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The problem
Diﬀerent climatologies show very diﬀerent behavior of
the buoyancy ﬂuxes on the Southern Ocean: in the
NOCS climatology, the heat component of the ﬂuxes,
averaged along isopycnals, is nega%ve over all the
domain, while in the COADS and NCEP climatologies,
the heat component is posi%ve. In this study we
analyze the role of mechanical, freshwater and eddy
forcing in crea%ng the heat ﬂuxes and the
correspondent residual circula%on.

The model
An idealized model of a mixed layer overlying an
adiaba%c thermocline in a zonally averaged channel is
used in the Transformed Eulerian Mean framework.
Ini%ally the ocean isotherms match the atmosphere
isotherms. Ekman transport, together with eddy
advec%on and diﬀusion move the ocean isotherms
from the atmospheric ones, crea%ng a heat ﬂux into
the ocean. Eddies are parameterized using the Visbeck
at al. (1997) closure. Diﬀerent freshwater ﬂuxes are
imposed. The model itera%vely solves for the total
buoyancy forcing and the correspondent residual
circula%on.

What is the role and heat and freshwater forcing?
NCEP

Ekman transport produces posi%ve heat ﬂuxes of magnitude comparable to the
observa%ons (COADS and NCEP). Freshwater ﬂuxes modify the picture making
the ﬂuxes nega%ve for lighter water but stronger for denser water, sugges%ng
that they might control much of the residual circula%on.
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What is the role of wind forcing?

If the wind stress is decreased from a
reference value (0.15 N m‐2) but the
ﬂuxes are kept as constant, the
residual circula%on remains
approximately constant. Changes in
the ﬂuxes due to changes in the
mechanical forcing have thus a role in
shaping the residual circula%on in the
ocean.
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If the wind stress is decreased from a reference value (0.15 N m‐2) but
the ﬂuxes are kept as constant, the eddy diﬀusion coeﬃcient shows
diﬀerences from the values obtained when the ﬂuxes depend on the
mechanical forcing, showing thus the dependence of the interior density
structure of the ocean from the mechanical forcing.
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Strong sensi%vity to wind stress changes suggest that the real ocean must have regions of buoyancy loss, e.g. where
the channel‐like behavior is broken

What is the role of eddy diﬀusion and advec5on?

If the eddy diﬀusion and advec%on are kept as constant (kadv=0 m2s‐1, kdiﬀ=200 m2s‐1), the resul%ng heat ﬂuxes (dashed line) are much larger than the case with dynamical eddy coeﬃcients (le` panel). If,
however, freshwater ﬂuxes are present, and the eddy diﬀusion and advec%on are ﬁxed so as kadv=kadv(0 Nm‐2)=0 m2s‐1, kdiﬀ=kdiﬀ(0 Nm‐2), the diﬀerence in the total ﬂuxes is much less pronounced.

Summary
The presence of freshwater ﬂuxes has an important role in modula%ng the otherwise strong varia%ons in the ﬂuxes, and thus in the residual circula%on, due to changes in the strength of the
mechanical forcing.

