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

  



•  Where	  are	  we	  in	  term	  of	  SMOS	  SSS	  data	  
quality	  ?	  
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q SMOS	  monitoring	  of	  Mesoscale	  variability	  of	  
SSS	  in	  frontal	  structures,	  eddies	  



§ SMOS	  reveals	  SSS	  structure	  of	  the	  	  Gulf	  Stream	  	  
with	  an	  unprecedented	  Space	  and	  :me	  resolu:on	  	  
	  
§ Cold/fresh	  Core	  rings	  are	  beNer	  captured	  by	  	  
SSS	  observa:ons	  than	  by	  SST	  during	  summer.	  
	  
§ Chl	  concentra:on	  in	  the	  separated	  Gulf	  Stream	  	  
significantly	  correlated	  with	  SSS	  

§ Synergis:cs	  analysis	  SSS-‐SST-‐SSH-‐Color	  

§ Perspec:ve	  :	  Surface	  salt-‐transport	  es:mates	  	  
By	  Eddies	  SubtropicalóSubpolar	  Gyres	  

Reul	  et	  al.	  GRL	  2014	  





SSS	  horizontal	  gradients	   SST	  horizontal	  gradients	  

• 	  SSS	  fronts	  agree	  well	  between	  model	  and	  SMOS	  observa:ons	  
• 	  However,	  SMOS	  data	  shows	  a	  frontal	  structure	  in	  the	  main	  part	  of	  the	  GS	  which	  the	  
model	  doesn’t	  represent.	  Who	  is	  right	  ?	  
• 	  Surface	  warming	  has	  masked	  the	  underlying	  structures	  in	  SST	  in	  summer,	  SSS	  comes	  
as	  a	  natural	  complement	  to	  SST	  &	  SSH	  observa:ons	  

M.	  Mar:n	  (UK	  Metoffice)	  

SMOS	  

FOAM	  
Model	  



(Kolodziejczyk	  et	  al.,	  JGR,	  2014)	   	  	  	  	  	  	  	  Isohaline	  36.6	  
	  	  	  	  	  	  	  Vor:city	  8	  10-‐5	  s	  -‐1	  (core	  of	  current)	  

August	  2011	  

MODIS	  Chl	  
SMOS	  SSS	  

TMI	  SST	  

In	  summer,	  eddy	  signature	  persistent	  on	  SSS,	  Chl	  
but	  not	  on	  SST	  (air-‐sea	  exchange)	  



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)	  



Bou:n	  et	  al	  2014	  



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 





SMOS	  data	  now	  allow	  the	  regular	  monitoring	  of	  the	  seasonal	  &	  interannual	  	  
variability	  in	  the	  discharge	  &	  advec:on	  of	  freshwater	  river	  plumes	  into	  the	  ocean	  	  

Reul	  et	  al.,	  	  
Rev	  Geophys	  2014	  

Ensemble	  of	  in	  situ	  measurements	  collected	  during	  the	  period	  1977-‐2002	  	  

SMOS	  data	  collected	  during	  the	  period	  2010-‐2012	  	  

Hopkins	  et	  al.,	  RSE,	  2013	  



SMOS SSS= color background fields 
Oscar currents= arrows 
Blue contours=TRMM 3B42 rain rate 



Through	  its	  links	  with	  Precipita:ons,	  SMOS	  salinity	  data	  provide	  a	  new	  tool	  to	  
beCer	  characterize	  	  the	  increase	  in	  the	  marine	  tropical	  hydrological	  cycle	  strength	  	  

BouOn	  et	  al.	  (2014),	  JGR	  Oceans	  



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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Near-Surface Salinity Schematic Diagram for L-band 
Radiometer 

Rain-induced 
fresh layer Evaporation- 
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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 



QuesFon	  
 
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?  

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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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	  days	  aPer...	  

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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Norain 



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

SSS 
SMOS	  SSS-‐	  ARGO	  SSS	  versus	  satellite	  RR	  
Tropical	  Pacific	  5N-‐15N	  (July-‐Sept	  2010)	  

-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)	  



Grodsky	  et	  al.,	  GRL,	  2012	  

Reduced	  SST	  cooling	  	  
over	  halocline	  driven	  	  
straFficaFon	  

AQUARIUS	  and	  SMOS	  	  
SSS	  before	  	  
hurricane	  Ka:a	  
	  (2011).	  	  
Crosses	  are	  	  
the	  hurricane	  	  
daily	  posi:on.	  	  
	  
SSS	  differences	  	  
	  aker	  minus	  before	  	  
	  the	  hurricane	  	  
passage.	  	  
35	  psu	  contour	  	  
before	  the	  passage	  	  
of	  Ka:a	  is	  overlain.	  	  
	  
	  
	  
SST	  differences	  	  
aker	  minus	  	  
before	  	  the	  	  
hurricane	  passage.	  	  
	  	  
	  

SSS	  &	  SST	  differences	  	  aker	  minus	  before	  	  
	  hurricane	  	  Igor	  passage	  (2010).	  	  

Reul	  et	  al.	  (2014,	  JGR)	  



SMOS 

SMOS 

Panama 
Upwelling 

Alory et al, JGR, 2012 



Maes	  et	  al.,	  Geoscience	  Let,	  	  2014	  

28°C	  

22.5	  kg/m3	  

New	  use	  of	  a	  water	  density	  criterion	  to	  characterize	  the	  cold	  
tongue	  seasonal	  cycle	  



q Temperature-‐Salinity	  diagrams	  
q Thermo-‐haline	  circula:on/surface	  density	  



1.	  Genera:ng	  rou:nely	  satellite-‐
derived	  surface	  T-‐S	  diagrams,	  
obvia:ng	  the	  lack	  of	  extensive	  
sampling	  of	  the	  surface	  open	  
ocean	  	  

Sabia	  et	  al.,	  JGR,	  2014,	  
SMOS-‐Aquarius	  special	  
issue	  

2.	  Displaying	  the	  T-‐S	  diagrams	  
variability	  and	  the	  distribu:on/
dynamics	  of	  SSS,	  altogether	  with	  
SST	  and	  the	  rela:ve	  density	  with	  
respect	  to	  in-‐situ	  measurements	  



Mapping	  and	  monitoring	  Surface	  Density	  variability	  	  
from	  Satellite	  SSS	  &	  SST	  

First time mapping of Satellite Sea surface Density variability  
made possible thanks to SMOS SSS=> key for thermo-haline circulation 



q Bio-‐Chemistry	  



Salinity	  data	  are	  key	  for	  assessing	  the	  marine	  carbonate	  system,	  and	  new	  space-‐based	  salinity	  
measurements	  will	  enable	  the	  development	  of	  novel	  space-‐based	  ocean	  acidifica:on	  assessment.	  
As	  the	  carbon	  cycle	  is	  dominantly	  controlled	  by	  the	  balance	  between	  the	  biological	  and	  solubility	  
carbon	  pumps,	  innova:ve	  methods	  to	  exploit	  exis:ng	  satellite	  sea	  surface	  temperature	  and	  ocean	  
color,	  and	  new	  satellite	  sea	  surface	  salinity	  measurements,	  are	  needed	  and	  will	  enable	  frequent	  
assessment	  of	  ocean	  acidifica:on	  parameters	  over	  large	  spa:al	  scales.	  

Land	  et	  al.,	  	  
Environmental	  Science	  	  
&	  Technology,	  2015	  
	  
Alkalinity=func:on(SSS,SST)	  
(Lee	  et	  al,	  2006)	  
	  



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.  



q Ocean	  Circula:on	  Modeling	  



PSU	  

Surface	  salinity	  difference	  	  
(SMOS	  assimilated	  	  minus	  not	  assimilated)	  	  

(2010–2011	  mean)	  

GECCO2/MIT	  ocean	  circula:on	  	  Model	  
A.	  Köhl,	  University	  of	  Hamburg,	  2014	  

Major	  impact	  in	  high	  precipitaFon	  
&	  river	  runoff	  zones	  

On	  short-‐:mescales,	  changes	  in	  the	  es:mated	  surface	  salinity	  result	  primarily	  from	  changes	  in	  surface	  freshwater	  
fluxes,	  while	  over	  longer	  periods	  ocean	  dynamics	  become	  increasingly	  more	  important	  for	  changing	  the	  near-‐surface	  
salinity.	  

Köhl	  et	  al.,	  (2014)	  Impact	  of	  assimilaFng	  surface	  salinity	  from	  SMOS	  on	  ocean	  circulaFon	  esFmates,	  JGR.	  Oceans	  	  

Change	  in	  E-‐P	  (mm/
d)	  

First	  tests	  =>	  importance	  of	  careful	  caracterizaOon	  of	  errors	  and	  mixed	  layer	  physics	  



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 



•  SMOS	  have	  brought	  significant	  new	  understanding	  to	  intraseasonal	  variability	  in	  the	  ocean	  associated	  with	  mesoscale	  eddies	  &	  TIWs	  
that	  are	  important	  to	  ocean	  dynamics,	  climate	  variability,	  and	  biogeochemistry.	  

•  SMOS	  SSS	  demonstrates	  complementarity	  with	  other	  observing	  systems	  (e.g.,	  SST	  &	  SSH,	  CHl,	  in	  situ).	  

•  Demonstrate	  the	  ability	  to	  monitor	  the	  path	  of	  large	  tropical	  river	  waters	  In	  the	  ocean	  &	  the	  links	  with	  ocean	  color	  

•  Clearly	  detected	  freshening	  signals	  associated	  with	  high	  precipitaFon	  zones	  (rain	  gauge	  ?)	  

•  New	  views	  on	  air-‐sea	  interacFons	  processes	  such	  as	  upwellings	  and	  hurricane	  interacaFons	  with	  fresh-‐pool	  barrier	  layers	  

•  New	  views	  on	  the	  short	  space	  &	  Fme	  scales	  of	  the	  bio-‐chemistry	  of	  the	  	  carbonate	  system	  (pCO2,	  alkalinity..)	  

•  New	  capability	  to	  monitor	  surface	  wind	  speed	  in	  extreme	  condiFons	  of	  Tropical	  cyclones	  
	  
•  A	  major	  strength	  of	  satellite	  SSS	  relaFve	  to	  in-‐situ	  SSS	  is	  the	  ability	  
-‐  to	  esFmate	  spaFal	  gradient,	  which	  is	  criFcal	  to	  the	  studies	  of	  eddy-‐mean	  flow	  interacFon	  and	  related	  air-‐sea	  interacFon.	  
-‐  To	  esFmate	  and	  “interfacial	  SSS”,	  proxy	  of	  ocean-‐atmosphere	  water	  fluxes	  
-‐  To	  provide	  in	  synergy	  with	  SST	  a	  first	  view	  of	  the	  surface	  density	  variability	  (thermo-‐haline	  circulaFon)	  

Future	  Challenges	  	  
q  Data	  quality	  homogenizaFon	  (Land	  sea	  contaminaFon,	  RFI	  &	  driP,	  cold	  Seas)	  
q  MulF-‐sensor	  synergies	  (SMOS-‐Aquarius-‐SMAP)	  
q  	  Ocean	  Modelling	  Impact	  

 



Some	  SMOS	  publica:ons	  2014-‐2015	  
•  Brown,	  C.	  W.,	  J.	  Bou:n,	  and	  L.	  Merlivat	  (2015),	  New	  insights	  of	  pCO2	  variability	  in	  the	  tropical	  eastern	  Pacific	  Ocean	  

using	  SMOS	  SSS,	  Biogeosciences	  Discuss.,	  12(6),	  4595-‐4625,	  doi:10.5194/bgd-‐12-‐4595-‐2015.	  
•  Fournier	  Severine,	  Chapron	  Bertrand,	  Salisbury	  Joseph,	  Vandemark	  Douglas,	  Reul	  Nicolas	  Comparison	  of	  spaceborne	  

measurements	  of	  sea	  surface	  salinity	  and	  colored	  detrital	  maNer	  in	  the	  Amazon	  plume.	  Journal	  of	  Geophysical	  
Research	  -‐	  Oceans	  IN	  PRESS.	  hNp://dx.doi.org/10.1002/2014JC010109.	  

•  Kolodziejczyk,	  N.,	  O.	  Hernandez,	  J.	  Bou:n,	  and	  G.	  Reverdin	  (2015),	  SMOS	  salinity	  in	  the	  subtropical	  north	  Atlan:c	  
salinity	  maximum.	  Part	  II:	  Horizontal	  thermohaline	  variability,	  J.	  Geophys.	  Res.	  Oceans,	  120,	  972–987,	  doi:
10.1002/2014JC010103.	  

•  Land	  P.,	  Shutler	  J.	  Findlay	  H.,	  Girard-‐Ardhuin	  F.,	  Sabia	  R.,	  Reul	  N.,	  Piolle	  J.F.,	  Chapron	  B.,Quilfen	  Y.,	  Salisbury	  J.,	  
Vandemark	  D.,	  Bellerby	  R.,	  Bhadury	  P.	  (2015).	  Salinity	  from	  space	  unlocks	  satellite-‐based	  assessment	  of	  ocean	  
acidifica:on.	  Environmental	  Science	  &	  Technology,	  49(4),	  1987-‐1994.	  hNp://dx.doi.org/10.1021/es504849s	  

•  Bou:n,	  J.,	  N.	  Mar:n,	  G.	  Reverdin,	  S.	  Morisset,	  X.	  Yin,	  L.	  Centurioni,	  and	  N.	  Reul	  (2014),	  Sea	  surface	  salinity	  under	  rain	  
cells:	  SMOS	  satellite	  and	  in	  situ	  drikers	  observa:ons,	  Journal	  of	  Geophysical	  Research:	  Oceans,	  119(8),	  5533–5545,	  
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