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SAR Signatures of Ocean Waves

® Bragg scattering: NRCS oc Bragg wave intensity;
relation depends on incidence angle
® Longer waves modulate the NRCS
® Tilt modulation affects incidence angle
® Hydrodynamic modulation affects Bragg wave energy

Courtesy Roland Romeiser
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SAR WAVE IMAGING MECHANISMS

n Longer waves locally modify the exact plan of incidence to produce a contrast
corresponding to the local change in cross section

— Tilt Modulation : a priori knowledge of the gradient of the relative cross section
as a function of the small incidence angle deviation
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SAR WAVE IMAGING MECHANISMS

— Hydrodynamic Modulation : a priori knowledge of the gradient of the relative cross
as a function of the phase of the long wave
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PARTICLE MOTION DUE TO TRAVELLING WAVES ~ {=esa

- Direction of wave travel
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SAR wave imaging: What is the travel direction &\\i‘esa

\S

=
7

//‘

SWATH OF AMI
WAVYE MODE
(5 Km x 5 Km)

200 Km or 300 Km
(SELECTED BY COMMAND)

‘.
,\
.
¥ .

SWATH WIDTH

w® ,U', A,"" "a e
Bl P . )
s ¥, 4’ BF N
WA W | e aRis) SN

¥

»

BEAUFORT

23-27 September 2013 | NMCT | Cork, Ireland



N

om Co- to Cross-Spectra Estimation: Ambiguity Removal &\;

DE2004421 1055949, Image Variance
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Ambiquity removal

3 look intensity images

Spectral Estimation
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Inversion to SAR Ocean Wave Spectra
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Swell propagation
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Radar backscatter increases with wind speed Qk CeSa
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SAR sensing of wind speed dcesa

Incident Reflected
e Transmits a puls of microwave radiation wave N\ wave
e Measures the fraction that comes back \\‘.
P, = (P/4nR?) G (o/4nR?) A
measured =

incident x reflected

Smooth Surface
G = antenna gain, A = antenna area,
o = radar cross section, R = range distance

N\

Back scattered
component

) Slightly rough surface
O is a measure of the surface roughness

o is well correlated with wind speed
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‘ ¥Wind Scatierometer Geometry

— Scatterometers
looks at the same
#“?@w spot from several
—' angles to be able to

SUB-SATELLITE TRACK  retrieve both wind
speed and direction

wind Scatterometer geometry.
The three Wind Scatterometer
ghtennae generate radar beams
457 forward, sideways and 43°
backwards across a 500 Km
wide swath, 200 Km to the
right of the sub-satellite track.




Multi-antenna solution

Wind speed

- By looking at the same sea surface element from
| several directions, scatterometers are able to retrieve
wind direction, and subsequently wind speed
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SAR’s have only one antenna {:€esa

e Wind direction information must be taken
from another source

— Numerical model
— Scatterometer (if colocated in time and space)
— From wind streaks in the SAR-image
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geostrophic winds

mean surface
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High-Resolution Wind Fields from SAR Imagery

SUCCESS: The wind direction from
\ | the algorithm is correctly chosen
along the direction of the wind

| streaks.

b-image 1(b): ERS-2 SAR 22 June 1996
g 'Tlf{;; - Rk T Mg FAILURE: In this area, atmospheric
B A T S PO s N gravity waves and atmospheric
N boundary layer rolls give two different
| maxima perpendicular to each other in
" ' A ’ " _ the image spectrum. The wind

| direction automatically chosen by the
algorithm is parallel to the gravity
, waves. This is corrected by an
e SR R operator before the final wind map is

= produced. e
A MARSAIS Product SR

MARSALIS - Marine SAR Analyses and Interpretation System L
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STORM WEATHER CENTER MMS RUN Init: 0000 UTC Wed 15 Feb 06
Fest: 9.00 Valid: 0900 UTC Wed 15 Feb 06 (1000 LST ¥Wed 15 Feb 06)
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QuikScat wind vectors: 2005/08/28 - morning passes - Gulf of Mexico
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Hurricane Katrina, 28 Aug 2005 &éesa

Importance of using correct wind direction
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OIL SPILLS

© ESA (European Space Agency) / EMSA 2009
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Ships and Ship Wakes - Oil spill?
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Ship speed = 10 m/s
U (range) = 3.5 m/s

V (sat) = 7 km/s :
Ship wake

X (azimuth) = UR/V

NERSC. Envisat ASAR APM V/V ASCENDING
ad! 10-AUG-2007 13:57:34
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Black tail — but not always a real pollution &“L eSa
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Towing of a dead whale \\\&\;esa
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Envisat ASAR Wind Speed 26-APR-2010 15:58:38 @esa
Wind dir: NCEP 0.5 degree (-00:58) - Algorithm: cmod4
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Oil spill in the Gulf of Mexico :esa

Envisat ASAR Wind Speed 02-MAY-2010 03:51:28
Wind dir: NCEP 0.5 degree (-00:51) - Algorithm: cmod4
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Oil spill in the Gulf of Mexico &

eSa
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Envisat ASAR Wind Speed 05-MAY-2010 03:57:09 @esa
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Surface and volume scattering dcesa

The importance of volume scattering is governed by the dielectric properties

(dielectric constant) of the material: R B e L
—e— SAR 20°< 9<26°
High DE: surface scattering dominates P
. i MIZ Edge/ |
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Location of SHEBA, Nov 97
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