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eangrá�
o, 191 - São Paulo, SP, Brasilolga�io.usp.brAbstra
t.The monitoring of the o
eani
 heat storage is a task that 
an be 
arried out by the use of satellitealtimeter data. Sin
e variability in sea surfa
e height is mostly due to the expansion and 
ontra
tion of the water
olumn it 
an be 
orrelated with variations in the heat and salt 
ontent. Therefore, estimation of heat storagefrom spa
e would require 
orre
tions for the haline e�e
t. To investigate the importan
e of salinity e�e
ts onheat storage anomaly over the tropi
al and South Atlanti
 o
ean we 
ompare the estimates using in situ data.Over 22,000 temperature and salinity (TS) pro�les were obtained from Argo verti
al pro�lers drifters to examinethe in�uen
e of salinity variability in the estimation of heat storage from altimeters. Mean 
limatologi
al TSvalues are provided by the World O
ean Database 2001. The anomalies from in situ data are estimated relativeto these means from 
limatology.The sea surfa
e height anomaly due to haline e�e
ts are prominent in two regions near: near the Braziland Malvinas 
urrents 
on�uen
e zone at 40◦S, and around this same latitute on the eastern side of the basin,possibly brought by the Agulhas 
urrents. The South Atlanti
 presents a slight positive anomaly in sea surfa
eheight. The 
orrelations in the heat storage anomaly between the Argo in situ and altimeter data are generallygood throughout the Atlanti
. The largest dis
repan
ies are found near the a Plata river region, as expe
ted,and in the eastern North Atlanti
. The latter 
ould be related to subsurfa
e �ow of salty waters from theMediterranean Sea. The use of in situ measurements of subsurfa
e salinity to 
orre
t the heat storage fromsatellite is an important addition to observe and understand the o
ean dynami
s.Palvras-Chaves: satellite o
eanography, salinity, o
ean�atmosphere intera
tion, 
limate variability, heat �ux1. Introdu
tionChanges in the o
eani
 heat storage (HS) reveal important eviden
es of 
limate variability onthe o
ean heat �uxes. The o
eani
 heat budget is a balan
e of heat storage (HS) rate, heat �uxat the air�sea interfa
e, and horizontal divergen
e of o
eani
 heat �ux. Spe
i�
ally, long-termvariations in the o
eani
 heat storage is a powerful indi
ator of 
limate 
hange as HS represents abalan
e between the net energy input into the o
ean through the surfa
e and the poleward heat�uxes by the o
ean 
urrents. Histori
ally, HS has been estimated by integrating the temperaturepro�les from hydrographi
 
ruises or buoy data. Therefore, the knowledge of its variability islimited by data availability. The use of satellite altimeter data opened up new possibilities to
ontinuously monitor the o
eani
 HS in a global s
ale with unpre
edented resolution in bothspa
e and time. O
eani
 heat storage anomalies are estimated from sea surfa
e height anomaliesmeasured from the altimeters TOPEX/Poseidon and Jason 1 (TJ). To 
hara
terize and validatethe use of the altimeter based HS in the Atlanti
, we used the data from the Argo proje
t.HS has been derived from altimeter data through the relation between thermosteri
 variationsin the upper layer and variations in the sea surfa
e height (White and Tai (1995), Chamberset al. (1997), Wang and Koblinsky (1997), Polito et al. (2000). The 
omparison between insitu and satellite derived HS shows dis
repan
ies that 
an be related to haline e�e
ts. Thesee�e
ts are relatively strong in 
oastal regions, de
reasing toward the open o
ean (Tabata et al.,1986). Sato et al. (2000) using data from three lo
ations showed that a haline height 
orre
tionsigni�
antly improves the satellite derived HS and that this 
orre
tion should be based on in siturather than 
limatologi
al estimates. In this study we intend to expand their methodology forthe tropi
al and South Atlanti
 o
ean using a expanding 
olle
tion of temperature and salinitymeasurements from the Argo proje
t.
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To quantify the salinity variability is an important point to understand the global 
limate
hange. It has been suggested that the thermohaline 
ir
ulation in the North Atlanti
 
ould beweakened due to an in
rease in fresh water in the northern North Atlanti
. Salinity 
hangesplay a role in sea level 
hange due to the addition or removal of fresh water and due to thehaline 
ontra
tion fa
tor in sea level (density) 
al
ulations. Many studies have fo
used in thestudy of surfa
e salinity variability limited to regional 
ir
ulation or short periods of time.In the past de
ade, the establishment of moored array su
h as the Pilot Resear
h MooredArray in the Tropi
al Atlanti
 (PIRATA) allow us to 
ontinuously monitor the variability ofo
ean parameters at surfa
e and subsurfa
e layers. Initiatives su
h as the Argo drifter pro�lersrepresent an unpre
edented view of the o
ean interior. The 
ombination of salinity measurementsover almost a half de
ade in the Atlanti
 o
ean in 
ombination with altimeter based heat storagewe will be able to improve our knowledge of the relations between the salinity and temperaturestru
ture and their variability at the surfa
e and subsurfa
e layers of the o
eans.2. MethodThe HS of an observed temperature pro�le is
HS = ρCp

∫
0

−h

T (z)dz, (1)where ρ is the density of seawater, Cp is the spe
i�
 heat at 
onstant pressure, T (z) is thetemperature pro�le, and h is the depth to whi
h the temperature is integrated. HS is expressedin units of J m−2.The heat storage anomaly (HS′) is estimated from the �ltered height anomaly (η) a

ordingto the linear relation (Chambers et al. (1997):
HS ′ =

ρCp

α
(η + ηh), (2)where α is the thermal expansion 
oe�
ient and ηh the height 
orre
tion for the haline e�e
t.The produ
t ρCp(x, y, t), a fun
tion of longitude, latitude and time, is derived from 
lima-tologi
al maps of the World O
ean Atlas 2001 (WOA01) (Conkright et al. (2002) for a 1◦×1◦grid and is averaged from the surfa
e to a depth h. α(x, y, t) is estimated by averaging from thesurfa
e to a depth h the 
limatologi
al α pro�le weighted by layer thi
kness and temperatureanomaly.

ηh(x, y, t) is estimated by the integral of the produ
t of the 
limatologi
al haline 
ontra
tion
oe�
ient, β, and the salinity anomaly (residual after subtra
ting the annual mean) pro�lesfrom the surfa
e to a depth h

ηh =

∫
0

−h

β∆Sdz. (3)The original TOPEX/Poseidon and Jason 1 (T/J) sea surfa
e height anomaly (ηo) is de
om-posed using 2D �nite impulse response �lters (Polito and Liu (2003). This method uses previousknowledge of the spe
tral 
omposition of the signal (approximate period and wavelength) toseparate it into additive 
omponents:
ηo = ηt + ηw + ηr = η + ηr. (4)

ηt is the basin�wide variability, mostly due to seasonality and adve
tion. ηw is the meso to large�s
ale propagating signal 
omposed mainly of baro
lini
 Rossby, Kelvin and instability waves. ηris the small to meso�s
ale non�propagating eddy variability.
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3. DataThe in situ data are obtained from the Argo proje
t site (http://argo.j
ommops.org). Theobje
tives of the Argo proje
t is to laun
h a total of 3000 �oats up to 2006 over the wholeo
eans and operationalize a network of data distribution. The Argo �oats are design to stayin the water for a number of years 
ontinuously performing measurements 
y
les. Ea
h 
y
lelasts about 10 days and 
an be divided into 4 phases: i) des
ent from surfa
e to 2000 dbar; ii)subsurfa
e drift of 10 days; iii) as
ending pro�le with measurements of pressure, temperature,and salinity; and iv) a surfa
e drift with data transmission to a 
ommuni
ation satellite. Datafrom Argo �oats are transmitted from the �oat, passed through pro
essing and automati
 quality
ontrol pro
edures as qui
kly as possible after the �oat begins reporting at the surfa
e. Thetarget is to issue the data to the Global Tele
ommuni
ation System (GTS) and Global Dataservers within 24 hours of surfa
ing, or as qui
kly thereafter as possible. These are 
alledreal-time data.For this study, stations from the period between 01/01/1998 to 01/31/2006 were retrievedfrom the Argo data base for the Atlanti
 o
ean between 20 ◦N and 60 ◦S. Over 22,000 pro�lesof temperature and salinity were sele
ted. The spatial distribution of pro�les are not uniformin the Atlanti
. Most of them are lo
ated in near the equatorial region, Figure 1.
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Figura 1. Spatial distribution of the Argo pro�les for the tropi
al and South Atlanti
 o
ean averaged in 1◦×1 ◦ bin.The general pro
edure 
onsists of linearly interpolating individual temperature and salinitypro�les in the verti
al at standard depths levels. Stations with gaps larger than one standarddepth were dis
arded. Missing surfa
e data (above 5 m) were extrapolated by repeating the �rstmeasured value upward assuming that the data were within the mixed layer. Missing data inthe deepest part of the pro�le (below the main thermo
line) were extrapolated using the lo
almean gradient.The mean temperature and salinity �elds from Argo data are 
ompared to 
limatologi
alvalues from the World O
ean Database, (Conkright et al., 2002). The 
onstants ρ, Cp and αare also estimated from the 
limatologi
al temperature and salinity data.The mean surfa
e salinity �eld measured by the in situ Argo �oats represents very 
losely thelong term mean from the 
limatologi
al data. The mean values from Argo represent an averageof few years 
ompared to the 
limatologi
al data. The stations in the North Atlanti
 were takensin
e 1998, however the �oats started to be deployed in the South Atlanti
 o
ean only after2002. The di�eren
e in sea surfa
e salinity are generally small (< 0.1) within the subtropi
algyre. The largest di�eren
es o

ur near the 
oastal areas espe
ially 
loser to regions of river
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dis
harge: Amazon plumes in the western equatorial, La Plata in the southwestern region andthe Niger in the Gulf of Guinea in the 
oast of Afri
a.
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Figura 2. Sea surfa
e salinity di�eren
e between Argo and WOA01 
limatologi
al data for the tropi
al andSouth Atlanti
 o
ean averaged in 1×1 ◦ bins.The integral in Equation 1 is 
al
ulated to a depth h below the main thermo
line. For thestudy region we 
hose the depth of 500 m. The T/P HS′ 
omes from Equation 2.4. ResultsThe 
omparison of results is based on the 
orrelation between the in situ Argo and TJ HS′ forthe Atlanti
. Normally, the 
orrelations should be 
omputed between two 
orresponding timeseries. In the 
ase of lagrangian Argo �oats, there is no time series, but just a 
olle
tion ofdata from independent realizations of a number of �oats. Therefore, to be able to perform anystatisti
al test and 
omparison with the altimeter data we grouped the data into small squarebins of 1 ◦
× 1 ◦ and estimate the 
orrelations within ea
h bin. Better 
orrelations are fun
tionof number of �oats in ea
h bin.As a illustration we show Figure 3 with all points within the latitudinal band between 5 ◦Nand 6 ◦N. This region was 
hosen be
ause of the high density of data, 774 points. A three pointmoving average was used to remove the higher frequen
ies. This �gure helps to visualize the
orrelation between the two independently estimated heat storage.The 
orrelations of the heat storage from in situ and satellite data at ea
h 1 ◦

× 1 ◦ aresurprisingly good in large areas of the basin, Figure 4. In the tropi
al North Atlanti
 we foundlower 
orrelations in the eastern portion of the basin. We spe
ulate that these dis
repan
ies
ould be related to the salty �ux from the Mediterranean Sea through the lower layers. Pour
orrelations are also found near the La Plata region in the western South Atlanti
. The resultsin the North Atlanti
 and near the equatorial band tend to be more reliable due to the dataavailability.We 
ould relate that dis
repan
ies in the heat storage between the two sour
es of data are dueto variations in the salinity anomaly. The sea surfa
e height measured from the satellite altimeterdata is a result of steri
 (or density) 
hanges in the water 
olumn. Therefore, both �u
tuationsin the temperature and salinity �elds 
ontribute to the establishment of the observed sea heightand to the o
eani
 heat stored lo
ally in the water 
olumn. Generally, the temperature is thedominant term in determining the density of the water, however there are regional 
ir
ulationsthat will depend on the salinity as well. These regions are usually near the 
oastal areas under
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Figura 3. HS′ estimated from Argo (blue) and TJ data within 5 ◦N and 6 ◦N, �ltered with three point movingaverage.
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Figura 4. Correlation between the HS′ estimated from Argo and TJ data.the in�uen
e of river dis
harge. To assess the importan
e of salinity, we determine the seasurfa
e height anomaly due to haline e�e
ts only using equation 3.Figure 5 shows the spatial distribution of the standard deviation of the sea surfa
e anomalydue to salinity e�e
ts alone. The largest 
hanges are observed near the region of the Braziland Malvinas 
urrents 
on�uen
e zone, around 40◦S with anomalies in the order of 20 
m.The salinity also plays an important role on the other side of the basin, possibly from the �ow
arried by the Agulhas 
urrents. This region is generally marked by the presen
e of many eddiespotentially responsible for the salinity anomalies. Curiously, the region o�shore Amazon riverdis
harge does not show a peak in varian
e. Apparently, although it is the largest freshwater
ontribution in the region, its varian
e is relatively small.5. Con
lusionsTemperature and salinity pro�les from over 22,000 Argo �oats in the Atlanti
 o
ean from 20 ◦Nand 60 ◦S, in the period between 1998 and 2005 were used to investigate the salinity variabilityand its in�uen
e in the estimation of heat storage anomaly. The in situ data are 
ru
ial toevaluate the importan
e of haline e�e
ts in the determination of the heat storage anomaly fromsea surfa
e height anomaly measured by satellite altimeter. Sato et al. (2000) showed that the
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Figura 5. Standard deviation of the sea surfa
e height anomaly due to salinity e�e
ts. The anomaly is estimatedfrom Argo relative to 
limatologi
al data.use of in situ salinity estimates signi�
antly augmented the 
orrelations and de
reased the rmsdi�eren
es in the HS′ estimates.The sea surfa
e height anomaly due to salinity e�e
ts showed high varian
e at 40◦S on bothsides of basin. On the western side, the largest standard deviation (> 0.2m) are found near theBrazil and Malvinas 
urrents 
on�uen
e zone. On the eastern side, we found larger 
hanges inthe height due to salinity e�e
ts possibly asso
iated with salinity anomalies brought by Agulhas
urrents eddies. These results should be 
onsidered with 
aution be
ause the South Atlanti
data found in the Argo data base are from �oats laun
hed after 2002. These results wouldrepresent a more re
ent trend in the salinity anomalies. To 
orroborate these results, longertimes series should be used.The study allowed us to investigate the 
orrelations between the heat storage anomalyestimated from Argo in situ and from TOPEX/Poseidon and Jason 1 altimeter data. As theArgo data do not present as time series, the 
omparison with the altimeter data are not possibleat ea
h point in spa
e. Alternatively, we estimate the 
orrelation between the altimeter heatstorage time series with all the in situmeasurements found at ea
h 1◦×1 ◦ bin for the whole basin.
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The 
orrelations between the two measurements are reasonably good. The largest dis
repan
iesare found near the Brazil and Malvinas 
urrents Con�uen
e zone and the eastern South Atlanti
.Weak 
orrelations near the 
oastal regions are expe
ted. Low values in the eastern North Atlanti

ould be related to the �ux of salty waters from the Mediterranean Sea in the lower layers.The in
orporation of salinity e�e
ts would improve the measurements of heat storage anomalymeasured by the altimeters. As a 
onsequen
e, the monitoring of the o
eani
 heat storage andits variability would be
ome more reliable for 
limate predi
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