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polar front jet
NASA/Goddard Space Flight Center

banded Jovian jets
NASA/Cassini Jupiter Images

Ζonal flows coexist with turbulence

Introduction
Zonalisation via Modulational Instability of Rossby/Drift Waves

Conclusions and Future Work

Zonal Jets in Atmospheres, Oceans and Plasmas
Charney-Hasegawa-Mima Model

Zonal Flows in Tokamaks

ITER
Plasma turbulence (L. Vil-
lard)

Sergey Nazarenko zonal flows

jets in tokamaks
courtesy: L. Villard
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banded Jovian jets
NASA/Cassini Jupiter Images

Ζonal flows coexist with turbulence

observed Jovian zonal winds
at cloud level
Vasadava & Showman, 2005
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Ζonal flows are maintained by eddies
H
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(Salyk et. al. 2006)
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stochastic
forcing

dissipation

�XU + Y�\U + Z�]U + �Z =
�
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U = Z\ � Y]
relative vorticity

Barotropic vorticity equation on a beta-plane
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zonal mean eddy

Zonal - Eddy field decomposition
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NL (nonlinear) 
System

eddy-eddy
interaction term
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QL captures the NL dynamics
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QL captures the NL dynamics
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While QL captures and elucidates the jet-eddy dynamics
it does not provide a predictive theory  

Can we construct a theory that predicts
a) When organized flows emerge? 
b) What is structure and the stability of the emergent zonal flows?

Such a theory can be constructed. It is based on the statistical 
dynamics associated with the QL equations

 

Our goal
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The theory:
Stochastic Structural Stability Theory (SSST)

QL system

9 , U�

SSST system ensemble average
dynamics of the

QL system9 , '

d9
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(               )

In this way we can check the stability of these ideal 
equilibrium states

SSST stability
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formation of jets
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Stability analysis of the 
ideal states predicts:

SSST stability
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Conclusions
QL dynamics captures the  jet formation process - The turbulent state is 
essentially determined by a wave/mean flow interaction

SSST provides a closure of this turbulent system and a theory for the 
emergence, equilibration and the structural stability of the associated 
turbulent equilibria

SSST introduces a new concept of instability arising from the interaction 
between turbulence with the large scale flow

SSST predicts:

the formation of jets as an eddy/mean flow SSST instability

the existence of multiple equilibria as climate states and their stability

jet merger dynamics
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Thank you

Constantinou, N.C, Ioannou, P.J. and Farrell, B.F., 2012:
Emergence and equilibration of jets in beta-plane turbulence.

(submitted to J. Atmos. Sci., arXiv:1208.5665 [physics.flu-dyn])

This work has been 
supported by

Tuesday, April 9, 13


