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The Geostrophic and Ekman components at a glance  

The geostrophic currents 

They are produced 3-hourly, globally, at ¼° resolution 

They are derived applying the geostrophic approximation on multimission maps of 
Sea Level Anomalies (SLA) and adding the mean geostrophic currents  UMDT, VMDT. 
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SLA: We use the latest version of the daily, global, ¼° 
multimission maps from the SSALTO DUACS production chain 

UMDT, VMDT: The mean currents from the CNES-CLS13 MDT solution are used  

Fully described in: Rio, M-H, S.Mulet, N. Picot (2014): Beyond GOCE for the ocean 
circulation estimate: Synergetic use of altimetry, gravimetry and in-situ data provides 
new insight into geostrophic and Ekman currents. Geophysical Res. Letter 



The Geostrophic and Ekman components at a glance 

The Ekman Currents 

They are produced 3-hourly, globally, at ¼° resolution, at two different depths: Hs 
and 15m 

They are based on a 2-parameter (β,θ) empirical model: 
      being the wind stress vector 
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Fully described in: Rio, M-H, S.Mulet, N. Picot (2014): Beyond GOCE for the ocean 
circulation estimate: Synergetic use of altimetry, gravimetry and in-situ data provides 
new insight into geostrophic and Ekman currents. Geophysical Res. Letter 

We use 3-hourly wind stress maps from the ERA INTERIM reanalysis 



Altimeter Mission characteristics 

Topex-Poseidon/Jason 

ERS/Envisat 

Multi-mission merging to obtain gridded maps of 
altimeter data. Final resolution of gridded products 
depends on the number of satellites flying at the 
same moment and their orbit characteristics 

Impact the spatial coverage capability: Spatial 
coverage limited to 66°N/S for TP/Jason , 82°N/S 
for ERS/Envisat 

Impact the spatial and  temporal 
resolution capability 

Orbit inclination Repetitivity Equatorial inter-
tracks distance 

66° 
 

10 days 315 km 

98.5° 
 

35 days 80 km 

The altimeter Sea Level Anomaly (SLA) maps 



Altimeter Constellation history 

Spatial resolution 
achieved for a 10 
days temporal 
resolution 

2 satellites 
250-300km 

3 satellites 
150 km 

4 satellites 
100 km 

The altimeter Sea Level Anomaly (SLA) maps 



The Mean Dynamic Topography (MDT)  

The CNES-CLS13 MDT 

Direct Method 
MDT=MSS-Geoid 

filtering 

Large scale 
MDT=First guess 

Synthetic Method 
The short scales of the MDT (and 
corresponding geostrophic currents) 
are estimated by combining 
altimetric anomalies and in-situ data 

Multivariate Objective Analysis 

High resolution MDT and associated 
mean geostrophic currents 



The CNES-CLS13 MDT 

  
-MSS CNES-CLS11 from Schaeffer et al (2012) 
-Geoid: EGM-DIR4, based on 7 years of GRACE 
data and 2 years of reprocessed GOCE data  
-Optimal filter (~125km) 

First Guess = MSS - Geoid  
OPTIMALLY FILTERED Synthetic Mean Heights (1/4° box means)  

- CTD (Cora3.4), ARGO T/S Profiles 
 - Pref variable 200/400/900/1200/1900  
- Period 1993-2012 
- Dynamic Heights corrected for the missing 
barotropic and deep baroclinic contribution 
- Temporal variability measured by altimetry 
(AVISO SLA multimission maps) removed 

Synthetic Mean Zonal Velocity (1/4° box means) Synthetic Mean Meridional Velocity (1/4° box means) 

-SD-DAC SVP drifters, 15m drogued and undrogued for the Period 1993-2012  
 -Corrected for Wind slippage in case of drogue loss (applying the Rio (2012) method)  

-The Ekman currents are modeled and removed 
-A 3-day low pass filter is further applied to remove the residual ageostrophic components 
of the drifter velocity (tides, inertial currents, Stokes drift) 
-The temporal variability measured by altimetry is removed 

-Argo floats surface velocities for the Period 2000-2013 
 -The Ekman currents are modeled and removed 
 - The temporal variability measureb by altimetry is removed 
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The CNES-CLS13 MDT 



The GOCE only MDT (First Guess) 

cm/s 



The CNES-CLS13 mean geostrophic currents 

cm/s 



The Ekman  currents 

Ekman theory 
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Rio and Hernandez, 2003 

β and θ are estimated through least square fit by month and 4° boxes 
At 15m depth using SVP Drifting buoys flagged as DROGUED by the SD-DAC 
At Hs using the Argo float surface velocity dataset 
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−
Altimetric velocities calculated using the GOCE 
MDT to reference the SLA (no drifter information) 



The Ekman  currents 

Number of SVP buoy velocities Drogue ATTACHED 

Number of Argo float surface velocities 



The Ekman currents 

m2s/kg  



The Ekman  currents 

Northern Hemisphere: solid line  
Southern Hemisphere: dashed line 
Surface: circles 
 15m depth: triangles 

β (m2s/kg)  θ (°C)  

Angle at the surface lower than 45° 
- Ekman theory assumes constant vertical 
viscosity profile. Not true in the real ocean 
- Argo float velocities uncorrected for Stokes drift. 
Correcting for Stokes drift would lead to higher 
angles 

 
 



Validation: Comparison to independent veocitites 

SVP-type drifter velocities distributed in real time by 
the Coriolis data center for the period September 
2012 to September 2013, not used for the CNES-
CLS13 MDT computation. 
Unprocessed velocities: contain Geos, Ekman, 
Stokes, inertial oscillations, tidal current… 
 cm/s 

The OSCAR (Ocean Surface Current Analysis  Real-Time) NOAA product 
- Geostrophic currents based on AVISO data (with the old CNES-CLS09 MDT) 
- Ekman current using variable eddy viscosity and NCEP winds 
-5 days mean, 1/3° 
-averaged value over the top 30 m of the solution  
-for more information: K. Dohan’s talk  

RMS (cm/s) Rc Vectorial 
Correlation U V U V 

GC Geostrophic 16.7 15.8 0.66 0.59 0.63 

GC Geostrophic + Ekman 15.1 14.9 0.67 0.62 0.65 

OSCAR 16.3 15.8 0.67 0.59 0.64 



                                                                                           Validation      

February, 11th 2012 
 

 a- wind stress from ERA INTERIM 
 b- Ekman currents at the surface 
 c- Ekman currents at 15m depth 
d- geostrophic currents calculated 
using the GOCE-based geodetic 
MDT to reference altimeter SLA 
 e- Sea Surface Temperature 
 f- chlorophyll-a concentration 
 g-geostrophic currents calculated 
using the CNES-CLS13 MDT to 
reference altimeter SLA 
 h- Geostrophic+Ekman currents 
at the surface from GlobCurrent 
 i- Geostrophic+Ekman currents at 
15m depth from GlobCurrent. 

j- 

j- OSCAR currents 

Wind Ekman Hs Ekman 15 

SST OC 



Dataset of SVP-type drifting buoy velocities for validation 

A first drifter validation dataset has been prepared for validating the GlobCurrent products. 
The original data have been downloaded from the Surface Drifter – Data Assembly Center 
at AOML (http://www.aoml.noaa.gov/phod/dac/dacdata.php ). 
 They cover the period January 1993 - December 2012. 
A recent re-evaluation of the drogue death has been done at AOML following the method 
by Lumpkin et al (2012). 
Two distinct files are provided for drogued and undrogued SVP-type drifters 
Included colocated geostorphic currents, Ekman currents, wind slippage (Rio, 2012) 

Mean  wind slippage for undrogued drifters 

zonal meridional 

cm/s 

http://www.aoml.noaa.gov/phod/dac/dacdata.php�


Dataset of SVP-type drifting buoy velocities for validation 

Buoy velocities-
Geost 

Buoy velocities-
(Geost+Ekman) 

Buoy velocities-Wind 
slippage-(Geost+Ekman) 

cm/s 





Perspectives: Improved Regional Mean Dynamic Topography 
Use of SAR Doppler velocity measurements in the Agulhas current 

m/s 

SAR Drifters Altimetry 

Mean of ENVISAT ASAR Ascending path radial velocities (2009-2011) 

Mean of ENVISAT ASAR Descending path radial velocities (2009-2011) 

SAR Drifters Altimetry 
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