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ABSTRACT

Mean fields, seasonal cycle, and interannual variability of the Southwestern Atlantic Ocean (SAO) sea
surface temperature (SST) distribution are examined during an 18-year (January 1985-December 2002)
period by means of monthly composite, around 9 km resolution satellite-derived SST data. Temporal
evolution of the mean spatial value shows a very marked annual cycle, certain interannual variability
and a weak increasing tendency (~0.06 °C/decade). Spatial distribution of the mean temporal value
shows the influence of the horizontal advection over the SST field. Over 90% of the temporal variability
is explained by the annual harmonic, which reaches amplitudes of 7 °C over the shallowest zones. The
inclusion of the semiannual harmonic improves the description of the seasonal cycle only in those
regions of the domain where warming and cooling cycles show different durations. The strong
correlation between the surface heat flux and the SST allows, by means of a single diffusion equation,
the prediction of the shelf areas which do not stratify seasonally. The EOF analysis shows three modes
(which together explain over 97% of the variance) associated with the stationary value, the amplitude
and the phase of the annual harmonic, i.e., with the seasonal cycle. The fourth mode (0.22% of the
variance) is the first one to show interannual variability, which is well correlated with the Southern

Annular Mode (SAM).

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Seasonal sea surface temperature (SST) variability and the
physical processes associated to it are of great importance in
ecosystem regulation. Long period interannual variability plays a
fundamental role in climatic studies. Additionally for over 20
years satellite sensors have provided, quasi-synoptic and high
time-space resolution information on the SST over an area that
has been historically undersampled by conventional methods.

The seasonal cycle in the Southwestern Atlantic Ocean (SAO)
accounts for over 90% of the variance (Podesta et al., 1991; Provost
et al., 1992; Rivas, 1994; Lentini et al., 2000) and also regulates
algal blooms and different species migrations. Vertical stratification
conditions CO, exchange with the atmosphere and its regional
balance (Bianchi et al., 2005 and 2009). North of Rio de la Plata,
Campos et al. (1999) and Lentini et al. (2000) suggested certain
coupling between SST anomalies propagation and El Nifio Southern
Oscillation (ENSO), while other authors have correlated these
anomalies to precipitation (Hasternrath and Greischar, 1993a,b;
Carton et al.,, 1996; Diaz et al., 1998; Camilloni and Barros, 2000).
More recently, Barrucand et al. (2008) showed that the frequency
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of warm events (especially warm nights) is highly associated with
the SST in coastal zones and that the main variability mode found
was an 8-year wave signal noticeable in the analysis of cold nights,
Atlantic SST and the Southern Annular Mode (SAM).

The study area (Fig. 1) covers two different hydrographic
regimes. The continental shelf is wide (at 50°S it reaches almost
900 km of extension), with high tide amplitudes (over 12 m in the
south zone) and shows a mean north-northeastward surface flow
(Palma et al., 2008). In winter, the water column along the shelf
becomes vertically homogeneous because of the direct wind
mixing and the vertical convection associated with the loss of
buoyancy of the surface waters. Between the end of spring and the
beginning of fall, the water column over the shelf stratifies, except
for those zones where tide mixing is enough to balance the effect
of the surface heat flux, giving rise to various thermal fronts
which have strong influence on phytoplankton blooms (Rivas,
2006). In the oceanic zone the Brazil Current (BC) flows
southwards along the continental slope carrying subtropical
warm and salty water as part of the South-Atlantic anticyclonic
gyre. Malvinas (also known as Falkland) Current (MC) is a
detachment of the Antarctic Circumpolar Current (ACC) that
flows northward carrying cold water (Piola and Gordon, 1989). At
approximately 38°S these two currents meet and generate a
quasi-stationary meander that extends up to approximately 45°S.
Olson et al. (1988); Garzoli and Garraffo (1989); Chelton et al.
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Fig. 1. Schematic circulation of Southwestern Atlantic Ocean (SAO), showing the
Malvinas (also known as Falkland) (MC), Antarctic Circumpolar (ACC) and Brazil
Currents (BC) (adapted from Piola and Rivas, 1997). Shown in grey tones is the
bathymetry and in black lines the 100, 200 and 1000 m isobaths. Inside the black
line rectangle is the study area and major geographic features. Abbreviations are:
CH Chubut, SC Santa Cruz and TdF Tierra del Fuego provinces. The location of NCEP
nodes with surface heat flux data is indicated by the X points.

(1990) and Piola and Matano (2001), among others, have
described these currents and their zone of influence.

The objective of this study is to provide a detailed description of
the time and spatial evolution of the SST in the SAO (Fig. 1), using an
18-year (1985-2002) series of monthly composite satellite images.

2. Data

Eighteen years of SST data (from January 1985 to December
2002) obtained by the Advanced Very High-Resolution Radio-
meter (AVHRR) on board of NOAA satellites, processed by the
Pathfinder project version 4.1 and available at http://poet.jpl.nasa.
gov were used for this study. These data consist of monthly
composite images with a resolution of ~9km, which cover an
area in the Southwestern Atlantic defined by parallels 33 and
56°S, the 55°W meridian and the coast. The number of valid SST
retrievals for each of the 39796 grid points employed ranged
between 176 and 216.

Heat fluxes were taken from the National Center for Environ-
mental Prediction-National Center for Atmospheric Research
(NCEP-NCAR) reanalysis (Kalnay et al., 1996) dataset. Monthly
averaged data are provided on a grid with a resolution of
approximately 2° x 2° in 85 points over the study area (Fig. 1).

The circulation variability of the lower atmosphere in the
southern hemisphere is dominated by an annular mode that
significantly influences the strength of the westerlies. This mode
has been referred to as the Southern Annular Mode (SAM) and
defined as the leading principal component of the 850hPa
geopotential height anomalies south of 20°S (Thompson and
Wallace, 2000). The SAM index time series can be found at http://
Www.cpc.noaa.gov. A positive (negative) SAM index is associated
with lower (higher) sea level pressures at high latitudes and
higher (lower) sea level pressures at low latitudes. As a
consequence, during years with a positive SAM index, the
westerlies are intensified in the Antarctic Circumpolar Current
(ACC) region and weakened north of 40°S.

3. Results and discussion

This section presents the spatial and temporal averages,
harmonic analyses of SST and a decomposition of SST with
empirical orthogonal functions (EOFs).

3.1. Mean spatial value

The mean value over the whole domain is giving by:
<T(t) > = 1/N2jT(Xj, t;)

where N=39796 is the number of data points. Spatial mean shows
a well-defined annual cycle (Fig. 2a) and certain interannual
variability, while there is not a very marked long period tendency
(lower than +0.06 °Cdecade™'). The surface heat flux averaged
over the whole domain (85 NCEP nodes) shows similar
characteristics (Fig. 2b). In this case, the long period tendency is
also very small but decreasing (less than —4 W m~2decade!). The
correlation between these series is maximum (0.93) for a lag of two
months. The standard deviations (s.d.) of the mean spatial values
show opposite behaviors. SST is spatially more homogeneous
during the cold period, when the mixed layer is deeper and more
uniform over the whole domain (Fig. 2a). The surface heat flux
shows higher spatial variability when solar radiation is minimum,
the net heat flux is from the sea to the atmosphere and basically
regulated by the air-sea interface (Fig. 2b).

The variability is computed by removing the mean seasonal
cycle, calculated at every grid point. Departures from the seasonal
cycle are defined as “anomalies”. Afterwards, mean spatial
anomalies are calculated by averaging the anomalies from all
the pixels with available information (Fig. 2c). Mean surface heat
flux anomalies were estimated in the same way (Fig. 2d).
Correlation between the two series resulted insignificant (0.11)
at the 95% significance level (0.13).

Regardless of the spatial variability, i.e., analyzing mean spatial
values, SST field shows a very marked annual cycle, which is
attributable to the surface heat flux. On the contrary, deviations
from this seasonal cycle are not correlated with the deviations of
the surface heat flux from its seasonal cycle. Long-term tendencies
do not show correlation either. While the SST shows an increasing
tendency, the surface flux shows a decreasing tendency.

Recent analysis of satellite images (Gregg et al., 2005; Saraceno
et al., 2005; Rivas et al., 2006) detected higher surface chlorophyll
levels during the last few years, which could be associated to a
decrease in the SST accompanied with a higher inflow of nutrients
into the photic zone. This decreasing tendency of the SST is not
evident among the analyzed data. The reason for this discrepancy
could be that the zone where satellite chlorophyll rises more
evidently circumscribes to the continental shelf, while this analysis
includes also the oceanic zone, or else, due to the difference in
temporal extension of the satellite SST and sea color data.
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Fig. 2. Temporal evolution of the spatial average of the monthly values (thick line), long period tendency (straight line) and its corresponding standard deviation (thin line)
for the SST (a), and the surface heat flux (b). Monthly mean values of the spatial anomaly with respect to the climatological annual cycle (thin line) and series smoothed
with a 1yr running mean filter (thick line) for the SST (c), and the surface heat flux(d).

Belkin (2009) recently has calculated an increasing tendency of
0.032°Cdecade ! in the Large Marine Ecosystems of Patagonian
Shelf in the period 1982-2006. Considering that neither the
analyzed zones nor periods analyzed agree exactly, it is possible
to affirm that their results are coherent with the present work.

3.2. Mean temporal value

The average of the 216 values registered monthly at each point
To(xj) = 1/216Z;T(x;, ty),

shows (Fig. 3a) the influence that water dynamics have on the
spatial distribution of SST. The Argentine Basin shows the effects
of the BC, the MC and its retroflexion and, to a lesser extent, the
effect of the ACC. Over the continental shelf it is possible to

distinguish the influence of the input of cold water through the
Magellan Strait, coastal regions with lower mean SST due to the
absence of seasonal vertical stratification (for example, the coastal
region South of San Jorge Gulf and the one close to Peninsula
Valdés) as well as regions more isolated from the general north-
northeastward flow, where mean SST is higher since it is less
exposed to the southerly cold water advection (for example,
inside San Matias Gulf or near El Rincéon). Variability associated to
the mean temporal value, given by its s.d. (Fig. 3b), is mostly due
to the annual signal, as it will be shown later.

3.3. Annual cycle

The stationary signal as well as the annual and semiannual
harmonics for each pixel with more than 180 valid data were
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Fig. 3. Spatial distribution of the temporal mean SST (a), and its corresponding standard deviation (b).
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Fig. 4. Spatial distribution of the amplitude (°C), the phase (months) and the percentage of explained variance for the annual harmonic.

calculated using a least square adjustment. (Beron-Vera and Ripa,
2000). Fig. 4 shows the amplitude, the phase and the percentage
of the explained variance by the annual harmonic. The
preponderance of the annual signal, evidenced by the
percentage of explained variance, has a simple physical
interpretation, since the surface heat flux is also dominated by
this frequency. The amplitude of the annual signal shows a spatial
structure similar to the s.d. of the mean temporal value (compare
Figs. 4a and 3b), demonstrating that, at each point, temporal
variability is mostly due to the annual cycle. The amplitude of the
annual harmonic over the shelf usually rises towards the North,
reaching maximum values (between 6 and 7°C) at the very
shallow coastal zones (less than 40 m depth) of El Rincén and Rio
de la Plata. In general, the annual cycle amplitude is lower in
zones that do not stratify seasonally, where summer heat flux is
distributed over the whole water column. Zones where turbulent
mixing giving by tides (Glorioso and Flather, 1995; Palma et al.,
2004) keeps the water column homogeneous even in summer,
were identified near Valdés Peninsula, the north coast of Santa
Cruz and the north-west of Malvinas islands. Krepper and Rivas
(1979) and Sabatini et al. (2004) have shown the absence of
vertical stratification south of 51°S. Besides that, is recognized the
strong vertical mixing (barotropic nature) of the MC flow.

Regardless of the semiannual component, the fit reduces to:
T(x, t) =To(x)+ T (x)cos[m(t—t,)],

and in this case, the annual harmonic phase t, (Fig. 4b) indicates
the moment of the year with maximum SST. It can be seen that
the SST over the shelf reaches its maximum between February 1
(phase=1.5 months) and March 1 (phase=2.5 months), and that it
is lower in the shallow zones of Rio de la Plata and El Rincén, and
higher in those zones that remain homogeneous over the year
(near of Valdés Peninsula, south end of San Jorge gulf, coast of
Tierra del Fuego and a small area located NW of Malvinas islands).

Amplitude distributions and the phase of the signal both
coincide with the results obtained by Podesta et al. (1991) using
data with lower spatial resolution (1° x 1° vs. 9 x 9 km), shorter
record length (4 years vs. 18 years) and higher temporal
resolution (5 days vs. 1 month).

Regarding the explained variance by the annual harmonic,
Fig. 4c shows that over the shelf it is always higher than 98%.
Considering the whole domain, the lowest values of the explained
variance are located at the confluence of BC and MC, and at the
region between the main MC flow and its return. It is possible
that this decrease is caused by mesoscale processes that are seen
over these regions even using monthly averaged data. When
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Fig. 7. Vertical turbulent diffusion coefficients estimated from the model (m?s~') and vertical diffusion scale (see text for its definition) drawn as percentage of the local
depth. The zones where the diffusive scale exceeds the local depth indicate the absence of vertical stratification.

interpreting the high values of variance explained by the annual
adjustment, it has to be considered that due to the resolution of
the data used, variability associated to scales below one month
and 9km is filtered. Additionally, the residuals from the fit are
assumed as statistically independent or uncorrelated which is
often inappropriate for geophysical time series. In this case, the
effective number of independent realizations (effective degrees of
freedom) could be less than the total number of sample
observations and the proportion of variance explained by the
regression (the r? coefficient) would be overestimated.

The semiannual harmonic only explains, in average, less than
0.1% of the variability (it does not get to explain 1% of the original
variance of the data at any point of the domain). The amplitudes of
the semiannual harmonic are one order of magnitude below those
of the annual harmonic. When including the semiannual harmonic,
the average difference between maximum and minimum tem-
peratures varied less than 1% (at no point of the domain this
change is greater than 13%), i.e. the semiannual signal does not
change the seasonal cycle amplitude. The annual harmonic predicts
6 months of heating and 6 months of cooling, the inclusion of the
semiannual harmonic breaks this symmetry. It can be seen that in
those zones where the amplitude of the semiannual harmonic is
higher, the heating period shortens. The asymmetry between the
heating and the cooling cycles had already been documented for
the shelf zone by Krepper and Bianchi (1982). The maximum SST is
reached prematurely when the surface heat flux is still from the
atmosphere to the sea, and the minimum surface temperature is
reached over 6 months later, when the surface heat flux is again
from the atmosphere towards the sea. The advection of cold water
in the N-NE direction, besides balance the annual surface net heat
flux (which is positive over practically the whole domain) is
probably responsible for the early beginning of the cooling period,
which could last up to 7.5 months. Fig. 5 shows this situation for a
point located at 63.75°W, 50.48°S. Even when the explained
variability and the amplitude of the seasonal cycle do not change
significantly, this figure shows that the adjustment to the data with
the full signal (annual and semiannual) is better than the one
obtained using only the annual signal.

The annual climatological cycle was calculated at each pixel,
averaging for each month the SST over the 18 years, and afterwards
the monthly mean anomalies were calculated by subtracting the
annual harmonic estimated in each point of the domain.

These 12 series with 39,796 points each were decomposed into
empirical orthogonal functions (EOFs), obtaining two modes which
together explain over 80% of the variance. The first of these two
modes (68.24% of the explained variance) shows a spatial structure
(Fig. 6a) very similar to the distribution of the semiannual harmonic
amplitude (Fig. 6¢), while the corresponding eigenvalue exhibits a
clear semiannual cycle (Fig. 6b). The second mode (12.04%) shows a
spatial structure (Fig. 6d) similar to that calculated for the phase of
the semiannual harmonic (Fig. 6f) and its eigenvalue also shows a
very marked semiannual signal (Fig. 6e).

From this analysis it can be concluded that the climatological
annual cycle is fundamentally explained by the annual harmonic
which predicts the seasonal amplitude almost exactly and that
the semiannual harmonic, by allowing the asymmetry between
the heating and cooling periods, give a more detailed description.

3.4. Vertical structure—model

Not considering the horizontal heat fluxes, disregarding the
vertical advection and assuming a constant vertical diffusion
coefficient (in time and along the whole water column), the heat
conservation equation is reduced to a vertical diffusion equation:

otT(z, t)=Ko,T(z, t)

For simplicity, the temperature T is considered to be forced
only by the annual component of the surface heat flux, then the
boundary condition is:

KpCpo,T(z, t)=Fcos[w(t—t;)], inz=0

where p is the density, C, the heat capacity of sea water, F; is the
amplitude of the annual component of the surface flux, tits phase
and w equals one cycle per year.

Omitting the boundary conditions that no heat passes through
the sea bed (z= —D), the solution to this model is:

T(z, t)=te*"cos[w(t—tf)+z/H—m/4] 0

where t=F; H (Kp Cp /2)~ " and H=(2K ®~')"* is a vertical diffusive
scale. With a condition of zero heat flux at the bottom, the solution
gets mathematically more complicated but it is not significantly
different (see Prandle and Lane, 1995 or Smerdon and Stieglitz,
2006) and it is simple to identify the same diffusive scale.
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The least squares fit to the SST data allowed the calculation of t
(the surface amplitude of the annual harmonic) at each point of
the domain. F1 was calculated in the same way from the surface
heat flux data at the 85 NCEP nodes. Afterwards F1 values were
interpolated to all the points in the domain and diffusion
coefficients K that satisfied the solution (1) were estimated. These
K values were used to calculate the diffusive vertical scale H. Fig. 7
shows the values obtained for K and H, with H relative to the
total depth D. The values of K obtained for the shelf ranges from
1-10x 10~%m?s~! and are comparable to those derived by
Malacic (1991) for describing the annual temperature cycle. In
those places where H > D, the local depth, the solution obtained
indicates that the annual harmonic of the temperature will
have almost the same amplitude and phase from surface to
bottom, i.e., the water column will be isothermal. Zones where H

exceeds the depth D are shown in Fig. 7b and, considering those
zones as indicative of the areas with no vertical stratification,
the result agrees pretty acceptably with the estimations of the
Simpson parameter calculated from hydrographic data (see Fig. 6
in Sabatini et al., 2004; Fig. 4 in Bianchi et al., 2005; Fig. 2 in
Bogazzi et al., 2005 and Fig. 8 in Lucas et al., 2005). The major
discrepancies appear in the zone of Rio de la Plata where, even
when the estimated K value is low, the vertical diffusive scale for
the annual cycle exceeds the total depth D. In that region, water
column stability is dominated by the discharge of fresh water.

These simple calculations show that the spatial distribution of
the annual cycle amplitude over the shelf is partly ruled by the
stratification conditions, and also that surface satellite observa-
tions can, under certain conditions, provide information on the
vertical structure of the whole water column.
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3.5. EOF decomposition

EOF analysis was applied to the data set normalized by
subtracting the spatial average from each individual image and
dividing it by the s.d.. The so-called gradient modes (Paden et al.,
1991) were used to investigate the seasonal and interannual
variability and respective spatial patterns. The first four modes
were selected for physical interpretation since they contained a
signal greater than the level of noise (Overland and Preisendorfer,
1982).

The first mode explains 94.28% of the variance and shows a
spatial structure (Fig. 8a) similar to the mean temporal value
(Fig. 3a). Its temporal mode shows a very marked annual signal
and an evolution similar to the s.d. of the spatial mean (Fig. 2a).
Even when it is spatially similar to the mean temporal value, this
mode gives extra information because its temporal evolution
shows that its spatial pattern intensifies in summer. The second
mode explains 2.37% of the variance and its spatial structure
(Fig. 8b) is similar to that of the annual harmonic amplitude
(Fig. 4a). In time, it shows the prevalence of a very marked annual
cycle with a temporal evolution similar to that shown by the
mean spatial value (Fig. 2a) with opposite sign (i.e., high values in
winter and low in summer). Spatially (Fig. 8c), the third mode
(0.40% of the variance) is similar to the phase distribution of the
annual harmonic (Fig. 4b) and temporally it shows the prevalence
of an annual signal, though not so regular. These modes, which
together explain over 97% of the variance, are associated to the
mean temporal value, the amplitude and the phase of the annual
harmonic, evidencing once more the importance of this signal.
The fourth mode explains 0.22% of the original variance and 7.4%
of the variance not explained by the first three modes. Even when
the variance that explains this mode is marginal, it is included in
the analysis for it is the first one to show a considerable
interannual variability. Spatially it shows two domains. One at
the continental shelf with negative values of greater magnitude
over the zones that do not stratify seasonally, and the other one
external, with positive values associated to the MC and its
retroflection (Fig. 8d). Its temporal eigenvalue exhibits variability
a frequencies higher than the annual one, and as it was mentioned
before, it is the first to show an appreciable interannual signal. To
highlight the interannual variability a low-pass filter that
eliminates frequencies higher than one year was used (a running
average of 13 elements and then two running averages of 12
elements each were applied successively, with a total of 34 lost
data). The obtained series was correlated to its analogue for the
SAM index. Correlation between both filtered series is —0.71 (the
99% significance level is 0.60). Using lower spatial resolution data
it has already been shown (Lovenduski and Gruber, 2005 and
Meredith et al., 2008) that the SAM index correlates positively
with the SST over the southeast region of the domain and
negatively over the north region. However, the spatial pattern of
this correlation does not coincide with that of the analyzed mode.
The SAM wind anomalies have both, a dynamic (e.g., via Ekman
transport) and a thermodynamic effect on the ocean through
surface stresses and by affecting heat and freshwater fluxes,
respectively. The westerly wind intensification over the Drake
Passage region (SAM >0, see Meredith et al, 2008) can be
associated to a higher northward advection of cold water by the
MC. The subsequent decrease in the SST over the MC influence
zone enhance in its retroflection where probably a displacement
of warmer water of subtropical origin occurs. North of 55°S a
SAM >0 index generates a negative anomaly in both wind
components (see Meredith et al., 2008) and with a less intense
wind, it is reasonable to consider a positive SST anomaly over the
shelf since the depth of the mixed layer decreases. However, this
anomaly is more intense in coastal zones, vertically homogeneous

due to the effect of tides, which indicates that there must be a
change in the surface heat flux. This possibility was explored
using NCEP data, but the spatial resolution of this information
(approximately 2 degree) does not allow resolving the spatial
scale of these frontal areas.

4. Summary and conclusions

In this paper high-resolution satellite-derived SST data were
used to study spatial and temporal SST variability over a large
domain in the SAO between 1985 and 2002. Determination of the
spatial and temporal variability of SST from these highly
productive regions using high-resolution, satellite-derived data
may lead to a better understanding of the coupling between
physical and biological oceanographic processes and of the
interactions between the ocean and the atmosphere.

Findings from this study include:

a. The mean spatial value (which is equivalent to considering the
temporal variability of the whole domain as it was a point)
shows a very clear annual cycle, certain interannual variability
and a slight increasing tendency in SST. This series shows a
very good correlation with the one for the surface heat flux
(0.93 with a two months delay), but neither the long-term
tendencies nor the seasonal cycle anomalies show the same
correspondence. The respective standard deviations show that
while the SST is more homogeneous in winter, the heat flux is
more uniform in summer.

b. The mean temporal value (which is equivalent to considering
spatial variability of the stationary field) shows the influence
of the circulation over the zones where horizontal advection is
increased (MC, BC, ACC, etc.) as well as over those more
isolated, where advection is diminished (El Rinc6én, San Matias
gulf).

c. The SST shows a very marked seasonal cycle (mean difference
between winter and summer on the order of 7°C) explained
basically by the annual harmonic. The distribution of the
amplitudes and phases can be interpreted regarding each zone
particularities. The inclusion of the semiannual harmonic only
improves the cooling and heating period determination over
some areas, but do not improve the seasonal cycle amplitude.
This is interesting since, assuming that vertical stratification
begins when the SST reaches its minimum, this moment would
be indicating the beginning of fair conditions for the develop-
ment of the spring bloom, a very important pattern of the
surface chlorophyll distribution over the whole shelf (Rivas
et al,, 2006).

d. Using a simple model, the high resolution of the used data
allowed inferring the areas that remain mixed during summer
due to the tidal mixing. These results are very consistent with
those obtained from historical and recent hydrographic data
(temperature and salinity profiles obtained using CTD or
bottles and reversing thermometers) showing the possibility
of obtaining information on the vertical structure of the water
column from satellite data. This result is also interesting for
analyzing chlorophyll distribution patterns, since it reaches
very high concentrations in frontal zones (Rivas, 2006).

e. The EOF decomposition, besides showing the almost exclusive
contribution of the annual cycle in explaining the variance of
the analyzed data, permitted to infer some of the interannual
mechanisms of variability. This variability was correlated to
the SAM index and interpreted based on its dynamic effects.
Describing the spatial pattern using appropriate resolution
data led to the identification of a differential behavior between
shelf waters and those influenced by de MC, something not



760 A.L. Rivas / Continental Shelf Research 30 (2010) 752-760

shown by other works that use more widely spaced data.
Interannual variability over the shelf zone is probably more
influenced by thermodynamic effects related to SAM, but their
identification was not possible considering the low resolution
of available atmospheric information.
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