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Coastal prediction remains one of the most challenging components of operational ocean forecasting due to strong nonlinear dynamics, multiscale interactions, and limited availability of high-quality observations in nearshore regions. In this context, machine learning is increasingly applied as a complementary element to physics-based coastal models, with the aim of improving spatial resolution, enhancing the use of heterogeneous observations, and better representing extremes and variability. These developments rely on several machine-learning approaches. Benchmarks of ML are applied for spatial downscaling and short-term forecasting of coastal variables such as sea surface height, currents, and waves. Autoassociative neural networks support the detection of anomalous sea-level states from coastal tide-gauge observations.  Physics-informed neural networks (4DVarNet)  are used for data assimilation and high-resolution reconstruction of coastal water-quality fields. 
An integrated approach to AI-enhanced coastal prediction is presented, combining numerical modelling, observations, and data-driven methods across the open-to-coastal continuum. The focus is on applications relevant for forecasting and monitoring, including statistical and dynamical downscaling, neural data assimilation and reconstruction, anomaly detection, and surrogate modelling for high-resolution coastal dynamics. The integration of machine learning within physically based coastal modelling frameworks enables tighter coupling between models and observations, moving beyond post-processing towards hybrid prediction systems. Such strategies are particularly relevant in coastal environments influenced by complex bathymetry, offshore infrastructure, and strong atmosphere–ocean interactions. We illustrate how AI can be systematically incorporated into coastal prediction workflows while maintaining physical consistency, calibration, and uncertainty awareness, supporting sustained forecasting and monitoring activities within the Ocean Predict framework.
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