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Abstract: The ocean surface is part of the upper ocean which directly interacts with the overlying atmosphere and sea 
ice. Once oil spill happened due to an accident such as the oil rig pipe leaking and exploring, it would be 
unimaginable disaster to the oceanic environment, especially in the coastal area. If we can predict the 
direction along which the oil films floats over the marginal sea surface, the damage would be controlled 
within a pre-knowledge level. Under these knowledge, we analysed the polarimetric SAR (Synthetic 
Aperture Radar) data with an analytical model to separate backscattered contributions by different sea 
surface scatterers. Furthermore, it provides a possible prediction of the local wind direction by using the 
separated backscattered signal. With this direction, it is ready to predict the direction of oil film’s floating. 

1 INTRODUCTION 

The ocean environment plays an important role in 
the global climate change. Ocean remote sensing 
offers satellite observations as a data collection 
which could be assimilated into ocean models. Such 
assimilations as SAR acquisition used in a flood 
model (García-Pintado et al., 2013), the ozone 
analyses based on Envisat data (Geer et al., 2006; 
Lahoz et al., 2007), the cloud and precipitation 
observations effort in a numerical weather prediction 
model (Ohring et al., 2005), have all achived 
benefits from the satellite data. The ocean surface is 
part of the upper ocean which directly interacts with 
the overlying atmosphere and sea ice. Surface films 
isolate the air from the ocean surface, they also 
damp the surface wave vibration (Gade et al., 2006), 
leaving a dark area or dark textures in the SAR 
imagery. Based on the above understandings, we 
analysed multi-polarization data by SAR onboard of 
the Radarsat-2 satellite, with the first result of wind 
wave direction estimated by a Bragg wave 
component. This estimation of local wind direction 
can help to predict the trajectory of the surrounding 
oil films, by applying this parameter into an ocean 
wave prediction model, such as the numerical model 
Wavewatch III (Feng et al., 2006). 

2 SAR POLARIMETRY 

SAR measurements or derivatives have recently 
been assimilated into models, including hydraulic 
(Giustarini et al., 2011), snowpack (Phan et al., 
2013). The efforts to ocean wave modelling trace 
back to the 1990s when a large number of researches 
focused on the wave retrieval from the SAR imagery 
(De las Heras et al., 1995; Olsen et al., 1995; 
Hasselmann et al., 1997; Breivik et al., 1998 ), 
which have seldom updates recently. Polarimetric 
SAR refocused the researches on ocean wave 
retrieval, however, it had rarely been considered that 
the sea surface is composed by different scattering 
mechanisms. A theoretical model concern different 
polarization properties in the radar backscattering 
coefficient expressed the NRCS (Normalized Radar 
Cross-Section) as the sum of polarization dependent 
Bragg and polarization independent Scalar 
contributions (Quilfen et al., 1999). Following this 
theoretical model, we proposed an analytical model 
for polarimetric SAR scattering matrix.  In our 
model, the Bragg contribution was expressed in 
scattering matrix by the tilt Bragg model, while the 
Scalar contribution concerned the Rayleigh 
scattering from foams introduced by sea surface 
wave breaking, the specular reflection by the steep 
wave, and double-bounced metallic sea surface 
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target. The interaction between i.i.d. (independent 
and identically distributed) scatterers has been 
considered within each pixel area using the random 
walk model, with the assumption that the Bragg 
contribution is the vector sum of the random walk by 
all the Bragg scatterings. This analytical model was 
iteratively resolved by a former estimate (WANG et 
al., 2011). In this iteration algorithm, a Bragg related 
polarization ratio, β, was determined iteratively to 
separate the Bragg contribution from the non-Bragg 
contribution. This model is indeed the theoretical 
model of Quilfen et al. when the cross product of 
Bragg and Scalar contributions is zero. But in real 
case, the latter could not be ignored. Thus the sea 
surface depolarization and polarization can be 
separated better by complex scattering matrix than 
by NRCS. Wind seas were also retained from 
separated scattering contributions, indicating a finer 
resolution than traditional retrieval method.  

3 WIND DIRECTION 

3.1 Polarization Wind Wave 
Parameters 

Since 1990s, global measurements of the two-
dimensional wave spectrum by space-borne SAR 
sensors on-board of satellites such as ERS-1/2, 
Radarsat-1/2 has been investigated. Missions of 
ocean wave investigated mapping of ocean wave 
spectrum from the SAR image spectrum 
(Hasselmann and Hasselmann, 1991), the unification 
of the directional spectrum (Elfouhaily et al., 1997), 
and the effect of the longer wave and swell (Chen et 
al., 2000; Plant, 2003; Ardhuin et al., 2007). 
Furthermore, the bound wave / free wave model 
(Plant et al., 2010) consists with sea surface slope 
spectrum measured in 1950s (Cox, 1958). However, 
all the algorithms were limited within the range of 
wavelength longer than a cut-off wavelength, till the 
full polarization radar imagery being available. At a 
specially selected orientation angle, the modulation 
of the wave slope on radar measured intensity could 
be enhanced, better than any of that from the 
standard linear polarization HH, VV, HV or VH 
(Boerner et al., 1992; Schuler et al., 1995). It is 
possible to find this special orientation angle to 
solve optimal polarization problems. This principle 
is called polarization modulation transfer function 
(MTF) (Schuler et al., 1995). A combined 
polarization MTF with an eigenvector α angle 
modulation (Cloude and Pottier, 1996) could also 
enhance the wave slope in the azimuth direction 

(Schuler et al., 2004). However, Schuler's method 
was questioned for applying to the sea surface by not 
considering the non-linear velocity bunching effect 
(Alpers, 1983).  

The α parameter of the entropy-anisotropy-α 
decomposition theorem (Cloude and Pottier, 1996) is 
roll-invariant in the azimuth direction. It has high 
sensitivity to wave-induced change of local 
incidence angle. Decomposition theorems consider 
polarimetric radar backscattered signal matrices as 
the summation of different scattering mechanisms 
coherently or incoherently. According to Cloude-
Pottier's theorem, the mean scattering matrix has an 
eigenvector  
 

k √ e e
e

 (1) 

 
in which λ, α is the mean target power (span) and 
roll-invariant mean scattering respectively, the rest 
three parameters β, δ, γ are orientation angle related, 
and rotation variant, could be used to define the 
target polarization orientation angle. The five 
parameters are connected with the radar 
measurements by 
 

∙ ∗ ∙ ∗  (2) 
 
in which  is the covariance matrix, and 
 

 (3) 

 
is the '3-D Pauli feature vector' (Lee and Pottier, 
2009), where S , P, Q	 ∈ 	H, V	  is the components 
of Sinclair scattering matrix.  

From Eq. (1) and Eq. (3), the approximation of 
the α parameter from polarimetric SAR 
measurements should be as  
 

tanα  (4) 

 
On the other hand, the relationship between α 

angle and incidence angle θ  could be find as Eq. 
(5),  
 

tanα  (5) 
 
using the SMP model and considering only 
incidence angle, for the water dielectric constant 
ϵ → ∞.  
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So far, the range slope can be derived from the 
local incidence angle corresponding to α angle 
subtracted by the incidence angle according to the 
radar geometry as 
 

γ  (6) 

3.2 Wind Wave Direction Retrieval 

Based on the above analysis, the local incidence 
angle is reasonable to be iteratively estimated by the 
polarimetric SAR measurements, hence possible to 
assign each scattering contribution due to different 
polarization characteristics (Wang, 2013). The 
Bragg scattering of wind seas is considered to be 
sensitive to the radar polarization, and the other 
scattering mechanisms introduced by steep waves or 
breakers are insensitive to the polarization, being 
scalar contributions. Separated scattering 
contributions correspond to different range of the 
ocean wave spectra. As the primary results, we 
showed the capability of wind wave direction 
retrieval from the Bragg scattering component. 

3.3 First Results 

In-situ platforms collocated with Radarsat-2 satellite 
data set are offered by the Observing System 
Monitoring Center (OSMC) programme funded by 
NOAA/OCO, providing both the near real and 
historical status of meteorological and 
oceanographic data collection systems. These 
platforms include both buoys and voluntary ships, 
returning one record per hour, generally. Records in 
the nearest distance were interpolated in time for 
satellite acquisitions in August and September. 
Other records following up are supplied by 
meteorological moored buoys located exactly inside 
of the satellite image scene. The result does not 
always support our assumption that a special part of 
the wave spectra could be assigned for the Bragg 
scattering and scalar contribution separately. To the 
contrary, scalar contribution retains a wind wave 
direction much more consist with the in-situ data 
than the Bragg contribution. We are not ready to 
give an explanation in this paper, however, the 
reginal currents should be considered more carefully 
since all the contradiction data located in the 
Mediterranean Sea, where the swell is not so 
significant to domain in the scalar component as the 
polarization insensitive contribution, both in summer 
and in winter. Nevertheless, the results from the data 
located in the North Sea and North West Atlantic 

Ocean indicates consisted wind derived short wave 
direction on the Bragg scattering contributions. 

3.3.1 Case Study 

We showed in Fig. 1 the location of the SAR 
imagery acquired on 2011 December 5th, to the south 
west of Scotland and northwest of Bretagne, with the 
satellite LOS of 45.11 deg. in the center of image. 
The local wind speed is 10.29m/s, blowing to the 
direction of 290 deg. departing from the North, as 
shown in Table 1. 
 

 

Figure 1: The location of the SAR imagery 20111205 (red 
square) and the local wind direction (blue arrow). 

Table 1: The in-situ measurements to be counterpart with 
the SAR imagery of 20111205. 

Wind speed 
(m/s) 

Wind direction 
(degree) 

Wave height 
(m) 

10.29 290 4.5 

3.3.2 The Direction 

The cross spectrum of Bragg component in VV 
polarization indicated a peak direction consist with 
the in-situ 290 deg. from the North, shown in Fig. 2.  

 

 

Figure 2: Cross spectrum of Bragg component in VV 
polarization. The peak direction (thick line in black) 
retains the local wind direction of 290 deg. from the 
North.  
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It is clear from the comparison of Figure 2 to 3 
that the separation of scattering mechanisms such as 
Bragg contribution helped to tell the local wind 
direction, which was impossible by using the single 
polarization data. The direct SAR measurement is 
definitely a combination of different scattering 
contributions. This study supported the theoretical 
model of NRCS concerning the polarization 
(Quilfen et al., 1999). 

 

 

Figure 3: Cross spectrum of SAR imagery in VV 
polarization. There is hard to find the local wind direction. 

4 OIL FILMS 

Surface films could not only be a natural sea slick 
generated by plankton, but also the floating oil 
introduced by an oil spill. Oil spill is easily to 
accompany with an accident such as the oil rig pipe 
leaking and exploring. Oil spill ruins the local sea, 
depresses the air/sea interaction, and is even worse 
to the environment than the natural plankton films.  

 

 

Figure 4: Bragg scattering component in HH polarization. 

 

Figure 5: Direct SAR measurement in HH polarization. 

In Fig. 4 and 5 is the Bragg scattering component 
and the direct SAR measurement, both in HH polarization. 
The improvement from original measurement to the 
separated single scattering mechanism could be indicated 
by the expansion of the range of data value from [-32dB, 
22dB] to [-40dB, -22dB], although the image quality has 
not been much improved. On the other hand, the slick 
texture domains the minimum values, i.e. around -40dB 
for Bragg component. It helped the accuracy of local wind 
direction estimated from the cross spectrum of Bragg 
contributions. 

5 CONCLUSIONS 

The polarimetric SAR data have been analysed in 
this paper, introducing an estimation of short wave 
directions, for the wind seas with a wavelength less 
than 50 meters. This kind of short wave is 
considered to be the wind wave, the propagation 
direction of which accords to the local wind. The 
local wind direction is critical to predict the 
trajectory of oil spills. However, the oil films float 
over the sea surface not only along the local wind, 
but also tracing the longer wave and current. This is 
the same problem that encountered by the 
contradiction data of Mediterranean Sea in section 3. 
For example, the predictions for significant wave 
height by the numerical model such as NCEP 
Wavewatch III have been identified to have 
substantial differences when include and exclude 
ocean surface currents. 
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