
Towards an estimation of water masses 

formation areas from SMOS-based T-S diagrams  

 
Marlene Klockmann1*, Roberto Sabia2, Diego Fernández-Prieto1,  

Craig Donlon3 and Jordi Font4  

 
1 ESA, ESRIN, Frascati, Italy 

2 Telespazio-Vega for ESA, ESTEC, Noordwijk, the Netherlands 
3 ESA, ESTEC, Noordwijk, the Netherlands 

 4 SMOS Barcelona Expert Centre, ICM-CSIC, Barcelona, Spain 
* now at Max Planck Institute for Meteorology, Hamburg, Germany 

EGU 2014 - Vienna, Austria, 28.04.2014 



In-situ: 

– ARGO ISAS Near Real Time (produced 

at Ifremer, Gaillard et al, 2009) 

Climatology: 

– World Ocean Atlas 2009 (WOA 09) 

 

 

 

Sea Surface Salinity (SSS): 

– SMOS Level 3 SSS optimal interpolated 

Sea Surface Temperature (SST): 

– Operational Sea Surface Temperature 

and Sea Ice Analysis (OSTIA) 

 

 

 

Additional data: 

– CMORPH precipitation 

– OAFlux evaporation 

– SSM-I wind speed 

– NOCS Surface Flux Data Set v2.0 

 

Datasets, 2011 



T-S Diagrams and Water masses 

– Temperature-Salinity (T-S) diagrams emphasize the 

mutual variability of ocean Temperature and Salinity, 

relating them to the corresponding density. 

– In [Sabia et al./Klockmann et al., 2012/2013, now 

submitted to JGR-Oceans special issue SMOS-Aquarius] it 

has been studied: 

o satellite-based surface T-S diagrams variability; 

o additional geophysical signal embedded in remote 

sensing data.  

– Currently, the main focus of the study deals with the exploitation of the T-S diagrams 

as a prognostic tool to derive water masses formation areas. 

– Water masses are characterized by a range of T-S values; they are formed at the 

surface by interaction with the atmosphere, mostly in winter. 

– SMOS mission is now providing the possibility of studying temporal and spatial 

patterns in water masses formation. Which water masses can we observe at the 

surface? When and where are they formed? 



– Short and long wave 

radiation 

– Sensible and latent 

heat flux 

– Evaporation 

– Precipitation 

Surface density flux: change in density induced by 
surface fluxes of heat and freshwater 
 

Speer & Tzipermann (1992) 

“Transformation equation” 

Approach 



“Formation equation” 

(Trans-)Formation  
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(Trans-)Formation in T-S space  

Formation 

Transformation 



Formation in T-S space (seasonal)  

Seasonal 
Formation 



Eighteen degree water  
(36.25 to  36.75 psu and  17.5 to 19.5°C 

 

January to March 2011  
(evolution of the formation peaks) 

 

Formation areas 
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Discussion and outlook 

• Good qualitative agreement with literature; quantitative comparison is subject 

to current efforts, besides extension to additional ocean basins. 

• The method is not taking into account advection/mixing processes. 

• Uncertainties associated with the choice of the input data need to be assessed 

further and quantified. 

• This approach allows to pinpoint the range of SST and SSS in the T-S diagrams 

where a specific water mass is formed. Known water masses can be identified 

and their formation traced in time and space. 

• The geographical representation of these points, ultimately, allows to provide a 

relevant temporal series of the spatial extent of the water masses formation 

areas. 

• Longer time series will contribute to the understanding of the temporal 

variability in water mass formation (both in T-S and geographical domains). 

• Future work aims at exploring additional datasets and at connecting the surface 

information to the vertical structure and to buoyancy-driven ocean circulation 

processes. 

 



Thank you 
 

Feel free to pass by… 
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Back-up slides 



Specific water masses – monthly means 



T-S diagrams 



Mismatches 



Effect of precipitation 



Effect of net heat and freshwater fluxes 

Net heat flux Net freshwater flux 

Mainly affects dSST Mainly affects dSSS 



Effect of wind speed 

SSM/I 

 



Speer & Tzipermann (1992) 

Trans- to Formation  


