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Zones of erosion and accretion were delimited by comparing a DGPS shoreline mapping in 1997 and the beach line
reproduced from the army chart collection of 1975. The results show extensive shore retreat along of Rio Grande do
Sul central coast, while accretion was observed in Mostardas and Dunas Altas beach. Mathematical estimative of the
regional longshore transport potential along the Rio Grande do Sul coast, a 630-km long holocenic fine sand barrier,
resulted in a large net northward annual sand volume. Additionally, the estimated potential of sediment transport
based on the CERC formula predicts a substantial variation of the energy flux into the surf zone, due to little changes
in shoreline alignments and in the potential alongshore sediment transport. The reduction in the sediment flux due to
changes in the shoreline alignment produce a jam in the longshore transport, meaning that part of the sediment
arriving from the upstream stretch may be deposited or diverted offshore. Based on that, it is possible that changes in
the net longshore sand transport are responsible for the increase in the shoreface width from less than 1 km to more
than 3 km in Mostardas beach and Dunas Altas beach. Interesting to note that wider dune fields are associated to
those beaches where shoreface is also wider. In this way, the volume of longshore sand transport and the sediment
jam provide by changes on shoreline alignment in Mostardas and Dunas Altas beaches are important for both coastal

dune fields and shoreface width.

ADDITIONAL INDEX WORDS: Southern Brazil, shoreline erosion, coastal jet.

INTRODUCTION

In this work coastal dune field width and shoreface width
refer to volumetric changes in the subaerial and submarine
beach. This paper focuses the beach system enlargement along
of Mostardas and Dunas Altas beach in central coast of Rio
Grande do Sul, Brazil.

On all types of sandy or unconsolidate coasts, beach
deposition or erosion can be considered to be controlled by a
dynamic equilibrium involving three major components
(DAVIS, 1997): amount and type of sediment supply, physical
energy along the coast and rate of sea level change. This paper is
a contribution to this discussion with base in the example of the
recent shoreline change of the Rio Grande do Sul state, where
the short-term erosion and accretion controlled by the wave
energy flux is well documented (LIMA ez al., 2001, TOLDO et al.,
2003). The results here presented include the general pattern
and values of the retraction and progradation and the estimated
potential of sediment transport based on the CERC formula.

Sand deposits are abundant in the Rio Grande do Sul inner
shelf and the longshore current exhibit strong episodic behavior
due to the wave forcing from south, closely related to the
passage of cold fronts in the winter period. In this paper we also
described an episodic coastal event in May 20" 2000 when
satellite images reveal the presence of short-term coastal
circulation overtopping the shoreface. This circulation is
characterized by a strong coastal jet that in some instances can
lead to more diffusion process of suspended sediment outwards
from surfzone.

STUDY AREA

The state of Rio Grande do Sul has an exceptionally straight
and uniform gentle undulating coast that has 630 km (Figure 1)
and consists of unconsolidated Quaternary deposits that
received no modern sand contributions from the mainland,

because most of the bedload carried by the few streams and
rivers is trapped in lagoons and others coastal plain
environments, e¢.g. Lagoa dos Patos and Lagoa Mirim lagoon,
occupying 13.750 km’, almost one third of the Coastal Plain
area in the state (TOLDO et al., 2000, TOLDO and DILLENBURG,
2002). The continental shelf is 150 to 200-km wide with
maximum depths varying from 100 to 140 m, and gentle slopes
of 0.03° To 0.08°. The shoreface is wide and shallow with
seaward limit at 10 to 15 m depth, presenting large offshore
bars. The shoreface floor consist mainly of the sandy sediments,
and across the beach and the surf zone of well-sorted fine sand,
(MARTINS, 1967; MARTINS and CORRE A, 1996; GRUBER, 2002;
NicoLoDI et al., 2002,), except along 60 km in the southern
coast area where there is bimodal sediments due to the presence
ofbiodetritic gravel (CALLIARI and KLEIN, 1993). The coastline
oriented NE-SW is subject to both dominant swell waves
generated in the South Atlantic and local wind-generated
waves.

Except for the passage of cold fronts from the south and
southeast (T0zzl and CALLIARI, 1999), the coast typically
experiences medium to high wave energy conditions. The
average significant wave height is 1.5 m and the mean wave
period ranges from 7 to 9 s. The coast is microtidal with
semidiurnal tides that have a mean range of only 0.3 m
(ALMEIDA et al., 1997). Consequently, sediment transport and
deposition along the coast is primarily dominated by wave
action. The closure depth is estimated to be at 7.5 m, calculated
using two sets of wave data, collected in 1963 and 1996 along
the state's northern coast (ALMEIDA et al., 1999).

MAPPING ZONES OF EROSION AND
ACCRETION

The mapping reports on the changes in the position of the
shoreline  its local progradation or retreat using aerial
photographs and a GPS survey along of Rio Grande do Sul
coast. The field work was driven with a GPS installed in a
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Figure 1. Location and bathymetric map of study area in southern Brazil.
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vehicle that run approximately 16 m of distance from mean
coast area where there is bimodal sediments due to the presence
of biodetritic gravel (CALLIARI and KLEIN, 1993). The coastline
oriented NE-SW is subject to both dominant swell waves
generated in the South Atlantic and local wind-generated
waves.

Except for the passage of cold fronts from the south and
southeast, the coast typically experiences medium to high wave
energy conditions. The average significant wave heightis 1.5 m
and the mean wave period ranges from 7 to 9 s. The coast is
microtidal with semidiurnal tides that have a mean range of only
0.3 m (ALMEIDA et al., 1997). Consequently, sediment transport
and deposition along the coast is primarily dominated by wave
action. The closure depth is estimated to be at 7.5 m, calculated
using two sets of wave data, collected in 1963 and 1996 along
the state's northern coast (ALMEIDA et al., 1999).

MAPPING ZONES OF EROSION AND
ACCRETION

The mapping reports on the changes in the position of the
shoreline its local progradation or retreat using aerial
photographs and a GPS survey along of Rio Grande do Sul
coast. The field work was driven with a GPS installed in a
vehicle that run approximately 16 m of distance from mean
water line and with a medium speed of 50 km/h, and the other

GPS, in the static mode, was positioned in places previously
established at the coast and distant each other by 100 km, in
order to cover the readings and to increase the precision of data.
The sampling rate for both equipments was of 5 seconds, which
allowed the generation of files that post-processing show the
line traveled accuracy of 3 m (TOLDO et al., 1999, TOLDO and
ALMEIDA, 2003).

The beach line established by DGPS in November 1997, was
compared with the beach line reproduced from the army chart
collection of 1978 year (1:50,000), which are a restitution of an
aerophotogrametric study in 1975 years. The temporal analysis
among these studies was accomplished through geoprocessing
techniques using the IDRISI software (Clark University), and
the final map was printed on the scale of 1:1,300,000.

The results of the 22 year-old temporal analysis (1975-
1997), show that the all beach line of Rio Grande do Sul coast is
characterized by erosive and accretionary states, with 442 km of
beaches in retreation, 173 km under progradation conditions
and 6 km wlthout significant variations. The erosive processes
with rates larger than 80 m extends through of 257 km, while the
accretional areas presents smaller values (TOLDO et al., 1999;
ESTEVES et al., 2002). The figure 2 show the coastline mobility
behavior in the central coast of the state. In fact here a very little
stretches has been mapped as accrecionary states,
approximately 31 and 35 km, for Dunas Altas and for Mostardas
beach, respectively.
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Figure 2. Map of the central coast of Rio Grande do Sul showing
the general pattern of erosion and accretion areas (modified
from Toldoetal.,1999).

ESTIMATE OF LONGSHORE
TRANSPORT

Anet northward littoral drift is evident in coastal geomorphic
features along of Rio Grande do Sul coastal zone (TOMAZELLI
and VILLWOCK, 1992). The results of mathematical estimation
of the longshore transport potential (LIMA ez al., 2001) agree
qualitatively with such observations.

The mathematical estimation was based on the CERC
formula, where the energy flux of computing longshore
transport rate is based on the empirical relationship between
thecomponent of wave energy flux entering the surf zone and
the immersed weight of sand moved (U.S. Army 1984, p. 4-96).
Both have units of force per unit time, thus:

Il = KPls (1)

where Il is the immersed weight transport rate (force/time), K a
dimensionless coefficient, and Pls the longshore energy flux
factor (force/time).

In order to verify the calculations of longshore sediment
transport, a study was carried out along 630 km of the Rio
Grande do Sul coast. The whole coast was divided into eight
stretches based on differences of shoreline alignment. This
model predicts a substantial variation of the energy flux into the
surf zone due to the little changes in the shoreline alignments,
and consequently on the transport potential along the coast (Fig.
3). The mean yearly wave energy flux into the surf zone was
analyzed based upon representative long-term wave statistics
organized by Hogben and Lumb (1967, In: LIMA et al., 2001). In
the coastal waters the incident waves have the following
offshore directional distribution: 30% from NE quadrant and
9% from the south direction. The short waves coming from the
NE, generated by local winds, are responsible for less than 2%
of the sediment transport. The longshore current exhibit strong
episodic behavior due to the wave forcing from south, which are
responsible for more than 30% of the sediment transport.

This study focuses mainly on the sand longshore transport
along three coastal stretches in the central coast, numbered from
south to north as 44-3 to 44-1, extending from the Lagoa dos
Patos channel to Cidreira beach. The southernmost stretch (44-
3) is 105-km long and its longshore transport was estimated in
about 2.9 million m3/year. The adjacent segment (44-2) is 96-
km long and the longshore transport was estimated in about 2.3
million m3/year, decreasing to 1.5 million m3/year along the
44-1 stretch (Figure 3).

Variability of Shoreface Width

The shoreface topography consists of a broad area of smooth
bottom surface and with mean slopes of 1:100. The 10 m isobath
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Figure 3. Prediction of regional net longshore transport rates
(modified from Limaetal., 2001).

was used as shoreface seaward limit as presented in the
Brazilian navy bathymetric map surveyed on 1963. The mean
shoreface width changes from less than 1 km along coastal
stretches 44-3,44-2, and 44-1 to 3 km along the southern sectors
of'stretches 44-2 and 44-1 (Figures 1 and 3).

Measurements of changes in shoreline position and beach
system morphology show extensive shore retreat along of all
stretches 44-3 and 44-2. This eroded areas correspond to the
stretches where there is an increase on the longshore flux
energy, e.g., where the shoreline alignment is more exposed to
the southerly wave attack (Figure 3). The resultant energy flux
into the surf zone and related longshore transport decreases to
the north, from 2.9 million m*/year on stretch 44-3 to 1.5 million
m’/year on stretch 44-1 (Figure 3). Dette (2001), studying the
morphological processes along a 40-km long coastal segment in
the Baltic sea, revealed that a reduction in transport flux due to
changes in the shoreline alignment implies a jam in the
longshore transport. It means that part of the sediment arriving
from the upstream stretch must be deposited or diverted
offshore.

The above descriptions indicate a coupling between the net
longshore balance evolved into stretches 44-3, 44-2 and 44-1
and the spatial change on the shoreface width in south sides of
the stretches 44-2 and 44-1, (Figures 1 and 3). Also, the previous
results acquired about short time scale of shoreline
displacement along of Mostardas and Dunas Altas beach,
confirm the process that part of the sediment that was eroded
along of stretches 44-3 and 44-2, arrive from this stretches is
deposited and diverted offshore along this two beaches.

Besides these morphological elements we found specific
hydrodynamics processes associated with changes in the
shoreline alignments, as illustrated bellow. Analyses of satellite
images in this area reveal the presence of short-term coastal
currents circulation overtopping the shoreface, that has not been
studied in detail before, but suggests that in some instances this
current can lead to more diffusion process of suspended
sediment outwards from surf zone a strong alongshelf jet
characterizes this coastal current. The occurrence and evolution
of'this jet are closely related to the passage of cold fronts, which
are formed early in the winter.

This paper focuses on an episodic event in may 20™ 2000 that
is illustrated on figure 4 at that time, the characteristics of the
circulation pattern over the shoreface consisted of two
segments, the northward coastal current intensified by the south
and southeast winds and a wide plume clockwise - rotating gyre.

The conceptual model is that sediments are supplied to the
surf zone and shoreface from shoreline erosion, similarity to the
episodic events on nearshore-offshore transport in the Great
Lakes described by EADIE et al, (1996). Initially, these
sediments are transported into temporary sinks within the
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Figure 4. Satellite image showed changes in the shoreline alignment between coastal stretches 44-2 and 44-3 (Mostardas beach), the
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presence of coastal fjet, the coastal dunes and shoreface accretion (Toldo et al., 2003).

nearshore zone that are non-depositional in the long-term (years
or decades). Large episodic events characterized by a strong
coastal current, like the event in May 20th 2000, resuspend and
transport the sediment from these temporary sinks to more
permanent sinks. A fraction of the suspended load is
incorporated by the shoreface every year, developing a large
sand bank as can be seen in the 10-m bathymetric contour
(Figure 4). These sand bank complexes have been termed shoal-
retreat massifs (SWIFT and SEARS, 1974, In: DYER and
HUNTLEY, 1999).

Also, the physical process that control the formation and
evolution of the coastal jet have not been fully explored, but
good agreement was found between the shoreface accretion
area, for more than 2 km offshore, and the extension of the
coastal jet over this area, as observed in the satellite image
(Figure 4).

Variability of Coastal Dunes Field Width
In an paper published in 2000 TOMAZELLI et al., describe the

Journal of Coastal Research, Special Issue 39, 2006



394 Toldo et al.

oceanic beach deposits associated with barrier-lagoon system
IV, the most recent barrier of Rio Grande do Sul coastal plain,
that was formed during the Holocene. The long barrier that
separates the Lagoa dos Patos (Figure 1), from the ocean is
composite and includes both a Holocene barrier (System IV)
and a Pleistocene barrier (System III). The Holocene coastal
dune fields are mainly barchanoid ridges and are well
developed over the barrier-lagoon-system IV, principally on the
protruding stretches of the coast with a variable width of 2 to 8
km (DILLENBURG et al., 2000).

The shoreface and coastal dune field width change in the
same way along of central coast: the wider dune field are
associated to those beaches where shoreface is also wider. Both
width are pronounced from quantitative measures, the mean
coastal dune fields width changes from less than 1 km to more
than 6 km along the 31 and 35 km for Dunas Altas and for
Mostardas beach, respectively.

Due to large longshore sand transport volume along of
central coast and the sediment jam provide by changes on
shoreline alignment on Dunas Altas and Mostardas beach, the
sand accumulation are important sediment source for both
coastal dune fields and shoreface areas.

In response to the strong and prevailing northeastern winds
the aeolian sand transport is active and the san dunes transgress
the hinterland in a SW direction (TOMAZELLI et al., 2000),
developing wide dune fields principally on Dunas Altas and
Mostardas beach (Figure 1).

CONCLUSIONS

The estimated potential of sediment transport predicts a
substantial variation of the energy flux into the surfzone, due to
little changes in shoreline alignments.

The reduction in the sediment flux due to changes in the
shoreline alignment produce a jam in the longshore transport.
Part of the sediment arriving from the upstream stretch may be
deposited or diverted offshore (DETTE, 2001).

The sediment jam provide by changes on shoreline alignment
on Dunas Altas and Mostardas beach are important sediment
source for development of both large coastal dune fields and
shoreface areas, in a sandy coast with 276.9-km characterized
by extensive shore retreat.
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