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 1.3 million SSS observations distributed over the global ocean since 125 years:  
 
!! No data in 27%  elementary oceanic 1° x1°  area, not accounting for arctic zones. 
  
!!70% of these surfaces present at most 10 historical observations 

!!28%  of all observations were sampled in the coastal domain 

!! Up to 1960, there was no more than 10,000 observations/year " 1 observation per 
4°X4°  cell 
!!Since 2002, very net increase in the density of measurements (ARGO network) 

White - N < 10 
Blue - 10 < N < 100 
Green- 100 < N < 1000 
Red - 1000 < N 

(F. Bingham et al, 2002!



 
!! Low variability particularly in the Southern seas and North Pacific 
!!But higher variability around large river run off (Amazon 
Congo, Yang Tse, Ganga..),  largest currents (Gulf Stream, kuroshio,  
Agullas, …) & in the Tropical bands  
 

Monthly climatology of the sea surface salinity: 

Atlantic Ocean saltier than Pacific and Indian oceans 



Le sel et la température à la surface des océans 

Salinity  Temperature  

Global and seasonnal distributions of surface salinity strongly differ from the surface temperature one. 
It is because the processes involved and sources responsible for their own variability are different: 
 
#!Ocean are heated in the Tropics and lose heat at higher latitutes 

#!Salinity is modified by dilution-concentration processes associated with the fresh water fluxes. 
The latter result from the balance between precipitation,  evaporation, ice melting/pounding and river run off.  

Salinity Temperature





At the ocean surface (P=0), for S=35 (pss-78), 

•! a 0.11 salinity increase in cold water (T = 2°C),  
•! a 0.44 salinity increase in warm water (T =28°C), 
are equivalent to a 1°C warming in Temperature for changing density 

Similar to temperature and humidity for the atmosphere 

Salinity & Temperature: indicators of water masses 
thermo-dynamical state 

 Salinity  S & Temperature T are  indicators of the water masses density !: 

b'92/2*'*a3/15+'c'



•! Conveyor belt . Return period  ~1000 
years. 

•! Density differences 
•! Global scale circulation 

The higher salinity in the 
Atlantic sustains the 

oceanic deep 
overturning circulation 

Idealized global thermohaline circulation (~1000 years) 

Warm surface currents 

Deep cold currents 
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Evaporation Precipitation Evaporation Evaporation PrecipitationEvaporation Evaporation 

Sea ice Melting/Pounding 
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Evaporation increases in the Sub-tropical areas and so does the surface salinity 

Where precipitation dominates, surface salinity decreases. (Equatorial convection zone & 
mid-latitudes 
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Salinity wake  
behind hurricanes 
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Why	
  measuring	
  SSS	
  from	
  Space?	
  
	
  

• Salinity is a key parameter of ocean 
dynamics and Climate:                      

ü Thermo-haline Circulation 

ü Global Water Cycle 

  (Fresh water flux ,  E-P-R) 

ü Oocean-atmosphere Coupling 

   (e.g., ENSO, en rate of CO2 
absorbtion) 
 

• Salinity is a key parameter for ocean Bio-
chemistry and Biology 

• Lack of SSS measurements  
    Implications on climatology 

GOOS (Global Ocean Observing System) 
scientific plan : 

Accuracy ~0.1 psu/monthly  

Spatial scale: 100-200 km2 
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Basics of SSS measurements 
from Space 
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Protected Band  
(Radio-astronomy) 
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An istantaneous  accuracy on SSS of 0.1 psu would require a 
radiometer TB measurement accurate to within: 
~0.03 K  for an SST=0°C ! 
~0.07 K for an SST=30°C ! 

X-*'5+*'4)5='S'&T!E%M%P),C&-3%%-3%U%VWX8%Y?Z!Y?U%['HU'2*,-+585;?,/8',-/88*+;*'V'



First trial 1973     SkyLab S-194:  

L-band radiometer data  

Low accuracy & Spatial resolution  

Not enough data  

Technical limitations due to the size of 
antennas at L band 
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Soil Moisture and Ocean Salinity) 

The sensor:    L band interferometric synthetic aperture Radiometer  (1.4 GHz) 
 
 
 
 
 
 
 
 
 
 
 
 
a)  SMOS   artist view                                        b) SMOS swath 
 
Brightness temperature measurements at different incidence angles (0° – 60°) 
Ground resolution: 35-80 km  Global coverage every 3 days 
 Spot accuracy (instantaneous)  ~1 psu 



 
L band (1.4 GHz)  radiometer with 3 incidence angles + L band scatterometer  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Aquarius/SAC-D 

a) Aquarius  artist view                                           b) Swath  

Spatial resolution: 100 km every 10 days. Accuracy ~0.5 psu 
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Here	
   is	
   an	
   example	
   of	
   the	
   scene	
   brightness	
   model	
   for	
   one	
   coastal	
   snapshot.	
   Direct	
  
celes1al	
   sky	
  brightness	
  has	
  been	
  mul1plied	
  by	
   ten	
   in	
   the	
  plot	
   to	
   show	
   it	
  more	
  clearly,	
  
and	
  land	
  brightness	
  temperature	
  has	
  been	
  set	
  to	
  280	
  K	
  arbitrarily.	
  

EXAMPLE	
  of	
  SMOS	
  BRIGHTNESS	
  TEMPERATURE	
  
MAPS	
  at	
  antenna	
  Level	
  



SMOS	
  Field	
  of	
  View	
  (Blackman)	
  

Boutin et al., Tb to SSS, SMOS TRAINING SESSION, 5-9 Nov. 2012 

Major axis 
in L2OS, equivalent 
resolution up to 100km 

Zine et al. 2007 

Incidence angle 

Dwell line: 
Tb measured during 
successive snapshots 
along a dwell line fall 
into the same grid 
point => set of Tb 
used for retrieving 
SSS  



CONCEPT	
  OF	
  A	
  DWELL	
  LINE	
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THE	
  Mul1Angular	
  SMOS	
  Aquisi1on	
  



SMOS	
  orbital	
  characteris1cs	
  

1	
  day	
  of	
  SMOS	
  data	
  over	
  the	
  	
  
ocean	
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SMOS SSS is retrieved through a least square minimisation of the 
difference between SMOS  and  modeled Tb along a dwell line: 

 
 
 
 
 

Retrieval of SSS ("=100pss), SST ("=1°C), WS("=2m/s on wind components (model 1), 
 "=2m/s on wind modulus (model 2 & 3)), TEC ("=5TecU) through the minimisation of: 

             (iterative Levenberg & Marquard algorithm) 

SMOS L2 OS retrieval method 

Tbmeas corrected for OTT 
 
Tbmod is computed at antenna level (Tx, Ty) in order to avoid interpolation for getting 
same incidence angle. 
 



Measuring Salinity from Space: 

 A real challenge! 
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What	
  can	
  SMOS	
  achieve	
  in	
  
salinity	
  observa1ons?	
  

A	
  technological	
  and	
  scien1fic	
  
challenge	
  

	
  
	
  
	
  
	
  

SMOS	
  SSS	
  from	
  one	
  ascending	
  and	
  one	
  
descending	
  semi-­‐orbit	
  on	
  24	
  Jul	
  2012	
  a^er	
  
removing	
  flagged	
  data	
  (hsp://
www.argans.co.uk/smos/pages/
products.php)	
  
	
  
	
  
 
 

Along	
  track	
  Level	
  2	
  SSS	
  qualita1vely	
  OK	
  but	
  very	
  noisy.	
  	
  
Average	
  needed	
  to	
  check	
  mission	
  requirements	
  (Level	
  3)	
  
	
  

30	
   38	
  

SSS	
  Monthly	
  Climatology	
  	
  

30	
  

40	
  

30	
  

40	
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The	
  SMOS	
  products	
  used:	
  
Centre	
  Aval	
  de	
  Traitement	
  des	
  Données	
  SMOS	
  (Level	
  3)	
  

hsp://www.catds.ifremer.fr/	
  

CNES/CESBIO/IFREMER	
  
French	
  ground	
  segment	
  
For	
  SMOS	
  L3	
  &	
  L4	
  

Data	
  Period:	
  2010-­‐2015	
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SMOS	
  Level	
  3	
  product:	
  10	
  days	
  /	
  1º	
  op1mally	
  interpolated	
  ocean	
  
salinity	
  map	
  for	
  15	
  –	
  24	
  January	
  2012	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
SMOS	
  Barcelona	
  Expert	
  Centre	
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Global	
  SMOS	
  salinity	
  maps	
  
Global	
  SMOS	
  salinity	
  maps:	
  BEC	
  products	
  



SMOS-­‐ESA	
  Documenta1on	
  
•  Newsleser	
  (every	
  ~2months)	
  
•  Available	
  on	
  hSps://earth.esa.int/web/guest/missions/esa-­‐operaVonal-­‐eo-­‐missions/

smos/newsleSer	
  
•  =>Highlights	
  (RFIs,	
  new	
  results	
  etc…)	
  
•  =>Data	
  availability	
  (anomalies	
  +	
  calibra1on)	
  	
  

(see	
  also:	
  hsps://earth.esa.int/web/guest/missions/esa-­‐opera1onal-­‐eo-­‐missions/smos/available-­‐data-­‐processing)	
  
•  =>Upcoming	
  mee1ngs	
  
•  =>Data	
  access	
  

•  L2OS	
  release	
  note	
  (when	
  new	
  processed	
  data	
  delivered)	
  
•  =>	
  Recommenda1ons	
  about	
  the	
  use	
  of	
  released	
  data	
  (quality/defaults)	
  
•  Release	
  note	
  for	
  v62x	
  salinity	
  data	
  available	
  on:	
  
•  hSps://earth.esa.int/documents/10174/1854503/SMOS_L2OSv622_release_note	
  

•  Access	
  to	
  SMOS	
  data	
  
•  See	
  hsps://earth.esa.int/web/guest/-­‐/how-­‐to-­‐obtain-­‐data-­‐7329	
  



Other Informations: 

http://www.salinityremotesensing.ifremer.fr/ 
http//www.cesbio.ups-tlse.fr/us/indexsmos.html 
http://www.argans.co.uk/smos 
http://www.locean-ipsl.upmc.fr/smos 
 
Special SMOS issue in IEEE TGRS, 2012 
Special SMOS-AQUARIUS issue JGR 2014 
 


