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Seasonal morphological variation at the São Torpes beach: decoupling
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This study examines the seasonal morphological variations at São Torpes beach during the year of 2011. The entire beach surface was
monitored and analysed in detail and, the observed changes were related with the incident wave conditions. In spring, when the
incident waves came from SW direction with moderate energy, longshore transport dominates and significant accretion on the
northern sector occurs. In summer, when the low energy waves came from W, the northern sector experiments longshore related
erosion while the downdrift sector exhibits incipient accretion, mainly at the lower beach. In autumn/winter, when the wave energy
increases, cross-shore transport dominates and erosion prevails along the beach, except at the northern end, where the longshore drift
gradient balances the cross-shore transport.
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INTRODUCTION
Studies of beach morphological variations are essential to
the understanding of littoral transport processes.
Monitoring beach changes is a common and effective way
to measure erosion and accretion, allowing building
conceptual models of coastal forcing-response. The
incident waves are the primary cause for sediment
transport in the littoral zone. Changes in wave height and
period cause sediment transport to shift onshore or
offshore, while the angle between the crest of the
breaking wave and the shoreline determines the
direction of the longshore component of sediment
transport. On embayed beaches, the presence of
headlands at their ends trap sediment transported
alongshore, resulting in net erosion at the updrift ends of
the beach and in net accretion at the downdrift. Thus,
depending on the waves direction embayed beaches can
experiment clockwise/counterclockwise movements,
known as beach rotation, that has been studied by
several authors (e.g. Short and Masselink, 1999; Klein et
al., 2002; Harley et al., 2011). This work attempts to
describe and analyse beach morphological data obtained
from an embayed beach located in southwest coast of
Portugal (São Torpes beach), during the year of 2011;
and make a preliminary assessment of the relationship
between this data with and both alongshore and crossshore changes induced by the incident waves.

a major role in beach processes. The beach face is
articulated with a wide low tide terrace, which is a rocky
platform with a thin sand cover. Beach sediment is
composed by medium sand with an average median
diameter of 1.37 Ф (IH, 2004).

METHODS
Wave data
Nearshore wave data were acquired with an acoustic
doppler current profiler with a waves module (ADCP),
placed at ≈ 15 m deep (mean sea level - MSL),
approximately 900 m offshore from the beach (Fig. 1).
The wave parameters were computed by spectral
analysis of the ADCP data. Data acquisition took place
between April 27th and November 28th 2011, with one
gap during the period between October 7th and 23th due
to equipment failure. The extension (from January 1th to
April 27th) and completion (from October 7th to October
23th) of wave time series was performed using the results
obtain by the SWAN wave model at the ADCP
coordinates position.

STUDY SITE
São Torpes beach is located south of Sines on the
Portuguese southwest coast (Fig. 1). The beach is
approximately 1.5 km long with NNW-SSE orientation. It
is a mesotidal beach and it is sheltered by the Sines
harbour from the dominant waves coming from NW, and
consequently wave regimes coming from W and SW play
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Empirical bar/berm profile predictor
In order to establish a relationship between wave forcing
and onshore/offshore sediment transport the criterion
proposed by Larson (1988) was applied. This criterion is
based on sand fall velocity (ws), wave height (H) and
period (T) and wave steepness (H/L, where L is wave
length):
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Wave parameters were computed at ADCP depth;
wavelength was estimated using the empirical formula
proposed by Guan and Hongmei (2005) and the ws was
computed by Soulsby (1997) approximation using the
beach median grain size (d50 = 1.37 Ф).

RESULTS

Morphological data
Morphological data were acquired on February 17th, May
18th, September 6th and November 29th 2011. The four
topographic surveys were performed by a Geodetic
Global Positioning System (GGPS) TRIMBLE 5700,
according to the specifications defined in Order 1A of
the standards for hydrographic surveys S-44 (IHO, 2008).
The digital terrain models (DTM) of the beach were
obtained through interpolation, using kriging with an
anisotropic spherical model without effect nugget. The
variations between surveys were computed at
overlapped areas and the variation at the MSL contour
estimated by the Digital Shoreline Analysis System tool
developed by Thieler et al. (2005). Seven cross-shore
beach profiles (P1 to P7) extending from the dune toe or
cliff base to slightly beyond 1 m contour (relative to chart
datum – ZH, 2 meters below MSL) were analysed in
detail (Fig. 2). Average beach slope was computed using
the entire profile extent.

Wave conditions
The wave time series is represented in Fig. 3 and the
average wave conditions before the first beach survey
and periods between beach surveys are shown in Table I.
The seasonality of the incident waves conditions can be
represented by the wave power magnitude and direction:
before the first survey the incident wave regime was
characterized by the highest and southernmost waves;
between February and May waves experimented a slight
decrease in height accompanied by a small westerly
rotation; between May and September the beach was
subjected to a westerly low energetic wave regime; and
between September and November incident wave power
increased while wave direction experienced a
counterclockwise rotation.
10
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Fig. 1. São Torpes beach location and ADCP position.

5

0
Jan

Feb Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov Dec

Feb Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov Dec

Feb Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov Dec

TM02 (s)

20
10

0
Jan

Mdir (º)

300
200
100
0
Jan

Fig. 3. Wave time series (red dashed line represents survey dates).
Fig. 2. Beach profiles location.
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Table I. Average wave conditions: significant wave height (Hs), mean period
(TM02), mean wave direction (Mdir), wave power (P) and wave power
direction (WPdir).
th
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Beach morphology
São Torpes beach presents different morphological
characteristics alongshore. At the northern sector the
beach profile is wider and comprises a gentle slope beach
face, a low tide terrace and, in summer, a well-developed
berm; at the central and southern sectors the beach
profile is generally narrower and steeper with no berm
or a poorly developed berm during summer (Fig. 4 and
5).

248

Fig. 4. Beach profiles observed on February 17th, May 18th, September 6th and November 29th.

Beach altimetric variation
The analysis of the altimetric variation between surveys
allows a spatial and temporal overview of the beach
morphological changes (Fig. 6). Between February and
May, the beach experienced accretion over the MSL
contour, mainly at the northern sector (max. 2.5 m);
between May and September the northern sector
presented erosion, while central and southern sectors
presented erosion on the upper beach and some
accretion on the lower beach; between September and
November the erosion dominate (max. 2 m), except on
the northernmost sector of the beach.

Fig. 5. Beach slope variation alongshore.
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Fig. 6. Altimetric variation between surveys.

dynamics, it is important to understand longshore and
cross-shore sediment transport components. The
Larson’s criterion indicated that in relation to
moderate to weak incident wave conditions occurred
between February and September beach accretion was
favoured. The observed variations between February
and May are in line with this assumption; however, the
erosion observed at the northern sector, between May
and September, reveal an opposite signal where a
strong erosion of the sub-aerial beach was observed
(Fig. 6 and 8). In this case, this behaviour can only be
explained by the dominance of the longshore transport
component in relation to the westerly rotation in the
wave direction, which induced a southern longshore
drift. As the accretion observed at the downdrift
section of the beach does not match the erosion
measured at the northern end, it seems reasonable to
assume that sand was transported along the low tide
terrace (Fig. 6 and 8). For the period between
September and November Larson’s criterion is
compatible with an offshore sand transport, which
agrees with the generalise erosion observed at the subaerial beach. The minor accretion that occurred at the
northern tip of the beach, can be explained by the
longshore drift gradient in relation to southwest waves
which balanced (and slightly exceeded) the offshore
sediment transport.

Empirical bar/berm profile predictors
The empirical bar/berm profiles predictors can help
understand the cross-shore beach profile changes in
relation to the incident wave conditions. Fig. 7 shows
that between February and September Larson’s
criterion is smaller than wave steepness indicating that
the average incident wave condition during this period
favored beach accretion, mainly between May and
September. Between September and November
Larson’s criterion is greater than wave steepness
indicating that the incident wave conditions fostered
beach erosion.

Fig. 7. Beach profile response to the average wave conditions.

DISCUSSION
The São Torpes beach is an embayed beach system in a
constant readjustment in both cross-shore and
longshore directions. Therefore, to understand beach
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The results of seasonal morphological variation
observed at the embayed São Torpes beach during the
year of 2011 show that in spring, when the incident
waves came from SW direction with moderate energy,
longshore transport dominates and significant accretion
on the northern sector occurs. In summer, when the
low energy waves came from W, the northern sector
experiments longshore related erosion while the
downdrift sector exhibits incipient accretion, mainly at
the lower beach. In autumn/winter, when the wave
energy increases, cross-shore transport dominates and
erosion prevails along the beach, except at the
northern end, where the longshore drift gradient
balances the cross-shore transport. These results show
that the traditional model of coastal embayment
rotation associated with reversals in longshore
sediment transport processes is relatively minor in
comparison to cross-shore variation and the
embayment rotation is more subtle than previously
thought, as already observed by other authors (Pinto et
al., 2009; Harley et al., 2011).
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