WP2300 — Wavemill Secondary Products
Ocean Atmosphere Interactions
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T fronts and roughness gradients collocated
scales 10-50 km SST/wind coupling : SST = wind = mss
scales 2-10 km wave/current coupling : dSST = du = mss
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SAR roughness

Essentially related to the surface slope (mean square slope MSS)

of short waves (roughly 1-10 cm)
i Those waves are related to local wind and current (and surfactants)
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Scatterlng decomp0s1t10n
Chapron et al., 1997; Quilfen et., 1999; Kudryavtsev ot
al., 2003
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where

o.y 1s 2-scale Bragg scattering

o,, 1S 1mpact of breaking waves
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Main simple idea:
and HH polarized images to be combined to separate
erent surface properties:

Polarization Difference, PD, short Bragg waves:
hh

= W hh _ ~w _
Ao, =0y -0y" =05, -0y

larizi ng short wind waves ~ 5 cm NP contribution from breaking waves :
0,, =0y —Acy /(1- pg)

n- polar.ized Cor“-r.ibu-rion where p, = o;’j;/og; is PR for Bragg scattering
ep scatters and wave breaking)
,ﬁ; :-’-i T Ny
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- C-band, Mouche et al., 2006 Ku-band, Quilfen et al.,
99

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

nd when, role .of wave breaking is weak, PR -> PR_Bragg



Scattering Decomposition :
PP — ~y PP

Oy" =0pp O,

where

o,y 1s 2-scale Bragg scattering

o,, 1s non-polarized (NP) imapct of breaking waves

Polarization Ratio (PR):

hh hh
p_% _%3*%m
O, Opp+0O
0 0B wb
Polarization Difference (PD):
— VY hh _ ~vw _ ~hh
Ao, =0 —0y" =05 =0

NP contribution of breaking waves:
0., =0, —Ao,/(1- pg)

where p, = o, /o) is PR for Bragg scattering



Original VV and HH RS-2 SAR images
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Polarization Ratio HH/VV

3.7°E

PR [linear units]

1

The mean PR is
-15dB .. -2dB
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
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Original SAR images: August 1, 2012
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DARSAT-2 SAR (a) VV- and (b) HH NRCS (in linear units) over the
*northeastern White Sea
cquired on 1 August 2012 (14:58 UTC) depicting manifestations of the SST
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ine shows a position of transect A-B across the front. © MDA © CSA



Wind and SST conditions
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Original SAR images: August 1, 2012
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RA AT-2 SAR (a) VV- and (b) HH NRCS (in linear units) over the northeastern White Sea

"ed on 1 August 2012 (14:58 UTC) depicting manifestations of the SST front. Black
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nifestation of SST front: Bragg waves and wave breaking

NP
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“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.



act of current on wave breaking
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' NP_c = NP - NPwind:
NPwind = a .+ b*PD

Cross-Polarized image
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Physics of SAR imaging
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Evolution of wave spectrum 1n the current
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Qu Ju cos¢ —sing il
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-> 2 types of currents will give no mss
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-> Only 2 over 4 types of current
deformations will sign on the roughness
1mage.
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Only 2 over 4 types of current

deformations

will sign on the roughness 1image.
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Which type of currents will sign?
e rotational currents

* divergent currents

 shear in the wind direction

e strain 1n the wind direction
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Only 2 over 4 types of current

deformations
will sign on the roughness 1image.
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Which type of currents will sign?
*rotational currents

* divergent currents
» shear in-the wand-direction
e strain in the wind direction
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Only 2 over 4 types of current

deformations
will sign on the roughness 1image.
- ] _ l[D+S, ~-R+ S,
% 2| R+S, D-S, tit:
ot «#»
ou Ov du Ov B R
v D = -+ LAl F SAR roughness
«— ov  Ou ov  Jdu —»
l T R = Z—E,Sh:aﬁ-?y. l T
—> e

‘Divergent currents
appear independently of

Which type of currents will sign? the wind direction

*_rotational currents
« divergent currents ‘Non divergent currents
» shearin the wind-direction elpfpreal

with a 45°-sensitivity to

e strain in the wind direction :
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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