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WP2300 – Wavemill Secondary Products 
Ocean Atmosphere Interactions 
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SAR roughness 

Front 

light wind 
small waves 

cold SST 
current 

strong wind 
large waves 

warm SST 
current 

wind-SST coupling 

Roughness current gradient 

Essentially related to the surface slope (mean square slope MSS) 
of short waves (roughly 1-10 cm)  
Those waves are related to local wind and current (and surfactants) 

50km 

50km 

10km 

SST fronts and roughness gradients collocated 
1) scales 10-50 km SST/wind coupling : SST = wind = mss 
2) scales 2-10 km wave/current coupling : dSST = du = mss 
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Scattering decomposition 
Chapron et al., 1997; Quilfen et., 1999; Kudryavtsev et 

al., 2003  
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Main simple idea:  
VV and HH polarized images to be combined to separate 
different surface properties: 

-Polarizing short wind waves ~ 5 cm 

-Non-polarized contribution 
(steep scatters and  wave breaking)   

VV	   HH	  

Polarized	  sca/ering	  
Short	  wind	  waves	  

Non-‐polarized	  sca/ering	  
Wave	  breaking	  	  
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Case analysis 



WaPA Final Meeting – November 25th 2014 - ESTEC 6 

Polarization Ratio 

-            C-band, Mouche et al., 2006               Ku-band, Quilfen et al.,
1999                  

-  PR = HH/VV significantly deviates from PR_Bragg.  
-  This justifies that radar returns from breaking waves (WB) play important role.   
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Polarization Ratio 

Some C-band PR properties from Mouche et al. 2006.  

- PR = HH/VV significantly deviates from PR_Bragg for analyzed images, This 
justifies that radar returns from breaking waves (WB) play important role.   
- When PR->1, role of wave breaking is dominant.  
- and when role of wave breaking is weak, PR -> PR_Bragg   

Down-wind 
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Original VV and HH RS-2 SAR images    

slicks 

Currents  
signatures 

Wind  
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VVV HHH 
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Wind  
field feature 

Polarization Ratio HH/VV 
The mean PR is  
 - 1.5 dB … - 2 dB 
except  coastal  
area,  PR= - 2.5 dB  
that close to 2-scale 
Bragg 
model predictions.  

PR attains PR=1  in  
“bright” current  
signatures.  

OUTCOME: Impact of 
non-polarized 
scattering associated 
with wave breaking is 
important  

Current  
signatures 

Slick 
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Wind  
field feature 

PD=VV-HH Main features: 

- Slicks are dark.  
PD formed by Bragg  
which are damped.  

- Current  signatures are 
not revealed.  

- Local wind field features  
can be either caused by   
wind speed variations  
or/and by wind vector  
rotation to radar L-D.  
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NP Main features: 

- Slicks are not 
visible,   

- Current  
signatures are 
well visible.   

- Wind field 
feature is well 
expressed.   
Wind rotates to 
down-wind SAR 
L-D 
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RADARSAT-2 SAR (a) VV- and (b) HH NRCS (in linear units) over the 
northeastern White Sea  
acquired on 1 August 2012 (14:58 UTC) depicting manifestations of the SST 
front. Black solid  
line shows a position of transect A-B across the front. © MDA © СSA 

Original SAR images: August 1, 2012 
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Wind and SST conditions 

1	  August	  2012	  
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RADARSAT-2 SAR (a) VV- and (b) HH NRCS (in linear units) over the northeastern White Sea  
acquired on 1 August 2012 (14:58 UTC) depicting manifestations of the SST front. Black solid  
line shows a position of transect A-B across the front. © MDA © СSA 

Original SAR images: August 1, 2012 
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Manifestation of SST front: Bragg waves and wave breaking 

PD: Bragg waves trace wind field transformation over cold side of the front 
NP: Wave breaking trace both (i) wind field transformation over cold SST waters, and  
convergent zone which edges the front.      
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NP_c = NP – NPwind;  
NPwind = a + b*PD 

Manifestation of SST front: 

Impact of current  on wave breaking Cross-Polarized image   
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Wind 
Waves  

Physics of SAR imaging  
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Background wave spectrum 
Evolution of wave spectrum in the current 

                          Propagation                Current      Sources, Sinks    
                                                                   (wind, breaking,...) 

Waves short enough to neglect propagation 
Without current, equilibrium wind/breaking 

Spectrum anomaly 

Corresponding slope (mss) anomaly 
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Wave spectrum 

• For a spectrum symmetrical about the 
wind direction 
• For wind in the x-direction 

-> 2 types of currents will give no mss 
anomaly 

-> Only 2 over 4 types of current 
deformations will sign on the roughness 
image. 
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Wave spectrum 
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Only 2 over 4 types of current 
deformations 
 will sign on the roughness image. 

Another way to look at it: 

Which type of currents will sign? 
•  rotational currents  
•  divergent currents 
•  shear in the wind direction 
•  strain in the wind direction 

SAR roughness 
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Only 2 over 4 types of current 
deformations 
 will sign on the roughness image. 

Another way to look at it: 

Which type of currents will sign? 
•  rotational currents  
•  divergent currents 
•  shear in the wind direction 
•  strain in the wind direction 

SAR roughness 
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Only 2 over 4 types of current 
deformations 
 will sign on the roughness image. 

Another way to look at it: 

Which type of currents will sign? 
•  rotational currents  
•  divergent currents 
•  shear in the wind direction 
•  strain in the wind direction 

SAR roughness 

• Divergent currents 
appear independently of 
the wind direction 

• Non divergent currents 
appear  
with a 45º-sensitivity to 
the  wind/current angle. 
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Physics of SAR imaging  
- Due to small relaxation scale,  
sub- and meso-scale current cannot affect Bragg 
wave directly; 

- Wave-current interaction affects  intermediate 
wave spectrum, with wavelength of order 1m and 
more; 

- Wave breaking are very sensitive  
to small spectrum variations; 

 - Modulation of wave breaking  
provides Bragg waves modulations (via mechanical 
disturbances) and modulations of radar returns from 
breaking waves.  

- Wave breaking mostly trace current divergence.  
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