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PPrroocceessss  UUnnddeerrssttaannddiinngg,,  DDiiggiittaall  TTrraannssffoorrmmaattiioonn,,  
aanndd  HHaazzaarrdd  MMooddeelliinngg  AAccrroossss  SSccaalleess  
 
 
 
 
 
The second 2025 Volume of Coastal and Ocean Science and Engineering (COSE) brings together four contri-
butions that collectively illuminate the multi-scale dynamics shaping today’s coastal systems. Across these 
studies, we observe a coherent scientific trajectory: toward a deeper understanding of the fundamental processes 
that govern ocean mixing and wave climate, the increasing integration of artificial intelligence and digital mon-
itoring in coastal and port management, and the refinement of high-fidelity numerical tools to quantify and 
predict geohazard-driven marine events. 
Though diverse in scope – from microscale turbulence in stratified waters to AI-enabled port transformations, 
from spectral signatures of tropical-like cyclones to non-Newtonian submarine landslide modeling – the articles 
in this Special Issue share a unifying purpose. They each advance the scientific and technological foundations 
required to build coastal environments that are more predictable, more resilient, and more intelligently man-
aged. 
Together, they illustrate a field that is expanding in two complementary directions: 
(1) toward fundamental process comprehension, revealing how climate, energy, and stratification interact; and 
(2) toward innovation in applied engineering, where digitalization, AI, and advanced numerical models translate 
scientific insight into operational capability. 
The four contributions featured in this Volume were presented during the 11th Short Course/Conference on 
Applied Coastal Research (SCACR), held in Dubrovnik, Croatia, from 24 to 26 September 2025. SCACR 
serves as a global platform for exchanging advances in coastal and port engineering, uniting early-career and 
senior researchers, numerical modellers, experimentalists, practitioners, and decision-makers. Its mission is to 
foster cross-disciplinary dialogue and to accelerate the transfer of new knowledge and technologies into coastal 
and maritime practice. 
 
11..  UUnnddeerrssttaannddiinngg  OOcceeaann  MMiixxiinngg  aanndd  EEnneerrggyy  PPaatthhwwaayyss  iinn  CCooaassttaall  WWaatteerrss  
The first contribution addresses a cornerstone of physical oceanography: diapycnal mixing, the vertical ex-
change of mass and energy across density interfaces. This process plays a central role in shaping heat redistri-
bution, nutrient supply, sediment resuspension, and transport pathways that ultimately influence coastal eco-
systems and nearshore hydrodynamics. 
The authors provide an in-depth analysis of the mechanisms driving diapycnal mixing in coastal environments 
– where tides, internal waves, topographic roughness, stratification variability, and wind-driven processes com-
bine in highly nonlinear ways. The study highlights why understanding mixing in these regions remains a sci-
entific frontier: coastal zones often display strong intermittency, heterogeneous turbulence, and complex inter-
actions between remotely generated and locally formed internal wave fields. 
By bridging observational evidence with mechanistic interpretations, this paper reinforces a fundamental mes-
sage: accurate representation of coastal mixing is indispensable for improving hydrodynamic models, forecast-
ing systems, and climate-sensitivity assessments, particularly in shallow or semi-enclosed basins. 
 
22..  AArrttiiffiicciiaall  IInntteelllliiggeennccee  aanndd  tthhee  DDiiggiittaall  TTrraannssffoorrmmaattiioonn  ooff  PPoorrttss  
Digital innovation in the maritime sector is accelerating, and the second article captures this transition with 
clarity. Ports – critical nodes in global trade – are undergoing unprecedented transformation as Artificial Intel-
ligence (AI), remote sensing, GIS analytics, and autonomous monitoring begin to reshape both day-to-day op-
erations and long-term infrastructure management. 
The authors present a comprehensive review of AI applications across Smart Ports, Green Ports, Digital Twins, 
and Blue Growth frameworks. This conceptual breadth is complemented by a concrete operational 
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demonstration: an AI-enabled Structural Health Monitoring (iSHM) framework implemented at the Port of 
Lavrio, Greece. 
Using UAV-based imagery, close-range photogrammetry, computer vision, and rule-based and shape-based 
feature extraction, the methodology automates crack detection in pavements and elevation-change assessments 
in rubble-mound structures. The study shows how AI can reduce subjectivity, accelerate inspection workflows, 
and support predictive maintenance, thereby contributing to safer and more energy-efficient port systems. 
Its dual theoretical–applied structure makes this paper a notable example of how AI is redefining the future of 
maritime infrastructure through continuous learning, digital diagnostics, and the progressive development of 
operational Digital Twins. 
 
33..  SSppeeccttrraall  SSiiggnnaattuurreess  ooff  EExxttrreemmee  EEvveennttss  aanndd  MMaarriinnee  CClliimmaattee  EEvvoolluuttiioonn  
The Mediterranean is increasingly affected by tropical-like cyclones (Medicanes), whose evolving characteris-
tics raise important questions for hazard assessment and coastal resilience. This contribution offers a novel 
perspective by analyzing the full spectral structure of waves generated by Medicane Helios using high-fre-
quency heave displacement measurements from the Italian ISPRA buoy network. 
The results reveal distinctive spectral transitions: 

• an energy shift from high to low frequencies as the cyclone intensifies, 
• transitions between unimodal and bimodal spectra due to varying wind fields, 
• and clear signatures of phase evolution linked to storm trajectory and fetch dynamics. 

These insights go beyond conventional bulk parameters such as significant wave height or peak period. By 
analyzing the spectral energy distribution with the Welch method, the authors illustrate how extreme events 
leave identifiable “spectral fingerprints”, which are essential for: 

• understanding wave–climate interactions under climate change, 
• improving numerical model performance during severe storms, 
• and calibrating hazard scenarios for coastal planning. 

The study underscores the value of long-term, high-quality measurements and spectral diagnostics in predicting 
and interpreting hydrodynamic extremes in semi-enclosed basins. 
 
44..  MMooddeelliinngg  LLaannddsslliiddee--GGeenneerraatteedd  WWaavveess  wwiitthh  NNoonn--NNeewwttoonniiaann  RRhheeoollooggyy  
Submarine landslides are high-impact, low-frequency hazards capable of generating destructive waves and 
threatening coastal communities. The fourth article presents a state-of-the-art computational model for simu-
lating these events using REEF3D::CFD, incorporating a combined solid–fluid rheology based on Mohr-Cou-
lomb (static) and Herschel–Bulkley (dynamic) formulations. 
The authors validate the model through subaerial dam-break experiments and angle-of-repose tests, demon-
strating the ability of the rheology framework to capture: 

• yielding behavior, 
• flow acceleration, 
• granular front evolution, 
• and dynamic interfaces between water, air, and sediment. 

The application to a submarine landslide scenario shows how the collapsing mass generates waves that shoal, 
steepen, and eventually break on a sloping beach. This contribution bridges laboratory validation and hazard-
focused numerical experimentation, offering a powerful tool for quantifying risks associated with landslide-
induced tsunamis. 
Its methodological rigor reinforces the importance of high-resolution, non-Newtonian CFD models for as-
sessing extreme geophysical processes, especially in regions where steep bathymetry meets dynamically active 
slopes. 
 
CCoolllleeccttiivvee  TThheemmeess  aanndd  EEmmeerrggiinngg  DDiirreeccttiioonnss  
Across the four contributions, several thematic threads emerge: 
1. A deepening commitment to process-based understanding 
From stratified mixing to cyclone-generated spectra, the volume emphasizes mechanisms rather than mere in-
dicators. 
2. Digital transformation as a driver of operational resilience 
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AI, UAV photogrammetry, computer vision, and digital twins are no longer experimental – they are becoming 
integral components of coastal and port management. 
3. High-fidelity modeling for low-frequency, high-impact hazards 
Advanced CFD simulations and rheology-based frameworks offer essential insight into events that traditional 
models often cannot resolve. 
4. Integration of observations, models, and data-driven methods 
Almost every contribution demonstrates hybrid methodologies that unify measurement, physics, and machine 
intelligence. 
5. Climate change as an underlying accelerant 
Medicanes, evolving turbulence regimes, and compound hazards highlight the necessity of adaptable, data-rich 
approaches to coastal resilience. 
 
CCoonncclluuddiinngg  RReemmaarrkkss  
COSE – Special Issue 2025, Volume II presents a rich synthesis of scientific advancement and technological 
innovation in coastal and ocean engineering. By combining rigorous physical analysis, applied digital transfor-
mation, and advanced numerical modeling, the contributions in this volume illuminate both the complexity of 
contemporary coastal systems and the rapidly expanding toolbox available to study them. 
All four studies included in this Volume were originally presented at SCACR 2025 in Dubrovnik, underscoring 
the central role of this event as a catalyst for scientific exchange and innovation. The conference continues to 
nurture a dynamic community at the intersection of coastal science, numerical modelling, and digital transfor-
mation – an identity strongly reflected in the themes of this Special Issue. 
This issue reinforces a central idea: the future of coastal science lies in integrating fundamental understanding 
with emergent technologies – bridging scales, disciplines, and methodologies to support safer, smarter, and 
more sustainable coastal environments. 
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