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Kinetic energy (KE) can be transferred from balanced to unbalanced flows by submesoscale
instabilities and inertia-gravity waves. Symmetric instability, for example, is a submesoscale in-
stability that extracts KE from baroclinic, geostrophic currents with negative potential vorticity
which is itself unstable to secondary shear instabilities, resulting in a forward cascade of KE. The
telltale signatures of symmetric instability have been observed at upper ocean fronts forced by
destabilizing winds and/or cooling. Wintertime observations from the Gulf Stream suggest that
symmetric instability was present and was extracting KE from the current at a rate comparable to
the release of available potential energy by baroclinic instability. This result points to an energy
pathway where the Gulf Stream’s reservoir of available potential energy is drained by baroclinic
instability, converted to KE, and then dissipated by symmetric instability and its secondary insta-
bilities. Similar dynamics are likely to be found at other strong fronts forced by winds and/or
cooling and could play an important role in the energy balance of the ocean circulation.

Classical theory for symmetric instability implicitly assumes that the geostrophic flow on
which it grows is not actively being strained. The observations, however, suggest that regions
where the potential vorticity is negative tend to coincide with confluent, frontogenetic strain. I
will describe an analysis of the dynamics and energetics of symmetric instability and near-inertial
motions in an actively strained baroclinic geostrophic flow. Strain drives an ageostrophic circula-
tion and temporal variations in the background velocity and density fields that significantly affect
the properties of perturbations to the background flow. Perturbations with velocity that is purely
along isopycnals result in symmetric instability or near-inertial motions depending on the sign
of the potential vorticity. The amplitude of both types of motions is suppressed in a confluent
strain field and enhanced under diffluence due to the vertical shear in the ageostrophic circula-
tion. Streamlines for both types of perturbations tilt with (against) the ageostrophic shear under
confluence (diffluence) causing the disturbances to lose (gain) KE via shear production. The ef-
fect can completely dampen symmetric instability for sufficiently strong confluence even though
the vertical shear in the geostrophic flow, the source of KE for the instability, increases with time.
Symmetric instability in a diffluent flow does not grow indefinitely but reaches a finite amplitude
after isopycnals become vertical at which point the disturbance switches form to a near-inertial
oscillation. Through this process KE is shifted from the geostrophic flow to the internal wave
field.
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Near-inertial motions in a confluent flow lose all of their KE over time yet extract KE from
the strain field as they decay. This is because the horizontal velocity field of near-inertial motions
in a geostrophic flow with low Richardson number is not circularly polarized, resulting in a Rey-
nolds stress which leads to a removal of KE from the strain field. Confluence naturally lowers the
Richardson number over time and hence facilitates the energy transfer to near-inertial motions.
This KE is ultimately lost to the ageostrophic circulation through shear production. Given the
large amount of KE in near-inertial motions and the ubiquitous combination of strain and baro-
clinic, geostrophic currents in the ocean, it is estimated that this mechanism plays a significant
role in the removal of KE from both the internal wave and mesoscale eddy fields.
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