rection. =90 0 or 270 o. crosswind. and = 180 0 downwind. It has been well known that 

C1~~I(Oil' 00) is proportaional to the sea spectrum \V(2ksinOi1• ~o), which we employ a 
semi-empirical Pierson spectrum (Fung and Lee. 1982). 

We modify -the Cox and Munk's large slope probability density function to take account 

of the difference between upwind and downwind backscattering caused by the skewnees of 

surface countour. The function is writtern as 

P(~.' . ~()~2 1 e,-r -(~"-SI)'/u~-~}/uiJ(I+f). 
7r.u .. a c J.t (7) 
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where the upwind and crosswind slope variance 0'"" CJ'c and the peak ness function f follow 
the Cox and MunkJ's results. The skewness function 51 in Eq . (7) is chosen from our data 
matching as 

s,(u) ~ O.007+O.0015u. (8) 

4. NUMERICAL RESULTS 

Numerical results of upp(OJ= (T~~)(Oi}+CT~~(Oi) are shown in Fig. 2-5. Following the ob
servation and simulations in the previous works. the depth d is in em order. and foam par
ticle radius is in mm order. We take 

r,d ~O.OI exp(O.06u}-O.OIl • .(u> 2m / s) 
where f, is the fractional volume of foam scaUerers. 
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