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Abstract

Alongshore wave energy flux (P/) was analysed for the coast of Buenos Aires, Argentina. P/ is frequently used to estimate the
alongshore sediment transport rate. P/ was estimated from simulated offshore wave parameters obtained from a validated regional
SWAN model forced by NCEP/NCAR I, NCEP/DOE II, ERA-Interim and JRA-25 global reanalysis for the year 2005. It was
obtained that P/ flows eastwards/northeastwards and increases irregularly from Bahia Blanca to Mar del Plata. Negative and
positive space imbalances in P/ along the coast could explain the natural erosive and constructive processes detected between
Mar del Plata and Punta Médanos. High inter-annual variability was noted in P/ data series computed from simulated wave
parameters using SWAN model forced by NCEP/NCAR 1 for the period 1980-2012. Anomalous P/ values were detected in
1983, 1993 and 1998 which are in agreement with reported ENSO events. Concluding, the applied methodology seems to
constitute a very reasonable alternative to study the space and time variability of P/ at the Buenos Aires coast, between Bahia
Blanca and Punta Médanos.

Keywords SWAN model - Simulated wave parameters - Atmospheric global reanalysis - Inter-annual variability - Erosion -

Buenos Aires

Introduction

The coast of the Buenos Aires province, located between 36°S
and 39°S (Fig. 1), is constituted by sandy beaches, with sea-
side resorts which are crowded with tourists in the summer,
and represents a very important economic and natural area
(Juarez and Mantobani 2006; Marcomini and Lopez 2006).
The mean wave height along the coast slightly increases
southwards and ranges from 1 to 1.5 m (Lanfredi et al.
1992). The mean wave direction is predominantly westwards,
except at the southernmost part of the region where propaga-
tion is in general northwestwards (Dragani et al. 2010).
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Highest wind waves propagate mainly northwards during se-
vere conditions or storms (Dragani et al. 2013a). The tide
regime is mixed, predominantly semidiurnal and the tidal
range also increases southwards from Punta Rasa (0.80 m)
to Monte Hermoso (2.44 m) (Balay 1955; SHN 2017).
Evident and progressive coastal changes produced by erosion
is causing private capital losses and risks in nature and
anthropologic reserves (Merlotto et al. 2013; Rojas et al.
2014). The area located approximately between Pehuén-Co
and Monte Hermoso was established as a Geological,
Paleontological and Archaeological Reserve and will be de-
clared a World Heritage by UNESCO (http.//whc.unesco.org/
en/tentativelists/5851/). At the same time, this in particular
constitutes a unique worldwide system due to the existence
of anthropological and paleontological footprints (Bayon and
Politis 1998).

Even though the Buenos Aires sandy beaches have touris-
tic, economic and cultural importance, no environmental man-
agement action is being implemented to enhance or, at least to
conserve, their resources. Likely, one reason of this inaction
could be due to the lack of scientific environmental studies
which allow understanding this complex coastal system. For
instance, a fundamental quantity to be taken into account in
the coastal environmental management is the annual rate of
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Fig. 1 Buenos Aires Province
coast (Argentina) and its
locations, in the Southwestern
Atlantic Ocean. Numbers indicate
the position where simulated
wave parameters were carried out.
Black triangle indicates the
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alongshore sediment transport. The Coastal Engineering
Research Center (CERC 1984) recommends simple methods
to estimate this rate for a particular location. Nevertheless, if
the alongshore sediment transport rate is required for an ex-
tended area (of several hundreds of kilometers long, such as
the coast of Buenos Aires) the most convenient technique to
estimate it could be the well known “energy flux method”
(Galvin and Schweppe 1980). Alongshore energy flux can
be computed from wave parameters obtained from a validated
regional numerical model (see, for example, Veréon and
Bértola 2014). Very few scientific antecedents about the ap-
plication of the energy flux method are available for the
Buenos Aires coast. Simultaneous wave measurements,
dredge, and bathymetric records were used by Caviglia et al.
(1991) to calculate the dimensionless coefficient (K) between
the sediment transport rate (Q) and the wave energy flux par-
allel to the coast (P/). A northward net sediment transport of
3.9 10° m® yr.”! was obtained for Mar del Plata by Caviglia
et al. (1991). Dragani et al. (2013b) used visual observations
of breaker wave height and direction gathered at the surf zone
in Pinamar (1989-2007) to estimate PI. Northward net P/ and
a weak negative long term trend were found. Recently, Perez
et al. (2017) studied the variability and trends of P/ between
Bahia Blanca and Mar del Plata. Pl was computed from wave
parameters simulated with SWAN model, driven by
NCEP/NCAR 1 reanalysis. P/ obtained were predominantly
eastwards on the southern coast of Buenos Aires.

The assessment of O would seem to be a particular subject
for the marine geology or coastal oceanography. Several stud-
ies in Buenos Aires coast assigned the sediment transport
mostly to the frequency and intensity of storms coming from
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the south (see, for instance, Fiore et al. 2009; Isla 2015).
Nevertheless, O is usually estimated by mean of P/ and, this
last, calculated using wave heights and directions, which are
directly dependent from the wind field and sediment availabil-
ity. Consequently, one significant portion of the energy re-
quired for the alongshore sediment transport, the coastal ero-
sion and many of the littoral processes is provided by the
atmosphere, through the wind-wave generation. The main
aim of this work is to present a comprehensive study of P/
along the Buenos Aires coast, between Bahia Blanca and
Punta Rasa. Spatial and temporal variability of P/ (period:
1980-2012) is presented in this work. P/ was computed from
simulated offshore (deep water) wave parameters, obtained
from a validated regional SWAN model driven by
NCEP/NCAR 1 global reanalysis. In addition, the perfor-
mance of four different atmospheric databases
(NCEP/NCAR I, NCEP/DOE 11, ERA-Interim and JRA-25)
implemented as forcing of SWAN model for computing P/
along the Buenos Aires coast is discussed in the present paper.

Material and methods

The wave energy flux parallel to the coast (P/) was computed
along the Buenos Aires coast from modeled wind waves pa-
rameters obtained from SWAN model. SWAN model was
forced by NCEP/NCAR I for the period 1980-2012 and val-
idated with satellite wave heights obtained from the Globwave
Project (Quefeffeulou and Croizé-Fillon 2013) and observed
wave parameters gathered at the outer Rio de la Plata (35°40°S
and 55°50°W, Fig. 1).
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SWAN model: Architecture and implementation

SWAN is a spectral wave model that provides real estimations
of wave parameters in coastal regions (Booij et al. 1999). For
this region, the computational domain spans a range of lati-
tudes between 29.747°S and 42.203°S, and a range of longi-
tudes from 40.405°W to 65.418 °W. It provides gridded data
with a spatial resolution of 22.7 x 20.0 km, resulting in 70 x
100 grid points, and a temporal resolution of 6 h. The bathym-
etry data for the SWAN model was obtained combining a
depth dataset with 1’ x 1’ resolution taken from GEBCO charts
(2003) and digitized nautical charts (SHN 1986, 1992, 1999a,
b). These data were interpolated to the model grid by applying
the method of inverse distance to the second power.

Surface wind data from NCEP/NCAR Reanalysis I were
used to drive the simulation. The NCEP/NCAR 1 is a project
between the National Center for Environmental Prediction
(NCEP) and the National Center for Atmospheric Research
(NCAR), which is available since 1948. It has a spatial resolu-
tion of 1.875° of longitude and 1.905° of latitude.
NCEP/NCAR 1 reanalysis has been successfully utilized as
forcing in several numerical regional studies in the area (see,
for instance, Codignotto et al. 2012; Dragani et al. 2010;
Simionato et al. 2005; Simionato et al. 2006a, b, 2007). A
discussion about the quality of NCEP/NCAR 1 over the
Southern Hemisphere can be found in Simmonds and Keay
(2000). A complete description of this reanalysis and its dataset
can be found in Kalnay et al. (1996). More details about the
architecture, implementation, and validation (using in situ data)
of SWAN model on the northern coast of Buenos Aires can be
found in Dragani et al. (2008) and Martin et al. (2012). In
addition, Perez et al. (2017) validated numerical simulations
using satellite wave heights in the southern coast of Buenos
Aires. Altimeter database obtained from the Globwave Project
(Quefeffeulou and Croizé-Fillon 2013) consists on calibrated
wave heights from eight missions: ERS-1, ERS-2, TOPEX-
Poseidon, GEOSAT Follow-ON (GFO), Jason-1, Jason-2,
ENVISAT and CryoSat, covering the 1991-2012 period.
Computed mean bias, scatter index and correlation index were
0.04 m, 0.37 and 0.61, respectively.

Estimation of the wave energy flux parallel
to the coast (P/)

The wave energy flux parallel to the coast (P/) can be com-
puted (Galvin and Schweppe 1980) as:

Pl = 0.05pg3/2H505/2c0s(90)1/4sin(290) (1)

where p is the sea water density (considered equal to
1030 kg m ™), g is the acceleration due to gravity, Hs, the
significant wave height and 6, the wave direction, both pa-
rameters corresponding to deep waters. 6, was transformed to

give the angle between the wave crest and the shoreline. The
coast of the study region is about 600 km long, and consider-
ing its general orientation can be divided in three different
sectors: (i) from Bahia Blanca to Mar del Plata, with a pre-
dominant WSW-ENE orientation, (ii) from Mar del Plata to
Punta Médanos, with a SSW-NNE orientation and (iii) from
Punta Médanos to Punta Rasa, where the coast is practically
oriented in the S-N direction. The predominant orientation of
the shoreline was estimated from Landsat images (Data SIO,
NOAA, U.S. Navy, NGA, GEBCO, source: Google Earth,
2017). Values of 6, equal to zero correspond to normal inci-
dence of waves and, consequently, P/ is equal to zero. P/ can
only flow in two possible directions depending on the sign of
the instantaneous value of 6,: right ward (positive) or leftward
(negative), respect to an observer located on the coast and
looking to the sea. The sediment transport rate (Q) can be
estimated by means of the product between P/ and a dimen-
sionless and empirical constant (K) (CERC 1984; U.S. Army
Corps of Engineers 2017).

Results

Space and time variability of P/ along the Buenos Aires coast
were computed using wave parameters (Hg, and 60) obtained
from SWAN model forced with NCEP/NCAR I for the period
1980-2012. Computed P! is directly dependent on simulated
Hyj and 60, but, both wave parameters are also clearly depen-
dent on the implemented atmospheric forcing. Therefore,
three additional global reanalysis were also used for driving
SWAN model (NCEP/DOE II, ERA-Interim and JRA-25).
Resulting alongshore energy fluxes were compared with P/
estimated from directional wave parameters gathered at the
mouth of the Rio de la Plata for 2005.

Space and Time Variability of P/ along the Buenos
Aires coast

Twenty points located 30 km off-shore and disposed of every
30 km along the coast were defined to evaluate P/ (Fig. 1). The
location labeled as 1 is the south-westernmost one and the point
labeled as 20 is the northernmost one. Temporal mean values
and directions of P/ (period: 1980-2012) for locations labeled
from 1 to 20 are presented in Figs. 2 and 1, respectively.
Negative Pl indicates wave energy flux flowing predominantly
east-northeast-wards, north-northeastwards or northwards, de-
pending on the sector of the coast of Buenos Aires. Low values
of mean P/ can be seen at the south-westernmost sector of the
study region (Fig. 1, points 1 to 4). Pl gradually increases east-
wards and reaches the highest value at the point 8, located
40 km south of Necochea, then P slightly decreases towards
Mar del Plata (Fig. 1). It is important to remark that the mean P/
flows predominantly east-northeast wards between Bahia
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Fig. 2 Averaged annual net P/ (period: 1980-2012) for locations 1 to 20,
computed with simulated wave parameters from SWAN model forced by
NCEP/NCAR 1 reanalysis, and net P/ (2005) computed with SWAN

Blanca and Mar del Plata. P/ becomes weak between Mar del
Plata and Punta Médanos, from point 14 to 18. Mean directions
of P/ are south-southwestwards at points 14, 15 and 16, and
north-northeastwards at points 17 and 18. Finally, P/ directions
are southwards at the northernmost part of the study area (points
19 and 20).

The interannual variability of P/ (period: 1980-2012) was
also analyzed. Results obtained in this work revealed that the
interannual variability of P/ presents distinctive features at
each one of the three defined sectors of the Buenos Aires
province coast: between Bahia Blanca and Mar del Plata,
Mar del Plata and Punta Médanos, and Punta Médanos and
Punta Rasa. Consequently, one particular location for each
sector of the coast was selected for the analysis (points 6, 16
and 20). Annual mean values of P/ for each sector of the coast
are presented in Fig. 3. Data series of P/ present a noticeable

T T
0 11 12 13 14 15 16 17 18 19 20

Locations

model forced with NCEP/NCAR I, NCEP/DOE II, JRA-25 and ERA-
Interim reanalysis. Negative values correspond to eastward/northward P/

annual variation. P/ is mostly negative (east-northeastwards) -
except for 1983, 1993, 1998 and 2001 -with values ranged
from —1500 to 500 Jm 's”! between Bahia Blanca and Mar
del Plata (location 6, Fig. 3.a). On the contrary, mean annual
Pl are frequently lower, with values ranged between +200
Jm ' s7! (16 of 33 years), or positive (south-
southwestwards) with values lower than 1000 Jm ' s™' (11
of 33 years) between Mar del Plata and Punta Médanos
(location 16, Fig. 3.b). Minimum P/, around —1500 Jm!'s!
is detected for 1993. Finally, mean annual P/ are usually low,
with values ranged between £200 Jm st (for23 of 33 years),
positive (southwards) with values lower than +400 Jm 'sl6
of 33 years) or negative (northwards) with values around =500
Jm s (4 of 33 years) between Punta Médanos and Punta
Rasa (location 20, Fig. 3.c). Mean P/ computed between Punta
Meédanos and Punta Rasa is 82 Jm 's™! (period: 1980-2012).

Fig. 3 Annual net P/ data series Location 6
(period 1980-2012), computed 1000 T L L
from wave parameters simulated
with SWAN model forced by or 1
NCEP/NCAR 1 reanalysis,
. K -1000 - a
corresponding to (a) locations 6,
(b) 16 and (¢) 20. Thin lines -2000— ! L ! L L 1 1 L 1 I L 1 i 1 ! L a)
delimit the interval £ 200 Jm 's ™! Location 16
in (b) and (C) 1000 T T T T T T T T T T T T T T T T
o - i
E 0
=2
 -1000r .
b)
_2000 1 1 1 1 1 1 1 1 1 - 1 1 1 1 1 | 1 1
Location 20
1 000 T T T T T T T T T T T T T T T T T
of W 1
-1000 - =
c)
-2000 :
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Pl computed from wave observations at the northern
coast of Buenos Aires

There are no long-term wave data series gathered in the study
region between locations 1 and 20. The single long-term wave
directional data series in the region was obtained from a
Datawell Waverider buoy (Datawell 1997) moored at 16 m
depth, approximately 115 km northeastwards from location
20 (35°40’S and 55°50°W, Fig. 1). The instrument was config-
ured to take sea level records of 20 min each, with a 0.5 s
sampling interval and every 160 min. Time series have several
gaps, one of them longer than 1 year, three of them 8 months
long, and six others of various durations. The data acquisition
undertaken in the year 2005 was almost complete and, conse-
quently, it was selected for this study. In addition, it is important
to remark that SWAN model in the northern Buenos Aires coast
was validated using these data series (Dragani et al. 2008).
The bottom topography at the southern outer Rio de la
Plata, that is, the region where point 20 and the buoy were
located, is quite smooth and does not show remarkable ba-
thymetry forms (SHN 1999b). In addition, point 20 and the
buoy location are similarly exposed to the wave climate.
Waves propagate 43.7% from the SE, 24.9% from the E and
14.4% from the S (Dragani et al. 2013a). Then, P/ at the point
20 (15 m depth) can be reasonably estimated from wave pa-
rameters recorded by the buoy. The mean annual P/ computed
at the point 20 from observed wave parameters for 2005 was
-926 Jm ' 5!, which corresponds to a net northward flux.
Instantaneous values of PI, computed from observed wave
parameters for the year 2005, is presented in Fig. 4. It can be
clearly seen that P/ is predominantly negative (northwards).
Two significant negative peaks can be appreciated in Fig. 4
which are associated with two severe events recorded in 08/
24/2005 (wave height: 4.89 m and wave direction: 180°) and
01/31/2005 (4.71 m, 152°) during the presence of an extra-
tropical cyclone located on the continental shelf adjacent to
the Rio de la Plata estuary (Dragani et al. 2013a). On the other
hand, the mean annual P/ assessed from wave parameters
derived from SWAN model forced with NCEP/NCAR 1 re-
analysis was 162 Jm's™' which represents a very low (and

Fig. 4 Instantaneous P/ data 4_x10

unrealistic) net southward flux. Therefore, three additional
global reanalysis (NCEP/DOE II, JRA-25 and ERA-Interim)
were implemented to drive SWAN model and, afterward, the
corresponding P/ were computed.

Pl computed from different global reanalysis

The NCEP/DOE I reanalysis (Kanamitsu et al. 2002) came
up with the objective of improving certain aspects of the
NCEP/NCAR 1 reanalysis, extending and updating parame-
terizations of physical processes. It assimilates the same raw
data as NCEP/NCAR 1 and has the same spatial resolution.
JRA-25 (Onogi et al. 2007) is a reanalysis produced by the
Japanese Meteorological Agency. Its primary objective is to
improve the coverage and quality of atmospheric data in the
Asian region. It gives gridded data with a spatial resolution of
1.125° every 6 h. ERA-Interim (Dee et al. 2011) is the most
recent reanalysis developed by the European Center for
Medium-Range Weather Forecasts (ECMWF). At first, it
was conceived as an interim reanalysis in preparation for the
next-generation extended reanalysis to replace ERA-40. It
uses the ECMWF Integrated Forecast Model and provides
data with a spatial resolution of 80 km.

Wave parameters were simulated with SWAN model forced
with NCEP/DOE II, JRA-25 and ERA-Interim re-analysis, and
net P/ were calculated along the coast (Fig. 2). As aresult, it can
be seen that the highest east-northeastward (negative) P/ is ob-
tained when NCEP/NCAR 1 is used for driving SWAN model,
and the highest differences can be appreciated between location
5 and 15. In addition, P/ is significantly positive at locations
19 and 20 only when NCEP/NCAR 1 reanalysis is used as
forcing, and Pl is practically null when NCEP/DOE II, JRA-
25 or ERA-40 are used for driving SWAN model. Finally, the
lowest values of P/ are obtained when JRA-25 reanalysis is
used as forcing.

Pl computed from observed wave parameters were com-
pared with P/ obtained from simulated parameters using dif-
ferent reanalysis at location 20. Scatter plots for P/ computed
from observed and simulated parameters for each reanalysis
are presented in Fig. 5. The root mean square error (Egyys), the

series corresponding to the point
20 computed from observed wave
parameters at the outer Rio de la
Plata for 2005. Negative values
correspond to northward P/

PI (J/Ims)

Jul Aug Sep Oct Nov

Months
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determination coefficient (R*: the square value of the simple
linear correlation coefficient) and the slope of the linear fit (S;)
between P/ computed from observed and simulated wave pa-
rameters for each reanalysis are presented in Table 1. It can be
seen that P/ obtained from ERA-Interim and JRA-25 reanal-
ysis display similar R”, Egys and S;. Likewise, NCEP/DOE II
and NCEP/NCAR 1 reanalysis also present similar statistical
parameters between them. R are significantly different to zero
with 95% confidence in all the cases, and the highest R’ are
obtained with ERA-Interim and JRA-25. It should be noted
that the mean annual P/ computed from observed wave
parameters was -926 Jm ' s~' (significantly northwards) at
location 20 (2005), that is, noticeable different to P/ computed
from different sets of simulated wave parameters (Table 1).

Discussion
Pl computed from simulated wave parameters implementing

different reanalysis (2005) provided different values between
Bahia Blanca and Punta Médanos (from location 1 to 18, Fig. 2).

Although significant differences in magnitude (up to a factor of
6) can be observed between location 5 and 13, the space vari-
ability of P/ results pretty similar. P/ computed from
NCEP/NCAR I, NCEP/DOE II, JRA-25 and ERA-Interim pres-
ent relative maxima and minima at the same locations. Relative
maxima are located at sites 4, 7, 10, 14 and 17 and, except for
ERA-Interim, the lowest values are located at point 12. Martin
et al. (2012) evaluated the performance of NCEP/NCAR 1,
NCEP/DOE I, JRA-25 and ERA-Interim global databases as
atmospheric forcings of SWAN model in the northern Buenos
Aires coast. Simulated mean wave heights ranged from 0.63 m
(JRA-25) to 0.92 m (NCEP/DOE II). The lowest bias (0.22 m)
was obtained when SWAN model was forced with ERA-Interim
and the lowest mean square root errors were obtained using
NCEP/NCAR I (0.16 m) and NCEP/DOE 1I (0.19 m). The best
slope for simulated heights (0.79) was obtained using
NCEP/DOE 1I. Determination coefficients for heights, periods
and directions were very similar (0.89-0.93) for all the simula-
tions. Severe wave events (storms) were specially analyzed. It
was shown that the best results during energetic events are
achieved using NCEP/DOE 1I reanalysis. Martin et al. (2012)

Fig. 5 Scatter plots for P/

computed from observed and 3 X 10 3 x10
simulated parameters simulated
with SWAN model, forced with 2 2
(a) ERA-Interim, (b) JRA-25, (¢)
NCEP/DOE II and (d) . .
NCEP/NCAR I reanalysis g g
S S
R &
_w ]
o o
-2 -2
a) b)
-3 ' -3 '
83 2 A 0 1 2 34 83 2 A 0 1 2 3
4
Pl g (J/ms) x 10 Pl g (J/ms) x 10
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Table 1 Root mean square error (Egyss), determination coefficient R*:
the square value of the simple linear correlation coefficient) and the slope
of the linear fit (S;) between Pl computed from observed and simulated
wave parameters. Net P/ computed from simulated wave parameters at
location 20, for each reanalysis (2005), are also included

Erus(Im 's™)) RS, Net Pl (Jm 's7)

ERA-Interim 1555 028 024 -3
JRA-25 1519 031 022 29
NCEP/NCARI 2315 0.16 056 162
NCEP/DOE Il 2139 0.18 054 10

concluded that the best agreement between simulations and ob-
servations was obtained using NCEP/NCAR I and NCEP/DOE
IT as forcing.

It can be easily verified (using eq. 1) that little variations in
simulated wave heights using different reanalysis are suffi-
cient to account for significant differences in PI. For example,
two simulated wave heights, H;=0.60 m and H,=0.90 m,
give P/ that differ in a factor (= PIl,/PI;) equal to 2.76
(considering the same wave direction in eq. 1) and, two
heights of 0.30 and 0.60 m give a factor equal to 5.66. In
addition, very little differences in simulated wave directions
would contribute to enlarging the differences when P/ is com-
puted using results obtained from different reanalysis. For
instance, two simulated wave directions of 3° and 6° give P/
values that differ by a factor equal to 1.99 (considering the
same wave height in eq. 1). Hence, very little differences in
simulated wave heights and directions would explain the dis-
similar magnitudes found in P/ between location 5 and 18
(Fig. 2). While little differences in wave heights or directions
(with 6, of the same sign) produce a different intensity of Pl,
different wave directions (with 6, of different sign) produce P/
of opposite directions. This would be a possible explanation
of why P/ presents the same sign but different magnitude
between Bahia Blanca and Punta Médanos but opposite
sign and very low values between Punta Médanos and
Punta Rasa. The predominantly eastward/northward direc-
tion of Pl between Bahia Blanca and Punta Médanos is
supported by the scarce scientific literature. Caviglia et al.
(1991) estimated a north-eastward sediment transport rate
at Mar del Plata, and Dragani et al. (2013b) estimated a
north-northeastward direction of P/ at Pinamar, located
around 100 km north-eastwards of Mar del Plata. Veron
and Bértola (2014) estimated P/ from wave parameters
computed with WAVEWATCH III model for 2009 in the
coast of Buenos Aires and obtained predominantly
eastwards/northwards wave energy fluxes with increasing
values from Monte Hermoso to Mar del Plata, reaching the
highest value at the south of Villa Gesell (Fig. 1), and lower
stable values between Pinamar and Punta Rasa.

PI computed from different reanalysis presented dissimilar
magnitudes between Bahia Blanca and Punta Médanos (Fig. 1)

but, given that its spatial variability is pretty similar, it is possi-
ble to carry out a comprehensive analysis of P/ throughout the
above-mentioned area. Moreover, the following analysis could
be seen as independent from the selected atmospheric global
data base. First of all, as it was previously highlighted, the
direction of P/ is definitely eastwards/north-eastwards from lo-
cation 1 to 18. P/ increases from Bahia Blanca to Mar del Plata
(Figs. 1 and 2), but this increment is uneven because it increases
more significantly from location 4 to 6, 7 to 9 and 10 to 12.
Consequently, the potential long shore sediment transport rate
(Q) would be significantly greater at locations 6, 9 and 12 than
at locations 4, 7 and 10, respectively. The long-shore sediment
transport budget can be studied in a control volume defined
between two transects normal to the coast in the surf zone.
The on-shore/off-shore sediment transport is not taken into ac-
count in this preliminary analysis. For instance, if a control
volume containing locations 4 and 6 is considered, the along-
shore sediment budget will be negative and then the coast will
be under an important erosive process. These imbalances in the
alongshore sediment transport could be a reasonable and pre-
liminary explanation for the reported natural erosion in the
southern coast of Buenos Aires (Rojas et al. 2014). On the
contrary, P/ decreases between Mar del Plata and Punta
Meédanos, that is, between locations 13 and 19, respectively.
But this diminution is not even either (Fig. 2). P/ changes ap-
preciably from location 13 to 14 and from 18 to 19.
Accordingly, Q would be lower at locations 14 and 19 than at
locations 13 and 18, respectively. Then, the alongshore sedi-
ment budget would become considerably positive, and then the
coast would be under a natural constructive process. This fact is
observationally supported by means of the survey of systematic
beach profiles taken since 2009 between Pinamar and Villa
Gesell (Alonso et al. 2015).

Perez et al. (2017) studied the inter-annual variability in P/
between Bahia Blanca and Mar del Plata and its relationship
with climatic indices related to El Nifio/Southern Oscillation
(ENSO) and the Southern Annual Oscillation (SAM).
Significant correlation coefficients were obtained for both in-
dices which indicated that both climatic anomalies could im-
pact on the wave climate and the littoral processes in the
southern coast of Buenos Aires. High interannual variability
in P/ data series is clearly appreciated in Fig. 3, between Bahia
Blanca and Punta Médanos. Even though P/ is usually nega-
tive (positive) at location 6 (16), positive (negative) values can
be observed for years 1983, 1993 and 1998, respectively. In
agreement with these anomalous values of P/, the Climate
Prediction Center (http.//www.cpc.noaa.gov) reported ENSO
events that occurred in 1982-1983, 1992-1993 and 1997
1998.Consequently, changes in the atmospheric circulation
related to the ENSO impacted on the regional wave climate
and, as a result, on the littoral processes at the Buenos Aires
coast between Bahia Blanca and Punta Médanos. On the other
hand, the SAM index (Southern Annual Oscillation, http://
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www.bom.gov.au/climate/enso/history/In-2010-12/SAM-
what.shtml) which describes the north—south movement of the
westerly wind belt, was also considered in order to investigate
if anomalous P/ computed for 2001 (location 6) could be
related to its atmospheric variability. As a result of the present
study, anomalous P/ computed for 2001 resulted not linked to
SAM index.

The northernmost sector of the study region (locations 19
and 20) deserves a particular analysis. In this area, P/ is pos-
itive (southwards) only when NCEP/NCAR 1 reanalysis is
used as forcing, but it is practically close to zero when
NCEP/DOE 1I, JRA-25 or ERA-40 are used as forcing of
SWAN (for 2005). On the contrary, the mean annual P!/
computed from observed wave parameters for 2005 is -
926 Jm ' s !, which corresponds to a net northward flux.
Kokot (1997, 2010), based on geomorphological evidence
such as the orientation of the sand spit located at Punta
Rasa, concluded that the sand must be transported towards
the north in this area. Consequently, even though estimating
Pl from wave parameters (simulated using SWAN model
forced by different reanalysis) seems to constitute a very
good alternative to study the alongshore wave energy bal-
ance from Bahia Blanca to Punta Médanos, this approach
does not seem to be a reliable option between Punta
M¢édanos and Punta Rasa. A possible explanation for the
significant differences found between P/ computed from
simulated and observed wave parameters could be some
deficiencies in the reanalys is to reproduce wind direction
in the northernmost coast of Buenos Aires. Dragani et al.
(2008) implemented and validated SWAN model to the Rio
de la Plata estuary and the adjacent continental shelf using
NCEP/NCAR 1 as atmospheric forcing, and found that
monthly Erms computed between simulated and observed
wave direction could reach up to 80°. Acceptable or little
errors in simulated wave directions could significantly dis-
tort the directions of P/ between Punta Médanos and Punta
Rasa, especially, when 6, is around zero, that is, when the
wave direction is close up to the normal incidence respect to
the shoreline. Differences of only a few degrees in simulat-
ed wave direction could produce P/ with opposite signs
when different reanalysis are used as forcing.

Conclusions

The aim of this paper was to carry out a comprehensive study
of P/ along the coast of Buenos Aires, between Punta Rasa
and Bahia Blanca. P/ was estimated from simulated off-shore
wave parameters obtained from a validated regional SWAN
model, which was forced using NCEP/NCAR I, NCEP/DOE
II, ERA-Interim and JRA-25 global reanalysis. Simulated
wave parameters provided eastwards/north-eastwards values
of P/ between Bahia Blanca and Punta Médanos, regardless of

@ Springer

the atmospheric forcing (global reanalysis). The spatial vari-
ability of P/ estimated in each case resulted reasonably similar,
differences in magnitude were observed particularly between
location 5 and 15. Slight differences in simulated significant
wave heights and directions obtained from different forcings
could explain the dissimilar magnitudes found in PI.
Subsequently, a qualitative analysis of P/ was carried out be-
tween Bahia Blanca and Punta Médanos. P/ definitely flows
eastwards/north-eastwards from locations 1 to 18 and in-
creases unevenly from Bahia Blanca to Mar del Plata.
Negative imbalances in P/ (or Q) could be seen as a reasonable
and preliminary explanation for the reported natural erosion in
the southern coast of Buenos Aires (Rojas et al. 2014). On the
contrary, positive imbalances in P/ would explain possible
constructive process along the coast, which is being evident
at Pinamar and Villa Gesell (Fig. 1). High interannual vari-
ability was clearly appreciated in P/ data series when simulat-
ed wave parameters are computed from SWAN model forced
by NCEP/NCAR I (period: 1980-2012). It was observed that
anomalous P/ values detected in the Buenos Aires coast in
1983, 1993 and 1998 are in agreement with reported ENSO
events that occurred in 19821983, 1992—-1993 and 1997
1998. SAM index was also considered in order to investigate
whether the anomalous value of P/ observed in 2001 could be
related to the north—south movement of the westerly wind
belt. As a result, this anomalous value of P/ for 2001 would
not be linked to SAM index. Particular investigations about
this subject deserve to be carried out considering other global
climatic indices.

The applied methodology seems to be suitable to study the
space and time variability of P/ along the coast from Bahia
Blanca to Punta Médanos (550 km long), but not in the north-
ernmost coast of Buenos Aires, between Punta Médanos and
Punta Rasa (67 km long). The implementation of SWAN mod-
el including other global reanalysis and regional atmospheric
models as forcing is currently being carried out to obtain a
better representation of P/ in this sector of the coast. It should
be highlighted that the lack of systematic observations along
the coast of Buenos Aires inflicts a severe constraint to face
the study of different coastal processes, many of them very
important for coastal management and taking of decisions.
Finally, until not to establish a monitoring environmental sys-
tem in the Buenos Aires coast, the implementation of regional
numerical models driven by global reanalysis seems to con-
stitute a suitable methodology which let to deepen the scien-
tific knowledge of many coastal processes along the coast of
Buenos Aires.
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