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The Beach Sand Code project (BSC) aimed to place the sediments at the center of beach morphodynamics research. BSC project made
relevant advances over the current state-of-art in several key research topics, namely in the understanding of beach sediment textural
variability and in grain size effects on sediment transport. These results prove that the beach sedimentary dynamics interpretation
depends not only on beach morphology and hydrodynamics but also on their intrinsic sedimentological characteristics. To support this
analysis, the application of the image analysis techniques were further developed which enable to study sediment grain size variability
and allowed the characterization of the beach active layer in a high resolution mode impossible to reproduce by the traditional sampling
techniques.
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INTRODUCTION AND OBJECTIVES
Understanding the littoral sedimentary transport is a key
factor in assessment of any coastal budget, shoreline
evolution and for the construction of coastal engineering
structures. It seems quite obvious that in order to
quantify sand transport is essential to know “a priori” the
sediment characteristics in what concerns spatial and
temporal variability. However, this is not the current
practice because most of the research efforts have been
focused on the hydrodynamic forcing (tide, wave and
currents) or on the morphological characteristics, while
sediment have received comparatively little attention,
which is in a clear contradiction with the importance of
this parameter in sediment transport computations. For
example, Soulsby (1997) in a reference work on
sediment transport modeling considers that sediment is
still the most uncertain input parameter in what concern
sand transport. In this perspective the Beach Sand Code
project (BSC) (http://sandcode.fc.ul.pt/index.html) aimed
to place the sediment at the center of beach
morphdynamics research. This project made relevant
advances over the current state-of-art in several key
research topics, namely in the understanding of beach
sediment textural variability and in grain size effects on
sediment transport. To support this analysis, the
application of the image analysis techniques were further
developed which enable to study sediment grain size
variability and allowed the characterization of the beach
active layer in a high resolution mode impossible to
reproduce by the traditional sampling techniques. In this
scope, the main objective of this work is to describe and
discuss the main BSC project results in what concerns
the understanding of the sediment variability and in the
grain size effects on sediment transport. These results
are supported by data acquired during a set of field
works conducted at Norte, Salgado, Almagreira,

Caparica, Lagoa de Albufeira and Comporta beaches (Fig.
1).

Fig. 1. Field sites location.
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RESULTS AND DISCUSSION
Image analysis applied to beach grain size
variability
The description of the grain size variability was achieved
grounded on the development of an efficient method to
determine the median grain size based in situ acquisition
of sediment images. For this acquisition an original device
called SAND BOX© (Bosnic, 2011; Bosnic et al., 2011)
was created (Fig. 2). This device corresponds to an
“inhouse” image acquisition system where a compact 14
megapixels digital camera is attached to a portable
wooden box at a fixed distance from the sediment (7.5
cm). It is equipped with a LED illumination system that
aims a homogeneous light distribution over the target
area. The SAND BOX© is made by two modules. The
upper one contains the camera holder outside and the
LED lights inside and it is used for acquiring images from
surficial sediment (Fig. 2, top). Within the lower module
there is a support for a PVC core that, after being
sectioned, slide between the two modules for obtaining a
succession of images from the vertical sediment
sequence (Fig. 2, bottom).
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The image processing was based on the algorithm
proposed by Barnard et al. (2007), which has been
improved, mainly, in what concerns the computation of
the sediment median grain size (D50) without any type of
calibration and the adaptation of the algorithm to analyze
images acquired from vertical sequences. To allow the
computation of D50 directly from sediment images
without the need of calibration catalogues, a conceptual
model that relates the lag size or offset (associated with a
predefined autocorrelation value) with the sediment
median grain size was developed. To define the optimal
autocorrelation value it was performed a systematic
analysis of several autocorrelation curves from various
sieved grain size fractions. This analysis revealed that the
best discrimination between grain size fractions is found
when the autocorrelation is equal to 0.5. Independently,
Buscombe et al. (2010) also found a similar relation on
their work. The software development started with the
autocorrelation computation of images from the sieved
fractions. Then, the obtained offsets and the
corresponded sieving median grain sizes have supported
the creation of the following model:
D50= 0.0204 × offset1.2982
The data processing tools used for image analysis are
available at http://sandcode.fc.ul.pt/ImageAnalysis.html.
From the application of this method it is possible to
represent the sediment grain size median variability in a
horizontal plane (space) or in a vertical one (time). The
first one is ideal to characterize the beach superficial and
sub-superficial sediments. The second one is adequate to
characterize beach sedimentary sequences (time related
sequences).

Understanding beach sediment textural
variability
The study of the sediment textural variability using the
methodology described on the last subchapter was
conducted at Norte, Salgado and Lagoa de Albufeira
beaches (see Fig. 1 for location). At Norte beach a high
number of digital images (1498) were acquired
representing superficial, sub-superficial and core
sediments (Fig. 3). For the superficial sediment it can be
seen the existence of a longshore band with an
approximate 50 m width where the sediment has a
median grain size coarser than 0 φ. This coarser
sediment band is approximately located in the beach
berm (Fig. 4). For the sub-superficial sediments a similar
grain size distribution pattern is observed. However, the
median values are considerable lower than the precedent
ones, approximately 0.5 φ (Fig. 3).

Fig. 2. SAND BOX. Top: upper module. Bottom: lower module (from Bosnic et
al. 2012).
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Fig. 4. Cumulative frequency curves of the total samples (ALL), superficial
samples (SUP), sub-superficial samples (SUBSUP) and cores samples (CORES
(from Cascalho et al., 2012).

Fig. 3. Median grain size distribution pattern of the superficial (top) and subsuperficial (bottom) at Norte beach (Adapted from Cascalho et al.
2012).Black dots represent the superficial and sub-superficial samples
location. Red dots represent the samples cores location.

From this study it became clear that a random sample
collected from the beach topographic surface does not
represent the typical beach grain size sediment. Results
of the superficial layer show that the sediments have a
higher than average median grain size, while subsuperficial ones have an opposite behavior. This is
because the uppermost beach layers are in equilibrium
with specific hydrodynamic conditions and therefore
cannot represent the average time and spatial beach
conditions. This averaging is naturally represented in the
sediment column which can be obtained using core
sampling (Fig. 4).

At Salgado and Lagoa de Albufeira beaches 11 sediment
cores were collected using a PVC tube with 4.5 cm of
internal diameter (see Fig. 1 for beach location) in order
to characterize the beach active layer (Bosnic et al.,
2011). The textural characterization of this layer was
made using the methodology described on subchapter
2.2. Image analysis results clearly show that the active
layer cannot be considered a homogeneous sedimentary
unit, as shown by the considerable textural changes
measured at both sites and across horizontal and vertical
profile dimensions (Fig. 5 and 6).
Additionally, the vertical median grain size variation in
each analyzed core does not exhibit a defined trend,
either towards a positive or a negative sedimentary
sequence. Instead, they show a set of, apparently
random, cyclic variations between coarser and finer
particles (Fig. 6), which are probably linked to infragravity wave energy oscillations during a tidal cycle. This
method of studying the beach active layer represents a
large advance over the classical methods, as with the use
of the later it is almost impracticable to obtain a detailed
description of the textural variability of the beach active
layer. For example, for these two field experiments
(conducted at Salgado and Lagoa de Albufeira beaches), it
was possible to get high resolution textural data across a
cross shore profile, avoiding the necessity of collecting,
transporting and the laboratory treatment of about 150
samples.
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Fig. 5. Cross-shore monitored profiles at Lagoa de Albufeira and Salgado beaches with cores location.
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Fig. 6. Vertical median grain size variation on 6 vertical cores collected from Lagoa de Albufeira beach face (top) and on 5 vertical cores collected from Salgado
beach face (bottom). The median grain size (horizontal axis) is represented in φ units (adapted from Bosnic et al., 2011).

suspended sediment theoretical framework. The field
experiments were conducted on May 13th, June 28th and
July 27th, 2010, at Caparica, Almagreira and Comporta
beaches (see Fig. 1 for location), where oceanographic,
morphological and sedimentological data were acquired.
Under these experiments, the relative suspended
sediment concentration profiles for each grain size class
show a systematic decrease with distance to the bed.
However, this decrease has different profile shapes
according to each beach particular hydrodynamic,
morphologic and sedimentary conditions present at the
time of the field experiments (Fig. 7).

Grain size effects on sediment transport
Understand and predict the suspended sediment
transport at the breaking zone is still a challenging task.
Presently, conceptual and numerical sediment
concentration modeling is largely based on the sediment
conservation equation and the assumption that
downward sediment settling is compensated by upward
diffusion. However, several works have shown that if
sediments are heterometic these models will not
properly simulate the vertical distribution of particles in
the water column. These difficulties have been
tentatively overcome using: a) an ad hoc approach
where the sediment diffusion coefficient is empirically
dependent on the grain size (Van Rijn, 1984), b) a
convective-diffusive model (Nielsen, 1992) and c) a
finite-mixing-length theory (Nielsen and Teakle, 2004).
The work developed on this topic is addressed to the
analysis of new field data set obtained from several west
coast Portuguese beaches which can contribute to the
understanding of grain size effects on suspended
sediment concentration profiles under breaking wave
conditions. Field data were compared with the models
outputs thus contributing to the improvement of the
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Fig. 7. Measured suspended sediment concentration profiles for each
sediment fraction (A – Almagreira, B – Comporta and C – Caparica) (from
Ribeiro et al., 2011).

Fig. 8. Measured (solid lines) and modeled (dashed lines) suspended
sediment concentration profiles for each grain-size fraction (from Ribeiro et
al., 2011).

In fact, during the field works the Almagreira and
Caparica beaches registered a dissipative behavior
characterized by a large and low surf zone dominated by
spilling breakers, while at Comporta beach the plunging
waves broke over a steep beach conferring a more
reflective behavior. The study of this topic, developed
on Ribeiro et al. (2011), concluded that the convective
processes are more important in a reflective
environment (Comporta beach at the time of the field
experiment) while the diffusive processes are dominant
in dissipative conditions (Almagreira and Caparica
beaches at the time of the respective field experiments).
From the graphics displayed in Fig. 6 it is possible to
deduce that at Comporta beach the diffusive processes
are only effective on finer particles, at Caparica they are
much important and became dominant at Almagreira.
Also, the modeling strategies adopted by Ribeiro et al.
(2011) prove that the diffusion model is not able to
reproduce the main features of the sediment grain size
distribution along the water column, particularly at
Caparica and Comporta field sites. For these cases the
combined convective-diffusive model proposed by
Nielsen (1992) seems to be the only one that can
adequately describe the field observations both in what
concerns profile shape and coarser fraction profile
overlapping (Fig. 8).

Finally, the results obtained on this topic highlight the
importance of field data collection and reinforce the
idea that the development and use of direct acquisition
methods should be encouraged in order to support the
development of physically sound models.

CONCLUSIONS
Some important results in what concerns to the
sediment variability were described on the present
work. Firstly, it was described the basic principles that
support the methodology of sediment textural analysis
based on digital images. Secondly, it was discussed the
application of this methodology to characterize the
horizontal (spatial) and vertical (time) sediment
variability with specific reference to the study of the
beach active layer. Thirdly, the effects of the grain size
on suspended sediment concentration profiles shows
that the vertical distribution of the different grain sizes
can give valuable information concerning the sediment
transport on suspension. Finally, it should be referred
that under the BSC project the influence of sediment
characteristics (texture and composition) on beach
sedimentary dynamics is presently in progress. This
research topic pretends to demonstrate that the grain
compositional and morphological data acquired in
equilibrium with forcing mechanisms (waves and
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currents) can constitute an added value in order to
characterize the energetic degree of different beach
environments.
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