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® Abstract: Orbit error is one of the larlgcsl sources of uncertainty in studies of ocean dynamics using
satellite altimeters. The sensitivity of GEOSAT mesoscale ocean variability estimatcs to altimeter
orbit precision in the SW Atlantic is analyzed using three GEOSAT data sets derived from
different orbit estimation methods: (a) the original GDR dala set, which has the lowest orbit
precision, (b) the GEM-T2 set, constructed from a much more precise orbital model, and (c) the
Sirkes-Wunsch data set, derived from additional spectral analysis of the GEM-T2 data sct.
Differences among the data sets are investigated for two tracks in dynamically dissimilar regimes
of the Southwestern Atlantic Ocean, by comparing: (a) distinctive fcatures of the average power
density spectra of the sea height residuals and (i%spacc-limc diagrams of sca height residuals.
The variability estimates produced by the three data sets are extremecly similar in both regimces
after removal of the time-dependent component of the orbit error using a quadratic fit. Our results
indicate that altimeter orbit precision with appropriate processing plays only a minor role in
studies of mesoscale occan variability.

@ Resumo: Erro orbital tcm sido a principal lonlec de incerteza no processamento de dados
altimétricos. Recenles conjuntos de dados, baseados em modclos dc predigdao orbital mais
avangados ¢ cm novas metodologias de corregao de erro, j4 foram capazes de reduzir o erro orbital
de até uma ordem de magnilude em comparagao com os (GDRs originais. Neste trabalho nés
avaliamos os resultados dessas melhorces cstimativas na descrigao da variabilidade "meso- escalar”
na parte sudocste do occano Atlantico Sul. Comparamos resultados obtidos em trés conjuntos de
dados: os GDRs originais ¢ os conjuntos dc dados GEM-T2 ¢ Sirkes-Wunsch. Para garanlir a
"sensibilidade" das cstimativas de variabilidade meso-cscalar quanto as mudangas na precisao
orbital, utilizamos as mesmas "corregocs ambicntais” ¢ 0 mesmo método de processamento de
dados no tratamento dos (rés conjuntos de dados. Para investigar as possiveis diferencas entre os
valores de variabilidade meso-escalar produzidos pelos trés conjuntos de dados utilizamos as
caracteristicas es; ais dos residuais de "amplitude do mar" obtidas antes ¢ depois da remogao
do erro orbital "dependente” do tempo. O fato da componente meso-cscalar do espectro quase
ndo ter sido afetada pela remogao do maior comprimento de onda do sinal (o que corresponde
principalmente ao erro orbital) sugere que muito pouco do sinal meso-escalar [oi rcalmentc
removido através deste processo. Um "pico” menor no espectro da "faixa" B confirma uma
variabilidade oceanica local menor com respeito a faixa A. Uma analisc mais profunda decmonstra
que, ap6s a remogao do erro orbital, os residuais de amplitude do mar sao incrivelmente similarcs
entre 0s trés conjuntos de dados para uma determinada faixa. Tal resultado sugere que a precisao
orbital contribui apenas parcialmente para o estudo da variabilidadc meso-escalar occanica. Esta
conclusdo s6 € vélida se o erro orbital dependente do tempo puder ser removido sem sc remover
simultaneamente uma porgao excessiva do sinal meso-cscalar. Nossos resultados sugerem que
estudos de variabilidade mesoescalar nao requerem dados dc 6rbita altimétrica extrcmamentc
precisos. Além disso, apesar deste trabalho sé analisar dados do GEOSAT do oceano Atlantico
Sul, acredita-sc que tal resultado possa ser cxtrapolado para outras regides do mar. Isto € devido
as caraclceristicas cspectrais do erro orbital dependente do tempo ¢ A possibilidade de remogao
deste crro sem remogao de grande parte do sinal meso-escalar occanico. Esles resultados,
contudo, nao signilicam que nao sc deva tentar obter valores orbitais mais precisos. Pelo contrério,
tal melhoramento pode scr capaz de levar A climinacao de algumas das limitagoes atualmente
cxistentes na utilizagao de dados altimétricos. Por exemplo, estimativas de orbita do GEOSAT
mais precisas nos permitiriam cstudar a variabilidade occinica cm larga escala ¢, através de uma
mclhor compreensao do geoide, nos auxiliariam no cstudo da circulagao ocednica "meso ¢ largo-
escalar” geral.

® Descriptors: Altimetry, GEOSAT data scts, Orbit crror, Mesoscalc variability.

® Descritores: Altimetria, Conjunto de dados de GEOSAT, Erro orbital, Variabilidade mesocscalar.
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Introduction

Satelite altimetry has been extensively applied to the
study of ocean circulation. GEOSAT altimeter data have
been used to investigate problems ranging from global
circulation to fluctuations in western boundary currents
(for example Chelton et al, 1990; Nerem et al., 1990;
Vazquez et al., 1990; Kelly & Gille, 1990, Qiu et al., 1991).
As part of a study of the Southwestern Atlantic which
incorporates both in situ and satellite data, we explore the
use of GEOSAT altimeter data to describe mesoscale
oceanic varibility in the region. Provost et al. (1989),
Chelton et al. (1990), Stammer & Boning (1992), Forbes et
al. (1993),and Provost & Le Traon (1993) uscd GEOSAT
dala to investigate variability of sca height and surfacc
geostrophic currents in the South Atlantic Occan.

Rccent descriptions of the circulation and
hydrography in the Southwestern Atlantic have been
provied by Olson et al. (1988), and Peterson & Stramma
(1991). The oceanic circulation in this region is
dominated by the Brazil and Malvinas currents, The
Brazil Current, the western boundary current associated
with the subtropical gyre in the South Atlantic, flows south
along the continental margin carrying warm subtropical
waters until it separates from the coast at about 36° South.
The cold subantartic waters of the Malvinas Current flow
north along the shelf break until they meet the Brazil
Current in a region known as the Brazil-Malvinas
Confluence. After its confluence with the Malvinas
Current, the Brazil Current cnlers the South Atlantic
interior in a serics of large amplitudc mcanders. The
Brazil-Malvinas Conflucnce region is associatcd with a
complex mesoscale variability duc to the displacement of
frontal [catures.

The usc of satellite altimetry involves the estimation of
the height of the satellite with regards to a reference Earth
cllipsoid. This height is determined through predictions
from orbital modcls, which arc periodically adjusted by
tracking measurements [rom a limited number of ground
stations. Despite the advances in orbit estimation
procedures, errors in orbit determination are still a major
source of uncertainty in GEOSAT sea height estimates.
The spectral characteristics of the time-dependent orbit
errors have recently been described by Chelton and
Schlax (1993). It has been argued that a better orbit
estimation method can produce more reliable estimates of
the ocean dynamics (Haines et al., 1990). To that effect,
various GEOSAT data sets have been produced using
different orbital estimation methods and corrections.

We will explore the sensivity of mesoscale ocean
variability estimates to altimcter orbit precision using three
GEOSAT data sets based on dillerent orbit estimation
methods. We addrcss this goal by analyzing the along-track
spectral density of the sca height residuals and the

spatial-temporal patterns of sea height variability for two
GEOSAT tracks in the Southwestern Atlantic Ocean.

Material and methods
GEOSAT data sets

We analyze the sea height varibility along two
descending GEOSAT tracks in the SW Atlantic, wich
extend from 15° to 60°S of latitude, and are aproximately
5500 km long (Fig. 1). We choosc two descendent tracks
since, in this arca, descending tracks exhibit less data gaps
than asccending tracks. The western track intersects the
subtropical and subpolar western boundary flows, while
the castern track is choscn to sample a region with much
weaker flows and Icss variability. '
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Fig. 1. Ground track locations for the two descending
GEOSAT tracks analyzed in the South Atlantic
Ocean.

The three GEOSAT dala scts uscd in this study arc
the original Geophysical Data Records (GDRs), the
GEM-T2 and the Sirkes-Wunsch data scts. The [irst two
data sets were constructced using different orbit estimation
methods, and the third data sct was derived [rom
spectral considerations of the GEM-T2 set. The radial
ephemerides (orbit height) provided with the original
GDRs were produced by the Naval Astronautics Group
(NAG). The NAG orbits were derived using a rclativcly
low-resolution gravity model, GEM-10, with an cstimated
rms radial accuracy of about 300 cm (Haines et al., 1990).
Recently, a new GEOSAT data set has been rcleased
which relies on orbit heights estimatcd by NASA’s
Goddard Space Flight Center using a more complete
gravity model, GEM-T2. The GEM-T2 modcl yiclds
estimates thought to be about an order of magnitudc better
than those of the NAG orbits. Sirkes and Wunsch (1990)
gencerated an improved dala sct by computing additional
orbit corrections bascd on the spectral characteristics of
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the autocovariance function of corrected sea heights
computed from the GEM-T2 data set.

At the time this research was done, only the first 40
cycles of the GEOSAT Exact Repeat Mission were
available for the Sirkes-Wunsch data set. To ensure
consistency in the comparisons, we analyze, for cach of the
thrcc GEOSAT data scts, only thesc 40 cycles,
encompassing the period November 1986 to September
1988.

Orbital errors

The GEOSAT orbital predictions inthe three datascts
described above still include two types of crrors,
time-dependent and time- invariant crrors. The orbit crror
introduced by small changes in the orbit cccentricity is
predominantly sinusoidal and time-dependent (Chelton
et al., 1990), with typical wavelengths of the order of one
orbit (about 40,000 km). A usual approach for removing
the time-dependent orbit error is to fit a given function
(e.g., a sinusoid for long arcs, a polynominal for shorter
arcs) to along-track sea surface height residuals. This
method usually succeeds in eliminating most of the orbit
error, although it may also remove part of the true oceanic
variability mostly at longer spatial scales. Statistical
considerations associated with the orbil error correction
are explored by Lc Traon ef al.  (1991). The sccond type
of error, produced by irrcgularitics in the gravitional
ficld, is gecographically constant al cach track, and is
referred to as time-invariant (Marsh & Williamson, 1980).
Timc-invariant crrors arc removed along with the geoid
and the mean occan circulation using thc along-track
collincar method.

GEOSAT data processing

Although improved environmental corrections are
provided with the GEM-T2 data set, we want to
investigate the effects of the various orbit ephemerides
and orbit error correction methods. Therefore, we use the
same set of environmental corrections for all three
GEOSAT data sets. These corrections, provided in the
original GDRs, are described in detail by Cheney et al.
(1987) and include solid and ocean tides, wet and dry
tropospheric, ionosphcric, EM bias and inverse
barometric corrections. The correcied heights arc then
interpolated onto a 7-km along-track grid. The
interpolation results in = 800 grid points, or bins, along
each of the tracks.

A mean, or reference, sca  surface profile for cach
track is computed using a slightly modificd collincar
approach, similar to that proposed by Chelton et al.
(1990). This method produces a rcliable cstimate of the

mean sea level, by generating a curve constructed from the
mean along-track slope of interpolated sea heights at fixed
grid points, in a process equivalent to intcgration. Spccial
attention is given to the treatment of data gaps, which are
filled by interpolating the values at the edges of the gaps
with a third order polynomial. We usc the median and
interquartile rangc valucs at cach grid point as a data
quality check, and cxclude thosc valucs of along-track
slope that lic beyond * 4 interquartile ranges from the
median. Sca height residuals arc subsequently computed
for cach grid point and cyclc by subtracting the reference
cstimatc from the sca height valucs at cach grid point.
Note that the sum of the sca height residuals at cach grid
point is not zcro, since they are referred (o an integrated
mean height profilc, and not to the arithmetic mean profile.
For this rcason, it is morc appropriate to refer to the
integrated mcan sca height profile as the reference profile.
The subtraction of the reference profile automatically
causes the elimination of the time-invariant orbit crror.

The sea height residuals arc still contaminated with the
time-dependent orbit error, which must be cstimated and
removed from the signal. This error has a very long wave
sinusoidal component that differs between tracks, and
from cycle to cycle. A general approach to rcmove this
orbit error is to {it a sinusoid or low order polynomial to
the along-track sca height rcsiduals for cach cycle. This
mcthod assumes that the crror is purcly periodic and
deterministic. For long tracks (> 10,000 km), a sinusoid is
usually considered the best choice. For shorter tracks, a
lincar or quadralic polynomial is genercally aceepted as a
good alternative for removing the time-dependent orbit
crror. The choice of the order of the polynomial is related
to the length of the track. First-order polynomials are
usually reccommended for tracks shorter than 3000 km
(Chelton et al., 1990, and Lc Traon et al., 1991). Given the
length of the arcs (5500 km), we usc a quadratic weighted
fit to remove the time-dependent orbit error in all the data
sets. To minimizc the chance of grid points with higher
temporal variability having a grcater influcnce in the
polynomial fit, the adjustment is donc by weighting the fit
by the inverse of the variancc (Kelly er al., 1991).
Polynomial adjustments usually do not perform well at
the ends of the tracks, introducing somc additional
variability to the sea height residuals at these locations.
This situation does not significantly aflcct our spectral
analyses because the first and last 10% of the tracks are
tapered with a cosinc window. In the subscquent
analyscs, wc computc and comparc thc sca hcight
residuals with and without removing the time-dependent
orbit crror. We then usc spectral methods Lo estimate the
magnitude of thc mesoscale and large scale signals
removed from the residuals by the polynomial adjustment
procedurc.
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Results and discussion

Sea height residuals

The sea height residuals, after the polynomial orbit
correction, rcveal that the tracks analyzed (ransccl arcas
of different occanographic characteristics. Figurcs 2a
and 3a show the sca height residuals for tracks A and B,
for the first 40 cycles of the GDR data sct. Notc that for
this analysis the sea height residuals are filtered using a
low-pass filter with a cut-off frequency of 40 km, which
approximately corresponds to the GEOSAT instrument
noise (Flament ef al., 1989). The rms sea height variability
for track A (Fig. 2b) varies from 6 cm at low latitudes (15
to 25°S) to more than 30 c¢cm at about 42°S. The area of
maximum variability is found where the track crosses the
extension of the Brazil-Malvinas confluence. The maximun
amplitude of sea height residuals in this region can reach
about 70 cm. A second area of high variability, although
less pronounced, is found between 55 and 58°S and
corresponds to the edge of the Antartic Circumpolar
Current (ACC). Track B transccts a region of much lower
variabilily, where the infllucnce of the Brazil Current
extension is less pronounced. The highest rms variability
valucs of around 20 cm arc obscrved at 50°S (Fig. 3b) and
correspond to the edge of the ACC.

Our estimates of rms sca height variability are slightly
higher than those obtained by Forbes et al. (1993), as a
consequence of not having damped the sea height
variability results by interpolating them onto a much larger
grid. Our estimates of horizontal sea height variations are
comparable to the in situ estimates in the Argentine basin
reported by Roden (1986), obtained by dividing the
dynamic height differences by the gravity acceleration.
The in situ height differences are found to be of the order
of 20 to 40 cm over distances of 100 km.

Orbit error corrections for each bin along-track can be
visualized by calculating the difference between the sea
height residuals before and after the orbit correction is
made. These estimates for tracks A and B are shown for all
data sets in Figure 4. The orbit error corrections are
highest for the original GDR data set, which is indicative
of its lowest orbit precision. The amplitude of the orbit
correction values is lower [or the GEM-T2, and cven lower
for the Sirkes-Wunsch data sct, reflecting the progressive
improvement in orbit estimation with respeet to the GDR
data sct. The space-time average amplitude of the
time-dependent orbit corrections arc = 50 em (track A)
and = 060 cm (track B) for the GDR, = 13 cm (A) = 15
cm (B) for the GEM- T2, and, = Y cm (A) and = 8 cm (B)
for the Sirkes-Wunsch data sel.
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Fig. 2. (a) Low-passed sea height residual (SHR)
profiles for track A generated from the first 40
GEOSAT cycles, using the GDR data set. The
residuals are computed by first removing the
reference sea height profile from each individual
corrected profile. The time-dependent orbit error is
then removed by subtracting a weighted
second-order polynomial from the residuals, which
are finally filtered using a bell-shaped cosine
window. (b) rms sea height variability for the above
residuals.
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Fig. 3. Same as Figure 2, for track B,

Along-track wavenumber spectra

The polynomial orbit correction method can remove
true long-scalc occanic signal along with the
time-dependent orbit crror. Morc important for our
objectives is the possibility ol excessive removal of
mesoscale occanic signal, or "overfitting”, along with the
orbit crror. To asscss how much mcsoscale occanic
signal is removed by the orbit correction procedure, we
analyze the spcctral characteristics of the sca height
residuals before and after the polynomial adjustment.
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Fig. 4. Estimated magnitude of the long wavelength time-dependent orbit corrections for tracks A and B,
(a and d) GDR set, (b and e) GEM-T2 set, and (c and f) Sirkes-Wunsch set. The space-time average
amplitude of the corrections are about 50 cm and 60 cm for the GDR, 13 cm and 15 cm for the GEM-T2
and 9 cm and 8 cm for the Sirkes-Wunsch data sets, for tracks A and B.

The along-track mecan wavenumber power density
spectra of the sca height residuals is computed for cach of
the data sets. In order to avoid cxcessive damping in the
signal at mesoscale wavelengths, the sca height residuals
are not low-pass filtered for this analysis. The Fast Fourier
technique, commonly used to compute wavenumber
spectra, requires the data to be evenly spaced and without
missing values. Due to the existence of data gaps in all the
cycles, we compute the spectra using the Lomb-Scargle
method (Press & Teukolsky, 1988) which handles this
situation very efficiently. Only one cycle in track A (day 194
of 1988) has very few observations and is not used in the
spectral analysis.

The power density spectrum is first computed
separately for each track and cycle. To avoid leakage
into higher frequencies, 10% of the signal at each end of
every cycle is tapered by multiplyning the sea height
residuals by a cosine-bell window. A mean powcer density
spectrum is then computed for cach track by averaging
the individual spectra. The highest [requency which can
be detected [rom data spaced at intervals 6, apart is the
Nyquist [requency, Ng = (20,) ", i.c, Ng= 0.07 km™.

Figurcs 5 and 6 show the spectra lor cach of the data
sets, before and after removing the time-dependent orbit
error for the two tracks analyzed. The spectra prior Lo the
long-wavelength orbit error removal are mostly red, with
most of the energy concentrated at wavelengths larger

than 1000 km, which rcfllccts the inlluence of the
time-dependent orbital crror.  For wavelengths between
60 and 1000 km, mesoscale oceanic variabilily dominates
the spectra. Al wavelengths shorter than 60 km the specetra
change from red to white, and the band-limited instrument
noise dominates the spectra. The detection limit of occan
variability at short-wavelengths is given by the
location of this white noise frequency band. The sca
height residuals that correspond to this uncorrclated
signal, or white noise, have an rms variability of about 5 cm.

The spectra of the sea height residuals can be
characterized by two parameters: the pcak at which the
spectral density begins its main decrease, and the slopc
of the red part of the spectrum, After the polynomial
adjustment, the power density value of the pcaks is higher
in track A than in track B (Figs 5b and 6b), with values of
approximately 2 x 10* and 1x 10* em?/ cpkm, respectively.
This clearly reflects the existence of higher variability in
the arca of the extension of the Malvinas and Brazil
currents. The spectra slope value are proportional to k™
and k™, for track A and B, respectively. The lower slope
valuc lor track B, indicative of a less encrgetic spectrum,
confirms the lower occanic variability in this arca. An
analysis of all tracks localed between tracks A and B
reveals that the deercase in the slope is progressive,
suggesting a drop in eddy height variability as one moves
from the energetic western boundary to the basin
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interior. Nevertheless, both of the estimated slopes can
be considered relatively high, and agree with values
found in recent studies of the same area by Stammer
and Boning (1992), and Forbes et al. (1993). Slope values
as high were also observed in the North Atlantic, in high
variability areas associated with the Gulf Stream (Fu,
1983; Le Traon et al., 1990). However, our results are not
strictly comparable to all those mentioned above. We
computed the spectra using long arcs that traverse a
variety of physical regimes and, thercfore, include quite
different dynamical proccsses and average over
diffcrent cddy scales. In contrast, the cited results are
computed for smaller, morc homogencous geographic
areas (for example, 10° squres).

A large portion of the encrgy at long wavelenghts in
the spectra prior to the computation of the polynomial
adjustment is associated with orbit error. At thcse
wavelengths, the energy values for the GEM-T2 and
Sirkes-Wunsch  spectra are lower than those obtained
from the GDR spectrum, due to their better orbit estimates
(Figs 5a and 6a). However, for mesoscale wavelengths
between 60 and 1000 km, the spectra for the three data
sets are very similar. For wavelengths lower than 60 km,
noise is dominant in all of the spectra. After removing the
orbit error, most of the energy at wavenlenghts larger
than 1000 km disappears (Figs. 5b and 6b). For
wavenlenghts between 60 and 1000 km, the spectra
remain almost unchange, suggesting that not much
mesoscale signal was removed by the polynomial
adjustment.

Figure 7 shows the along-track power densily spectra
of the estimated time-dependent orbil error, i.c., the
second order polynomial removed al cach track for the
threc data scts. These spectra confirm that the cnergy
removed al mesoscale wavelenghts is almost ncgligible.
Therefore, we feel confident that the polynomial
adjustment used in this study docs not affect signilicantly
our estimates of mesoscalc variability, allowing
meaningful oceanographic interpretations.

Space time variability

After having removed the time-dependent orbit
error, our main interest now lies in comparing the
remaining oceanographic mesoscale signal at each track
for three data sets. This is done by analyzing the low-pass
filtered sea height residuals. Figures 8a, 8b and 8c show
space-time diagrams of sea height residuals along track A
for three data sets after the time-dependent orbit error
correction. Figures 8d, 8e and 8f show the corresponding
diagrams for track B. The black areas in the figures
correspond to bins with no data, or values eliminated
during the data qualily check. For track A, the arca of

highest variability lies between 35 and 45°S, which
corresponds to the extension of the Brazil-Malvinas
confluence zone. In this region, the diagrams show a
northeastward movement of eddy-or front-related high
amplitude sea height residuals. A second zone of high
variability is apparent between 55 and 58°S, and is
associated with the ACC. The position of the Brazil
Current front is highly correlated to the location of the
largest values of sea height residuals. Figurcs 8a-c show the
three space-time diagrams having grecat similitude,
especially for the position of large valucs of sca height
residuals. Conscquently, cstimates of the Brazil Current
frontal position derived [rom any of the three data sets will
be cxtremely similar. Most of track B runs across arcas of
low ocean variability cxcept for a small arca around
49°S. This dcflcction to the north from track A to track
B of the arca of highcr variability associated with the
ACC agrees with the results published by Chelton ef al.
(1990).

Although the space-time diagrams (Fig. 8) visually
show a striking similarity for the three data sets,
differences can be quantified. We compute, bin by bin,
the differences between sea height residuals for the
two improved datasets (GEM-T2 and Sirkes-Wunsch)
and the GDRs. Histograms of the differences [or all the
cycles are shown in Figure 9. The number of bins compared
is about 26,000 for each track. In all cases, the distribution
of differences between the data sets in centered around 0
cm, indicating the absence of any systematic dilferences
among the sets. The histograms of thec GEM-T2 minus
GDRs differences of sca height residuals show a larger
spread than the corresponding figures for Lhe
Sirkes-Wunsch minus GDRs differences. Further
cxamination reveals that the highest absolute dilferences
correspond, in most cascs, (o Lhe extremes of the tracks,
where polynomial adjustments arc known Lo be more
variable.

One uncxpected result of this study is the
considerable residual orbit error in the Sirkes-Wunsch
data set. The orbit errors in this set werc supposed to
have been minimized. They have becn uscd in al least
one study of the Gulf Stream (Ezer et al., 1993) without
additional adjustments. Although the error is smaller than
in the GDR and GEM-T2 sets, we found that the
Sirkes-Wunsch data had to be corrected through the
polynomial adjustment before they could be used for
studies of mesoscale ocean variability. Once the
corrections are applied, the variability estimates (rom all
three data sets are very similar, with differences among
sets being small in relation to the overall error of the
measurements. This result is not unexpected (Chelton and
Schlax, 1993; Tai, 1989) given the long wavelength of the
time-dependent orbit error, although we have not scen
this result quantificd to date.
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Sirkes-Wunsch set; and track B: (d) GDR set, (e) GEM-T2 set, and (f) Sirkes-Wunsch set.
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Fig. 9. Histograms of bin-by-bin differences in sea
height residuals between the data sets: (a) GEM-T2
minus GDR, track A, (b) Sirkes-Wunsch minus
GDR, track A, (c) GEM-T2 minus GDR, track B, and
(d) Sirkes-Wunsch minus GDR, track B.

Conclusions

Improvements in altimeter orbit error estimation to the
original GEOSAT data set lead to the construction of
two new data sets, the GEM-T2 and Sirkes-Wunsch data
sets. The sensitivity of mesoscale variability estimates using
these three different GEOSAT data sets is investigated by
comparing characteristics in their sea height residuals
power density spectra and space-time diagrams. After
removing the long wavelength component of the spectra
remains almost unchanged. Further analysis shows that the
mesoscale signal rccovercd from each data sct is
approximately the same. However, improvements in the
orbit estimation are still necessary in order to study large
scale occan variability.
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