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MOTIVATION
Doppler centroid anomaly will be soon a product 
routinely producing from space-born SAR. 
Synergetic analysis of SAR NRCS  and Doppler 
shift could significantly improve quality of the 
ocean current monitoring from the space   

OBJECTIVE
Develop SAR imaging model which should 
consistently reproduce observed modulations of 
NRSC and Dopper shifts related to ocean current 
features, fronts, and other phenomena (e.g. oil 
spills)

APPROACH
Recently two new methods for quantitative studies 
of SAR imaging of current features were published 
in J.Geophys.Res. (Ocean). They are the Doppler 
shift approach (Chapron et al. 2005), and the radar 
imaging model (RIM),  (Kudryavtsev et al. 2005; 
Johannessen et al. 2005). This study combines these 
two approaches in a unified DopRim model. 

Doppler Shift

)(
)()cossin(

0

0

qqs
qqsqqp

D+
D+-

=
wu

k
f

R

D

Radar Imaging Model

DopRIModel

+



Doppler centroid anomaly by SAR: Some Results
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Chapron B., F. Collard, and F. Ardhum, 2005, 
Direct measurements of ocean surface velocity from space: Interpretation and validation, 
J.Geoph.Res., 110, C07008, 2005

ASAR ENVISAT Global Observations

For C-band 1m/s surface current 
Corresponds to Doppler shift 
F=15-20 Hz at 20-30 deg incidence



ASAR ENVISAT Observation of the Gulf Stream
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Doppler Shift: Governing Equations
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2005 JGR, al,et Chapron in   proposed as
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Model approach developed by 

Kudryavtsev V., D.Akimov, 
A.Johannessen, and B. Chapron, 
On radar imaging of current features. 
Part 1: Model and comparison with 
observations, 
J.Geoph.Res., VOL. 110, C07016,  
doi:10.1029/2004JC002505, 2005

SAR Signature of Sea Surface Currents
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Measured NRCS 
contrast

Input: current velocity, SST, geostrophic wind and 
free atmosphere temperature

Atmospheric 
Boundary Layer 

model output

Wave spectrum transformation model output: 
Bragg spectrum, MSS, WCC

Observed frontal 
feature

NRCS model 
outputcom

pa
rison

Radar Imaging 
Model



Comparison with Observations: Comparison with Observations: Modeled frontal eddy
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Merger of RIM and Doppler models.
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Some background features: �� �
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Doppler shift 
F=15-20 Hz 
at 20-30 deg incidence
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Model Surface Current Field used for the Model Calc ulations
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manifestations of tidal current RIM simulation of the SAR image
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ENVISAT ASAR
English Channel 
(Cherbourg)



Model Surface Current Field used for the Model Calc ulations
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Does Doppler velocity inevitably corresponds to “re al” surface velocity? 

The answer is 
• YES when modulations of surface roughness by curren t is weak, and 
• NO when modulations are strong. 

In order to illustrate this case we consider the ocean surface wave field in the 
Gulf Stream zone at a special conditions when wind blows opposite to the current. 
At such conditions effect of the trapping of surface waves by jet-current with strong 
enhancement of wave energy may take place. This phenomenon had been 
observed and investigated in field experiments by Kudryavtsev et al. JGR, 100, C10, 
1995.  
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Jet-Like Current (wind waves and swell )
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5 m/s Wind and Swell are Opposite to Jet-Current (Wdir=270; CUdir=90)  WIND

CURRENT

Conditions:
Wind 5 m/s opposite to jet;
Jet w idth is 80 km, 
Velocity is 1.5 m/s;
Sw ell: KA=0.05, L=200m  

Radar observations: 
C-band, VV; 
Incidence angle 30 deg.; 
Radar look: 
a) dow n-wind and 
b) 45 deg clockw ise 
off w ind direction
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5 m/s Wind (NO Swell) is Opposite to Jet-Current (Wdir=270; CUdir=90)  

Let-Like Current (wind waves only)

WIND

CURRENT

Conditions:
Wind 5 m/s opposite to jet;
Jet w idth is 80 km, 
Velocity is 1.5 m/s;
No sw ell 

Radar observations: 
C-band, VV; 
Incidence angle 30 deg.; 
Radar look: 
a) dow n-wind and 
b) 45 deg clockw ise 
off w ind direction



Radar Imaging of Oil Spills - DopRim Approach

Experiment by Ermakov et al. 2002
(Dokl. RAS, 388)

Model Simlation

Modulation of radar return and Doppler shift by slicks: 
Ka-band, VV. Wind speed 7m/s
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