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Polarimetric scattering from a two-dimensional
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This paper studies the influence of wind parameters and fractal dimension from an improved two-dimensional

sea fractal surface on the polarimetric scattering by using facet integration. A two-dimensional improved sea surface

simulated is discretized into three matrices of sea surface facets including a height matrix and two slope matrices on

orthogonal directions. Based on the Kirchhoff approximation, the polarimetric scattered field is derived in the Cartesian

coordinate system by integration of three matrices mentioned above. Finally, the fully polarised radar cross section is

numerically simulated and the dependence of the polarimetric scattering on the sea fractal surface, such as the wind

speed, the wind direction, as well as the fractal dimension, is discussed in detail.
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1. Introduction

The research of the sea surface scattering is widely

applied to the area of the ocean remote sensing, tar-

get detection and identification, as well as the mea-

surement of the oceanic environment and computer

simulation.[1−6] Since the practical measurement of

the sea surface scattering data requires an enormous

cost and sea parameters are limited by the real sea

condition, the simulation of sea echo data based on

the rough surface electromagnetic scattering theory

plays an important role in the investigation of the sea

surface electromagnetic scattering.

As is well known, the first key work of the sea sur-

face electromagnetic scattering is to establish an ap-

propriate sea surface model. Currently, surface mod-

els in the electromagnetic scattering mainly include

the fractal model and the spectrum model. A two-

dimensional (2-D) fractal model of the sea surface pro-

posed by Berizzi et al.[7] is a foundation of the sub-

sequent research on the sea fractal surface scattering.

Guo and Wang[8] proposed an improved 2-D sea frac-

tal surface model with considering when the spatial

wave number is less than the fundamental wave num-

ber. Franceschetti et al.[9] explored the use of the ex-

tended boundary condition method for the evaluation

of scattering and emission from natural profiles mod-

eled as aWeierstrass–Mandelbrot fractal function. Xie

et al.[10] calculated the scattering fields of 2-D sea

fractal surface with finite conductivity illuminated by

ellipse polarisation wave in the Cartesian coordinate

system within the Kirchhoff approximation (KA), but

the integral kernel of the scattering fields neglected

the effect of the sea surface slope. Similar to the in-

fluence of the height profile on the surface scattering,

slopes in sea surface also affect the polarimetric scat-

tering. Elfouhaily and Guerin[11] pioneered the con-

cept of asymptotic solutions dynamically driven by

surface properties, more specifically local curvature

characteristics. To the authors’ knowledge, few papers

studied the relation between the slope distribution of

sea surface and the polarimetric scattering coefficient.

This paper presents a new expression of the polarimet-

ric scattering coefficient based on the KA and matrix

calculation.

The paper is organised as follows: the 2-D im-

proved sea fractal model is introduced in Section 2,

and the polarimetric scattered field is derived in the

Cartesian coordinate system by using facet integra-

tion in Section 3. Then, differences of polarimetric

scattering radar cross section (RCS) in different wind

speeds, wind directions, fractal dimensions and inci-

dent angles are discussed in Section 4. Finally, Section

5 ends with the conclusions of the paper and proposed

the further investigation in this topic.
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2. The 2-D improved sea fractal

surface model

A 2-D improved sea fractal model is presented by

Guo and Wang[8]:

f(x, y, t)

= ση

N−1∑
m=0

a−(s−ξ)m sin{K0a
m[(x+ Vxt) cosβ1m

+ (y + Vyt) sinβ1m]−Ω1mt+ Φ1m}

+ ση

N−1∑
n=0

b(s−3)n sin{K0b
n[(x+ Vxt) cosβ2n

+ (y + Vyt) sinβ2n]−Ω2nt+ Φ2n}, (1)

where σ is standard deviation, σ = 0.0146u2, u is the

wind speed measured at a 10 m height over the sea sur-

face, η is normalised constant, 2 < s < 3 is the fractal

dimension, a represents the scale factor when spatial

wavenumber is less than the fundamental frequency, b

is the scale factor when spatial wavenumber is greater

than fundamental frequency, K0 is fundamental spa-

tial wavenumber, Vx and Vy are radar motion velocity

in x direction and y direction, respectively, Ω1m and

Ω2n are angular frequencies, Φ1m and Φ2n are ran-

dom wave phases which evenly distribute in [−π, π],
β1m and β2n are wave propagating directions which

are functions of time in general, but for the sake of

simplicity, they can be time-independent in a short

time, so mean values of β1m and β2n could be equal

to β0, which is an angle between wind direction and

x-axis, called the wind direction angle. Donelan di-

rection function,[12] which is in good agreement with

Chinese sea area, is one-order probability density func-

tion of ψ1m = β1m − β0 and ψ2n = β2n − β0,

P (K,ψ) =
1

2
α sech2(αψ), (2)

where

α = 2.61(K/K0)
1.3, 0.65 ≤ K/K0 ≤ 0.95,

α = 2.28(K/K0)
−1.3, 0.95 < K/K0 < 1.6,

α = 1.24, else K/K0. (3)

3. Polarised scattering formula-

tion

Scattering geometry and the local coordinate sys-

tem of a 2-D sea surface is shown in Fig. 1, where θ1 is

an incident angle, θ2 a scattering angle, θ3 a relative

azimuth to spatial position. Orthogonal coordinate

systems of the incident field and the scattered field

are defined as (v̂i, ĥi, k̂i) and (v̂s, ĥs, k̂s), respectively,

and they can be expressed in the Cartesian coordinate

system as
k̂i

ĥi

v̂i

 =


sin θ1 0 − cos θ1

0 1 0

− cos θ1 0 − sin θ1




x̂

ŷ

ẑ

 , (4)


k̂s

ĥs

v̂s


=


sin θ2 cos θ3 sin θ2 sin θ3 cos θ2

− sin θ3 cos θ3 0

cos θ2 cos θ3 cos θ2 sin θ3 − sin θ2




x̂

ŷ

ẑ

 ,(5)

Fig. 1. Scattering geometry and local coordinate system.

The incident electric field is expressed as a vec-

tor sum of the horizontally polarised and vertically

polarised electric field, i.e.,

Ei (r) = Eh
i +Ev

i

= E01ĥi e
ik·r
i + E02v̂i e

i(ki·r+γ), (6)

where ki is a wavenumber vector of the incident wave,

γ is a phase delay of Ev
i component to Eh

i compo-

nent, E01 and E02 are the amplitude of horizontally

polarised and vertically polarised electric field, respec-

tively.

The illuminated sea fractal surface could be seen

as a height matrix Z whose element f ′m,n is the fractal

surface height of a point r′m,n = (x′m, y
′
n, f

′
m,n). The

n̂m,n is described as a normal unit vector at a point

r′m,n, i.e.,

n̂m,n =
−αm,nx̂− βm,nŷ + ẑ√

1 + α2
m,n + β2

m,n

, (7)

where αm,n and βm,n are the slopes of the point rm,n

on the x and y directions, respectively. The subscripts

074102-2



Chin. Phys. B Vol. 19, No. 7 (2010) 074102

m and n which indicate the row and the column of the

elements will be omitted in the following.

Meanwhile, a local orthogonal coordinate system

of the point r′ is defined as (p̂i, q̂i, k̂i), and q̂i =(
k̂i × n̂

)
/
∣∣∣k̂i × n̂

∣∣∣, p̂i = q̂i × k̂i, that is to say, q̂i
and p̂i are the horizontally polarised and vertically po-

larised unit vector at the point r′, respectively, which

are given by q̂i

p̂i


=

1√
D

 (α cos θ1 − sin θ1) β

−β (α cos θ1 − sin θ1)


×

 ĥi

v̂i

 , (8)

where D = β2 + (α cos θ1 − sin θ1)
2.

A horizontal component and a vertical component

of the incident wave in the local orthogonal coordinate

system are presented from Eqs. (6) and (8)

Eq
i =

(α cos θ1 − sin θ1)E01 + βE02 e
iγ

√
D

e iki·rqi

=
(
Ehq + Evq e

iγ
)
e iki·rqi, (9)

Ep
i =

−βE01 + (α cos θ1 − sin θ1)E02 e
iγ

√
D

e iki·rpi

=
(
Ehq + Evp e

iγ
)
e iki·rpi. (10)

The tangent plane of the point is regarded as

an infinite plane, the reflected field for the horizontal

component of the incident electric field can be given

by

Eq
r = Rh

(
Ehq + Evq e

iγ
)
e iki·rqi, (11)

where Rh is the Fresnel reflection coefficient for qi po-

larisation, and is given by

Rh =
cos θli −

√
εr − sin2 θli

cos θli +
√
εr − sin2 θli

, (12)

where εr is the relative complex dielectric constant of

sea water, θli denotes the incident angle in the local

coordinate system,

cos θli = −n̂ · k̂i =

(
α sin θ1 + cos θ1√

1 + α2 + β2

)
. (13)

Then, the magnetic field corresponding to Eq
i and

Eq
r can be expressed as

Hq
i =

1

η
k̂i ×

(
Ehq + Evq e

iγ
)
e iki·rqi, (14)

Hq
r =

1

η
k̂r ×

(
Ehq + Evq e

iγ
)
Rh e

iki·rqi, (15)

where local reflected wavenumber vector kr = ki −
2n̂(n̂ · ki), the wave impedance η =

√
µ0/ε0.

Similarly, an incident magnetic field and a re-

flected magnetic field of the incident electric field’s

local vertical component are as follows:

Hp
i =

1

η
k̂i ×

(
Ehp + Evp e

iγ
)
e iki·rpi, (16)

Hp
r =

1

η
k̂i ×Rv

(
Ehp + Evp e

iγ
)
e iki·rpi, (17)

where Rv is the Fresnel reflection coefficient for pi po-

larisation,

Rv =
εr cos θli −

√
εr − sin2 θli

εr cos θli +
√
εr − sin2 θli

, (18)

The reflected electric field with pi polarisation is

Ep
r =

[
k̂i ×Rv

(
Ehp + Evp e

iγ
)
e iki·rp̂i

]
× k̂r. (19)

Adding pi polarisation component to qi polarisa-

tion component, we obtain a tangent electric field and

a tangent magnetic field as

n̂×E(r′) =

 (Ehq + Evq e
iγ
)
(1 +Rh) (n̂× q̂i)

+
(
Ehp + Evp e

iγ
)
(1−Rv)

(
n̂ · k̂i

)
q̂i

 e iki·r, (20)

n̂×H(r′) =
1

η

−
(
Ehq + Evq e

iγ
)
(1−Rh)

(
n̂ · k̂i

)
q̂i

+
(
Ehp + Evp e

iγ
)
(1 +Rv) (n̂× q̂i)

 e iki·r. (21)

Based on Huygens theory,[13] the scattered field in upper zone can be expressed as

Es(r) =

∫
S′

dS′{iωµ0G(r, r′) · [n̂×E(r′)] +∇×G(r, r′) · [n̂×E(r′)]}, (22)

where S′ is sea surface area,. If observation point is in far zone, dyadic Green function is simplified as
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G(r, r′) =
[
I − k̂sk̂s

] e ikr

4πr
e−iks·r′

, (23)

where |ki| = |ks| = k.

Equation (22) can be written as follows by substituting Eq. (23):

Es(r) =
ik e ikr

4πr

[
I − k̂sk̂s

]
·
∫∫

A0

dx′dy′F (α, β) e ik̂d ·r′
, (24)

where A0 is the projection of S′ on the x–y plane, kd = ki − ks, and the kernel of the integral is given by

F (α, β) = (1 + α2 + β2)
1
2


(
Ehq + Evq e

iγ
) [

−(n̂ · k̂i)q̂i(1−Rh) + (k̂s × (n̂× q̂i))(1 +Rh)
]

+
(
Ehp + Evp e

iγ
) [

(n̂× q̂i)(1 +Rv) + (n̂ · k̂i)(k̂s × q̂i)(1−Rv)
] , (25)

In the Cartesian coordinate system, the above expression could be rewritten as

F (α, β) =
[(
Ehq + Evq e

iγ
)
(g1x̂+ h1ŷ +m1ẑ) +

(
Ehp + Evp e

iγ
)
(g2x̂+ h2ŷ +m2ẑ)

]
, (26)

where the parameters in Eq. (26) is deduced as following,

g1 =
1√
D

−β cos θ1 (α sin θ1 + cos θ1) (1−Rh)

+
[
sin θ2 sin θ3

(
α sin θ1 −

(
α2 + β2

)
cos θ1

)
+ cos θ2 (β cos θ1 + αβ sin θ1)

]
(1 +Rh)

 , (27)

h1 =
1√
D

 [(α sin θ1 + cos θ1) (α cos θ1 − sin θ1)] (1−Rh) +
[
cos θ2

((
β2 + 1

)
sin θ1 − α cos θ1

)
− sin θ2 cos θ3

(
α sin θ1 −

(
α2 + β2

)
cos θ1

)]
(1 +Rh)

 , (28)

m1 =
1√
D

−β sin θ1 (α sin θ1 + cos θ1) (1−Rh) + [− sin θ2 cos θ3 (β cos θ1 + αβ sin θ1)

+ sin θ2 sin θ3
(
α cos θ1 −

(
β2 + 1

)
sin θ1

)]
(1 +Rh)

 , (29)

g2 =
1√
D


[(
β2 + 1

)
sin θ1 − α cos θ1

]
(1 +Rv)

+ (α sin θ1 + cos θ1) (β sin θ1 sin θ2 sin θ3 + α cos θ1 cos θ2 − sin θ1 cos θ2) (1−Rv)

 , (30)

h2 =
1√
D

 (−β cos θ1 − αβ sin θ1) (1 +Rv)

+ (α sin θ1 + cos θ1) (β cos θ1 cos θ2 − β sin θ1 sin θ2 cos θ3) (1−Rv)

 , (31)

m2 =
1√
D


[
α sin θ1 −

(
α2 + β2

)
cos θ1

]
(1 +Rv)

+ (−α sin θ1 − cos θ1) [sin θ2 cos θ3(α cos θ1 − sin θ1) + β cos θ1 sin θ2 sin θ3] (1−Rv)

 . (32)

Substituting Eqs. (26)–(32) into the integral kernel of Eq. (24), we obtain

Es(r) =
ik e ikr

4πr

[
v̂sv̂s + ĥsĥs

]
·
[
(G1x̂+H1ŷ +M1ẑ) + (G2x̂+H2ŷ +M2ẑ) e

iγ
]
, (33)

where

G1 =

∫ X

−X

∫ Y

−Y

dx′dy′ (Ehqg1 + Ehpg2) e
ik̂d·r′

, (34)

H1 =

∫ X

−X

∫ Y

−Y

dx′dy′ (Ehqh1 + Ehph2) e
ik̂d·r′

, (35)

M1 =

∫ X

−X

∫ Y

−Y

dx′dy′ (Ehqm1 + Ehpm2) e
ik̂d·r′

, (36)

G2 =

∫ X

−X

∫ Y

−Y

dx′dy′ (Evqg1 + Evpg2) e
ik̂d·r′

, (37)

H2 =

∫ X

−X

∫ Y

−Y

dx′dy′ (Evqh1 + Evph2) e
ik̂d·r′

, (38)
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M2 =

∫ X

−X

∫ Y

−Y

dx′dy′ (Evqm1 + Evpm2) e
ik̂d·r′

, (39)

e ik̂d·r′
= exp{i[x′(sin θ1 − sin θ2 cos θ3)− y′ sin θ2 sin θ3 − z′(cos θ1 + cos θ2)]}. (40)

The total scattered field in Eq. (33) is decomposed

into four following polarimetric components through

the relationship between the orthogonal coordinate

system of the scattered field and Cartesian coordinate

system shown in Eq. (5), and each component can be

expressed as

Ehh(r) =
ik e ikr

4πr
[− sin θ3G1 + cos θ3H1] ĥs, (41)

Ehv(r) =
ik e ikr

4πr
e iγ [− sin θ3G2 + cos θ3H2] ĥs, (42)

Evh(r) =
ik e ikr

4πr
[cos θ2 cos θ3G1 + cos θ2 sin θ3H1

− sin θ2M1]v̂s, (43)

Evv(r) =
ik e ikr

4πr
e iγ [cos θ2 cos θ3G2

+ cos θ2 sin θ3H2 − sin θ2M2]v̂s. (44)

where the first and the second subscript of the polari-

metric scatterd field denote the polarimetric direction

of the scatterd field and the incident field, respectively.

Therefore, the Sinclair scattering matrix is ob-

tained by

S =

 shh shv
svh svv

 , (45)

where

shh =
ik

4πrE01
[− sin θ3G1 + cos θ3H1] , (46)

shv =
ik

4πrE02
[− sin θ3G2 + cos θ3H2] , (47)

svh =
ik

4πrE01
[cos θ2 cos θ3G1 + cos θ2 sin θ3H1

− sin θ2M1], (48)

svv =
ik

4πrE02
[cos θ2 cos θ3G2 + cos θ2 sin θ3H2

− sin θ2M2]. (49)

The expression for the fully polarised RCS is given

by

σsi = 4πr2 |ssi|2 , (50)

where s = hs, vs, i = hi, vi.

4. Numerical results and discus-

sions

Let scaling factor b = 1.105, a = 1/b, the posi-

tive power ratio ξ = 3.9. Only the motionless radar

platform is considered in this paper. Figure 2 shows

four 2-D sea fractal surfaces with different parame-

ters. As is depicted in Fig. 2, the fractal dimension is

an important parameter to describe details of the sea

surface, for a same wind speed, u = 3 m/s, Fig. 2(b)

with s = 2.6 shows more capillary waves by comparing

with the less fractal dimension, s = 2.1 in Fig. 2(a),

and it is important to examine the fractal dimension

because Bragg resonance may occur with the capillary

waves for the shorter microwaves. The comparison of

the surface profiles between Fig. 2(c) with β0 = 45◦

and Fig. 2(a) with β0 = 0◦, for the same condition

u = 3 m/s, s = 2.1, shows different direction of the sea

wave propagation, while the comparison of the surface

height between Fig. 2(a) with u = 3 m/s and Fig. 2(d)

with u = 10 m/s shows that the wind speed is a key

factor to the wave height and sea wavelength.
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Fig. 2. The 2-D improved fractal sea model.

In order to investigate the performance of the pro-

posed method, some simulations of fully polarised nor-

malised RCS have been carried out with the incident

frequency 1.3 GHz, the incident angle θ1 = 20◦, and

the azimuthal angle θ3 = 0◦. The proposed method

for simulating the normalised RCS has been tested un-

der averaging 50 sea surface samples, and the fractal

dimension of the surface is 2.1, the relative dielectric

constant of sea water is chosen as 72.1–60.979i, the

size of observed sea is 30 m×30 m.

Figure 3 illustrates the scattering pattern of RCS

calculated by the method presented in the paper

for the four polarisations with different wind speeds:

3 m/s, 10 m/s and the wind directions: 0◦, 45◦, 90◦.

From Figs. 3(a)–3(d), one can see that the value for

the cross-polarised RCS is nearly 20 dB less than that

for co-polarisation. The comparison of the scattering

curve also shows the dependence of the polarimetric

RCS on the wind speed and wind direction. As pre-

sented in Figs. 3(a) and 3(b), the effect of the wind

direction to co-polarised (horizontal–horizontal polar-

ization (HH) and vertical–vertical polarization (VV))

RCS is not obvious for u = 3 m/s, which may be

caused by the fact that the height and wavelength of

sea waves are so small relative to the observed sea

size that the wind direction is not ‘sensitive’ to the

co-polarised RCS. When the wind speed increases to

10 m/s, the influence of RCS on the wind direction

becomes evident, and the value of the co-polarised

RCS is visually large for upwind (β0 = 0◦) and small

for crosswind (β0 = 90◦) over the whole scattering

region. In addition, the co-polarised RCS of differ-

ent wind directions are nearly equal in specular angle

(θ2 = 20◦) for the same wind speed. It is also ob-

served that RCS of VV polarisation is less than that

of HH polarisation at the large scattering angle due

to the difference of the Fresnel reflection coefficient.

Similarly, by comparison of the cross-polarised RCS at

different wind speeds and wind directions, it is found

that RCS of vertical–horizontal polarization (VH) po-

larisation is greater than that of horizontal–vertical

polarization (HV) polarisation in general. Both of

the cross-polarised RCS are equivalent in backscat-

tering monostatic radar (θ2 = −θ1, θ3 = 0◦) due to

the reciprocity theorem. Consequently, RCS of VH

polarisation shown in Fig. 3(d) has the minimum at

θ2 = −20◦. Similar to the co-polarised RCS, RCS of

HV polarisation has a clear peak at specular scatter-

ing, and in particular RCS has maximum at β0 = 45◦

for the same wind speed. It is also seen that RCS of

HV polarisation at β0 = 45◦ in a lower wind speed

is still greater than that of upwind or crosswind in

a higher wind speed, this phenomenon should not be

really surprising, we attribute this behaviour to fact

that the horizontal component of the vertical incident

angle is the maximum in the local coordinate system

when the wind direction angle is 45◦.

To further explore the important scattering char-

acteristic of the fractal surface model, in Fig. 4, we

present the polarised RCS versus the scattering angle

for different fractal dimensions and wind directions

with the wind speed 3 m/s. It is readily found that

the co-polarised RCS is not ‘sensitive’ to the variations

of the fractal dimension and the wind direction, but

to the cross-polarised RCS, the influence of the frac-

tal dimension on the scattering curve is more obvious

than that of the wind direction. Another point worth

noting is that the cross-polarised RCS also has a peak

value at β0 = 45◦, especially for the large fractal di-

mension. As a result, the effect of the cross-polarised

RCS should be considered more emphatically in the

retrieval of the fractal dimension and the wind direc-

tion.
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Fig. 3. Bistatic scattering in the incidence plane for different wind speeds and wind directions.

Fig. 4. Bistatic scattering in the incidence plane for different fractal dimensions and wind directions.
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As seen previously, the difference of RCS be-

tween HH and VV polarisation is small, and based on

the reciprocity theorem, RCS is equivalent for both

HV and VH polarisation at monostatic radar where

θ1 = θ2, θ3 = 180◦, therefore, Fig. 5 only presents

the monostatic RCS of HH and HV polarisation ver-

sus wind direction for different incident angles and

wind speeds, the sea area is fixed at 100 m×100 m,

and the other parameters are the same as those given

in Fig. 3. Obviously, RCS in the co-polarisation and

cross-polarisation at lower incident angle are greater

than that at higher incident angle for the backscatter-

ing. Waves on the sea fractal surface could be regarded

as low and long textures which are vertical to the wind

direction when the area of observed sea is large and

the wind speed is low. The cross-polarised RCS is sen-

sitive to the direction of such small texture but the

co-polarised RCS not. Therefore, as plotted in Fig. 5,

RCS of HH polarisation remains basically unchanged,

and HV polarisation has two peak values at 45◦ and

135◦, when the wind speed is fixed at 3 m/s. At a

larger wind speed, RCS of HH and HV polarisations

are sensitive to the wind directions, the maximum ap-

pears in the upwind direction and the minimum in the

crosswind direction. It should be pointed out that al-

though the scattering behaviour is heavily influenced

by the incident angle and the wind speed, the scat-

tering curves show a good symmetry with respect to

the cross wind direction (β = 90◦), the primary rea-

son for this is that the fractal sea model has no ob-

vious difference between upwind and downwind. For

large amplitude gravity and capillary-gravity waves,

one effect of this curvature increase at the crest is

that, as Kinsman described,[14] capillary waves come

from just ahead of the crest on the forward and down-

wind face of the wave. Described in a fractal way, the

dimension of the forward face should be greater than

that of the backward face. But the actual anisotropic

rough sea surface cannot be expressed exactly by the

current fractal sea model, therefore, this disadvantage

leads to the difficulty in dividing the RCS in the up-

wind and downwind direction by the presented polari-

metric scattering model, thus, as a guideline for the

next work, the polarimetric scattering from the ac-

tual sea surface in different wind directions with the

multi-fractal model is advisable.

Fig. 5. Monostatic scattering versus the wind direction for different incident angle and wind speed.

5. Conclusion

We have proposed a new polarised scatter coef-

ficient simulation of the sea rough surface. Starting

from an improved fractal sea surface model and con-

sidering the local gradient of each facet into a KA

kernel, we have deduced four expressions of polarised

scattering coefficient by integrations on three orthog-

onal Cartesian coordinates. Numerical results present

the influence of the wind speed, wind direction, frac-

tal dimensions and incident angles on the polarimet-

ric RCS from a 2-D improved fractal sea surface. The

comparisons of the scattering pattern also show that

the fully polarised RCS is heavily influenced by the

wind speed, the incident angle and the fractal dimen-

sion, the cross-polarised RCS is more sensitive than

co-polarised RCS to the wind direction and the frac-

tal dimension, thus, the fractal dimension could be an

important retrieval factor for wind direction at cross-

polarisation. A possibility in the future work is to

develop a new and reliable direct fractal sea surface

scattering model with the considered multi-fractal to

better describe the polarimetric scattering from the

actual sea surface in different wind directions.
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