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Barotropic governor in
GFG

15 DECEMBER 1987 . N. JAMES

DIFFERENTIAL
\ HEATING

FIG. 1. Schematic illustration of the “barotropic governor,” sum-
marizing the effect of horizontal shears on baroclinic instability as
postulated in JG. Energy conversion from available potential energy
(AZ) to eddy kinetic energy (KE) results in momentum fluxes which
increase the barotropic contribution to the zonal kinetic energy (KZ).

As barotropic shears build up in the zonal flow, the baroclinic con-
versions are inhibited.
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Instability
v, (x,7) =P e
w(k)=— k’ZB k"F — frequency ¢

These waves are sc
amplitude. Are they

w(x,0) =y, (x)+0y
W, (x) =y, (x)+¥ (x)



dispersion
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Continuous spectrum theory: Kinetic
gguation for weakly nonlinear

Rossby waves
{Longuet-Higgens &Gill, 1967)

= [ IVizel? 80 + bz — W)s(e(l) + wllee) — w(00)
[n(k1 )n(kz) = 2n(k)n(k1)sign(kxk1x)] dk1dk2,

w(k) = —3ky /k?, - frequency
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) - Interaction coefficient

n(k) = k*|7y |2 /(3ky),- waveaction spectrum




on laws in 2D
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uadratic invariant on B-

" ke ,.\ o
b = / k—’é(kf + 5k7)|1)x|°dk, - Zonostrophy invariant.



LEOCAL MECHANISM OF ZONAL FLOW
GENERATION
ANISOTROPIC CASCADES OF 3 INVARIANTS




alised Fjortoft’s Theorem

tistically steady state in a forced-
1 which has (in absence of forcing
! | itive quadratic invariants 11, 12,
In. Let forcing be in vicinity of kO=(k0x, kyO).
‘dissipation rate of Im in the regions where its
ive spectral density (w.r.t. to the one at kO0) is
Ishingly small compared to the relative spectral
ity of at least one other invariant is
vanishingly small w.r.t. to its production rate.

No assumption about locality of interactions, nor
about continuity or discreteness of the k-spectrum.




CASCADE IN QG TURBULENCE:

o

ICS OF UNFORCED CHM

SN and B.Quinn,
2009.

Trajectories of the 3
centroids.

Fjortoft works well
even for strong
turbulence
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tion in the k-space

dissipation
scales

Energy of Rossby wave

packets is partially transferred

/ § ﬂ e to ZF and partially dissipated at
Y =

large k's.
fgﬂgﬂf{g{ff ﬁ#’ (Balk et al, 1990).

H .

dissipation
scales



Kihetic equation for weakly

nonlinear Rossbhy/Drift waves
{Longuet-Higgens &Gill, 1967)
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oclinic instability

Maximum on the k -axis at kp ~ 1.



ution of nonlocal drift turbulence:

ly interaction with small k’s and Taylor-expand
and of the wave-collision integral; integrate.
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* Diffusion along
curves

Q, = w, -Bk,
=conts.
* S ~ZF Iintensity




ky

Growth

ial evolution

6?!;,, B.Qk D D

gt _ ak, Dk,” Dk, ™ 7"

Solve the eigenvalue
problem at each curve.

Max eigenvalue <0 -
spectrum on this
curve decay.

Max eigenvalue >0 -
spectrum on this curve
grow.

Growing curves pass
through the instability
scales



Waves pass energy
from the growing
curves to ZF.

ZF accelerates
wave energy
transfer to the
dissipation scales
via the increased
diffusion
coefficient.



Hence the growing
region shrink.

 Wave Turbulence
-ZF loop closed!







MERICS OF INSTABILITY-FORCED
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ERICS OF INSTABILITY-FORCED

Forcing mode )
Merdionalseclor & C.Connaughton, SN and B.Quinn, 2010.
Zonal sector

“O0068006

Evolution in time of energies:
0 — zonal sector
N - — off-zonal sector

g — instability scales.

iIZonal scales form.

ISmall-scale turbulence is
suppressed.
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