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Figure 2: Artist's view of the SAC-D/Aquarius spacecraft (image credit: NASA, CONAE)

SAC-D/Aquarius is a multi-sensor mission covering ocean, land, atmosphere and space environments (Table 1). The
main objective is to contribute to the understanding of the total Earth system and the consequences of the natural
and man-made changes in the environment of the planet. The primary science goal is to study the processes that
couple changes in the water cycle and ocean circulation, and influence present and future climate, by measuring sea

surface salinity (SSS) variations globally for at least three years. Additional objectives include: 14) 15)

• Monitoring environmental changes, natural hazards and sea ice

- Measurement of SSS (Sea Surface Salinity)

- Measurement of Sea Surface Temperature (SST)

• Monitoring atmospheric parameters

- Measurement of the temperature and humidity profile of the troposphere and the stratosphere

- Measurement of rain rates, surface wind speeds, water vapor and cloud liquid water, over the oceans

- Measurement of sea ice concentration

• Studying effect of cosmic radiation on electronic devices and characteristics of space debris.

The prime instrument of the mission, Aquarius, provides maps of salt concentration on the ocean surface. The data
is needed to study the heat capacity of the ocean's which in turn effects Earth's climate and the water cycle.

The Aquarius science goals are to observe and model the processes that relate salinity variations to climatic
changes in the global cycling of water and to understand how these variations influence general ocean circulation.
Accurate measurements of SSS (Sea Surface Salinity), along with sea surface temperature, will determine the sea
surface density, which controls the formation of water masses and regulates the 3-dimensional ocean circulation.
The goals of SAC-D/Aquarius are closely aligned to the goals of NASA's ESE (Earth Science Enterprise) program
and to the National Space Program of Argentina.
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Monthly Averaged Aquarius SSS 
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Figure 3. (a) Salinity as a function of latitude averaged for all Aquarius tracks displayed in Figure 1 for different months for the August
2011 to September 2013 period. Color bar at right gives values in salinity units. Contour lines are at intervals of 0.2. Heavy lines are 37.4
contour. White line is the latitude of maximum salinity for each month. (b) As in Figure 3a but using SOOP data averaged in the box
(10!N–35!N, 30!W–45!W).

Journal of Geophysical Research: Oceans 10.1002/2014JC009825

BINGHAM ET AL. VC 2014. American Geophysical Union. All Rights Reserved. 7745

Bingham et al. (2014) 
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SMOS SSS Measures Gulf Stream Meanders 

While the OSCAR current patterns reveal the presence of meanders and rings on both sides of the stream, the
corresponding SST contrasts are small. As measured by SMOS, the SSS in the ring cores is well defined
because SSS maintains its surface characteristics far better than SST [The Ring Group, 1981]. An animation (in
the supporting information section S3 and here) further confirms the excellent consistency between the
spatial patterns of the 11 day composite daily running mean SMOS SSS and the OSCAR current fields,
especially during the warmest period of the year (May–October).

We then further consider two typical GS ring or meanders signatures from 3 through 13 June and from 28
July through 7 August 2012, respectively (Figure 2). The GS characteristically appears as a sharp frontal SSS
interface between the fresh slope (SSS< 35) and the salty Sargasso Sea (SSS≥ 35.5) waters. The June
anticyclonic ring (Figure 2a) is ~100 km in radius with its core centered at about (64.5°W; 41.2°N), showing
strong local salty anomalies (~ +2.5–3 psu) relative to the surrounding slope water. The ring is well captured
by the OSCAR current vectors. The animation (supporting information) reveals that this ring formed from
a downstream GS meander at ~ (62.5°W; 40°N) in mid-April, detached and drifted southwestward, in the
same direction but against the mean GS flow and reattached to form a new meander of the stream at
around~ (67°W; 40°N) in mid-July/end of August. On 8 June, an Argo float (platform WMO#4901139) was
located just inside the warm-/salty-core ring (Figure 2a) and the measured vertical structure of salinity (S) and
temperature (T) are shown in Figure 2c. The Argo float measurements at 6 m depth reveal SSS and SST
increase of ~+3 psu and~+4.8°C, respectively, with respect to a June climatology based on all locally
available historical Argo profiles. The satellite products are consistent, although exhibiting slightly smaller
amplitude anomalies at the surface than the pointwise in situ data with a ~ +2.8 psu SSS change estimated
from SMOS and a ~+3.2°C SST increase in the GHRSST products. The warm- and salty-core ring signature is
observable to at least 800m depth in salinity and 1000m in temperature (derived as the deviation of the Argo
measurements over depth from the local climatology profile).

Also (see supporting information section S2), the Matisse ship equipped with a TSG crossed that ring from
west to east on 29–30 May. Despite small-scale structures smoothed by the ~0.5° and 11 day average SMOS
data, the cross-ring SSS structure detected from space is also found to be in very good agreement with the in
situ ship observations.

In Figures 2b and 2d, we show the results of a similar analysis but for a fresh-/cold-core cyclonic circulation
structure detected from mid-June to the end of September with center located at ~ (45°W; 40°N). The SSS
and current field time series (supporting information) show that this cold-core structure formed around
(47.5°W; 40°N) in mid-June and completely separated from the GS frontal region toward the end of July,
propagating eastward to finally coalesce at a longitude of ~45°W toward the end of September. The SSS
structure shown in Figure 2b is a composite from 28 July through 7 August. An Argo float (platform
WMO #4901217) sampled the vertical S and T distributions on the northwestern border of this cyclonic

Figure 1. (a) SMOS SSS averaged from 15 to 25 August 2012. (b) GHRSST mean SST over the same period. In both plots, OSCAR surface currents are indicated by
black arrows.

Geophysical Research Letters 10.1002/2014GL059215

REUL ET AL. ©2014. American Geophysical Union. All Rights Reserved. 3143

Reul et al. (2014) 
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SSS and La Niña 

5 2010 La Ni~na episode the various data sets show a strong triplet of anomalies, positive north of 10!S, nega-
tive within about 10!S and 18!S, and then positive again south of 18!S. In 2011, the negative anomaly shifts
southward and becomes stronger as does the northern positive anomaly. This ENSO evolution is consistent
with the analysis of Delcroix and H!enin [1991] based on the 1969–1988 VOS bucket data available at that
time. Authors underlined the co-occurrence of regional changes in SSS and in precipitation due to the
ENSO effect on the Walker circulation. They however recall their earlier study [Delcroix and H!enin, 1989] that
stated the possible important role of mixing and advection upon the 1982–1983 ENSO SSS changes in the
SPCZ region. The following section presents an assessment of the role of each process in the salinity vari-
ability, as reproduced by the model.

4. Mechanisms Associated With the 2010–2011 SSS Anomalies

In order to understand the 2010–2011 variations in SSS, we investigate the processes that modify salinity within
the mixed layer (hereafter still called SSS), using an approach based on our model outputs as in Hasson et al.
[2013a] and earlier with other models in Vialard and Delecluse [1998a, 1998b] and Vialard et al. [2002].

The equation of the SSS budget may be written as
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Where hXi5 1
H

Ð 0
2H XðzÞdz corresponds to the parameter X averaged within the mixed layer of depth H

defined with a 0.01 kg m23 density criteria. The other parameters are referred to as follows: E for the evapo-
ration, P for the precipitation, R for the river runoff (%0 in our study domain), uh for the horizontal velocity
(including both zonal u and meridional v), we for the entrainment velocity, and K for the diffusion coefficient
(horizontal (Kh) and vertical (Kz)). Moreover, dS denotes the salinity jump at the base of the mixed layer.
Term (I) will be referred to as the SSS tendency and term (II) as the surface forcing. Terms (III) and (V) are,
respectively, the horizontal advection and diffusion processes. Analogously, terms (IV) and (VI) are the verti-
cal advection and entrainment and the subscale vertical processes. For conciseness, terms (III) and (V) are
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Changes to the Oceanic Niño Index (ONI)
Link to Previous Version of ONI (1971-2000 climatology)

 

Notice: Because of the high frequency filter applied to the ERSSTv3b data
(Smith et al. 2008, J.Climate), ONI values may change up to two months after
the initial "real time" value is posted. Therefore, the most recent ONI values
should be considered an estimate.

DESCRIPTION: Warm (red) and cold (blue) periods based on a threshold of +/-
0.5oC for the Oceanic Niño Index (ONI) [3 month running mean of ERSST.v3b
SST anomalies in the Niño 3.4 region (5oN-5oS, 120o-170oW)], based on
centered 30-year base periods updated every 5 years.

For historical purposes, periods of below and above normal SSTs are colored in
blue and red when the threshold is met for a minimum of 5 consecutive
overlapping seasons. The ONI is one measure of the El Niño-Southern
Oscillation, and other indices can confirm whether features consistent with a
coupled ocean-atmosphere phenomenon accompanied these periods.
 

Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ
1950 -1.4 -1.3 -1.2 -1.2 -1.1 -0.9 -0.6 -0.5 -0.4 -0.5 -0.6 -0.7
1951 -0.8 -0.6 -0.4 -0.2 0.0 0.4 0.6 1.0 1.1 1.2 1.1 0.9
1952 0.6 0.4 0.3 0.3 0.3 0.1 -0.1 0.0 0.2 0.2 0.2 0.3
1953 0.5 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.8
1954 0.7 0.5 0.1 -0.4 -0.5 -0.5 -0.6 -0.7 -0.8 -0.7 -0.7 -0.7
1955 -0.7 -0.7 -0.7 -0.8 -0.8 -0.8 -0.8 -0.7 -1.1 -1.4 -1.7 -1.6
1956 -1.1 -0.8 -0.6 -0.5 -0.5 -0.5 -0.5 -0.6 -0.5 -0.5 -0.5 -0.5
1957 -0.3 0.1 0.4 0.7 0.9 1.0 1.1 1.2 1.2 1.3 1.5 1.8
1958 1.8 1.6 1.2 0.9 0.7 0.6 0.5 0.3 0.3 0.4 0.5 0.6
1959 0.6 0.6 0.5 0.3 0.2 -0.1 -0.2 -0.3 -0.1 0.0 0.1 0.0
1960 -0.1 -0.2 -0.2 -0.1 -0.1 0.0 0.1 0.2 0.2 0.1 0.1 0.1
1961 0.0 0.0 0.0 0.1 0.3 0.4 0.2 -0.1 -0.3 -0.3 -0.2 -0.1
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1962 -0.2 -0.3 -0.3 -0.3 -0.2 -0.2 0.0 -0.1 -0.2 -0.3 -0.4 -0.5
1963 -0.4 -0.2 0.1 0.3 0.3 0.5 0.8 1.1 1.2 1.3 1.4 1.3
1964 1.1 0.6 0.1 -0.4 -0.6 -0.6 -0.6 -0.7 -0.8 -0.8 -0.8 -0.8
1965 -0.6 -0.3 0.0 0.2 0.5 0.8 1.2 1.5 1.7 1.9 1.9 1.7
1966 1.4 1.1 0.9 0.6 0.4 0.3 0.3 0.1 0.0 -0.1 -0.1 -0.2
1967 -0.3 -0.4 -0.5 -0.4 -0.2 0.1 0.1 -0.1 -0.3 -0.3 -0.3 -0.4
1968 -0.6 -0.8 -0.7 -0.5 -0.2 0.1 0.4 0.5 0.5 0.6 0.8 1.0
1969 1.1 1.1 1.0 0.9 0.8 0.6 0.5 0.5 0.8 0.9 0.9 0.8
1970 0.6 0.4 0.4 0.3 0.1 -0.2 -0.5 -0.7 -0.7 -0.7 -0.8 -1.0
1971 -1.2 -1.3 -1.1 -0.8 -0.7 -0.7 -0.7 -0.7 -0.7 -0.8 -0.9 -0.8
1972 -0.6 -0.3 0.1 0.4 0.6 0.8 1.1 1.4 1.6 1.9 2.1 2.1
1973 1.8 1.2 0.6 -0.1 -0.5 -0.8 -1.0 -1.2 -1.3 -1.6 -1.9 -2.0
1974 -1.9 -1.6 -1.2 -1.0 -0.8 -0.7 -0.5 -0.4 -0.4 -0.6 -0.8 -0.7
1975 -0.5 -0.5 -0.6 -0.7 -0.8 -1.0 -1.1 -1.2 -1.4 -1.5 -1.6 -1.7
1976 -1.5 -1.1 -0.7 -0.5 -0.3 -0.1 0.2 0.4 0.6 0.7 0.8 0.8
1977 0.6 0.6 0.3 0.3 0.3 0.4 0.4 0.4 0.5 0.7 0.8 0.8
1978 0.7 0.5 0.1 -0.2 -0.3 -0.3 -0.3 -0.4 -0.4 -0.3 -0.1 -0.1
1979 -0.1 0.1 0.2 0.3 0.2 0.0 0.0 0.2 0.3 0.5 0.5 0.6
1980 0.5 0.4 0.3 0.3 0.4 0.4 0.3 0.1 -0.1 0.0 0.0 -0.1
1981 -0.4 -0.6 -0.5 -0.4 -0.3 -0.3 -0.4 -0.4 -0.3 -0.2 -0.2 -0.1
1982 -0.1 0.0 0.1 0.3 0.5 0.7 0.7 1.0 1.5 1.9 2.1 2.2
1983 2.2 1.9 1.5 1.2 0.9 0.6 0.2 -0.2 -0.5 -0.8 -0.9 -0.8
1984 -0.5 -0.3 -0.3 -0.4 -0.5 -0.5 -0.3 -0.2 -0.3 -0.6 -0.9 -1.1
1985 -1.0 -0.9 -0.7 -0.7 -0.7 -0.6 -0.5 -0.5 -0.5 -0.4 -0.4 -0.4
1986 -0.5 -0.4 -0.2 -0.2 -0.1 0.0 0.3 0.5 0.7 0.9 1.1 1.2
1987 1.2 1.3 1.2 1.1 1.0 1.2 1.4 1.6 1.6 1.5 1.3 1.1
1988 0.8 0.5 0.1 -0.2 -0.8 -1.2 -1.3 -1.2 -1.3 -1.6 -1.9 -1.9
1989 -1.7 -1.5 -1.1 -0.8 -0.6 -0.4 -0.3 -0.3 -0.3 -0.3 -0.2 -0.1
1990 0.1 0.2 0.3 0.3 0.2 0.2 0.3 0.3 0.4 0.3 0.4 0.4
1991 0.3 0.2 0.2 0.3 0.5 0.7 0.8 0.7 0.7 0.8 1.2 1.4
1992 1.6 1.5 1.4 1.2 1.0 0.7 0.3 0.0 -0.2 -0.3 -0.2 0.0
1993 0.2 0.3 0.5 0.6 0.6 0.5 0.3 0.2 0.2 0.2 0.1 0.1
1994 0.1 0.1 0.2 0.3 0.4 0.4 0.4 0.4 0.5 0.7 1.0 1.2
1995 1.0 0.8 0.6 0.3 0.2 0.0 -0.2 -0.4 -0.7 -0.8 -0.9 -0.9
1996 -0.9 -0.8 -0.6 -0.4 -0.3 -0.2 -0.2 -0.3 -0.3 -0.3 -0.4 -0.5
1997 -0.5 -0.4 -0.1 0.2 0.7 1.2 1.5 1.8 2.1 2.3 2.4 2.3
1998 2.2 1.8 1.4 0.9 0.4 -0.2 -0.7 -1.0 -1.2 -1.3 -1.4 -1.5
1999 -1.5 -1.3 -1.0 -0.9 -0.9 -1.0 -1.0 -1.1 -1.1 -1.3 -1.5 -1.7
2000 -1.7 -1.5 -1.2 -0.9 -0.8 -0.7 -0.6 -0.5 -0.6 -0.6 -0.8 -0.8
2001 -0.7 -0.6 -0.5 -0.4 -0.2 -0.1 0.0 0.0 -0.1 -0.2 -0.3 -0.3
2002 -0.2 0.0 0.1 0.3 0.5 0.7 0.8 0.8 0.9 1.2 1.3 1.3
2003 1.1 0.8 0.4 0.0 -0.2 -0.1 0.2 0.4 0.4 0.4 0.4 0.3
2004 0.3 0.2 0.1 0.1 0.2 0.3 0.5 0.7 0.8 0.7 0.7 0.7
2005 0.6 0.4 0.3 0.3 0.3 0.3 0.2 0.1 0.0 -0.2 -0.5 -0.8
2006 -0.9 -0.7 -0.5 -0.3 0.0 0.1 0.2 0.3 0.5 0.8 1.0 1.0
2007 0.7 0.3 -0.1 -0.2 -0.3 -0.3 -0.4 -0.6 -0.8 -1.1 -1.2 -1.4
2008 -1.5 -1.5 -1.2 -0.9 -0.7 -0.5 -0.3 -0.2 -0.1 -0.2 -0.5 -0.7

Hasson et al. (2014) 
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 Intergovernmental Oceanographic Commission (IOC) of UNESCO is the United
Nations body for ocean science, ocean observatories, ocean data and information
exchange, and ocean services such as Tsunami warning systems. Its mission is to
promote international cooperation and to coordinate programmes in research, services
and capacity building to learn more about the nature and resources of the oceans and
coastal areas, and to apply this knowledge to improved management, sustainable
development and protection of the marine environment and the decision making
processes of States.

Read more...

IOC Upcoming Events
Meeting of the Regional Subsidiary Bodies of IOC
24 June 2013
Paris, France

46th Session of the IOC Executive Council
25 June 2013
Paris, France

27th Session of the IOC Assembly
26 June - 5 July 2013
Paris, France

IOCINDIO Regional Committee Member States meeting
26 June 2013
Paris, France

First session of the Intergovernmental Board on Climate Services
1 - 5 July 2013

2nd Workshop of the Global Ocean Acidification Observing Network
24 - 26 July 2013

Aquarius and SMOS SSS Measurements 

•  Summary	  	  
Ø  salt	  budget	  in	  the	  North	  Atlan=c	  
Ø  tropical	  instability	  waves	  
Ø  Rossby	  waves	  
Ø  mesoscale	  mo=ons	  
Ø  freshening	  of	  surface	  coastal	  waters	  from	  riverine	  ouOlow	  and	  impact	  on	  hurricane	  

forecas=ng	  in	  northwest	  Atlan=c	  
Ø  SSS	  response	  to	  La	  Niña	  
	  
	  

•  Recommenda=ons	  
Ø  Support	  sustained	  high	  spa=al	  and	  high	  frequency	  SSS	  measurements	  for	  improved	  

weather	  and	  climate	  applica=ons.	  
Ø  Assimilate	  measurements	  of	  satellite	  SSS,	  sea	  surface	  temperature,	  and	  ocean	  surface	  

topography,	  together	  with	  in-‐situ	  measurement,	  into	  ocean	  general	  circula=on	  models	  
to	  improve	  es=mates	  of	  ver=cal	  profiles	  of	  ocean	  currents	  and	  ocean	  heat	  transport	  
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•  IOC Global Ocean Observing System (GOOS) Ocean Observations Panel 
for Climate (OOPC) defined the Essential Ocean Variables (EOVs): 
Ø  Sea surface temperature, CGMS-39 
Ø  Ocean surface vector wind [meteorological ECV], CGMS-40 
Ø  Ocean surface topography, CGMS-41 
Ø  Ocean color, CGMS-42      
Ø  Sea surface salinity, CGMS-43 
Ø  Sea ice, CGMS-44 
Ø  Sea state 
Ø  Current 
Ø  Carbon dioxide partial pressure 

 

•  IOC, with support of JCOMM, proposes Sea Ice to be the subject of the 
CGMS-44 IOC-WP-01.   
Ø  Tentative title would be "Satellite Sea Ice Extent, Motion and Thickness 

Measurements: Contributions to Weather and Climate Variations." 

CGMS Guidance to IOC-UNESCO for CGMS-44 


