
  

 Sensor synergies in studies of mesoscale and 
submesoscale dynamics 

• Numerous Remote sensing measurements
– Very high resolution SST, Ocean Colour, radar roughness 

images
– Low resolution Altimetry
– Mesoscale Scatterometry and Microwave

• Increased In Situ measurements
– Fixed networks
– ARGO floats
– Drifters

• Dynamical frameworks
–  Operational models 
– Assimilation and statistical methods
– Surface Quasi-geostropy, Ekman 



New 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.



 

• … most observations are not yet 
sufficiently explored and used

   Synergy between high resolution 
observations to reveal near-surface 
dynamics, convergence/divergence 
fronts and roughness contrasts



  

NewSSS products



  

Correlation between Cdom and SMOS SSS 



  

Correlation between AMSR-E brightness and SMOS SSS 



The SST example
 The GODAE / GHRSST-PP project

 Delivering a new generation of global and multi-sensor high resolution SST 
datasets, as defined by the GHRSST Science Team, reflecting a general 
consensus opinion (format, content, processing)

 Distributed approach for the operational production and dissemination of 
GHRSST data products  : Regional Data Assembly Center
 Regional areas
 Specific sensors

 Same processing model, format, content,…
 Quality control, flags, ancillary data, confidence
 products can be used individually or together with 

equal confidence
 Medspiration (ESA)

 European node for the GHRSST-PP system
 Funded by ESA

 MyOcean SST TAC (EU)
 Operational service for global SST



L4 SST products (GHRSST-PP project, Medspiration (ESA))

 
Objective : high resolution gap free maps of SST fundation
Optimal interpolation
Merging all sensors available (high resolution IR [AVHRR NOAA&METOP, MSG, 
AATSR, GOES] and low resolution MW [AMSRE,TMI])
Intercalibration of all sensors against AATSR
High (10km) to very high resolution (2km)



  
Numerous contemporaneous MODIS Brightness 

temperature and Ocean Colour surface signatures 



  
Numerous contemporaneous MODIS Brightness 

temperature and Ocean Colour surface signatures 



  
Numerous contemporaneous MODIS Brightness 

temperature and Ocean Colour surface signatures 



  
Numerous contemporaneous MODIS Brightness 

temperature and Ocean Colour surface signatures 



  



  



  

Oceanic regimes from SST observations: our approach

Satellite SST 
observations Interpolated SSTs

Front detection

Regularity in 
front region



 Singularity exponents
 AMSR-E SST 3 day mean

 March 1, 2008

 More examples in Turiel et al, 
RSE 2008



  

Eulerian Statistical Analysis: SSH and SST spectra



  

Practical application medium resolution data



  

Practical application to medium resolution data



  

New Eulerian Statistical Descriptors

Winding 
angle statistics, statistical properties 
of turbulent fields : e.g., Bernard et al. (2006)
Use of SLE analysis



  

Sea surface roughness



  



  

Sea Surface Roughness



  

3. Retrieval of the MSS variations  
w/o a priori defined PDF

1. Classical scattering problem Cox & Munk, 1954. 

2. Decomposition of brightness field 
on mean (sun glint width scale) and 
its variations (inner scale)
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Meso-scale 
Currents

Short Waves

Wave-Current 
Interaction

Wind Waves 
transformation of 
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Wave - Current Interaction :

Integral Parameters governs by :

Bragg Waves modulations affected by WB 

NRCS :  
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Radar and Optical Imaging Model 
(RIM and OIM) 
Kudryavtsev et al., 2005; Johannessen et al., 
2005



  

Meso-scale Current Field Wind Field

Roughness contrasts  

 Simulations



  

MERIS Glitter analysis



  



  



  

Meso- and submeso-scale details 



  

Meso- and submeso-scale details 



  

Meso- and submeso-scale details 



  

Reconstruction of Surface Currents 
from SST

1. Surface Quasi – Geostrophy fields   
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Vorticity of the surface QG current 

QG Stream-function  

2.  Interactions  Ekman and SQG  currents ( after Klein and 
Hua, 1990) 
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Simulated roughness variations



  

Radar roughness contrasts



  

Relative mss contrasts



Summary …

•  Study meso-scale and sub meso-scale phenomena = 
the combined  use of observations, including in situ 
measurements, Eulerian and Lagrangian descriptors

• Very (too) large number of scales
•  
• Observations and numerical simulations resolving the 

same scales are necessary (including sensor physics, 
observability conditions and instrument capabilities)

• Roughness contrasts as local quantitative proxies to 
trace divergence/convergence areas  



  

Ready for experiments !
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