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Eady vs Barotropic Instability

O

025

o

0.2

!0.1.5 3 o----------/“
o :

(=
n

Growth rate, kC,

o
-

005 - '
1} -1
Q 02 04 06 08 1 ¢ 02 04 06 08 1
Waverumber Waverumber

Fig. 6.5 Left: Growth rate (¢ =~ ke calculated from (6.42) with ¢ non
dimensionalized by U, and k nondimensionalized by 1/a (equivalent to setting
@ = Us = 1), Right: Real (¢, , dashed) and imaginary (¢, solid) wave speeds. The flow
Is unstable for k < 0,63, with the maximum instability occurring at k = 0,39,
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Both require the following conditions on edge waves:
Phase speed matching

Amplitude requirement
Waves have to affect each other
Depends on their reach vs their separation
Phase tilt requirement
Must be so they reinforce each others perturbations

Eady is 3-D though! Barotropic is only 2-D



Eady Model of Baroclinic Instability
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Heat fluxes

Heat flux (vOA)

Growing mode has heat flux
poleward

Decaying mode has equatorward
heat flux (upgradient!)

Decay
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Eady phase tilts (most unstable mode)
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Idealized Cyclogenesis

O

RoTONNG BT AL.  (2000)




Non-QG Effects

Nonlinear baroclinic instability simulations with a QG model and with a primitiv

equations model
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» Other important models of baroclinic instability
where linear analysis is useful:
Two-layer QG model (“Phillips model”): see Vallis Section 6.6
Charney model: see Vallis Section 6.9.1



Two layer model w/o beta
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Fig. 6.13 Growth rates for models with varying numbers of vertical layers, all with
B = 0 and the same uniform stratification and shear. The dashed line is the analytic
solution to the continuous (Eady) problem, and the solid lines are results obtained
using two, four and eight layers. The two- and four-layer results are labelled, and the
eight-layer result is almost coincident with the dashed line.

2 layer problem closely resembles Eady qualitatively




Two layer (Phillips) model with beta
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Fig. 6.14 Crowth rates and wave speeds for the two-layer barodinic instability prob-
lem, from (6.115), with three (non-dimensional) values of £ a. y = 0 (k = 0}, b,

y =05 tks = 2k €,y = 1 (kg = 2). As § increases, so does the low-wavenumber

cut-off 10 instability, but the high-wavenumber cut-off is little changed, (The solu
tions are obrained from (6.115), with &, = JBand U = ~U, = 1/4.)




Two layer model with beta
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Fig. 6.15 Contours of growth rate in the two-layer baroclinic instability problem. The
dashed line is the neutral stability curve obtained from (6.121), and the other curves
are contours of growth rates obtained from (6.115). Outside of the dashed line,
the flow is stable. The wavenumber is scaled by 1/L; (i.e., by k;/+/8) and growth
rates are scaled by the inverse of the Eady time scale (i.e., by U/L;). Thus, for
L; = 1000km and U = 10 ms !, a non-dimensional growth rate of 0.25 corresponds
to a dimensional growth rate of 0.25x 10 s = 0.216day '.




» Two-layer baroclinic instability:
Still have interacting waves leading to instability
Can qualitatively reproduce Eady results with beta = 0

With beta, have:

Critical shear for instability
Longwave cutoff
Shortwave cutoff



Charney model
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Beta:

How to add:
2-layer model allows for easy analysis of this effect.
Charney model: beta is key in this model
Can also run Eady model numerically with beta.

Results:

In 2-layer model, stabilizes everywhere, causing weaker instability
and stabilizing growth rates. This happens preferentially at larger
scales.

In Charney model, larger beta pushes shallow modes downward.
In Eady model plus beta, pushes modes downward.



» No upper boundary:

How to add:

Eady model without an upper boundary cannot produce baroclinic
instability

With beta, this is the Charney model
Results:
Charney model has baroclinic instability (provided there’s beta)

o Deep modes have depth set by density scale height, and are
similar to Eady model

o Shallow modes also exist though: Rossby waves in interior
locking to surface edge waves

o Presence of shallow modes imply no short wave cutoff in
Charney model



Summary: Extensions to Eady
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