Accurate Mediterranean Sea forecasting via graph-based deep learning
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Abstract
Accurate regional ocean prediction is critical for marine operations, environmental monitoring, and coastal risk management, yet remains computationally demanding when based solely on physics-based numerical models. Recent advances in machine learning (ML) have transformed atmospheric forecasting, but their application to high-resolution, regional, depth-resolved ocean prediction is still emerging. In this contribution, we present SeaCast, a graph-based deep learning framework for medium-range regional ocean forecasting, and demonstrate its application to the Mediterranean Sea.
SeaCast employs a hierarchical graph neural network that natively handles the irregular geometry of ocean grids and captures multiscale interactions across the basin. The model is trained on decades of the Copernicus Marine Service Mediterranean Sea reanalysis and analysis data, integrating atmospheric forcings and dynamically imposed lateral boundary conditions. It predicts key ocean variables, including three-dimensional currents, temperature, salinity, and two-dimensional sea surface height, at 1/24° resolution across multiple depth levels.
Evaluated in an operational setting, SeaCast consistently outperforms the state-of-the-art Mediterranean Forecasting System over the standard 10-day horizon and extends skillful predictions up to 15 days, while reducing computational cost by orders of magnitude. Sensitivity experiments highlight the dominant role of wind stress and the importance of training data length. 
This work illustrates the potential of graph-based ML approaches to complement traditional numerical models for regional ocean prediction. 
