
An Earth Observation Challenge: 
2D+t and 3D+t dynamics of the  

upper ocean  

Satellite measurements of Ocean 
Surface Current ? 

A necessary tool  



Essential needs

P. Niiler (2009) Oceanography in 2025

Oceanography of 2025 will require observations and 
realistic modeling of the circulation patterns that contain 
the vertical motion of the upper 200 m. Models will be 
compared not by how well they assimilate or replicate 
the sea level or reproduce the geostrophic velocity, but 
rather by how their internal vorticity and thermal energy 
and fresh water balances maintain ageostrophic velocity 
structures and the associated vertical circulations. This 
task calls for development and implementation of 
continued new methods and instruments for direct 
velocity observations of the oceans.



 Initial Gulf Stream Depiction (circulated by 
Benjamin Franklin, circa 1770)



What do we model: A Fully Turbulent Ocean !





Meso- and submeso-scale details: the DrFab principle ? 



Meso- and submeso-scale details 



Meso- and submeso-scale details 



31Mar/07Apr (2010)
MODIS vs Altimetry-derived velocity feld
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Application to Oil Spills Detection

Deepwater Horizon
May 24, 2010
Terra/MODIS

April 20





Intense deformation feed at ooeanio front i
nferred from direotionae sea surfaoe roughn
ess observations

http://agupubs.onlinelibrary.wiley.com/hub/article/10.1002/2017GL073473/editor-highlight
http://agupubs.onlinelibrary.wiley.com/hub/article/10.1002/2017GL073473/editor-highlight
http://agupubs.onlinelibrary.wiley.com/hub/article/10.1002/2017GL073473/editor-highlight


High resolution altimetry  

mesoscale/submesoscale 
investigations

• Shoued aeeow a 
oharaoterization of 
submesosoaee signaes.  
Soaees (waveeengths/2) 
between 10 and 100 
km. 

• Noise is a major issue (a 
goae of 1 om / 1 km for 
an unoorreeated noise is 
quite ohaeeenging !).

• Time sampeing wiee 
remain an issue for 
some appeioations.  

Ducet et al., 2000

10-20 km

 Conventional 
altimeter noise level 
(2.5 cm – 7 km)  



Total Surface current vs altimetric currents 
Kinetic energy spectra yields in the Gulf 
Stream region. 

(Callies & Ferrari, 2013)

Present nadir altimetry is smoothed at scales < 
100 km along-track 

Diferences in total surface currents and 
altimetry derived geostrophic currents are 
expected between 20-100 km => to 
explore with SWOT & total surface current 
obs

Gulf Stream : An interior QG–turbulence regime 
exists at large scales and an internal-wave 
regime at small scales, with the transition 
occurring at about 20 km. 

Enhanced submesoscale energy may occur 
in the presence of a deep winter mixed 
layer

How does this vary, regionally, 
seasonally?







 Discovering Ocean Dynamics from Space: several strategies 

• Numerous Remote sensing measurements to invite feature 
tracking techniques (e.g. MCC, optical-fow methods)
– Very high resolution (100 m – 1 km) SST, Ocean Colour, radar 

and optical roughness images
– Low resolution Altimetry (80 km)
– Mesoscale Ocean Wind Vector Scatterometry and Microwave 

SST and SSS (25 km)

• Increased In Situ measurements
– Fixed networks, ARGO foats, drifters, ship tracking

• Dynamical frameworks
–  Operational models, Quasi-geostrophy, Surface Quasi-

geostropy 
–  Ekman, wave-induced Stokes drift
– Swell system anomalous propagations 



Sentinee-2 MSI Features = New Opportunities to image 
ooean surfaoe waves and dispersion properties 

12 clusters (detectors), 13 lines of sensors 
(bands) in each

Odd clusters are looking forward, even 
clusters are looking backward, spectral 
channel sensors also have relative 
displacement

Parallax angle between the two 
alternating odd and even clusters of 
detectors results in a shift along track 
of approximately 46 km (maximum).

Inter-band measurement parallax 
amounts to a maximum along track 
displacement of approximately 14 km.

Sentinel-2 detectors







Wave-rays of an incoming 75 degree (counter clockwise from the East) 250 m 
swell at -45 degree latitude, 



Gulf Stream roughness changes



Gulf Stream roughness changes



 Meso-scale Air-Sea Interactions
(High-pass fltered surface wind  

speed) 



 Meso-scale Air-Sea Interactions
Mean scatterometer wind-product curl (Chelton et al., 

2007) 





Coupled Ocean-Atmosphere system: Eddy/wind interactions , i.e. 
the nonlinear Ekman effects

The rotation of the eddy is anticyclonic and opposite to Earth’s 
rotation. It reduces the net spin, ( f + z)/2, felt by the fuid toward 
the inside of the eddy. 
At the periphery, the shear between the eddy and ambient fuid 
generates a spin in the fuid that is in the same sense as Earth’s 
rotation 
The divergence/convergence of the Ekman transport can then 
drive alternate up/down motions



Sea Surface Roughness (SSR) dynamical 
variations



Direct ocean surface Doppler velocities from space

SRTM 2-Antenna Interferometry

Ultra-high resolution
Limited to line-of-sight direction



To obtain direct ocean surface velocities from space
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APPROACH: Combined Roughness and Doppler 
Shift

0() = 0 (surface roughness) =
 0(wind, waves, breaking, current 

VD 

 0

VD = VD (wind driven scatterer, waves, 

breaking, current)

VD sin 
















As for Envisat/ASAR, Sentinel-1 A & B are the only 
missions able to routinely provide Doppler anomalies.

In addition, Sentinel-1 SAR provide Doppler at 1 km and 
in both VV and VH polarizations.

First analysis of data acquired over hurricane reveal 
that:

 Doppler in VV and VH have a very similar 
behaviour

 They do not saturate at high winds reaching 
Doppler values larger than  100 Hz

 They are very sensitive to the wind direction 
relative to the antenna 

Irma



Wave Doppler (bias)

 Sea-state Doppler frequency 

Mean range slope-velocity cross-correlation
NRCS incidence rate of variation

Mean azimuth slope-velocity cross-correlation
NRCS azimuthal rate of variation 



A quick focus on the equations
 Sigma0 modulations (basic RAR concept 

equation):

 Doppler (velocity) modulations (basic Doppler 
equation):

 Weighted Doppler 
modulations :

Range resolved

        wave slopes

        wave velocity
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