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Why!is!it!important!to!study!ocean!salinity?!
•  One+of+the+important+factors+that+affect+ocean+currents+&+climate+

•  Salinity+&+temperature+are+major+factors+determining+seawater+density.+
•  Horizontal+change+of+density+creates+pressure+gradient,+drives+horizontal+currents.+
•  VerDcal+gradient+of+density+controls+staDc+stability/instability+of+the+water+column+

(influences+verDcal+mixing,+convecDon,+and+air?sea+interacDon),+
•  Ocean+currents+redistribute+heat+geographically+to+regulate+ocean?atmosphere+

coupling+and+climate.+

•  A+key+indicator+of+the+global+water+cycle+
•  Large+uncertainDes+in+the+esDmates+of+evaporaDon+&+precipitaDon;++
+++++lack+of+river+runoff+&+ice+melt+measurements+in+some+regions.+
•  Ocean+salinity+decreases+in+response+to+precipitaDon,+river+runoff,+&+ice+melt.+
•  Ocean+salinity+increases+in+response+to+evaporaDon+&+sea+ice+formaDon.+

•  An+ecological+factor+for+many+pieces+of+marine+organisms+
•  Most+marine+species+are+adapted+to+certain+ambient+saliniDes.+
•  Change+in+salinity+influences+osmosis+process+for+many+marine+organisms.+



La?f!(2001)!

Gordon!(2003,!Nature)!

Salinity changes, inter-basin salt exchanges, and atmospheric freshwater 
transport regulate thermohaline circulation 

Salinity!important!to!largeIscale!ocean!circula?on!

Freshening!of!subpolar!
N.!Atlan?c!&!AMOC!
Curry!et!al.!(2003),!!
Wu!et!al.!(2004)!

Biastoch!et!al.!(2009)!



(e.g.,&Lukas&&&Lindstrom&1991,&&Sprintall&&&Tomczak&1982,&Maes&et&al.&2005&)&

Salinity!&!“barrier!layer”!important!to!airIsea!interac?on!

Barrier!layer:+a+layer+between+
the+isothermal+layer+&+(density)+
mixed+layer,+associated+with+
near+uniform+temperature+but+
significant+salinity+straDficaDon.+
+
+
Barrier+layer+tends+to+inhibit+
the+communicaDon+between+
the+thermocline+and+mixed+
layer;+amplifies+SST+response+to+
surface+heat+flux.+

Argo+profile+in+
tropical+Indian+Ocean+

Barrier+layer+



Scenarios (SRES) 21st-century future projec-
tions (6).Within these simulations, we investigated
the relationship between SSS and E-P pattern
changes. These simulations capture the full range
of complex dynamical changes in response to
GHG forcing, which include ocean surface (and
subsurface) temperature changes, dynamical
shifts to ocean and atmospheric circulation, up-
per ocean stratification changes, as well as
the regional effects of aerosols on water cycle
operation.

To quantify and compare the strength of
broad-scale SSS pattern intensification in both
observations and CMIP3, we formed zonal ocean
basin (Pacific, Atlantic, and Indian) averages
for both the 50-year (1950–2000) climatolog-
ical mean SSS and its 50-year (1950–2000)
linear trends. A linear regression was underta-
ken by using the basin zonal averages of the cli-
matological mean SSS (x axis) anomaly from
the global climatological SSS against the SSS
change pattern ( y axis; Fig. 1J). We defined the
resulting slope of this relationship as the pat-
tern amplification (PA) and the corresponding
correlation coefficient (R) as the PC. A key ad-
vantage of this analysis is its insensitivity to
the mean spatial climatological biases in mod-
el fields (30) when compared to observations,
because the model change fields are compared
to their own model climatology. We formed the
PA and PC metrics for each model simulation

and our observational analysis (fig. S2 presents
comparative basin zonal mean analyses for avail-
able global SSS studies; see supplementary text
section 1.1).

Analysis of trends in observed SSS in-
dicates that from 1950 to 2000 the SSS PA is
8% with a PC of 0.7 (Fig. 1J). Similar to ob-
servations, many models show a high PC (~0.7
to 0.9) between the climatological mean SSS
and the corresponding climatological mean
E-P. However, most 20C3M model simulations
show a weaker-than-observed spatial PC and
PA between the 50-year SSS mean and SSS
change patterns (Fig. 1, D and G versus E and
H and F and I) and do not uniformly provide a
realistic simulation of observed surface mean
SSS patterns or their change over 1950–2000
(Fig. 1, D and G; fig. S6; table S2; and supple-
mentary text section 2). Our examples of the
simulations that most closely replicate the ob-
served spatial change and mean patterns (Fig.
1, E and H) and those that produce an almost
inverse spatial change pattern (Fig. 1, F and
I) compared with the observed results (Fig.
1, D and G) illustrate the range of responses
found in CMIP3 (Fig. 1). Some models show
similar numbers to those observed (Fig. 1, E, H,
and K), whereas others have very low values
of both PA and PC (Fig. 1, F, I, and L), in-
dicating no clear SSS pattern amplification.
Such discrepancies raise a key question: What

controls this difference in the modeled SSS
response, and how is this related to water cy-
cle changes?

The PA and PC methodology can also be
used when considering other variables, such
as the surface water flux (E-P). CMIP3 sim-
ulations show a relationship between SSS PA
and the E-P PA (Fig. 2B). This key result sup-
ports the use of SSS PA as a diagnostic of a
changing water cycle and also provides a re-
lationship in which to consider the observed
SSS PA for 1950–2000. The CMIP3 SSS pat-
terns amplify at twice the rate of E-P patterns
(Fig. 2B). The reason that E-P PA drives a
stronger response in SSS PA for CMIP3 is not
clearly understood and requires further inves-
tigation, but the relationship between them is
compelling.

When investigating water cycle changes, it is
important to consider the coincident global sur-
face warming, the natural thermodynamic frame-
work of water cycle amplification. If expressed in
a per degree warming context, such water cycle
rate changes can then be directly compared to
other studies, both oceanographic and atmospheric
in their origins (table S3, fig. S9, and supplemen-
tary text section 4).

For both the 20C3M and SRES CMIP3 sim-
ulations, we find a relationship between the
rate of global average surface warming (DTa)
and the rate of SSS PA and PC strength (Fig.

Fig. 1. Observed and se-
lected CMIP3 20C3M sim-
ulations of surface salinity
and water fluxes. Surface
annual mean water flux from
1950 to 2000 (E-P m year−1)
(A to C). Surface annual
mean salinity 1950–2000
(PSS-78) (D to F). Surface
salinity change 1950–2000
(PSS-78 50 year−1) (G to I).
Basin zonal-mean surface
salinity trends (y axis) versus
basin surface mean salinity
anomaly from the surface
basin zonal mean; in text
these are the PA (slope) and
PC (correlation coefficient, R)
(J to L). The observed result
of (25) [(D), (G), and (J)] and
(A) the observed result of
(32) for 1980–1993. Results
from the Canadian Centre for
Climate Modelling and Anal-
ysis, CGCM3.1 (T63) model
[(B), (E), (H), and (K)] and re-
sults from the UK MetOffice,
HadGEM1 model [(C), (F), (I),
and (L)]. For (A) to (C), black
contours mark every 1 m
year−1. For (D) to (F), black
contours represent surface
mean salinity every 1 PSS-
78 for bold lines and 0.5 for thin. For (G) to (I), white contours represent surface salinity change every 0.25 PSS-78.
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REPORTS

EMBARGOED UNTIL 2PM U.S. EASTERN TIME ON THE THURSDAY BEFORE THIS DATE:

Net+freshwater+flux+(evaporaDon+–+precipitaDon)+

+
+
+

Mean+sea+surface+salinity+(SSS)+
+
+
+
+

Observed+50?year+SSS+trend+
+
+
+
+

CorrelaDon+of+SSS+change+&+mean+SSS+
(fresh!gets!fresher,!salty!gets!sal?er)!

Durack&et&al.&(2012,&Science)&
Salinity!trend!1950I2000:!intensifica?on!of!global!water!cycle?!!

m3/year+

psu+

psu+



Primary!inIsitu!systems!that!measure!ocean!salinity!

•  Argo+profiling+floats+

•  Moored+buoys+(mostly+in+the+tropics)+
+
•  CTD+sensors+deployed+from+research+vessels+

Limita?ons:!
+
•  Sparse+(e.g.,+averaged+density+of+Argo+floats+is+1+float+per+3ox3o).+

•  10?day+surfacing+interval+of+Argo+floats+is+inadequate+to+resolve+shorter?period+
features+such+as+tropical+instability+waves.+

•  Mooring+data+have+a+lot+of+disconDnuiDes;+do+not+allow+esDmates+of+spaDal+
gradients.+

•  CTD+data+are+available+only+at+limited+transects.+



Measuring!sea!surface!salinity!(SSS)!from!space:!
a!new!fron?er!of!ocean!remote!sensing!

Soil!Moisture!&!Ocean!Salinity!(SMOS)!
Mission!by!European!Space!Agency!

Aquarius/SACID!Mission!by!NASA!&!
CONAE!

Launched+Nov.+2009+ Launched+June+2011+



Main!scien?fic!objec?ves!of!SMOS!&!Aquarius!

•  Monitor+global+ocean+SSS+variability++
++++on+intraseasonal,+seasonal,+to+interannual+Dme+scales.+

•  InvesDgate+SSS+effects+on+ocean+(thermohaline)+circulaDon:+
?Large+Scale+frontal+dynamics+
?EvoluDon+of+Large+scale+salinity+events+
?Mesoscale+acDvity+(eddies)+
++
•  InvesDgate+the+relaDonships+between+SSS+and:+
?  climate+variability+(El?Niño,+la+Niña,+IOD,+MJO,..)+
?  global+water+cycle+(EvaporaDon+minus+PrecipitaDon,+run+
offs).+

•  Improve+ocean+and+climate+models.+



Aquarius/SAC?D+?++Joint+venture+between+NASA+and++
Comisión+Nacional+de+AcDvidades+Espaciales+(CONAE)+of+ArgenDna+

•  Aquarius+instrument+from+NASA+
•  SAC?D+spacecrab+from+CONAE+
•  ParDcipaDon+from+Italy,+France,+

Brazil,+and+Canada.+
•  Launched+June+10,+2011+
•  Science+data+from+Aug.+2011+
•  Mission+development:+JPL+
•  Ground+op+control:+CONAE+
•  Data+processing+system:+GSFC+
•  Data+distribuDon:+PO.DAAC+at+JPL+
•  Sun?synchronous+orbit+
•  AlDtude+657+km+(408+mi)+
•  150?km+resoluDon+
•  7?day+repeat+w/+global+coverage+



•  Passive microwave radiometer 
 (L-band - 1.4GHz)  
•  2D interferometry 
•  multi-incident angles (0°-55º) 
•  ~ 1000 km swath  
•  Fully polarimetric observations 
•  spatial resolution:  20-50km 
•  revisit time:  1-3 days  
•  Launch: 2009 
•  Nominal 3 year mission,  
•  Extended to 2017 

SMOS Technical Concept  

72 receivers in total"
(18 in each arm, 18 on the hub)"
"
21 receiver elements per arm:"
6 x 3 + 3 (hub) "
"
9 redundant receivers (in hub)"

arm  (3.36 m length)"
"
element spacing:  0.88 λ"



Sun-synchronous exact repeat orbits 
6pm (am) ascending (descending) node 
for Aquarius & reversed for SMOS 

3-beam “pushbroom” 
forming a 390-km swath, 
pointing toward the night 
side to avoid sunglint 

Target accuracy: 0.2 parts 
per thousand (ppt) or 
practical salinity unit (psu) at 
150-km, monthly scales. 

0.2 psu is about 0.6% of 
mean salinity of the world 
ocean, equivalent to 1/8th 
teaspoon of salt in a gallon 
of freshwater 

More!on!missions!design!
1000 km Swath, 40 km 
Spatial resolution, multi-
incidence angle views 



Courtesy+Maiew+MarDn+(UK+Metoffice)+

FOAM+model+

Aquarius+ Argo+

SMOS+

Satellite SSS daily Sampling 





The!challenges!of!retrieving!SSS!from!space!

Wind+and+Wave+ReflecDon+of+Sky+RadiaDon+ Rain+effects+

In+addiDon+to+the+“flat”+sea+surface+emission,+we+must+correct+for+effects+due+to+the+sky,+
atmosphere,+ionosphere,+land+and+ice,+and+especially+surface+roughness.+



The!first!salinity!measurements!from!Space!
Skylab!Space!Sta?on!(1973)!

1.4 GHz radiometer with 1 m phased array antenna 
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Lerner & Hollinger, 1976, NRL Memo 3306 



Some!early!airborne!campaigns!



       Aquarius/SACID!instrument!characteris?cs!

Primary+
instruments+



•  Aquarius++&+SMOS+radiometers+measure+microwave+radiaDon+from+the+sea+
surface,+expressed+as+“brightness+temperature”+TB++

•  TB+is+the+product+of+emissivity+(e)+&+sea+surface+temperature+(T):+
+++++TB=eT,++where+e≈0.3+for+seawater+

•  e+is+a+funcDon+of+incidence+angle+θ,+polarizaDon+(H+or+V),+sea+state+(surface+
roughness),+and+dielectric+coefficient+ε+(funcDon+of+SSS,+SST,+and+radio+
frequency)+

•  Main+factors+controlling+TB++are+SSS,+SST,+and+surface+roughness.+

•  “Back+out”+SSS+from+measurements+of+TB+(from+radiometer),+SST,+&+surface+
roughness+(from+scauerometer+for+Aquarius)+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
by+constraining+a+theoreDcal/empirical+“Geophysical+Model+FuncDon”+of+TB+with+
various+measurements++

•  Also+need+to+correct+for+effects+of+galacDc+reflecDon,+land+signal+leakage,+radio+
frequency+inference+(RFI),+surface+roughness+caused+by+rain,+etc.+

How!does!SMOS!&!Aquarius!infer!SSS?!



Sensitivity increases with SST 

LIband!TB!has!be_er!sensi?vity!to!SST!at!warm!waters!
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Sensitivity vs Radiometer Frequency 

1.413 GHz Protected Band 

•  It is a protected band (radio 
astronomy) 

•  Antenna size is manageable. 
Aquarius will have a 2.5 m 
antenna to yield a footprint 
~100 -150km.  

•  There is enough sensitivity to 
detect SSS signatures (~0.1K ≈ 
0.2 psu) 

•  To achieve the required 
accuracy, the Aquarius 
radiometers are built with 
unprecedented precision (0.1K) 

Why!1.413!GHz?!



Aquarius!SSS!in!2012!

Target+accuracy+of+0.2+psu+is+about+0.5%+of+mean+SSS+of+the+global+oean+



5+years+
of+SMOS+
SSS+data+

From+Space+



Highlights+of+Science+Results+



TIW,+Meso?scale+cicrularion+features+



•  TIWs affect ocean, 
climate, 
biogeochemistry 

•  Aquarius reveals 
TIWs salinity 
structure for the 1st 
time from space). 

•  Brings new 
understanding to 
TIWs. 

 
Lee, Lagerloef, 
Gierach, Yueh, Dohan 
(2012, June GRL) 

SSS from Aquarius (color shading), SST (contours in a), 
surface currents (arrows in b) on Dec. 11, 2011 (7-day maps) 

psu 
Aquarius Captures Pacific  

Tropical Instability Waves (TIWs) 

Reynolds ¼-deg OI 

OSCAR 



Aquarius SSS & OSCAR surface current 

Animation produced by Hsun-Ying Kao,  Earth & Space Research 



SSS, SST, SSH show strongest signals at 0, 2, 4N, complementary 

Aquarius!reveals!faster!TIW!propaga?on!near!equator!than!off!equator!
•  Twice+as+fast+as+that+off+the+equator+observed+by+SST+&+SSHA+(during+2011)+
•  Not+reported+in+the+past+3+and+half+decades+of+TIW+literature+



TIWs!near!the!equator!have!a!dominant!period!of!17!days!
(characteris?c!of!Yanai!Waves).!Those!away!from!equator!have!
dominant!periods!of!33!days!(characteris?cs!of!Rossby!waves)!

!Equator+ 4N+
33+day+ 17+day+ 33+day+ 17+day+



SMOS data reveal interannual variation of TIW speed at 
equator,  faster during La Nina 

 
Yin, Boutin, Reverdin, Lee, Arnault, and Martin, 2014, JGR, accepted  

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



Aquarius also captures the much weaker Atlantic TIWs  
Lee, Lagerloef, Kao, McPhaden, Willis, and Geriach (2014, JGR accepted) 
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0.5 m/s 

SSS’ 
magnitude 
about half of 
that of Pacific 
TIWs 



Substantial influence of salinity on energetics 
of tropical Atlantic TIWs 

Lee, Lagerloef, Kao, McPhaden, Willis, and Gierach (2014, JGR, accepted) 

20-50 day surface 
perturbation potential 
energy (PPE) 
  
accounting for SSS & 
SST contributions 
 
 
 
 
considering only SST 
contribution 
 
 
 

Ignoring salinity underestimates surface PPE by 3 times in the central eq. Atl! 



! SMOS+reveals+SSS+structure+of+the++Gulf+Stream++
with+an+unprecedented+Space+and+Dme+resoluDon++
+
! Cold/fresh+Core+rings+are+beuer+captured+by++
SSS+observaDons+than+by+SST+during+summer.+
+
! Chl+concentraDon+in+the+separated+Gulf+Stream++
significantly+depend+on+SSS+

! SynergisDcs+analysis+SSS?SST?SSH?Color+

! PerspecDve+:+Surface+salt?transport+esDmates++
By+Eddies+Subtropical"Subpolar+Gyres+

N.&Reul&et&al.&GRL&2014&





CorrelaDons++
SSS/SLA+
SST/SLA+



SSS+horizontal+gradients+ SST+horizontal+gradients+

• +SSS+fronts+agree+well+between+model+and+SMOS+observaDons+
• +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+observaDons+

M.+MarDn+(UK+Metoffice)+

SMOS+

FOAM+
Model+



October+2012+monthly+average+
Dark+contour+is+34.6+isohaline+

Aquarius!resolves!much!sharper!SSS!gradients!than!Argo!
Magnitude+of+SSS+gradient++

in+the+tropical+Pacific+
(Kao+&+Lagerloef+2014,+JGR)+

SSS+gradient+in+the+tropical+AtlanDc+
(Lee+et+al.+2014,+JGR)+

ps
u/
km

+



(Kolodziejczyk&et&al.,&JGR,&2014)+ +Isohaline+36.6+
+VorDcity+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!(airIsea!exchange)!



Large+Scale+salinity+Events+&+Climat+indexes+



Hasson&et&al,&JGRLOcean,&2014&

Satellite+SSS+reveals+large+scale+
anomalies+related+to+ENSO,+Ocean+

Indian+Dipole...+

!
!

Durand&et&al.,&Ocean&Dynamics,&2013&



The+Western+Pacific+SSS+Anomaly++

"Analyzing+the+2010?2011+La+Niña+signature+in+the+tropical+Pacific+sea+surface+salinity+using+in+situ+data,+
SMOS+observaDons+and+a+numerical+simulaDon"+by+A.+Hasson,+T.+Delcroix,+J.+BouDn,+R.+Dussin,+and+J.+
Ballabrera?Poy.+In+revision+,++JGR?+SMOS/+Aquarius+Special+Issue+



Aquarius reveals MJO-related SSS signature & importance of SSS 

MJO composite pattern of outgoing longwave radiation 

MJO composite pattern of 
SSS 

Grunseich,&Subrahmanyam,&&&Wang&(2013,&GRL)! Guan,&Lee,&Halkides,&&&Waliser&(2014,&GRL)&

Based on 8-phase WH Index 



Aquarius!SSS!reveal!annualIperiod!Rossby!Waves!in!the!S.!Indian!Ocean!
Menezes,&Vianna,&and&Phillipes&(2014,&JGR)!

SpaTal&amplitude&of&the&1st&EOF&mode&of&surface&currents!



Water+cycle:+rain+&+River+Runoffs+



SMOS+data+now+allow+the+regular+monitoring+of+the+seasonal+&+interannual++
variability+in+the+discharge+&+advecDon+of+freshwater+river+plumes+into+the+ocean++

Reul&et&al.,&Rev&Geophys&2014&
Fournier&et&al.,&JGR,&2014&





SMOS+data+now+allow+the+regular+monitoring+of+the+seasonal+&+interannual++
variability+in+the+discharge+&+advecDon+of+freshwater+river+plumes+into+the+ocean++

Reul&et&al.,&Rev&Geophys&2014&

Ensemble&of&in&situ&measurements&collected&during&the&period&1977L2002&+

SMOS&data&collected&during&the&period&2010L2012&+





Through+its+links+with+PrecipitaDons,+SMOS+salinity+data+provide+a+new+tool+to+
be_er!characterize!!the!increase!in!the!marine!tropical!hydrological!cycle!strength!!

+
Courtesy+J.+BouDn+(LOCEAN)+

BouTn&et&al.&(2014),&Sea&surface&salinity&under&rain&cells:&SMOS&satellite&and&in&situ&dri\ers&observaTons,&JGR&Oceans&



The!impact!of!rain!on!SMOS!SSS!
1ISMOS!SSS!spa?al!varia?ons!

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

Train-Tsmos =0.5h 

Rainy+SSS+–+‘Rain?free’+SSS+~+?0.19+RR+
+
+‘Rain?free’+SSS:+average+of+SSS+colocated+with+
RR=0+in+a+radius+of+150km+around+rainy+pixels+

Slope=?0.19pss/mm/hr+
r=?0.66+

Ra
in
y+
–+
‘ra

in
?fr
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’+S
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+

Rain+Rate+(mm/hr)+26&August&2012&



Satellite+SSS+and+Air?Sea+interacDons+



Grodsky&et&al.,&GRL,&2012&

Reduced!SST!cooling!!
over!halocline!driven!!
stra?fica?on!

AQUARIUS+and+SMOS++
SSS+before++
hurricane+KaDa+
+(2011).++
Crosses+are++
the+hurricane++
daily+posiDon.++
+
SSS+differences++
+aber+minus+before++
+the+hurricane++
passage.++
35+psu+contour++
before+the+passage++
of+KaDa+is+overlain.++
+
+
+
SST+differences++
aber+minus++
before++the++
hurricane+passage.++
++
+

Haline!wake!of!Hurricanes!in!the!Amazon!plume!&!Impact!on!
Intensifica?on!Grodsky&et&al.&(2012,&GRL);&Reul&et&al.&(2014,&JGR)!

SSS+&+SST+differences++aber+minus+before++
+hurricane++Igor+passage+(2010).++
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Far Eastern Pacific Fresh Pool 
surface salinity variability observed 
by SMOS and Aquarius sensors over 

the period 2010-2012  
+

EGU-2013,   Session OS4.9+



SMOS+

SMOS+detecDon+of+the+Upwelling+in+April+2010+
SMOS+

Panama+
Upwelling+

Alory+et+al,+JGR,+2012+



Satellite+SSS+to+improve+Ocean+Models+



PSU+

Surface+salinity+difference++
(SMOS+assimilated++minus+not+assimilated)++

(2010–2011+mean)+

GECCO2/MIT+ocean+circulaDon++Model+
A.+Köhl,+University+of+Hamburg,+2014+

Major!impact!in!high!precipita?on!
&!river!runoff!zones!

On+short?Dmescales,+changes+in+the+esDmated+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!assimila?ng!surface!salinity!from!SMOS!on!ocean!circula?on!es?mates,!JGR.!Oceans!!

Change+in+E?P+(mm/
d)+

Tes?ng!the!impact!of!assimila?ng!satellite!SSS!

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



Assimila?on!of!Aquarius!SSS!improved!coupled!model!hindcasts!!
of!NINO3!SST!for!lead!?me!>!5!months!

Hackert,&Busalacchi,&and&BallabreraLPoy&(2014,&JGR)!

ASSIM_TZ:+baseline+experiment,+assimilaDon+of+all+subsurface+temperature+data+
ASSIM_TZ_SSSIS:+assimilaDon+of+all+subsurface+temperature+and+in?situ+salinity+data+
ASSIM_TZ_SSSAQ:+assimilaDon+of+all+subsurface+temperature+and+Aquarius+SSS+data+
+
The+lauer+has+higher+correlaDon+&+lower+rms+values+with+respect+to+observed+NINO3+SST+
for+lead+Dmes+>+5+months.+(Beuer+sampling+of+Eq.+Kelvin+wave+impact+on+SSS+by+Aquarius)+

CorrelaDon+with+observed+NINO3+SST+ rms+value+wrt+to+observed+NINO3+SST+



Mapping!and!monitoring!Surface!Density!variability!!
from!Satellite!SSS!&!SST!



Next!Challenges:!reaching!an!accurate!SSS!from!Space!in!
Colder!and!high!La1tude!oceans!



Summary 
•  SMOS and Aquarius have brought significant new understanding to intraseasonal 

variability in the ocean associated with mesoscale eddies, TIWs and MJO that are 
important to ocean dynamics, climate variability, and biogeochemistry. 

•  Resolving these features (esp. TIWs) went beyond the original expectation of science 
return (seasonal-interannual time scales). 

•  Demonstrates complementarity with other observing systems (e.g., SST & SSH do not 
show TIW propagation as well at the equator; Argo floats do not resolve TIWs, SSS & 
SSH better correlated in summer than SST & SSH in the Gulf Stream). 

•  Demonstrate the ability to monitor the path of large tropical river waters 
 In the ocean 

•  A major strength of satellite SSS relative to in-situ SSS is the ability 
-  to estimate spatial gradient, which is critical to the studies of eddy-mean flow interaction 

and related air-sea interaction. 
-  To estimate 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 circulation) 
 





Last meeting during 2nd SMOS Science Conference (May 2015) 

SMOS-Mission Oceanographic Data Exploitation 
SMOS-MODE  

www.smos-mode.eu 
info@smos-mode.eu 

SMOS-MODE supports the network of SMOS ocean-related R&D 



SMOSIMODE!
(SMOS?Mission+Oceanographic+Data+ExploitaDon)++

www.smos?mode.eu+
info@smos?mode.eu+

•  SMOS?MODE+supports+the+network+of+SMOS+ocean?related+R&D+
•  MeeDngs+
•  Workshops+
•  Training+school+
•  Short+Term+ScienDfic+Missions+

•  Overall!Aim:+
•  To+coordinate+pan?European+teams+to+define+common+protocols+to+produce+highIlevel!salinity!

maps!and!related!products,+and+broaden+experDse+in+their+use+for+opera?onal!applica?ons.+
•  To+bridge+remote+sensing+and+applicaDons+communiDes+

•  21+countries+represented.+CoIchairs:++
•  Antonio+Turiel,+SMOS+Barcelona+Expert+Centre+(SMOS?BEC),+Barcelona,+Spain++
•  Nicolas+Reul,+IFREMER,+Brest,+France+

•  Last+meeDng+during+2nd+SMOS+Science+Conference!


