Synergistic Assimilation of SWOT and in-situ Observations for the 3D Reconstruction of a Small-Scale Intrathermocline Eddy
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Abstract
[bookmark: docs-internal-guid-002f07d3-7fff-8379-ca]Small-scale intrathermocline eddies are difficult to constrain in ocean models because their strongest density and velocity anomalies are subsurface, while their sea surface signature remains weak. Here, we use observations from the Surface Water and Ocean Topography (SWOT) mission and the FaSt-SWOT field campaign to reconstruct a small-scale intrathermocline eddy in the western Mediterranean (April - May 2023). Daily SWOT wide-swath sea surface height, together with glider and CTD profiles, are assimilated into the Western Mediterranean OPerational forecasting system at 2 km and hourly resolution, we evaluate the respective contributions of satellite and in-situ observations to model reconstruction. Three assimilation strategies are compared: (1) SWOT SSH only, (2) in-situ observations only, and (3) both combined, all built on a generic baseline assimilation of along-track SLA, SST, HF-radar, moorings. Our results show that SWOT provides the key horizontal constraint, improving the eddy position, surface expression, and surrounding circulation. In contrast, glider and CTD observations provide the vertical information required to recover the subsurface structure and dynamical core of the intrathermocline eddy. Neither observing system alone is sufficient to reconstruct the full three-dimensional eddy structure. Only their joint assimilation reconstructs both dimensions consistently, yielding the best overall performance, including a 32% reduction in spatial SSH error and, on the key across-eddy section, RMSE reductions of 55% in density. Independent ADCP validation further shows that joint assimilation more realistically captures the subsurface velocity structure relative to the SWOT only simulation, relative to the SWOT-only simulation, which instead reconstructs a surface-intensified eddy. These results highlight the feasibility and value of integrating spatially extensive satellite data with vertically resolved in-situ measurements into a regional ocean model and establishes a robust framework for improving finescale ocean analysis and forecasting in the SWOT era.





