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●  Idealized studies(1,2): Large scale baroclinic instability of the oceanic mean flow
●  Observations(3): Evidences of long oceanic waves in the North Atlantic
●  Stability analyses(4): Least damped Atlantic MOC basin eigenmode
➔ Q1: Why climate models fail in systematically reproducing this mode(5) ?
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Strategy and results

30-40 years Atlantic-like MOC variability 
simulated by the Double Drake configuration, 
associated with westward propagating 
long oceanic waves The western and eastern boundaries 

are barolinically unstable at high latitudes 

Intrinsically-driven oceanic mode of low frequency AMOC 
variability associated with long baroclinic waves

Long wave 
appx. Turb. Visc. -F

(∂t+ug . ∇ h)q=Ah ∇
2~q−F

Prognostic – Local linear QG stability analysis

The model – Double Drake(6,8), MITgcm(7)

The turbulent viscosity: an analytical approach 

Westward mean flow Eastward (zoom)

● Q1: Aside from the oceanic mean state, parametrizations of sub-grid scale diabatic processes matter

➔Support the ongoing effort for developing dynamically based parametrizations for climate models

−w ' ρ ' −v ' ρ ' ∂ yρ −u 'ρ ' ∂ xρ

LWA

Including the diabatic terms in the analysis increases the 
consistency with diagnostics of the non-linear solution

The turbulent viscosity has the ability to excite unstable modes.
The vertical structure of the most unstable modes might change 
accordingly (not shown)

Diagnostic – Eddy fluxes
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