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large-scale jets and planetary-scale coherent
waves coexist in planetary turbulence
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Can this jet/wave coexistence regime exist merely as a consequence

Question: of the underlying dynamics and in the absence of topography?



barotropic vorticity equation on a B-plane
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this model exhibits large-scale structures
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but It Is a nonlinear stochastic system...

to try to understand it we will construct

a dynamics that governs its statistics
(statistical state dynamics)



Statistical State Dynamics
(2nd order closure — SBT)

coherent mean flow
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hierarchy of same-time n-point cumulants:
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neglecting cumulants 39 order and above we get a closed, autonomous,
deterministic system for the evolution of 1st and 29 cumulants
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S3T turbulent fixed states

e __ e L extensively studied
U =0 ) ¢ (Xa Xb) in the literature

zero mean flow + non-zero homogeneous 2nd-order eddy statistics

U“(x) = (U°(9),0) , C%(2a — T, t) S50,

zonal jet mean flow + non-zero zonally homogeneous 2nd-order eddy statistics
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stability of turbulent states

perturbations (62, 4C') about S3T turbulent equilibrium state obey

the linearized S3T equations:
we linearized about

a turbulent state!
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solve the eigenvalue problem (non-trivial — very high dimensionality)



zonal jet S3T equilibria

for the specified forcing structure and 8=10 , r=0.15 , v =10"% (nondimensional Earth-like values)

by varying € we find a series of zonal jet S3T statistical equilibria

U*(x) = (U*(y),0)

4 C°(xa — Tb, Ya, Yb)

for each of them

Uc¢
1 1 1 [}
RN w (\) — O - [\©) w [IEN

NS



S3T stability predicted
for the 2-jet S3T equilibria
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S3T stability predicted
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hydrodynamic stability Vs S3T stability
of the jetat ¢ =1.86
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growth and equilibration of S3T wave instability
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growth and equilibration of S3T wave instability
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conclusions

Planetary turbulence may bifurcate to a state in which coherent large-scale waves coexist with jets
These large-scale waves are equilibrated external Rossby waves destabilized by the turbulence

This work provides a new mechanism for understanding planetary scale waves in the atmosphere
and may even provide explanation for the existence of the ovals that are embedded in the turbulent

jets of the outer planets (e.g. Jupiter)
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