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This paper presents a model of the cross-shore beach profile taking into account the presence of the
seagrass Posidonia oceanica whose ultimate objective is to reduce the volume of sand used in beach
nourishment. The methodology describes the training, validation, testing and application of models of
artificial neural networks (ANN) for computing the cross-shore beach profile of sandy beaches in the
province of Murcia (Spain). Eighty ANN models were generated by modifying both the input variables
and the number of neurons in the hidden layer. The input variables consist of wave and sediment data

iiﬁvgggis;eural network and data concerning the Posidonia oceanica. To select and evaluate the performance of the optimal model,
Sandy beach the following parameters were used: R?, absolute error, mean absolute percentage error and percentage

relative error. The results show a mean absolute error of 0.22 m (0.21 m in training and 0.28 m in test),
representing an improvement of 85.1% compared to models that do not use the Posidonia oceanica and
69.8% against those that consider it. Although the ANN was developed for beaches with P.oceanica, it
could be used in areas with other seagrass able to reduce wave energy and consolidate the sand such as
Syringodium filiforme, Thaalassia testudinum, Laminaria hyperborea, Halodule wrightii and Zostera marina.
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1. Introduction

The erosion of beaches is an important problem along coast-
lines at a globally scale [1]. To combat this erosion several coastal
replenishment actions are carried out, such as dikes, breakwaters
and/or beach nourishments [2,3], for which it is important to char-
acterize properly the morphodynamics of the operating area and
the morphology of the cross-shore beach profile [4].

The morphology of abeach is mainly controlled by wave climate,
tide and sediment characteristics [5,6]. The prediction of beach pro-
file evolution under the action of waves and currents is one of the
most important tasks in coastal engineering because of its influence
on coastal erosion [7]. Even though cross-shore sediment fluxes are
usually afew orders of magnitude smaller than longshore transport,
the cross-shore beach profile has a strong influence on longshore
velocity profiles and therefore on longshore sediment fluxes [8].
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The beach profile is the result of the trade-off between onshore and
offshore fluxes. The direction of the cross-shore fluxes is a key point
for predictive tools and is closely related to the nonlinear charac-
teristics of the incoming waves such as asymmetry and velocity
skewness [9,10].

Understanding the variability of cross-shore beach profiles is
essential for its application to several coastal engineering fields, for
instance: i) beach nourishment design [11-14]; ii) coastal defence
structure design [15]; and, iii) the delimitation of the active zone
for the calculation of nourishment volumes and the estimation of
coastal sediment balance [16-18]. The characterization of the mor-
phology of the cross-shore profiles has evolved over the years from
simple mathematical equations defining the equilibrium beach
profile [19-22], to models (mathematical, numerical, probabilistic,
reverse, etc.) for predicting beach profile changes [23,24]. Process-
based mathematical and numerical models are one of the main
approaches for the prediction of cross-shore beach profile changes.
Deterministic process-based models can either be relatively simple
or can incorporate sophisticated hydrodynamic models to calcu-
late the hydrodynamics and morphological response over relatively
large areas [25]. Using numerical modelling, several models can
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Fig. 1. Location of the studied beaches and composition of the seabed.

be developed and linked to study cross-shore beach profile. For
that, a wave model, tidal current model, sediment transport model
and finally a morphological model should be developed, validated
using field data and linked to each other for a specific study site
[25,26]. However, such techniques require considerable computa-
tional effort. In addition, there are still compelling discrepancies
between model results and measured data [27], which may be
due to uncertainties in understanding near-shore processes such
as wave breaking, wave reflection, refraction, diffraction and sedi-
ment transport [28]. Accordingly, other methods such as Artificial
Intelligence (Al) have been introduced in this area, which are less
expensive compared with physical-based numerical models [29].

Al in common with other data-based approaches, makes use of
only the measured data, and is a practical tool which can be used to
predict changes to the coastline as a response to changes in wave,
currents and tidal climates [5]. This tool is particularly useful in
coastal application because many coastal engineers are interested
in prediction [29]. In recent years, Al techniques such as artificial
neural networks (ANNs) have been successfully applied to create
models that are useful tools for the coastal engineer, providing
data relating to the shape of bay beaches [27]; wind-wave anal-
ysis [30,31]; wave prediction [32,33]; coastal water level [34,35];
and location and behaviour of the bars [36,37].

Furthermore, an important factor to consider in modelling a
beach profile is the presence of marine vegetation. This paper
focuses on studies related to Posidonia oceanica given its strong
presence of it in the study area, which is the Mediterranean. The
three-dimensional structure of rhizomes form a certain reinforce-
ment for the sandy sediment of the submerged beach that, along
with the roots and leaves, hinders the sedimentary movements of
the seabed, thereby consolidating the sandy substratum and mak-
ing the submerged beach profile changes much slower than what
they would be in the absence of the meadow [38]. In addition,
the foliage of the meadow increases the roughness of the bottom,
favouring the wave energy dissipation [39]. The absorption of the
waves ranges between 30% and 40% of the total energy [40].

The purpose of this study is to investigate the potential of ANN
to predict the cross-shore beach profile of sandy beaches with pres-
ence of Posidonia oceanica in a case study (Coast of the province of
Murcia, Spain). To this end, first the variables that may influence the
formation of the profile were studied. Some of the considered vari-
ables are related to the maritime climate (wave height, period and
probability of occurrence), to the sediment properties (median sed-

imentsize (Dsg), real sample density, material density and porosity)
and to the biocoenosis of the seabed (presence of Posidonia ocean-
ica, studied by the wave damping coefficient K, ). Finally, different
ANNs were generated (different input variables and number of neu-
rons in the hidden layer), and the architecture that best represents
the cross-shore beach profiles in the study area was selected.

2. Study area

The studied geographical zone is the coast of the province of
Murcia, Spain. Murcia is located southeast of the Iberian Penin-
sula (37°59'10”N 1°07'49”"W), and is divided from north to south
into two parts separated by a series of mountains that form the
so-called Cordillera Sur. These two areas are: i) To the south, the
Campo de Murcia is the northern zone of the coastal plain of Campo
de Cartagena; and ii) To the north, the Huerta de Murcia formed by
a flood plain deposited on the graben. Systems of coastal dunes and
beaches, wetlands and coastal marine exist on the coast. The Mar
Menor is a littoral lagoon with a semicircular form of salt water
from the Mediterranean Sea, and it is separated from this by a strip
of sand 22 km in length, and between 100 m and 1200 m in width.

The study was performed on the 36 sandy beaches that are along
the 274 km of coast (Fig. 1). The beaches of the province comprise
dunes, lagoons, capes and ports. The morphology of the seabed is
mostly fine sand, and coarse sand. There is a notable presence of
Posidonia oceanica meadows in 91.7% (33/36) of the studied beaches
(Fig. 1).

Moreover, the study area is a microtidal area where astronom-
ical tides range between 20 cm and 40 cm, and when are affected
by meteorological factors, the tide surges can be up to 75 cm [41].

3. Methodology

In the developed methodology, an analysis of the variables that
may be related to the formation of the profile (maritime climate,
sedimentology and biocoenosis) is provided. Subsequently, the
process for the generation of neural networks and the selection
of the optimal architecture is described.

3.1. Bathymetric profiles

To obtain the cross-shore profiles, the bathymetry of the “Estu-
dio ecocartografico de las provincias de Murcia, Almeria y Granada
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