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Atmospheric near-surface stress and boundary layer wind responses to surface currents are examined with high resolution
coupled atmosphere—ocean models over the Gulf Stream during winter. When the current feedback is included, we find that
the current gradient in the cross-wind direction drives the stress curl pattern and wind curl pattern to have minima and maxima
at locations matching those of the ocean surface vorticity pattern. While the large- (>30 km) and small-scale, or submesoscale
(<30 km), stress curl and wind curl responses to ocean surface vorticity are complimentary, the large and small-scale wind
divergence responses are counteractive. Coupling coefficients are found to depend on the relative position to the Gulf Stream
maximum current. Throughout the atmospheric boundary layer, we find including the current feedback leads to changes in the
atmospheric secondary circulation on either side of the Gulf Stream extension. The winter seasonal means suggest the current
feedback will impact climate, and investigating individual events, such as an atmospheric front passing over the Gulf Stream,
suggests the current feedback will also impact the intensity of weather.
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