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Conceptual diagram of the current feedback impacts within the ocean over the
Gulf Stream extension with currents and winds moving in the same direction.

The submesoscale vertical heat flux (SVHF) is used to determine the small-scale
vertical heat transport within the upper ocean. The SVHF impacts the heat transport
between the mixed layer and deep ocean, as well as between the surface and mixed
layer. Heat and variability within the ocean mixed layer is also influenced by surface
forcing, such as from turbulent heat fluxes (i.e. sensible and latent heat flux), solar
radiation, and longwave radiation.

Regardless of the current feedback, the SVHF is found to have an upward transport
(from cold to warm) within the mixed layer, in agreement with previous studies.
Including the current feedback leads to enhanced SVHF throughout the upper ocean.
This enhancement is not restricted to the mixed layer. However, there is a general
notable change in direction of the SVHF at the mixed layer. Additionally, the SVHF
magnitudes are comparable to those from surface latent and sensible heat fluxes.

𝑆𝑉𝐻𝐹 = 𝐶௣𝜌𝑤
ᇱ𝑇ᇱ

Where 𝐶௣ is the specific heat capacity, 𝜌 is the density of sea water, 𝑤ᇱ and 𝑇ᇱ are the
submesoscale components of vertical velocity and temperature, respectively. The
submesoscale components of a given quantity are calculated as the anomaly of the
given hourly quantity from its daily 0.5° x 0.5° spatial mean.

The upper ocean responses to coupling surface currents to wind stress are
examined with high resolution coupled atmosphere-ocean models, i.e. 2km
atmosphere and 2km ocean, over the Gulf Stream during a winter season.
Winter-time seasonal means are shown with the ocean surface current velocity
greater than 0.8 m s-1 shaded in grey.

The ocean surface patterns with respect to the Gulf Stream extension location
are found regardless of the current feedback, indicating a thermodynamic
dependence. However, including the current feedback acts to enhance the
surface patterns.

To the right (south) of the maximum current in the Gulf Stream extension there is
generally negative ocean relative vorticity
• Including the current feedback leads to increased low-level divergence (or decreased

surface convergence), and increased small-scale upward vertical motion

To the left (north) of the maximum current in the Gulf Stream extension there is
generally positive ocean relative vorticity
• Including the current feedback leads to increased low-level divergence, and

enhanced small-scale downward vertical motion


