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Abstract :

RADARSAT-2 C-band quad-polarization ocean synthetic aperture radar (SAR) scenes are decomposed
into resonant Bragg scattering from regular (no-breaking) surface and scattering from breaking waves.
Analysis of the surface current signatures in dual co- and cross-pol SAR images revealed that governing
imaging mechanism is modulations of wave breakings which are very sensitive to the presence of current
non-uniformities. As found, due to small relaxation scale, short Bragg waves do not "feel" the current.
Thus routinely observed current signatures in quad-pol SAR images originate essentially from wave
breaking modulations, and modulation of Bragg waves does not matter this issue.
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1. INTRODUCTION

The goal of this study is to further dwell on the use of
SAR

measurements to provide efficient means to interpret

high-resolution quad-polarized satellite
various surface ocean phenomena. More specifically, the
polarization diversity is demonstrated to best isolate
small-perturbation scattering and nonpolarized scattering
associated with radar returns from steep slopes of
breaking waves. As already tested [1] for a particular
case-study, an effective methodology can build on using

the dual co-polarization (VV and HH) radar data to

interpret and quantitatively assess different detected
surface ocean phenomena which include local wave
breaking changes. Indeed, using polarized imagery, wave
breaking is quantitatively assessed from: (1) the
polarization ratio (PR), namely the ratio between the two
polarizations (HH/VV); (2) the polarization difference
(PD), namely the difference between VV- and HH-
polarized radar signals which closely relates to the pure
small-perturbation Bragg scattering; (3) the nonpolarized

(NP) radar returns from breaking waves [2].

2. OBSERVATIONS AND INTERPRETATION

2.1 SAR Data

This study is based on quad-polarized RADARSAT-2
SAR images acquired over the east and west coasts of the
USA, which are acquired at 14:35 UTC on August 15,
2009 (see Fig. 1) and 09:59 UTC on November 1, 2009
(see Fig. 2). A nominal image scene covers an area of
approximately 25x25 km. These scenes are collected
with a resolution of 8.0 m in the azimuth and 5.4 m in the
range directions, covering incidence angles between 28°
and 38°, from the near to far range. The pixel spacings in
the azimuth and range directions are 4.73 and 4.74 m,
respectively. The RADARSAT-2 fine quad-pol imaging
in HH, HV, VH, and VV

polarizations. VV- and HH-polarized images are shown

mode provides data

in Fig. 1 and 2. The corresponding image of the
polarization difference (VV minus HH in linear units,
hereinafter PD) are shown in Fig. 1(c) and Fig. 2(c),

respectively.



In Fig. 1(a) and (b), both VV and HH SAR images
exhibit distinct linear bright/dark signatures, which can
be interpreted as manifestations of surface currents
(front), and dark area presumably caused by the internal
waves. The distinct current induced features are almost

entirely removed in the PD field.
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Fig. 1. RADARSAT-2 SAR image of a coastal area in
the east coasts of the USA acquired at 14:35 UTC on
August 15, 2009 in terms of (a) VV-polarization, i.e.,
o¢%(in linear units); (b) HH-polarization, i.e., al; (c)
PD Ac =al’ — ol (d) The
contribution of Bragg scattering to cross-polarization
(e) The

contribution of wave breaking to co-polarization radar

(in linear units);

radar signal, i.e., CP, (in linear units);
signal, i.e., NP (in linear units); (f) The contribution of
wave breaking to cross-polarization radar signal, i.e.,
CP,,, (in linear units); The blue and red arrows indicate
manifestations of surface current signatures (front) and

internal waves.
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2.2 Model Approach

To interpret these observed SAR features, we follow

model approach suggested in [2]. Following this
approach, VV and HH NRCSs can be separated into two
parts, associated with the polarized resonant Bragg
scattering agg and the non-polarized (NP) radar returns
from breaking waves a,,,:

PP _ PP
0y = 0pp t 0wp

ey
Equations (1) for VV and HH can be solved to derive
NP contribution, oy,,, from dual co-polarized NRCS
measurements:
owp = 05 — ABoy/(1 —pp) (2)
where pp is the polarization ratio for the two-scale
Bragg scattering, ie.,

3)

— ~hh
Pe = 008/%08
for the two-scale Bragg scattering, pgp is mostly

governed by the local geometry and tilting effects.
2.3. Cross-polarized data

The same as (1) we split cross-polarization (CP; HV
or/and VH) NRCS on two parts,

ot

= 035 + T “)

where o} is TSM Bragg scattering prediction for CP.
Within the frame of TSM model, CP-over-PD ratio,
supported by regular surface, to the first order of the

mean square slope (MSS), reads:

h
cp 005 _ |Gow=Gnnl* s

(PD)B T Aoy |Gppl2=|Gppl? sin? @

&)



|Gpp| is the scattering coefficient, Relative contribution

vh
9owb
ot can easy be found from (4)

of wave breaking to CP,

and reads:

vh

%owb 1 Aoy
Towb — | _ y,, A% 6
agh B agh ( )

where 13 = (g—;) is TSM prediction defined by (5). So,
B

o, can be shown as

h o _ _vh
Oowp = 05 — 150, @)

and for olf,
vh _
Ogp = TBAO-O (8)

Based on model (3), (7) and (8), the original
co-polarized VV, HH and cross-polarized images can be
thus transformed to new NP, of%, and o} images
which possess information on very different radar
scattering mechanisms, i.e., the polarized Bragg
scattering provided by short fast-response wind waves
and NP, of", radar returns from breaking waves in a
wide spectral range. Due to different sensitivity of short
wind waves and wave breaking to various ocean
phenomena, this set of new images can then serve as an

effective tool for SAR data interpretation.
2.4. Scattering Mechanism Analysis

Fig. 1 suggests that the bright quasi-linear feature
(associated with the surface currents manifestation) well
visible in VV, HH, NP and o@%, scenes are not
distinguishable in the PD and o@% scenes. This indicates
that SAR signatures over oceanic fronts mostly result
from enhanced wave breaking, which provide NP and
o,  radar returns.

In Fig. 2, the same as Fig. 1, the bright quasi-linear
feature well visible in VV, HH, NP and o¢", scenes are

not distinguishable in the PD and olf scenes. This

means that local enhancement of wave breaking which
caused by the current divergence in vicinity of the
oceanic front has strong contributions to radar signals.
We may interpret this front as the sea surface
temperature front. Than spatial variability of PD signal

can be associated with transformation of the atmospheric
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Fig. 2. RADARSAT-2 SAR image of a coastal area in
the east coasts of the USA acquired at 14:35 UTC on
August 15, 2009 in terms of (a) VV-polarization, i.e.,
o¢%(in linear units); (b) HH-polarization, i.e., ol; (c)
PD Ao =a’ —al" (in (d) The

contribution of Bragg scattering to cross-polarization

linear units);

radar signal, i.e., CP, (in linear units); (e) The
contribution of wave breaking to co-polarization radar
signal, i.e., NP (in linear units); (f) The contribution of
wave breaking to cross-polarization radar signal, i.e.,
CP,, (in linear units); The blue arrows indicate
manifestations of surface current signatures (thermal
front).

boundary layer over the SST front resulting in

SST-correlated spatial changes in the near surface wind.



This wind speed variability is also well seen in NP field.
In order to remove wind variability from NP signal and
emphasize the remaining effect of wave breaking
interactions with the surface currents, we decompose NP
into two components, gy, = ol + oS, [6], where
oY is the wind driven NP component, and 65, is the
NP deviation caused by wave current interactions. The
part of NP anomalies caused by wave current interactions
evaluated as
0ip = 0w = Loy + A(Ao — Bo)] ©)

where bars denote corresponding mean values and A is
the regression coefficient, the result is shown in Fig. 3.
Applying (9) essentially removes effects of wind
variations (including wave-like patterns) from the
original NP image (compare Fig. 2e and Fig. 3), thus
emphasizing the bright frontal feature associated with the

surface currents convergence.
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Fig. 3. NP variations caused by wave-current interaction

(in linear units).

3. CONCLUSIONS

Dual co-polarization SAR data can thus provide a tool to
distinguish between different mechanisms affecting
ocean radar backscatter. NRCS difference between VV
and HH copolarized data (PD image) enhances
resonant

variability produced by the scattering

mechanism. As demonstrated, combination of VV, HH,
CP and PD images can be then used to derive the NP and
o, components of the NRCS, essentially dominated
by breaking waves. Since wave breakings are very
sensitive to the nonuniform surface current, NP and
o, images shall reflect surface manifestations of sub-

and mesoscale ocean currents.
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