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zonal flows are maintained by eddies
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Stability of SSST equilibrium
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Eigenanalysis of stability operator

\delta\hat{U}_n

(this method can be generalized for               equilibria)
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this method works extremely 
well and allows us to attack the 

(2NkNy2+Ny)x (2NkNy2+Ny) 
eigenvalue problem which 

would otherwise be impossible

UE 6= 0
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Types of stochastic forcing:
NIF & IRFh

Non-isotropic Forcing (NIF)

parametrize excitation by 
baroclinic instabilities

Isotropic Ring Forcing (IRFh)

parametrize excitation by 
convection
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IRFh forcing,                  (NL, QL, SSST)
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the left of the diagram
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Bifurcation diagrams
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Stochastically excited stable SSST eigenmodes
(Latent jets in ocean: Berloff et. al. 2009, Berloff et. al. 2011, Cravatte et. al. 2012)
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Stochastically excited stable SSST eigenmodes
(Latent jets in ocean: Berloff et. al. 2009, Berloff et. al. 2011, Cravatte et. al. 2012)

9(], X) = Re

�
���

R=�

�R(X)IiR]
�

d�R

dX
= �R �R + �(X)

�R� 7778 KVS[XL�VEXIW��PIEWX�WXEFPI


�(X)� HIPXE�GSVVIPEXIH�RSMWI

10−1 100 101 102
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

ε/εc

zm
f

NL

QL
SSSTa

��20

G � ��G

Sunday, March 31, 13



N. Constantinou, U.o. A.

Stochastically excited stable SSST eigenmodes
(Latent jets in ocean: Berloff et. al. 2009, Berloff et. al. 2011, Cravatte et. al. 2012)
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Zonons at NL
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QL / SSST do not 
allow the the 

interaction of the 
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coherent non-zonal 
structures
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Non-zonal instabilities to 
homogeneous equilibrium
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Non-zonal instabilities to 
homogeneous equilibrium
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                 Depression of non-zonal
instabilities using    
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Bifurcation diagrams for            .
(revisited)
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Bifurcation diagrams for            .
(revisited)
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the correct value for jet emergence
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amplitude agree with the ones from NL integrations

r = rm
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Bifurcation diagrams for            .
(revisited)
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Generalized SSST admits
non-zonal equilibria
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Generalized SSST admits
non-zonal equilibria
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Generalized SSST admits
non-zonal equilibria
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What is the shape of the SSST mean flow equilibria? Does it 
capture the NL jet shape?

Jet mergings / why do they occur?
(is it because of U becomes hydrodynamically unstable?)

PV staircases (?)

Things to discuss
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SSST equilibrium zonal flow
spectral structure
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SSST equilibrium zonal flow
spectral structure
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Jet merging is due to SSST instability
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PV Staircases
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Conclusions

• SSST provides prognostic theory for the emergence & 
equilibration of zonal flows

• jet emergence in barotropic beta-plane turbulence is a result 
of the mean flow/perturbation SSST instability 

• with the modification of the turbulent spectrum due to the 
emergence of NZCS, SSST captures the bifurcation for jet 
emergence

• stochastic excitation of SSST eigenmodes reveals that these 
modes underlie in the dynamics even in subcritical cases
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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.
(arXiv:1208.5665 [physics.flu-dyn])
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