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Nicolas Reul, SMOS Scientist 
(IFREMER) 

With contributions from SM0S & 
Aquarius science team members 



Highlights of Science Results: 
 
!!Where are we ? 
!!Mesoscale variability of SSS (and density) in frontal structures, eddies 
!!Ocean propagative SSS signals (e.g. TIW, planetary waves)  
!!Large scale SSS anomalies related to climate fluctuations (e.g. ENSO, IOD) 
!! Freshwater flux Monitoring (precip, river run off) 
!!Air-Sea interactions (upwellings, Tropical cyclone wakes) 
!!T-S diagrams 
!!Bio-chemistry 
!! Surface Wind Remote Sensing in Tropical Cyclones 

  



•  Where	
  are	
  we	
  in	
  term	
  of	
  SMOS	
  SSS	
  data	
  
quality	
  ?	
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Satellite SSS 
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q SMOS	
  monitoring	
  of	
  Mesoscale	
  variability	
  of	
  
SSS	
  in	
  frontal	
  structures,	
  eddies	
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See N. Kolodziejczyk’s talk 
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•  SMOS	
  monitoring	
  of	
  Ocean	
  propaga:ve	
  SSS	
  
signals	
  (e.g.	
  TIW,	
  planetary	
  waves)	
  



SMOS	
  Sea	
  Surface	
  Salinity	
  
signatures	
  of	
  tropical	
  instability	
  

waves	
  
Xiaobin Yin1,2, Jacqueline Boutin1, Gilles Reverdin1, Tong 
Lee3, Nicolas Martin1 and Sabine Arnault1 
  
1. Laboratoire d’Océanographie et du Climat-
Expérimentation et Approches numériques / Institut Pierre 
Simon Laplace – UMR 7159 CNRS/IRD/UPMC/MNHN, 
Paris, France 
2. ARGANS, Plymouth, UK 
3. Jet Propulsion Laboratory, California Institute of 
Technology, Pasadena, California, USA 



Variable phase speed of 17-day SSS signal at the 
equator 

 

Yin et al., JGR 2014 

Consistent with Aquarius result (Lee et al. 2012) during this 
period 

Decrease in TIW speed at the equator during La Niña-> El Niño transition 



q Detec:on	
  and	
  monitoring	
  of	
  Large	
  scale	
  SSS	
  
anomalies	
  related	
  to	
  climate	
  fluctua:ons	
  	
  

(e.g.	
  ENSO,	
  Indian	
  Ocean	
  Dipole)	
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Hasson et al. 2014 









	
  
	
  

Durand	
  et	
  al.,	
  Ocean	
  Dynamics,	
  2013	
  

Durand	
  et	
  al.,	
  Ocean	
  Dynamics,	
  2013	
  



q Freshwater	
  flux	
  Monitoring	
  
	
  (precipita:on	
  induced	
  signals,	
  river	
  run	
  off)	
  



Satellite	
  SSS	
  monitors	
  variability	
  of	
  river	
  discharges:	
  
Amazone	
  and	
  Orinoco	
  River	
  Plumes	
  

Reul et al., Surv. Geophys., 2014 
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SMOS SSS= color background fields 
Oscar currents= arrows 
Blue contours=TRMM 3B42 rain rate 
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SMOS SSS lower than ARGO optimal Interpolated SSS maps in rainy 
regions (e.g. ITCZ, SPCZ..) : what part of this difference explainable by 
rain stratification/intermittency? 
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Stratified with 
Evaporation 

Near-Surface Salinity Schematic Diagram for L-band 
Radiometer 

Rain-induced 
fresh layer Evaporation- 

induced 
salty layer 

Satellite L-band radiometric salinity at depth range from 1 to 10 cm 

Salinity measured by in situ sensors/platforms at depth below 1 m 
Schematic Diagram made by the SISS working group  



SMOS – ARGO SSS in tropical 
Pacific 0.1 fresher and more 
variable 
than in subtrop Atlantic;  
if SMOS rainy measurements are 
removed, std_diff in ITCZ and 
SPURS becomes the same => 
rain effect in ITCZ 

Ascending + Descending orbits 

Mean(std) SMOS-ARGO SSS 
-0.12 (0.46) 45°S-45°N   
-0.02  (0.25) Subtrop. Atlantic 
-0.15  (0.30) N.E. Trop. Pacific 

SMOS - ARGO (Jul-Sep 2010) 
SMOS SSS averaged within +/-50km & +/- 5days around ARGO SSS 
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Boutin et al., Ocean Science, 2013 
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How reliable is the rain induced SSS variability 
measured by SMOS?  
 
Can we confidently use satellite SSS for 
studying the influence of rain on sea surface 
(~1cm) salinity?  (~1cm) salinity?  

SMOS SSS (color) &  
SSM/I rain rate (isolines) 

Train-Tsmos =0.5h 

Boutin et al. JGR 2014 in press 



SSSsmos on 11/8 at 13h39= 
32.9+/-0.2; N=38

SSSsmos on 16/8 at 13h44 = 
33.4 +/-0.3; N=34
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a) ARGO profile on 11/8 20:00 UTC
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ARGO 

AMSRE 11 Aug. 20:55 
             ~ARGO profile  

SSMIs F17 11 Aug. 13:40  
               ~SMOS 1st pass  <SSSsmos 10d,100km> 

ISAS 

Boutin et al, 2013, Ocean Science 
Rain Rate (mm/hr) 0 

Effect	
  of	
  rain	
  on	
  ARGO	
  &	
  SMOS	
  (The	
  closest	
  colocated	
  case)	
  

Norain 



10	
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SSSsmos on 11/8 at 13h39= 
32.9+/-0.2; N=38

SSSsmos on 16/8 at 13h44 = 
33.4 +/-0.3; N=34
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SSSsmos on 21/8 at
13h49= 33.6+/-0.2; N=37

SSSsmos on 24/8 at
13h33= 33.3+/-0.6; N=34
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b) ARGO profile on 22/08 6:52 UTC
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AMSRE 22 Aug. 9:40 
                ~ARGO profile 

SSMI F15 24 Aug. 13:12 
                 ~SMOS 2nd pass  

ARGO 

Norain 



The impact of rain on SMOS SSS 
SMOS SSS - ARGO_rainfree[-2hr;+1hr] 

SSS 
./0.%...Q%BDE0%...%J#$838%8&*#44(*#%DD%
H$,G(?&4%S&?(P?%aeQ_ae%;i345Q.#G*%b`_`@%

-0.18 pss/ mm/hr 
r = -0.5 

Boutin et al, JGR, 2014 

 

In SW Pac : 
-0.22 pss/mm/hr 
r = -0.5  





See S. Guimbard’s talk 

SMOS (surface) 

In situ analyses 
(depth) 

Rain analyses 
(CMORPH) 



q Air-­‐Sea	
  Interac:ons	
  (hurricanes	
  &	
  Barrier	
  
Layers,	
  upwellings)	
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SMOS 

SMOS 

Panama 
Upwelling 

Alory et al, JGR, 2012 

SMOS SMOS 



/&#8%#*%&4OL%E#,8?(#)?#%d#*L%%b`_f%

b^l7%

bbOa%XCM+[%

e#'%38#%,-%&%'&*#$%1#)8(*5%?$(*#$(,)%*,%?"&$&?*#$(V#%*"#%?,41%
*,)C3#%8#&8,)&4%?5?4#%



q Temperature-­‐Salinity	
  diagrams	
  
q Thermo-­‐haline	
  circula:on/surface	
  density	
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First time mapping of Satellite Sea surface Density variability  
made possible thanks to SMOS SSS=> key for thermo-haline circulation 



q Bio-­‐Chemistry	
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New insights of pCO2 variability in the tropical eastern Pacific 
Ocean using SMOS Salinity 

C W Brown, J Boutin, L Merlivat,  LOCEAN Paris 

Brown et al. 2015, New insights of pCO2 variability in the tropical eastern Pacific 
Ocean using SMOS SSS, Biogeoscience Discussion. 

A quantitative analysis of the opposite effects of 
local upwellings and rainfall on the variability 
of surface ocean CO2 partial pressure and of 
the air-sea CO2 flux.  

New insights of pCO



q Ocean	
  Circula:on	
  Modeling	
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q High-­‐Surface	
  wind	
  remote	
  sensing	
  



Atmosphere is almost transparent to L-band radiation 
SMOS offer a unic opportunity to monitor ocean surface properties in extreme wind 
conditions for which scatterometry & passice microwave at higher frequencies  
are inadequate 

Reul et al, JGR, 2012 
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Some	
  SMOS	
  publica:ons	
  2014-­‐2015	
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  C.	
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  J.	
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  L.	
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  (2015),	
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