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THE OCEAN SURFACE AND MOTION PHENOMENA
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APPROACH: SAR Imaging of Roughness and Doppler Shift

Antenna

Azimuth

0,(9) = o, (surface roughness) =

G,(wind, waves, breaking, current

V=V, (wind driven scatterer, waves, breaking, current)
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Presenter
Presentation Notes
FIGURE (note that this is a simplified sketch, assuming that the surface is at rest and the sensor moves relative to the surface with a 90 degrees look angle):
At sensor A: the target is entering the main lobe of the beam, low signal strength
The signal strength increases until the target lies in the center of the beam at position B
After the beam center crossing, the signal strength decreases until the sensor is at C, then the sidelobes contribute as well..
At the beam center the Doppler frequency is zero, unless the surface is in motion toward or away from the sensor

The predicted Doppler shift:
Based on the relative velocity between the satellite and the Earth
Can be found thanks to precise knowledge of the Envisat orbit and orientation in space (attitude)

The Doppler centroid anomaly has been shown to be 
- a measure of the line-of-sight velocity of the surface
- strongly sensitive to the near surface wind speed and the surface current
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Doppler Centroid estimated from SAR data can be decomposed as follow:

DC _ pDC , pDC DC
Fsar = Fptt + Fane + Fgeoy ~ where

FoC .
SAR is estimated from the SAR data

FDC
A% s estimated from the geometry knowledge (quaternions based)
F}?nct , : . ! . .
is the antenna contribution related to TRM drifts, failures, misalignements, etc
Fc{')ecophy:

is the contribution of the ocean surface scatterers displacements
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Chapron et al, JGR 2005
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direction

facet position
and velocity

minininie
elementary
rough facet

Background

DC — DC DC
FGeophys = FCurr + FWaves + 1 \ where

DC \ h
Feurr  is due to underlying current

DC
Waves is due to background sea state

Fixe
w ) . .
is due to waves-current interaction:

eFirst order : underlying current + background sea state

eSecond order : sea state perturbated by surface current. Advanced models
esuch as Doprim are needed to take into account modification of wave spectrum by

oSlLirface current aradients
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The Stokes Drift

Courtery Johannes Rohrs, MET.NO




— subscale motion that contributes to the Doppler
shift

MET.NO




Inversion to surface motion:

ENVISAT/ASAR Experience
Ocean Surtface Current Retrieval
Global Scale
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WwW Doppler centroid anomaly —— ZQ0&11 —— Global
T

Radial wamM wind speed [m/s]

*First presented at ENVISAT Cal-Val review in 2002, published in JGR 2005 using wave mode at 23°
incidence angle.

e There is a large correlation with the wind speed.



ENVISAT/ASAR Experience

Monthly Mean of Doppler and Radial Wind speed

Doppler Anomaly/Velocity Radial Wind Speed
(ASAR WM) (ECMWE)

180" 150 120% o™y BO™MY 30y

Radial Current Velocity (sea state effect removed)
Collard et al, SEASAR 2008
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neglected
. . . DC _ pDC DC
Simple Methodology to remove sea state contribution Feurr = Fgeopnys — Fwaves 7 Fi
Application to Equatorial Pacific Ocean DC model
I\/I%?]thly analysig Fudves = CDOP(6, U1g™*., @)
2006/11- Residual Radial Velocity 2006/11- MERCATOR Radial Velocity
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Collard et al., SEASAR 2008
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o o iy neglected
Simple Methodology to remove sea state contribution Feurr = F, 1 Fy

Geophys Waves
Application to Equatorial Pacific Ocean
oJe q FPS,es = CDOP (8, U0, @)

2006/11- Residual Radial Welocity
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T 1.2 09 06  -02 0.1 0.5 08 11
Surface Doppler velocity Up, (m s™1)

First presented at ENVISAT Cal-Val review in 2002, published in JGR 2005 using wave mode at

23° incidence angle.

°Image mode acquisitions exhibit a significant signature over areas with large and strong ocean

surface current such as Gulf Stream



ENVISAT/ASAR Experience
Ocean Surface Current Retrieval
In the Agulhas Current
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Doppler and Sea surface Current from Wide Swath

Total velocities CDOP velocities
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Doppler and Sea surface Current from Wide Swath

Total velocities
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Longitude (E) Doppler derived radial surface velocity (m/s) OB—JAN-2008 21:17:20
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Direct measurements of -
surface flow of the . “ e K
Greater Agulhas Current  * " S0~ \§ . |
as obtained from ASAR
Wide Swath Mode on 13,
16,19 and 22 September | (R s s
2007. The radial surface A R/ s 4]
velocity is marked in the
colour bar in metres per
second.

Latitude (3)

182 20° 220 242 26° 288
Longitude (E) 13-SEP—2007 20:54:26
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Doppler and Sea surface Current from Wide Swath

- Image-by-image analysis
- Comparison with Altimetry
- Comparison with Drifters

- Comparison with S _,
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Doppler and Sea surface Current from Wide Swath

¥ Radial surface velocities

Envisat WSM &egCcLS

- Image-by-image analysis
- Comparison with Altimetry I

- Comparison with Drifters

36005

- Comparison with SST
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Doppler and Sea surface Current from Wide Swath

™AW

- Image-by-image analysis
- Comparison with Altimetry

- Comparison with Drifters

Letude (3)

- Comparison with SST
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ASAR and Aviso radial velocity {(m/s)
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ASAR and drifter compare well Asar and drifter radial velocity compare well except for:

Platform 33681 Platform 14926

3 T T T T 3 T T T
Aviso bias: 0.07, rms: 0.44 Aviso bias: -0.03, rms: 0.38
Asar bias: 0.08, rms: 0.35 Asar non filtered bias: -0.36, rms: 0.80
21 I —_ 2 Asar filtered bias: -0.04, rms: 0.28
+h @o
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e > 2
1k + o v 1+
4+ o + o)
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Errors linked to differences between winds at measurement location
and ECMWF winds used in processing the radar surface velocities o i

ow radar incidence angle)
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Doppler and Sea surface Current from Wide Swath

¥ Radial surface velocities

Envisat WSM &egCcLS

- Image-by-image analysis
- Comparison with Altimetry I

- Comparison with Drifters

36005

- Comparison with SST
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Doppler and Sea surface Current from Wide Swath

Odyssea ®AeCcLS Envisat WSM ePeCLS
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ENVISAT/ASAR Experience
Ocean Surtace Retrieval
High Resolution Mean Dynamic Topography



Ftremer

Mean Radial Velocities & MDT




Mean Radial Velocities & MDT
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Mean Radial Velocities & MDT
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Mean Radial Velocities & MDT

Ug (m/s) mat +msla

Ug (mfs) SAR




Mean Radial Velocities & MDT

Zonal Component mis

S8R vs MOT zonal component Lon = 6875 E

S8R s MOT zonal component Lon = 22675 E
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A new MDT is being developed by M.H. Rio and will incorporate SAR Doppler
(see Rio et al. 2016)




Can the Doppler shift have value for wind retrievals?
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Wind inversion exemple, where the atmospheric front is misplace due to the use of
not enough precise ancillary wind information

&0 B0 100 0

ECMWE 1/2 deg. Wind speed (m/fa) 2007=11=13 12:00:00
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Mouche et al, IEEE TGRS 2072
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13-November-2007 09:42:39 (UTC)
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Summary

Doppler is affected by both Sea state and Sea surface current
Doppler response to sea state is higher in HH than in VV
Doppler response to sea state decreases when incidence angle
Increases

In cases where wind is dominating the Doppler contribution,
Doppler can be used to constrain wind inversion. In particular
for wind direction

Perspectives
- The Sentinel-1 SAR data will soon provide Doppler
information on a reqular basis
- Combination of Doppler and NRCS for wind retrieval from
several antenna may be of interest for future satellite

scatterometer concepts
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