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Abstract. Differences, similarities and complementarities 1 Introduction

between Sea Level Anomalies (SLA) deduced from aItimeterm November 2007. the alobal Arao array of brofiling floats
measurements and dynamic height anomalies (DHA) CalcuPeached its initial taylr et gf 3000 0g eratiny flogts wo?ldwide
lated from Argo in situ temperatur&§ and salinity §) pro- h id fg the first ti P Igb | itori f'
files are globally analyzed. SLA and DHA agree remarkanyT € array provides for the Tirst ime a giobal monitoring o
well and, compared to previous studies, Argo dataset allows c€an temperature and sgllmty dat? n re_al time (Roe_mmlch
an improvement in the coherence between SLA and DHA.et al.., 2009). Inthe meantllme, satellite altimeters continue tp
Indeed, Argo data provides a much better spatial coverage 0t?rowde global and synoptic measurements of sea level vari-

all oceans and particularly the Southern Ocean, the use of aﬁUons. These observations are now the two most important
and complementary components of the global ocean observ-

Argo mean dynamic height, the use of measured salinity pro- . . .
9 y 9 yp ng system required by climate and operational oceanogra-

files (versus climatological salinity), and the use of a deeperj o .
reference level (1000 m versus 700 m). The large influencé).hy apph_catlons (BeI_I et al,, 2009). The study O.f t.he" con-
of Argo salinity observations on the consistency between aI—.S'Sten.Cy bk s.tep before the data are jointly assim-
timetry and hydrographic observations is particularly demon—'late,d N ocean ggngrgl .C|rculat|on models. .

strated with an improvement of 35% (relative to the SLA mi- Differences, S|m!lar|tles and complementarlt_les between
nus DHA signal) by using measured salinity profiles instead>¢2 Level Anomalies (SLA) deduced from altimeter mea-
of climatological data. The availability of observations along Surements and dynamic height anomalies (DHA) calculated
the Argo float trajectories also provides a means to describd©M in situ temperaturef() and salinity §) profiles have al-

the sea level variability of the global ocean both for the low r€2dy been studied globally by (Guinehut et al., 2006; here-
frequency and the mesoscale part of the circulation. Result&'ter referred to as GLLO6). As SLA reveal both barotropic
indicate that sea level variability is dominated by baroclinic 2"d Paroclinic component of the ocean circulation, DHA,

signal at seasonal to inter-annual periods for all latitudes. Irc@/culated with in situ temperature and salinity, reveal only

the tropics, sea level variability is baroclinic for meso-scale 1€ Paroclinic part of the ocean circulation between the sur-
to interannual periods and at high latitudes, sea level variface and a chosen reference level. In GLLO6, authors showed
ability is barotropic with also deep baroclinic signals (i.e. V€Y good correlation between the two data sets but also

influence of deep temperature and salinity signals) for intraSystematic large-scale differences that have been related to

seasonal and mesoscale periods. These results emphasize fhBarotropic, Sverdrup-like, response of the ocean to wind
need to separate the different time and space scales in ordf@¢ing. This previous study, focused on the 1993-2003 pe-
to improve the merging of the two data sets. The qualita—”Od’ was limited by the in situ observations available. In-

tive study of seasonal to interannual SLA minus DHA sig- deed, at that time, the in situ dataset was mainly composed of

nals finally reveals signals related to deep ocean circulatio<B | Instruments. The GLLOG study is revisited here using

variations and basin-scale barotropic signals. Future work isEhe new available Argo data set. The Argo data set allows

however, needed to understand the observed differences artiSeries Of improvements ranging from: (1) a better global
relate them to different forcing mechanisms. spatial coverage (i.e. Southern Ocean), (2) a deeper refer-
ence level (1000 m versus 700 m), (3) the use of meastired

profiles (versus climatologica), (4) the separation of the
different temporal scales (low frequency versus mesoscale)

Correspondence toA.-L. Dhomps and (5) the study of seasonal to interannual SLA minus DHA
BY (aldhomps@gmail.com) signals.
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The paper is organized as follows. Data and method areelative to a 7 yr time mean from 1993 to 1999, to be fully
presented in Sect. 2. The global correlations of Argo DHA consistent with the Argo dataset sampling period, the SLA
and altimeter SLA observations are discussed in Sect. 3. Seanaps are recalculated using the 7 yr time mean from 2002 to
tion 4 provides an analysis of the role of seasonal signals or2007.
the SLA and DHA consistency and provides an estimation The method is very similar to the one described in GLLO6.
of the correlation between SLA and DHA data both for low Dynamic heights relative to 1000 m depth are first calcu-
frequency and mesoscale signals. Section 5 analyses the itated from Argo pressure, temperature and salinity profiles.
fluence of the vertical structure of the ocean. Finally, SLA A dedicated Argo mean dynamic height, calculated over the
/DHA differences are described in Sect. 6. Conclusions are2002—2007 periods and using the same Argo dataset, is then
given in Sect. 7. used to calculate the anomalies of the dynamic height. When
monthly fields or7'/S fields are neededl'/S climatologies
are used as the WOAO5, or the Arivo climatology calculated
2 Data and method on the 2002—-2007 period (Gaillard and Charraudeau, 2008).
The full Argo dataset was downloaded from the Coriolis Finally, SLA maps are interpolated to the time and location
Global Data Acquisition Center as of September 2008 for theof each in situ DHA measurement using a linear space/time
2001-2007 periods and as of January 2009 for the year 200@iterpolation.

(http://www.coriolis.eu.orj The dataset went through the

real-time quality control procedures applied by each Data

Acquisition Center and about half of the profiles older than3  Correlation between Argo and altimeter observations

one year have went through delayed-mode procedures (see

the Argo quality control manual for more details: Wong et Correlation coefficients between all collocated SLA and
al., 2008). For this study, when available, adjusted fieldsDHA time series were first calculated on@ax 1° horizontal
(delayed-mode and real-time) are preferred to real-time onegrid using observations available in albngitude by 2 lati-

and only measurements having pressure, temperature, ardde box of influence around each grid point (Fig. 1b). These
salinity observations considered “good” (i.e. with a quality parameters have been chosen in order to reduce the prob-
flag numerical grade of “1") are used. In the GLLO6 study, lems due to the non-uniform temporal and spatial distribution
the reference level for the analyses was chosen at 700 m b@f in situ measurements, to take into account the latitudinal
cause the in situ observations were mainly composed of XBTstructure of the correlation signal and to obtain a relatively
instruments. 350 000 700 m depth profiles were used for thdarge-scale uniform map. Besides, the relatively large-scale
1993-2003 period because only 90 000 1000 m depth profilesize of the box smoothes the small-scales signals and leads
were available. With the Argo dataset, it is possible to deeperio global interpretations. Correlation coefficients show val-
the reference level to 1000 m. A total of 325650 1000 mues greater than 0.8 in most part of the Indian and Pacific
depth validated profiles are collected for the 2001-2008 peoceans. The Southern Oceans and the northern part of the
riod. As many floats do not profile deeper than 1000 m atNorth Atlantic Ocean show, as expected, lower values, in the
low latitudes due to technical limitations, a 1500 m referenceorder of 0.6 or less. This can be explained by the influence of
level reduces the number of profiles to 230200 but mainlydeep baroclinic and barotropic signals in these regions. Three
involves an under-sampling of the tropical oceans. Using dropical sub-regions also show lower values of the same or-
1000 m reference level reduces slightly the number of pro-der: the South East Pacific Ocean and the South and North
files compared to the previous study but improves the spatiallropical Atlantic Ocean. These regions correspond to areas
coverage of the analyses. where the sea level and steric sea level variabilities are very

MeasuredsS profiles were not available for the GLL06 small (<3 cmsrms) as well as the signal to noise ration. Thus
study as the in situ observations came mainly from XBT high correlations are difficult to obtain between them. As an
instruments. To analyze the impact of Argo measused example, collocated SLA/DHA observations are showed on
a climatological salinity profile has been interpolated for Fig. 2 for two Argo floats. In the Equatorial Pacific, SLA and
each Argo profile. As in GLLO6, the method uses a sim- DHA signals are very similar with high correlation (0.91). In
ple salinity-depth relationship as a function of the geograph-the Southern Ocean, DHA have smaller amplitude than SLA
ical position and using the World Ocean Atlas 2005 monthly and the correlation is smaller (0.62).
fields (WOAOQ5: Antonov et al., 2006; Locarnini et al., As in GLLO6, regression coefficients between SLA and
2006). Impact of measured and climatological salinity on DHA have been derived to quantify the change of dynamic
DHAJ/SLA consistency can then be studied. height relative to a reference level at 1000 m depth compared

The altimeter data used are delayed-mode fields of SLAto the change of total sea level Results are very similar to the
obtained from an optimal combination of all available satel- ones obtained by GLLO06 but thanks to the Argo data sets,
lite altimeters that are distributed by AVISO (AVISO, 2010). the estimation is now almost global. Values are of the or-
The fields are available every 7 days on a Mercator grid ofder of 0.8 or higher in the tropical regions and decrease to
1/3° resolution at the equator. As this product provides SLA 0.6 north of 40N and to 0.3-0.4 south of 4. The low
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Fig. 3. Rms of SLA(a), of DHA (b) and of the differences (SLA-
DHA) when DHA are calculated from Arg6/S profiles(c) and of
A — the differences (SLA-DHA) when DHA are calculated from Argo
T profiles andS profiles from the WOAO5 climatologgd).

Fig. 1. Correlation coefficientg¢b) and regression coefficients)
between SLA and DHA. The mean correlation as a function of lati-

tude is also representés) between Argo and altimeter observations (Fig. 3a and b).

However and as expected, DHA variance shows lower ampli-
tudes in the Brazil-Malvinas Confluence region and Antarc-
SUA/DHAcomtation: 051 tic Circumpolar Current (ACC) regions where eddies deeper
| Numbarstovnanons 12 than 1000 m depth are found.
— EEE Given the higher number of observations available in each
-'«;\__-; 5° longitude by 2 latitude radius of influence around each
' grid point (>500), the 95% confidence interval is of the order
of 0.05 for the correlation coefficient, 0.07 for the regression
coefficient and almost everywhere smaller than 1 cm rms for
the variance fields. These numbers increase up to 0.1 for the
correlation coefficient and 0.15 for the regression coefficient
in the three tropical sub-regions mentioned above and south
of 55° S where the number of observations decrease to 100
o ?;ﬁ- or less. Error associated to each global statistic given later on
in the paper are much smaller and of the order of 0.001 for
_ the correlation coefficient and of the order of 0.01 cm rms for
= the variance due to the 325000 validated profiles used. All
the results given thereafter are thus highly significant in the

Fig. 2. DHA and collocated SLA for two Argo floats. The position 95% confidence interval.
of each float are also indicated, the blue cross corresponding to the Itis worth highlighting that the Argo mean dynamic height
deployment position, and the red cross to its last position. already provides improved comparison between SLA and
DHA compared to the use of a climatological mean dynamic
height. The rms difference between SLA and DHA is re-
values of the regression coefficients at high latitudes are dugluced to 5.6 cmrms when using the Argo mean dynamic
to strong barotropic signal and deep baroclinic signals (Vino-height from 6.1 cm rms when the WOAO5 is used. This cor-
gradova et al., 2007). This leads to an underestimation of theesponds to an improvement of 15% of the variance in the
steric part of the sea level by DHA calculated using a 1000 mconsistency of the two datasets (see Table 1). Their global
depth reference level (Fig. 1c). Additionally, the regressioncorrelation is also increased from 0.81 to 0.84. This is mainly
coefficients are also useful to calculate DHA from SLA ob- the result of the reduction of the mean global bias of 1.0cm
servations and to derive the 3-D ocean state from SLA obserthat exists when using the World Ocean Atlas 2005.
vations through data assimilation. Compared to the GLLO6 study, improvements come, first,
Additionally to correlation coefficients and regression co- from the improved global spatial coverage of the Argo pro-
efficients, variances of SLA and DHA, both calculated files. As the Southern Ocean and particularly its Pacific
on a P x 1° grid, display very similar patterns with very part was not completely covered in the previous study, the
close amplitudes, showing again the very good consistency(® S—60 N ocean is now well sampled.
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Table 1. Correlation and rms difference between SLA and DHA for different experiences. Statistics have been calculated using a data set of
325000 profiles.

Experience Reference  Mean Dynamic Heightimpact Reference level impact Observed salinity impact
Salinity Measured Measured Measured Climatological
Climatology used to calculate the Mean Argo WOAOQ5 Argo Argo

Dynamic Height

Reference level (dbar) 1000 1000 700 1000

Correlation SLA/DHA 0.84 0.81 0.82 0.80

Rms (SLA-DHA) (cm) 5.6 6.1 6.0 6.9

Improvement (%) as - 15% 12% 35%

rms(SLA—DHA)Z,,—rms(SLA—DHA)Z,
rms(SLA-DHAZ,)

The second improvement comes from the deeper referencenced fields (SLA, DHA) (compare Fig. 3d with Fig. 3a and
level (1000 m versus 700 m). Comparing Fig. 1 from GLLO6 b). These results mean that measusegrofiles are partic-
to Fig. 1b from the present study shows that the correlatiorularly critical in these regions, in agreement with previous
coefficient has increased everywhere by a minimum of 0.1studies (lvchenko et al., 2008). Globally, the rms differences
In order to quantify if the differences between the old andreducing from 6.9 cmrms when climatologicslis used to
the new study are due to the change of the reference leved.6 cm rms when using Arg8 profiles, which correspond to
from 700 to 1000 m, the DHA have been calculated usingan improvement of 35% of the SLA minus DHA signal in the
two additional reference levels: 700 and 1500 m. The rmsconsistency of the two datasets. The global correlation is also
difference between SLA and DHA varied from 6.0 cmrms improved from 0.80 to 0.84 and up to 0.3 locally (Table 1).
using a level at 700 m to 5.6 cmrms with 1000 m. This cor- In summary, by using a complete consistent Argo data set
responds to an improvement of 12% in the consistency ofit is possible to improve the SLA/DHA consistency by 15%
the two datasets (Table 1). Locally, the correlation coeffi-by using an Argo mean dynamic height, by 12% by using
cient increased by up to 0.3 in the Southern Ocean. Using & deeper reference level and by 35% by using measSired
1500 m reference level also increases the consistency of thgrofiles — percentages being given as of the SLA minus DHA
two datasets but to a lesser extent. The general improvesignal.
ment is of the order of 2% of the SLA/DHA signal differ-
ence. Again the correlation coefficient increases up to 0.1 _ :
in the Southern Ocean. These results mean that the densil%/ Removing the effect of seasonal signals

changes below 1000 m are much less important than the one . I
above and that this signal has only a small impact on the('s)fneb01E thetgreat allsset; Oftth? Arg(: d.ata Se.tﬂ']S the ava|lab|I|tty
SLA/DHA differences. of observations along floats trajectories, with measurements

usually available every ten days. To focus on the respec-

The third improvement comes from the use of measuredive role of intra seasonal and mesoscale signals, compared to
S profiles. To analyze the impact of the measuSepiofiles  seasonal and inter-annual ones, SLA and DHA observations
on the differences between SLA and DHA, the same methodilong the float trajectories have been filtered using a 200 day
as above has been applied to profiles for which the observetbw pass filter. Low frequency signals are thus defined for
salinity has been replaced by climatological estimates of thdrequencies lower than 200 days and mesoscale signals for
salinity (see Sect. 2). The impact of this change is illustratedirequencies higher than 200 days. These two bands are close
on Fig. 3c and d. It shows the rms of the differences be-to the ones chosen by Penduff et al. (2010) to analyze the im-
tween SLA and DHA when using Arg$ profiles and when  pact of global ocean model resolution on sea level variability.
using climatologicals profiles. When using Argé profiles,  As only time series with at least three years of measurements
the rms of the differences between the two time series showbkave been kept, the number of profiles available for the anal-
values lower than the rms of SLA and of DHA in most parts yses is reduced slightly.
of the Indian, Pacific and Atlantic Ocean (compare Fig. 3c Results indicate that keeping only mesoscale signals re-
with Fig. 3a and b). When using climatologic&lprofiles,  duces the general correlation between the two times series
the rms of the differences increases everywhere by at least (0.70 against 0.84) and inversely, keeping only the low fre-
to 2cmrms and up to 8 to 10 cm rms in the Gulf Stream areaguency part of the signal increases the correlation but to a
the Southern Oceans and in low variability regions like thelesser extent (0.87 against 0.84) (Fig. 4-left). The decrease or
North Tropical Atlantic Ocean. The rms of the differences the increase of the correlation are very similar as a function
(SLA-DHA) can even be larger than the rms of the refer- of latitude except for the northern part of the North Pacific
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Fig. 4. Correlation coefficientb, e)and regression coefficiet, f) Fig. 5. Depth to which it is sufficient to integrate the DHA signals
between SLA and DHA for the intra-seasonal (mesoscale, top) andn order to explain 80% of the variance of the DHA calculated with
low frequency (bottom) signals. The mean correlation as a func-a@ 1000 m depth reference level (the scale range frdr800 to 0).

tion of latitude is also representéd, d), together with the curve

obtained using the total fields (in grey).

5 Influence of the vertical structure of the ocean

and Atlantic Oceans where the decrease is twice as large @b better understand the role of the vertical structure of
for other latitudes and where it is of the order of 0.3—0.4. Thisthe ocean on the correlation between SLA and DHA, DHA
shows that most of correlated signals in the SLA and DHA have been calculated relative to several depths from 100 m
comparisons for these two regions are low frequency baroto 1000 m every 100 m. The depth to which it is sufficient
clinic signals (mainly seasonal signals related to the heatio integrate the DHA signals in order to explain 80% of the
ing/cooling of the surface ocean). As the amplitude of this ef-variance of the DHA calculated with a 1000 m depth refer-
fect is smaller in the Southern Hemisphere (Stammer, 2007)ence level is first given on Fig. 5. The figure shows that the
its effect on SLA/DHA comparisons is also smaller. percentage is mainly a function of the latitude. At the equa-
The impact on the regression coefficient is largely depen+or, a depth of 300 to 400 m is sufficient while a depth of at
dent on latitude (Fig. 4-right). In the tropics, the ocean isleast 700 m is needed at high latitudes and in the Gulf Stream
characterized by a stable density structure consisting of @nd the ACC.
warm upper layer and a cold deep layer separated by a more The mean correlations between SLA and DHA have then
or less steep thermocline (the so-called two-layer system)been calculated by latitude bands (Fig. 6-left) as a function
In this region, the oceanic variability is mostly trapped in of depths used to calculate DHA. The latitudinal and hemi-
the first hundred meters depth and values are very similar fospheric differences are clear. In the Northern Hemisphere,
all scales. This result means that both low frequency andow latitudes reach the asymptote value of 0.85 at only 200 m
mesoscale parts of the circulation are well captured by theof depth. At mid-latitudes, the correlation is of the order 0.74
dynamic height relative to a reference level at 1000 m depthat 200 m and increases slowly until it reaches 0.85 around
For latitudes higher than 364Q, the regression coefficients 600 m. At high latitudes, the correlation evolves more reg-
of the mesoscale part of the signal drop to 0.2-0.3 and thailarly from 0.68 at 200 m to 0.8 at 2000m. For all North-
ones for the low frequency part of the signal increase slightly.ern Hemisphere latitudes, the correlation between SLA and
At these latitudes, the weak stratification and the high ver-DHA reach an asymptote value at depth, meaning that most
tical coherence of mesoscale variability mean that the lowpart of the baroclinic signal is contained in the first 1000 m
frequency part of the circulation is reasonably well captureddepth of the ocean. In the Southern Hemisphere, only the
by the dynamic height relative to a reference level at 1000 mlow latitudes reach an asymptote value. Mid and high lat-
depth but that deepdf and S measurements are needed to itudes SLA/DHA correlation start at a lower value than for
observe mesoscale structures. the Northern Hemisphere but increase twice as rapidly with
To summarize, sea level variability is clearly dominated depth and do not reach a plateau. This means that the deep
by baroclinic motion at seasonal to inter-annual periods, andaroclinic signals not represented using a 1000 m depth ref-
for all latitudes. In the tropics, sea level variability is baro- erence level would further improve the correlation between
clinic at all periods. At high latitudes, for intra seasonal SLA and DHA.
and mesoscale signals, sea level variability is barotropic with  The effects of seasonal signals have also been removed to
also deep baroclinic signals. These findings are in agreemerfbcus on intra seasonal and mesoscale signals. To simplify
with a previous study based on numerical simulations (Vino-the calculation, compared to what was done for the previous
gradova et al., 2007). section, monthly climatological means have been removed
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Northern Hemisphere 6 SLA minus DHA signals: from seasonal to
SLA/DHA SLA/DHA - monthly interannual

10T 4l Lo

Although SLA and DHA are very consistent with time at all
puss——TE 1 latitudes, systematic differences between the two data sets
can be observed. First, in terms of globally-averaged height,
the mean sea level, as measured by satellite altimetry, is the
sum of the steric component, as measured by Argo, and of
the mass component (i.e. the exchange of water between the
oceans and other reservoirs). The globally-averaged differ-
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o ene S . N ence between SLA and DHA is thus explained by the ocean
St Hasphen mass component which has a small amplitude of the order of
‘ SLADHA __SLA/DHA - monthly 5to 10 mm for the seasonal time scales and of the order of 0.8
ok 1 ol ] to 1.9 mmyr?! for the interannual time scales (Cazenave et
al., 2008; Leuliette and Miller, 2009). The budget of global

o3r 1 mean sea level is currently well documented. Second, in
terms of regional analysis, SLA minus DHA signals have
been less documented and can reveal deep ocean circulation
patterns. A global seasonal mapping of these patterns has
been performed by GLL0O6 and some of them were related
e e to wind forcing mechanisms. .Than!<s_ to the Argo datasets,
Depth (m) Depth (m) GLLO6 seasonal cartography is revisited here and extended
to interannual analysis.
Fig. 6. Correlation between SLA and DHA by latitude bands as a At seasonal time scales, the temporal and geographical
function of depth used to calculated DHA, for the Northern Hemi- distributions of the observations allow an almost global cov-
sphere (top) and the Southern Hemi_sphere (bottom) and for to'erage. At 1000 m depth, SLA minus DHA signals differences
tal SLA/DHA (left) and for SLA/DHA filtered from the seasonal show amplitudes of the order of 1 to 3 cm with minimum and
means. maximum values in winter and summer respectively (Fig. 7).
These patterns are similar to the ones described at 700 m

from SLA and DHA time series. SLA monthly means have depth by GLLO6 but with lower amplitudes, due to the deeper
been calculated on the studied period and the Arivo montmyreference level. Results obtained here with better data sets
climatological fields have been used for the DHA. Resultsconfirm and extend the ones from the previous study. Com-
have been compared to the ones obtained in the previous sefaring the two studies confirm, moreover, that the seasonal
tion and they show very similar patterns. For the intra sea-Cycle of dynamic height is much more dependent on temper-
sonal signals, the evolutions of SLA/DHA correlation with ature than on salinity (Vinogradov et al., 2008; Ivchenko et
depths (Fig. 6-right) show much smaller values than for theal., 2008).
total signal and show very similar behaviors for the Northern ~ Large-scale SLA minus DHA signals differences show
and Southern Hemisphere. Intra seasonal SLA/DHA correla@ strong seasonal variability in the South Indian and Pa-
tion rapidly reaches a plateau of 0.6 at low latitude. For midcific Oceans (i.e., between 10 and°&) and in the North
and high latitudes, no plateau is reached and the increase &tacific subtropical and subpolar gyres, with amplitudes of
correlation with depth is of the order of 0.3 between 200m2c¢m. These large-scale differences have been related to
and 1000 m depth. a barotropic, Sverdrup-like, response of the ocean to wind
To summarize, it implies that the high vertical coherenceforcing (GLLO6). As the spatial coverage of the analysis is
of the mesoscale variability is partly masked by the domi-now better, new spatially coherent structures appear in the
nant signal due to heating/cooling of the surface ocean in théouth Indian Ocean and the Brazil-Malvinas Confluence re-
Northern Hemisphere. In the Southern Hemisphere, as thgions, south of 30S. These regions were not sampled in the
amplitude of the seasonal heating/cooling is half as large agrevious study. These new structures show positive values in
in the Northern Hemisphere (Stammer, 2007), the signaturdvinter and fall &2 cm) and negative values in summer and
of mesoscale variability and its coherency with depth is al-Spring (<—2cm). The dipole structure in the Indian Ocean
ready evident in the total SLA/DHA correlation (and even is particularly interesting with negative values in the tropics
more obvious for intra-seasonal signals). and positives ones at high latitudes in winter and the opposite
in summer. Further work is, however, needed to understand
these new patterns and relate them to different forcing mech-
anisms.
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Winter

Seasonal and interannual SLA minus DHA signals have
been described here very qualitatively and future work is, in
any case, needed to understand the observed differences and
related them to different forcing mechanisms. They show,
however, the new capability offered by the combined use of
Argo and satellite altimetry observations to map these sig-
nals.

ve T 7 Conclusions
C*D‘Tf @?&%/ \j The global Argo array of profiling floats is used together with

satellite altimeter measurements of SLA in order to study the

T E— differences and complementarities between SLA and DHA
calculated from the Argo temperature and salinity profiles.

Fig. 7. Seasonal variation of the differences between SLA andResults show very good correlation between the two data

DHA. Boxes with less than 10 observations are masked. sets which is necessary to jointly use the two complemen-

tary data sets in ocean forecasting models or data synthesis

methodologies (Willis et al., 2003; Guinehut et al., 2004).

Even if the Argo datasets reached its initial target of 3000 Compared to the previous study of GLLO6, the newly
operating floats worldwide only in November 2007, it is now avalla}ble Argo data set bring about aseries of improvements.
possible to study interannual SLA minus DHA signals back The first one is a much better spatial coverage of all oceans
to the year 2004. Variations of SLA, DHA, and SLA-DHA and particularly of the Southern Ocean. The Argo array now
have been first calculated for each season of each year frollows sampling everywhere in all weather. This is particu-
2004 to 2008, keeping only boxes with at least 5 observalarly true during the harsh winter time conditions at high lat-
tions. Annual means are then calculated from the four sealfudes. The second improvement arises from the possibility
sonal means by keeping only the boxes validated for the fouf® calculate a contemporaneous Argo mean dynamic height
seasons. Each box is thus calculated using a minimum of 2yersus the use of climatological mean dynamic height, al-
observations. Even if the coverage is far from been global ifoWing improving the SLA/DHA consistency by 15%. The
2004, it increases rapidly with a good coverage of the Pacifidhird improvement arises from the availability of deeper mea-
Ocean from 2006. Large gaps remain in the Atlantic Ocearsurements and hence the use of a deepgr referen_ce level of
since large portion of Atlantic floats suffers from pressure 1000m compared to 700m, corresponding to an improve-
offset errors and have not been used here. ment of 12%. The fourth and the more important one in

At interannual time scales and on a 5yr period, the spaférms of SLA/DHA consistency increase-§5%) concerns
tial structure of SLA and DHA signals is dominated by the the use of measurefl and S profiles from Argo versus the
interannual to decadal variability and not the long term drift Use of climatologicab profiles. The Argo array also revolu-
(Fig. 8). SLA and DHA signals are very consistent in all Flonlzed the ocean sa'llnl'g./ measurements and thus opens new
three oceans. For example, the tropical Pacific Ocean whiciSight on salinity variability studies.
is dominated by the El-Niio/La-Niia events shows very sim-  The availability of observations along the Argo floats tra-
ilar patterns in both data sets. The strong Lédtructure is jectories allows the description of the vertical structure of
particularly well reproduced in 2008 with enhanced sea levethe ocean in term of baroclinic and barotropic contributions
amplitudes in the Indian and Pacific oceans. Systematic diff0 sea level for the low frequency and mesoscale part of
ferences between SLA and DHA are nevertheless visible athe circulation. Sea level variability is clearly dominated
basin-scale. An interesting feature is that amplitudes of thes®Y baroclinic motion at seasonal to inter-annual periods, and
differences are very similar to the ones observed for the Seator all latitudes. In the trOpiCS, sea level Var|ab|l|ty is baro-
sonal signals and range from 1 to 3cm. A shift from negativeC”niC at all periods and at high latitudes, for intra seasonal
to positive values is for example observed for the whole In-and mesoscale signals, sea level variability is barotropic with
dian Ocean (from-2 cm to 1 cm) between the year 2005 and @lso large influence of deep baroclinic signals. These results
the year 2006 reminding in basin-scale mass redistributioneMphasize the need to separate the different time and space
The South Pacific Ocean also shows negative differences ificales when altimeter and Argo data are jointly assimilated
2005 and 2006 but positives ones in 2007 and again mainly© estimate the 3-D temperature and salinity structure of the
negatives values in 2008. The opposite is observed in th&c€an.

North Pacific Ocean. For the Atlantic Ocean, the structures Given the actual sampling characteristics of the Argo ar-
are very noisy and no clear tendency is visible. ray, the study of seasonal to interannual SLA minus DHA
signals is now possible. They have been described very
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Fig. 8. Annual variations of SLA, DHA, and SLA-DHA for the years 2004 to 2008. Boxes with less than 20 observations (5 observations
for each season, see text) are masked.

qualitatively and show spatially coherent structures in the In-window of 7 days. More Argo data and a better temporal
dian and Pacific Ocean. These signals are related to deegsolution of altimetry maps would allow pursuing the study
ocean circulation variations or basin-scale ocean mass varthrough smaller-scales.

ations. Future work is needed to understand the observed

differences and relate them to different forcing mechanismsAcknowledgementsThe Argo data were collected and made

The comparison with Argo deep velocity observations angfreely available by the international Argo project (a pilot

GRACE ocean mass variations should be, in particular, Ver)Program of the Global Ocean Obs_ervnng System) and the na-
instructive tional programs that contribute to ihtfp://www.argo.ucsd.equ

http://argo.jcommops.ojg The altimeter products were produced
However, the improvements allowed by the Argo datasethy SSALTO/DUACS and distributed by AVISO with support from
in the comparison between the DHA and the SLA are notCNES.
currently sufficient to study small-scale signals. Firstly, the
Argo array does not allow meso-scale structure observation&dited by: S. Arnault
even if the spatial temporal resolution of the data is good.
Secondly, altimetry maps that we used are not instantaneous
fields, but the average of the available measures in a temporal
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