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Project description (max 5000 characters)

Beaches play an important role in disaster prevention, as they significantly reduce wave energy and
protect the hinterland from hazards such as flooding due to wave overtopping, etc.
Beach erosion is one of the critical issues affecting coastal areas; its mitigation and prevention
represent significant challenges for coastal managers. In this context, understanding the processes
affecting beach dynamics is the first step towards new solutions to address increasingly critical
climatic conditions.

However, sea-induced morphological response is difficult to predict since it is the result of nonlinear
interactions between waves and currents, sediment transport, and evolving morphology itself.
Furthermore, their evolution depends on physical forcings acting over different temporal scales:

e The century timescale (from decades to centuries), associated with sea level rise.

e The decadal timescale (years to decades), associated with longshore sediment transport
and/or interannual shifts of wave climate energy.
e The seasonal timescale (weeks to years), associated with variations in the wave climate
and the main beach profile characteristics.
e The storm timescale (hours to days), associated with variations in shoreline position and
beach profile within a few hours.
The evolutionary properties of beaches at lower frequencies (climatic year scale) are generally well
described by models governed by systems of differential equations forced by real climatic data.
Numerous publications demonstrate the maturity of process-based modelling approaches.
Conversely, the use of similar models to study evolution at the storm scale has resulted in systems
of equations dependent on a large number of parameters and generally produces a level of accuracy
that is insufficient for practical applications.




Due to the high rates of morphological change, the nonlinearity of the processes and the strong
influence of stochasticity (e.g. turbulence in the water column, random wave distributions, etc.), the
study of beach evolution at the storm scale appears consistent with the properties of machine
learning. Recently, these techniques have been increasingly used to determine just the shoreline
position at the storm scale, while the underwater beach profile is often neglected. A few studies have
attempted to model the full beach profile using machine-learning approaches, yet these methods
generally lack interpretability and remain far less mature than data-driven techniques developed for
shoreline prediction.
Therefore, the research project aims to investigate the performance of data-driven models in
reconstructing cross-shore beach profile dynamics.
The main steps of the research can be summarized as follows:
1. Methodological study.
This phase aims to select, on a conceptual basis, the machine learning tools most suitable for the
problem under investigation. The reference benchmarks include prediction accuracy and
explainability, i.e., the ability to interpret relevant theoretical aspects of the underlying physical
processes. This phase includes a thorough review of the literature on cross-shore beach evolution
and on physics-based machine learning techniques that could potentially be applied in the
subsequent stages.
2. Comparison of selected tools with a synthetic dataset.
Once the candidate techniques (2—3) have been identified, their properties will be compared using a
synthetic database generated through a numerical model. The advantages of using a synthetic
dataset include:
e Jarge sample size and the possibility of including virtually unlimited climatic and
granulometric scenarios.
e absence of scale, laboratory, and measurement effects.
At the end of this phase, the most suitable machine learning approach will be selected in terms of
accuracy and explainability.
3. Verification of the selected model on real data
In this phase, the properties of the selected approach are tested on real data. Compared to synthetic
data, real datasets include a greater number of physical processes, which are naturally smoothed in
numerical models. The aim is to assess whether the properties identified in Phase 2 are confirmed
when applied to real-world data.
The real dataset should include:
e data from real beaches, provided that the forcing conditions are known.
e g dedicated database focused on Italian beaches and their associated climates, derived from
laboratory tests to be conducted at the hydraulic lab of the University of Naples Federico II.
This dataset may focus on specific engineering issues, such as the formation and evolution
of scour holes at the toe of coastal structures.
4. Development of a probabilistic framework for beaches at the storm scale.
In this final phase, the project aims to develop a probabilistic approach for describing and predicting
beach profile evolution during storm events. The objective is to overcome the limitations of
traditional deterministic models by introducing an explicit representation of uncertainty related both
to the forcings (waves, sea level, event duration) and to intrinsically stochastic physical processes.
The framework will be developed by integrating the machine learning model selected in the previous
phases with probabilistic techniques, in order to create a tool suitable for engineering applications
and risk management in decision-making contexts.




Relevance to the MERC PhD Program (max 2000 characters)

The project is fully aligned with the two core areas of the MERC program: risk and complexity. Coastal
systems are paradigmatic examples of complex, multi-scale dynamical systems influenced by natura
processes. The interdisciplinary approach is at the core of the proposed PhD project. Indeed, the
project leverages tools from coastal engineering, stochastic modelling, and data-driven analysis to
address a problem of high societal relevance. Moreover, the probabilistic framework developed in the
final phase will provide quantitative tools for risk assessment and support in decision-making
contexts.
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Joint supervision arrangements

The candidate will meet on a weekly basis with at least one of the supervisors. Meetings with all the
supervisors will be planned monthly and based on the project status.

The candidate could also benefit from meetings with Sara Tuozzo, RTD-A at the University of Naples
Federico Il, and Maurizio D’Anna, Marie Curie postdoctoral fellow at UPC, Barcelona.

Location and length of the study period abroad (min 12 months)

Giovanni Coco, Senior Researcher at Institut de Ciencies del Mar (CSIC) Barcelona, Spain.

Additionally, depending on the student’s interests and on the progress of the project, visits to other
institutions within the professional networks of the proposers can be accommodated.

Any other useful information

If needed, it can be possible to involve in the project other academic partners




