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ABSTRACT

SIMIONATO, C.G.; VERA, C.S., and SIEGISMUND, F., 2005. Surface wind variability on seasonal and interannual
scales over Rio de la Plata area. Journal of Coastal Research, 21(4), 770–783. West Palm Beach (Florida), ISSN 0749-
0208.

Previous works show that wind forcing is the main source of circulation seasonal variability in the Rı́o de la Plata
estuary, located on the southeastern coast of South America. Wind forcing exceeds by far the role of fresh water
discharges. However, due to a lack of enough observations, the features and causes of surface wind variability are
not well understood yet. Therefore this paper presents a comprehensive study of surface wind variability over the Rı́o
de la Plata estuary using the National Center for Environmental Prediction-National Center for Atmospheric Research
(NCEP/NCAR) reanalysis data between 1948 and 1997. It is expected that this study contributes to better understand,
model and thus predict the estuary circulation.

An onshore to offshore rotation characterizes the seasonal variations of the surface winds from summer to winter.
A linear trend analysis shows a displacement of the summer–winter seasonal features to earlier months. On inter-
annual time-scales, the first leading pattern describes east–west changes of surface winds that seems to be forced by
the quasibiennial tropospheric oscillation excited in the western tropical Pacific and previously identified by many
authors. The conditions over the South Atlantic and in particular the Rı́o de la Plata are influenced by such oscillation
through an atmospheric Rossby wave train propagating out of the tropics. This result is very important for its impli-
cation on the predictability levels in the region. The second leading mode is associated with anticyclonic/cyclonic wind
rotations off the estuary on interannual times scales which are related with changes in both atmospheric and oceanic
surface conditions at Southern Hemispher high-latitudes.

ADDITIONAL INDEX WORDS: Estuaries, Wind variability, Seasonality, Interannual variability, Rı́o de la Plata,
Northern Argentine Continental Shelf, 41–308 S; 58–478 W.

INTRODUCTION

The Rı́o de la Plata, located on the southeastern coast of
South America at approximately 358 S, is one of the most
important estuarine systems of the world. It drains to the
Atlantic Ocean an average of 22000 m3 s21 (NAGY et al., 1997)
coming from the second largest fluvial system of this conti-
nent, the Paraná and Uruguay rivers system. The estuary,
that covers an extension of around 35000 km2, is very broad
(320 km long and 230 km wide at the open mouth) and shal-
low, with an average depth of 20 m. It constitutes the most
developed basin in South America. The population living in
the hinterlands is estimated on 30 million people and two of
the most important South American cities and harbors,
Buenos Aires and Montevideo, lie on its shores. When the
river reaches the open ocean, it forms an intense and active
salinity and turbidity front whose features and position ex-
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hibit a high variability. The outer region, where fresh water
rich in nutrients interacts with coastal waters, is the spawn-
ing and nursery area for many coastal species (COUSSEAU,
1985; BOSCHI, 1988). Variability in the frontal position has
been related to changes in the biota (MIANZAN et al., 2001).
The estuary dynamics impacts the shelf up to a distance of
400 km (CAMPOS et al., 1999; PIOLA et al., 2000).

Even though the estuary has been object of several inves-
tigations (FRAMIÑAN et al., 1999 and references therein), not
much is known about its circulation pattern and variability.
Unfortunately, the lack of long time series of currents and
physical properties in the Rı́o de la Plata has limited a com-
plete understanding of the exchange processes taking place
there. Except for the tides and the storm surges related to
frequent floods, that have deserved several modeling at-
tempts (SIMIONATO et al., 2004; O’CONNOR, 1991; RO-
DRIGUES VIEIRA and LANFREDI, 1996), most of the circula-
tion features have been historically inferred from the salinity
distribution which is the parameter that basically controls
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Figure 1. Month vs. year plots of monthly means an climatological seasonal cycles of (A) zonal wind component, (B) meridional wind component and
(C) wind speed, for the 1948–1997 period.

the density of the estuary (OTTMANN and URIEN, 1965;
URIEN, 1967, 1972) and from other physical and chemical
properties (BRANDHORST and CASTELLO, 1971; BRANDHORST

et al., 1971). Several papers evaluating the time evolution of
these properties have shown that the estuary circulation and
its fresh water buoyant plume exhibit large variability at
long time scales, ranging from seasonal to interannual
(GUERRERO et al., 1997; FRAMIÑAN et al., 1999; SIMIONATO

et al., 2001; LUCAS et al., 2001; FRAMIÑAN et al., 2001; CAM-
POS et al., 1999; PIOLA et al., 2000; MIANZAN et al., 2001).
This variability has important impact not only in the hydro-
graphic characteristics, ocean circulation and mixing and
convection conditions of the adjacent shelf in long distances
(CAMPOS et al., 1999; PIOLA et al., 2000) but also in local
biodiversity and fisheries (MIANZAN et al., 2001).

Estuarine circulation and interaction processes generally
respond to runoff, tides, buoyancy and atmospheric condi-
tions, and the relative significance of these forcings varies in
time and space (BEARDLEY and BOINCOURT, 1981; WISEMAN,
1986; SIMPSON, 1997). Thus, the understanding of the differ-
ent forcings is crucial for a full description of the Rı́o de la
Plata variability. Tides and fresh water discharge have been
well measured at the estuary. Several observational and

modeling studies have provided an adequate view of tidal am-
plitudes and propagation (see for example FRAMIÑAN et al.,
1999 and SIMIONATO et al., 2004 and references therein). The
fresh water discharge variability in long time scales have
been recently well studied by JAIME et al. (2002). Even
though the wind has been proved to be the main source of
seasonal variability in the Rı́o de la Plata (GUERRERO et al.,
1997; FRAMIÑAN et al., 1999; SIMIONATO et al., 2001), ex-
ceeding by far the role of the fresh water discharge at this
time scale (SIMIONATO et al., 2001), the features and causes
of interannual variability remain unclear in a large extent.
Moreover, it is not well known yet either the seasonal cycle
or the interannual variability of surface winds flowing along
the estuary and surrounding area, mainly due to the lack of
direct local observations. GUERRERO et al. (1997) performed
the only data analysis based on surface wind observations at
the estuary available up to this moment. In an attempt to
characterize wind variability at seasonal timescales, they
made a 10 year climatology based on monthly data from one
station (Pontón Recalada) located at the lower portion of the
estuary. They showed that mean winds have a preponderant
onshore direction during summer while they are offshore dur-
ing winter, but they were obviously not able to evaluate the
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Figure 2. Surface zonal and meridional wind total variance accounted by the (A,B) seasonal, (C,D) interannual and (E,F) sub-annual variability, ex-
pressed as percentages of the total variance.

spatial pattern of the forcing neither its variability. This lack
of knowledge, so as the uncertainties in wind variability at
longer time scales, are clearly handicapping our capability of
understanding, modeling and predicting Rı́o de la Plata es-
tuary’s processes.

Recently, new global datasets of atmospheric variables like
the reanalyses of NCEP-NCAR and European Center for Me-

dium Range Prediction (ECMWF) provide an excellent op-
portunity to explore climate, and particularly surface wind,
variability over any region of the globe. In that sense, the
aim of this work is to make a comprehensive climatology of
surface winds and to analyze their variability on seasonal to
interannual scales at the Rı́o de la Plata influence area based
on four-daily fields of wind components at 10 m from NCEP-
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Figure 3. 50-year mean vectors of wind velocity for every season: (A) summer, (B) autumn, (C) winter and (D) spring.

NCAR reanalysis of the period 1948–1997. The paper is or-
ganized as follows: in section 2 data are described and their
basic statistics are analyzed; the mean seasonal cycle and its
long term variation is explored in section 3; in section 4 in-
terannual variability and its relation to large scales are stud-
ied, and finally results are summarized and main conclusions
are drawn in section 5.

DATA DESCRIPTION AND BASIC STATISTICS

The primary data used in this study are four daily fields
of wind components at 10 m from NCEP-NCAR reanalysis of
the period 1948–1997 on a 2.58 3 2.58 latitude–longitude grid.
Additional data such as geopotential height and sea-level
pressure fields were also used in the regression analyses de-
scribed in section 4 as well as the monthly analysis of Reyn-
olds sea-surface temperatures (SST) (REYNOLDS and SMITH,
1994). Full details of the NCEP-NCAR project and the data-

set are given in KALNAY et al. (1996) and discussions about
its quality over the Southern Hemisphere can be found in
SIMMONDS and KEAY (2000), among others. Although, the
analysis resolution might be relatively low for such a small
area, it is a consistent long period data set and is the one of
the few available for oceanic model forcing.

The sixteen gridpoints available from the dataset, located
on the oceanic region around the Rı́o de la Plata and between
31.58 S and 398 S have been selected for the analysis (Fig. 3,
for example, illustrates the location of those gridpoints). The
southern limit was chosen north enough to keep the wester-
lies out of the analysis. They flow further poleward of that
limit and based on the few information available about the
river circulation at the seasonal time scale (GUERRERO et al.,
1997; SIMIONATO et al., 2001), our hypothesis is that they do
not influence directly the estuary dynamics. The easternmost
point of the domain is located at 48.758 W.
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Figure 4. (A,B) Spatial patterns and (C,D) the related time patterns of the two first modes obtained by a principal component analysis on t-mode of
surface wind climatological monthly means.

A general view of the data and its variability is presented
in Figure 1, which shows month vs. year plots of monthly
means of both zonal (Figure 1A) and meridional (Figure 1B)
wind components, as well as of the wind speeds (Figure 1C)
as well as the corresponding climatological seasonal cycles.
Some of the known features about the seasonal wind cycle
are evident, like the fact that it is mostly related to the zonal
component of the wind with positive (negative) values during
winter (summer). These features seem to be dominating the
wind speed variability (Figure 1C) with maximum intensity
during winter and minimum in spring. In addition, an im-
portant amount of variability is observed on interannual time
scales, especially for the meridional component. On the other
hand, trends and/or longer-period oscillations can be observed
during most of the year for the zonal component and the wind
speed. In particular, a positive trend seems to dominate the
zonal component (and thus the wind speed) during both win-
ter and summer seasons. This is particularly evident for June
and December, months that indicate the beginning of the cold
and warm seasons at the Southern Hemisphere (SH) respec-
tively. This could be an indication of a displacement of the
main features of the seasonal cycle along the year. Super-

imposed to this signal, long period oscillations of 5 to 15 years
are also evident for every season.

In order to quantify how much of the surface-wind total
variance is accounted by the seasonal, interannual and sub-
annual variability, a variance analysis for both wind compo-
nents was performed over each of the grid points considered
in the region of interest. Results are displayed in Figure 2 as
percentages of the total variance. The first feature that
emerges is that while the spatial distribution for u-wind var-
iability tends to have extreme values over the northwestern
and southeastern portion of the region, the v-wind variability
does it over the south-southwestern and northeastern areas.
In addition a large amount of the variance of both compo-
nents is related to sub-annual scales, especially for the v-
wind (Figures 2E and F). The area between 308S and 458S is
characterized by one of the highest cyclogenetic activity with-
in the Southern Hemisphere (NECCO, 1982; SINCLAIR, 1994;
GAN and RAO, 1991). Cyclogenesis events have over that area
a mean frequency of around 120 events by year (GAN and
RAO, 1991), with higher frequency during winter and spring.
Thus, it is hypothesized here that they are probably respon-
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Figure 5. Frequency of occurrence of a given wind direction, computed using the four daily data, by adding the wind speed value every time that it
occurs from one of the 72 given direction intervals for every of the year months, for (A) summer, (B) fall, (C) winter and (D) spring.

sible for the high variability observed on the surface winds
at sub-annual scales.

Approximately 62% of the total zonal wind variance is re-
lated to seasonal and inter-annual time ranges, while only
18% is associated to these scales for the meridional compo-
nent. As expected, the variability on seasonal time ranges
(Figure 2A and B) is dominated by the zonal component,
which is known to vary from onshore in summer to offshore
in winter (GUERRERO et al., 1997; FRAMIÑAN et al., 1999).
Almost 58% of the total variability is related to this range for
the zonal component, reaching a maximum of more than 66%
north of the estuary. On interannual scales (Figure 2C and
D) the average percentage of variance over the region is of
4% on the zonal wind component and 10.6% on the meridio-
nal one.

THE MEAN SEASONAL CYCLE AND ITS
LONG-TERM VARIATION

The 50-year mean vectors of wind velocity for every season
are presented in Figure 3. Seasons are defined as Dec–Jan–
Feb (austral summer), Mar–Apr–May (autumn), Jun–Jul–
Aug (winter) and Sep–Oct–Nov (spring). Consistently with

the analyses of GUERRERO et al. (1997) and FRAMIÑAN et al.
(1999) and with the results of the previous section, it is clear
that the seasonal cycle is dominated by the u-wind. During
summer (Figure 3A) the mean wind direction is from the
northeast over most of the area, being the responsible for the
observed salinity front retraction to the west/south-west
(GUERRERO et al., 1997; FRAMIÑAN et al., 1999; SIMIONATO

et al., 2001). On the other hand, during winter (Figure 3C),
mean winds rotate to the west/north-west, being the main
responsible for the observed frontal extension to the north
(GUERRERO et al., 1997; FRAMIÑAN et al., 1999; SIMIONATO

et al., 2001). Average spring values (Figure 3D) exhibit a pat-
tern that resembles the summer but with a reduced intensity
while fall pattern (Figure 3B) has a distinctive structure with
much smaller average wind speeds.

In order to characterize this seasonal cycle a principal com-
ponent analysis was carried out on t-mode considering the
50-year time series of monthly means for each grid point. In
this analysis, both zonal and meridional components of the
wind are considered together and to avoid a first mode rep-
resenting the annual mean, it was subtracted from the cli-
matological series.
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Figure 6. Surface wind climatological monthly means for each calendar month and its respective trend along the 50-year record.

Almost 82% of the variance is explained by the first two
modes. The spatial patterns of those 2 modes together with
the temporal series related to them are shown in Figure 4.
The first mode (Figure 4A), accounting for almost 61% of the
variance represents the onshore-offshore variation from sum-
mer to winter, while the second mode (Figure 4B), explaining
almost 21% of the variance, is related to a semiannual signal.
In particular, the second leading pattern exhibits the largest
amplitudes during the intermediate seasons and reaches its
maximum during spring, when the first mode is almost neg-
ligible, representing a larger incidence of southeasterly winds
during that particular season. On the other hand, the second

mode has negative amplitude during summer and winter,
contributing when it is combined with the first mode to a
more intense northwesterly wind during winter and to a
northeasterly wind during summer.

A complementary analysis is presented in Figure 5 which
shows the frequency of occurrence of a given wind direction.
That frequency has been computed using the four daily data,
by simply adding the wind speed value every time that it
occurs at one of the 72 given direction intervals. So, a high
value from a given direction can be related both to a higher
frequency of occurrence or to more intense wind speeds at
that direction. The seasonal cycle is very clear in the figure,
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Figure 6. Continued.

with the rotation from east to west from summer to winter.
During summer (Dec–Jan–Feb, Figure 5A) the wind mainly
blows to the second and third quadrants with a clear north-
east dominant component, meanwhile during winter (Jul–
Aug, Figure 5C) it mainly comes from the west (goes to the
first and fourth quadrants). By the end of fall (May–Jun, Fig-
ure 5B) there is an increase of the west/south-west events
that is consistent with the second mode of the principal com-
ponents analysis (Figure 4B). Except for a small intensifica-
tion of the southwest winds, spring (Figure 5D) is character-
ized by a structure similar to that during summer. This in-
tensification of the southwest events can explain in part the

less intense mean winds that are observed during this season
with respect to the summer. In agreement with the results
presented in Figure 3, Figure 5 also shows that the fall pat-
tern is rather different from the other seasons.

It has been shown that surface wind data exhibit a long-
term variation on their seasonality (Figure 1). This variation
was further explored by computing the mean wind pattern
and its change along the 50-year record for every single
month, as estimated from the respective linear trends for ev-
ery grid point (Figure 6). Hereafter, the changes along the 50
years record will be called ‘trend’. The first feature that
comes out from this figure is that the trends (Figure 6, second
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Figure 7. Leading modes of interannual variability for the surface winds obtained from a principal component analysis (t-mode) applied to the annual
mean anomalies of the two wind components: (A,B) their spatial patterns and (C,D) the related temporal patterns.

and fourth columns) are very important when compared to
the climatological mean values (Figure 6, first and third col-
umns) for most of the year.

Climatological monthly mean fields show that easterly
winds increase between December, January and February.
This summer pattern is still observed in March, although not
so strong. Consistent with that, the corresponding trends
show an intensification of the easterlies at the beginning of
the season while they have opposite sign during March, in-
dicating a displacement of the summer season to an earlier
period. A similar feature can be observed during winter.
Winds have increased their westerly component between
May and June, and are reduced during August; which is also
consistent with a displacement of the season to an earlier
period. During the early spring (Sep–Oct) and fall (Apr), the
north component has become more important.

THE INTERANNUAL VARIABILITY

In this section, the leading modes of interannual variability
in the region were identified for the surface winds in the re-
gion through a principal component analysis (t-mode) applied

to the annual mean anomalies of both wind components. The
first 6 modes account for 96% of the variance, with the two
first modes explaining 64.3% of it. The spatial patterns of
these modes are shown in Figure 7A and B, while the related
temporal patterns are displayed on Figure 7C and D. In order
to check the stability of these modes, additional principal
component analyses were performed for the periods 1948–
1970 and 1970–1997. The leading modes of both analyses
showed the same spatial patterns however, differences in
their temporal variations were noticed. In particular, while
the leading mode for the first period showed a peak of vari-
ability at around 5 years, during the second period it exhibits
variations at around 2 years. Several authors have described
a climate shift during the middle seventies, noticeable in dif-
ferent regions of the world (VAN LOON et al., 1993, among
others). However, this result should be taken cautiously as
NCEP reanalyses over the Southern Hemisphere included for
the first period a considerable lower number of observations
than the second. Not only more rawinsonde observations
were available after the seventies, but also the inclusion of
the satellite data produced a significant improvement on the
reanalysis quality.
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Figure 8. SST anomalies correlated upon the time series of modes (A) 1 and (B) 2. Contour interval is 0.15 and zero contour is omitted. SST anomalies
regressed upon modes (C) 1 and (D) 2. Contour interval is 0.18C and zero contour is omitted.

Figure 9. SST variations over the region confined by 108S–168S and
1708W–1558W over the western tropical Pacific (dotted line, right axis)
and the times series of interannual variability mode 1 (solid line, left axis)
during the satellite observational period.

The first mode, accounting for 47.3% of the variance is re-
lated to a wind shift in the southeast to northwest direction
(Figure 7A) with a pattern almost identical to the main sea-
sonal mode (Figure 4A). Thus, it seems this mode could be a
modulation of the main seasonal feature on interannual
scales. The corresponding principal component temporal se-

ries (Figure 7C) shows significant interannual variation. A
spectral analysis performed for the period 1970–1997 reveals
a significant peak at around 2 years and a secondary maxi-
mum at around 5 years. On the other hand, the second mode,
explaining 17% of the variance depicts a pattern of clockwise/
counterclockwise rotation (Figure 7B) of the winds and it ex-
hibits oscillating periods between 8 and 12 years (Figure 7D).

The possible links of these mode variations with distinctive
large-scale conditions of SST and atmospheric circulation
were explored through a spatial correlation/regression anal-
ysis performed over the period 1982–1997, which is the pe-
riod where the global SST are more reliable everywhere due
to the incorporation of satellite information. Examples of the
use of those techniques in documenting the spatial signatures
associated with different modes of low frequency climate var-
iability can be found in GARREAUD and BATTISTI (1999) and
VERA (2003), among others.

The signature of the mode 1 variability on the SST fields
(Figure 8A) is characterized by maximum anti-correlation
values over the western tropical Pacific and also large values
over the tropical regions of both the Indian and the South
Atlantic oceans. This pattern resembles those associated with
the quasi-biennial tropical oscillation identified by BARNETT

(1991) and TRENBERTH (1975), among others.
The corresponding regressed field (Figure 8B) shows the

largest SST anomalies over the tropical eastern Pacific while
weaker anomalies are observed over the western portion of
the basin from tropical to high latitudes. A comparison be-
tween the SST variations over the region confined between
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Figure 10. Geopotential heights at 500 hPa (middle troposphere) regressed upon interannual variability mode 1. Contour interval is 3 mgp and zero
contour is omitted.

Figure 11. (A) SST, (B) SLP and (C) 10-m wind anomalies correlated upon mode 1 over the South Atlantic ocean (upper panels). Contour interval is
0.15 and zero contour is omitted. (D) SST, (E) SLP and (F) 10-m wind anomalies regressed upon mode 1 over the South Atlantic ocean (lower panels).
Contour interval is 0.18C, 0.2 hPa and 0.1 m s21, respectively. Zero contour is omitted.



781Surface Wind Variability Over the Rı́o de la Plata Estuary

Journal of Coastal Research, Vol. 21, No. 4, 2005

Figure 12. idem figure 11 for mode 2.

108S–168S and 1708W–1558W over the western tropical Pa-
cific and the times series of mode 1 (Figure 9) shows a clear
correspondence in their interannual variations although with
opposite sign. Cold (warm) anomalies over that region are
associated with an intensification of the southeasterlies
(northwesterlies) over the Rı́o de la Plata estuary. That par-
ticular region of the tropics is located over the well-known
tropical Pacific warm pool with SST values above 288 all year
around. Changes in the SST conditions over that region pro-
duce subsequent changes in the atmospheric convective sys-
tem activity. The diabatic heating released by that convection
excites atmospheric Rossby wave trains propagating out of
source region (SARDESHMUKH and HOSKINS, 1988). In that
sense, the map of geopotential height at 500 hPa (that is at
the middle troposphere) regressed upon the mode 1 (Figure
10), shows a well defined wave train emanating from the
tropical western Pacific poleward, reflecting equatorward
west of the Antarctic Peninsula and then extended eastward

over the South Atlantic and South Indian oceans. This pat-
tern resembles the third mode of interannual variability of
the Southern Hemisphere atmospheric circulation (KIDSON,
1988, among others). Furthermore, MO (2000) shows that
this mode known as ‘‘Pacific-South American’’ pattern also
exhibits a peak of interannual variation at 2-year periods.

The signal of this atmospheric wave train over the South
Atlantic ocean is characterized by an anticyclonic anomaly
over the western portion of the basin and a cyclonic anomaly
to the east, both being features also evident at surface (Fig-
ure 11B and E). A detailed inspection of this pattern over the
basin shows that the variability of mode 1 correlates above
0.6 with that of the anticyclonic anomaly as it is described by
the sea-level pressure (Figure 11B) and above 0.8 with the
east-southeasterly surface winds flowing along the northern
portion of the anticyclone (Figure 11C). In addition, strong
surface wind anomalies against the Malvinas current direc-
tion are observed and consequently, positive SST anomalies
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are found along the eastern coast of Argentina being corre-
lated with mode 1 with values above 0.6 (Figure 11A and D).

The signature of the mode 2 variability onto both SST and
atmospheric circulation fields exhibits a rather different pat-
tern. Right panels of Figure 8 show that this mode has almost
no relationship with SST variations at tropical latitudes
while, largest correlation and regression values are observed
at middle and high latitudes of the SH and especially over
the South Atlantic Ocean. Over the latter, largest correlation
values between mode 2 and SST are observed between 258S
and 508S with positive values along both coasts and negative
values at the inner portion (Figure 12A and D). Consistently,
the spatial signature of mode 2 on sea-level pressure fields is
characterized by an anticyclonic anomaly centered at 408W
and 508S and a cyclonic anomaly at the same latitude but
located further east, both features exhibiting very large re-
gressed values (Figure 12B and E). In agreement, very in-
tense equatorward surface wind anomalies are identified at
the central portion of the basin that diverge at around 408S,
flowing to the Argentinean coast over the western portion of
the basin (Figure 12C and F). Near the west coast, south-
easterly winds converge with those flowing poleward along
the coast of Brazil and Uruguay, producing the cyclonic cir-
culation right out of the estuary that characterize the mode
2 positive phase. In agreement, sea-level pressure fields show
a negative anomaly over that particular region (Figure 12B
and E).

SUMMARY AND CONCLUSIONS

Several papers have emphasized the importance of regional
winds in controlling the estuary circulation in large spatial
and time scales. Particularly, in their numerical simulations
SIMIONATO et al. (2001) showed that surface winds are the
main contributor in explaining the observed seasonal cycle of
Rı́o de la Plata surface salinity front, being more important
than the discharge and tides effects. Therefore, this paper
describe the main characteristics of surface wind variability
over the Rı́o de la Plata estuary.

Our analysis shows that 62% and 18% of the zonal and
meridional components total variance, respectively, are re-
lated to the seasonal to inter-annual scales while interannual
scales account for 4% and 10.6% respectively. Nevertheless
the wind variability sub-annual scales is also important over
the region, dominating the meridional component behavior.
The seasonal cycle is characterized by an onshore to offshore
rotation of the winds from summer to winter. This cycle re-
sults by the superposition of an annual west-northwestward
to east-southeastward dominating signal and a northwest-
ward to southeastward semiannual one. The prevailing winds
blow from the east-northeast during summer and from the
west-northwest during winter. An important variation on
both winter and summer wind speeds is observed during the
last 50 years, with a displacement of the summer–winter sea-
sonal features to earlier months. Meanwhile, transition sea-
sons show an important change of the wind directions related
to a larger influence of northern winds.

On interannual timescales, two distinctive and important
modes of variability have been found. The first mode seems

to be a low-frequency modulation of the main seasonal pat-
tern with periods around 2 years and it is highly anticorre-
lated with SST changes over the western tropical Pacific, re-
sembling the atmospheric quasi-biennial tropical oscillation
pattern identified by other authors. Southeasterlies (nor-
thwesterlies) over Rı́o de la Plata region are associated with
negative (positive) SST anomalies over that tropical region.
Consistent with that, a well defined atmospheric Rossby
wave train propagating out of that tropical region and ex-
tending towards South America links both regions and it is
associated with an anticyclonic (cyclonic) anomaly over the
western portion of the South Atlantic and a cyclonic (anti-
cyclonic) anomaly to the east.

The second mode is related with clockwise/counterclock-
wise rotations of the winds with periods between 8 and 12
years and it has almost no relationship with SST variations
at tropical latitudes while it is highly correlated with SST
changes at middle and high SH latitudes and particularly
over the South Atlantic Ocean. Clockwise (counterclockwise)
wind rotation out off the estuary are associated with positive
(negative) SST anomalies along both South Atlantic basin
coasts and negative (positive) values at the inner portion. In
agreement, an east-west oriented dipole is the main feature
in the corresponding SLP field, with an anticyclonic (cyclonic)
anomaly at 408W, 508 and cyclonic (anticyclonic) anomaly lo-
cated further east.

Non-significant signal between ENSO and changes of local
annual mean winds over Rı́o de la Plata area have been
found. However, results might be different if the same study
were performed on monthly average winds. In addition, the
quasi-biennial signal on surface wind interannual variability
found here, and its possible links to changes in the tropical
regions should be further explored as it may increase the pre-
dictability skills over the region. Finally, although this paper
focuses on seasonal and interannual scales, results show that
a large portion of the variance is concentrated on subannual
timescales and thus they would deserve further attention.
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