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Abstract:Submesoscale sea surface temperature (SST) variability can modulate near-surface
winds through the downward momentum mixing mechanism, whose strength depends on the
intensity and orientation of SST gradients relative to the wind. In regional climate modelling, this
coupling may be limited by both atmospheric resolution and the spatial resolution of the SST
forcing. Here we assess the spatiotemporal variability of the downwind SST-gradient diagnostic
(γ), a proxy for the potential of SST-gradient-driven coupling, in the western Mediterranean
using high-resolution winds and multiple high-resolution SST datasets. The influence of
fine-scale SST variability is quantified through spatial filtering experiments, showing that
coarsening the SST field substantially reduces the amplitude and extremes of γ and weakens
its distribution tails. These results indicate that kilometre-scale SST gradients make the largest
contribution to the strongest γ conditions and suggest that coarse-resolution SST fields
substantially underrepresent the occurrence of diagnostically favourable conditions for
SST-gradient-driven coupling. Furthermore, the results reveal a robust climatological imprint of
fine-scale SST variability on the γ diagnostic. A sensitivity analysis across SST products reveals
notable variability in γ magnitude, particularly in frontal regions. Nevertheless, all datasets
consistently identify coherent coupling hotspots associated with persistent mesoscale and
submesoscale fronts.
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