A drag-induced barotropic instability in air-sea interaction
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1 Laboratoire

We discuss a new mechanism that induces barotropic instability in the ocean. It is due to air-sea interaction with a
quadratic drag law and horizontal viscous dissipation in the atmosphere. We show that the instability spreads to the
atmosphere. The preferred spatial scale of the instability is that of the oceanic baroclinic Rossby radius of deformation.
It can only be represented in numerical models, when the dynamics at this scale is resolved in the atmosphere and the
ocean. The dynamics is studied using two superposed shallow-water layers, one for the ocean and one for the atmosphere.
The interaction is due to the shear between the two layers. The shear applied to the ocean is calculated using the velocity
difference between the ocean and the atmosphere and the quadratic drag law. In one-way interaction the shear applied to
the atmosphere neglects the ocean dynamics, it is calculated using the atmospheric wind, only. In two-way interaction
it is opposite to the shear applied to the ocean. In the one-way interaction the atmospheric shear leads to a barotropic
instability in the ocean. The instability in the ocean is amplified, in amplitude and scale, in two-way interaction and also
triggers an instability in the atmosphere.

Fig.1: Potential vorticity anomaly (in s−1 .m−1 ), in 2D, in the ocean for one way simulation
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Fig.2: Potential vorticity anomaly (in s−1 .m−1 ), in 2D, for two way simulation in the ocean (left) and in the atmosphere (right).
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