
 

Lecture Maintanence of a barotropic jet

In the previous lecture we saw that

o the midlatitude circulation is strongly influenced bythe distribution of eddy fluxes of angularmomentum
The convergence of momentum due to eddies is responsible
for the thermally indirect Ferret cell and the surface
westerlies

Now we seek to understand what sets the distribution
of eddy momentum fluxes on Earth
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Consider the vorticity a quantity related to angular
momentum
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interested in the radial components
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DerivationofVorticitgequation

We begin by considering a single layer homogenous fluid
constant density pepo
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Continuity equation
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may be written
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Now consider the usual primitive equations
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Consider the equation for a
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Now note that
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we may therefore write
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Putting this back into the a equation
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Therefore we have
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similarly the o equation may be expressed
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Now we take 4 cosy D

The RHS becomes
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On the LHS we have
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Dividing by Recost we have
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therefore we have
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For single layer non divergent frictionless flow
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Absolute vorticity is conserved
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o For a resting fluid ya increases monotonically

ya is dominated by f in mid to high latitudes
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Kelvin's Circulation theorem

consider the integral of absolute vorticity over some material region
of the atmosphere
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Now for an infinitesimal region
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But d D o from above and diff o by incompressibility

thus we have a version of Kelvin's circulation theroeur diao 0

Furthermore by Stokes theorem we may write
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where JA is the boundary of A

Lets apply Kelvin's circulation theorem to a polar cap
up to a latitude
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The mean zonal flow is equal to the sum of the
vorticity further polewards

Now let us stir the fluid at some latitude south
of Otr As the disturbance reaches On the contours will
deform

Since 248A o this advects low vorticity air into the
polar cap and advects high vorticity air away

Redo our calculation of circulation and we have
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the stirring thus produces a deceleration of the flow
on its poleward flank

Some time later we might imagine the flow returns
to its original position reversibly In this case the
velocity would revert to its initial value

However if there is some irreversible mixing that
occurs we might expect a net flux of vorticity
through the latitude circle

Summary

Stirring produced south of can act
to decelerate the flow in the polar cap

A similar argument may be applied to the region
south of the stirring
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Deformation of contour originally at Os advects low
vorticity northwards But none that the surface is
now oriented in the opposite sense
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The stirring decelerates the flow to the South

We have shown that stirring that produces
disturbances that propagate away and decay irreversibly

produces deceleration in the regions of decay
By conservation of angular momentum the zonal wind

in the source region must accelerate westerly

Westerlies form in the stirred region
But how is this momentum transport effected



Rossby waves and momentum flux

let us consider the momentum transport producedby
propagating Rossby waves

For simplicity stick with our non divergent barotropicHow

consider the vorticity equation under the tangent plane approx
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Linearise about a basic state y et o

where we assume it is uniform
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Define a streamfunction 9 so that
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Search for solutions of the form
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where A is wave amplitude

Note that for this plane wave form
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Taking the time average over one period
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Now let us calculate the dispersion relation

Wehave
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The meridional group velocity is then given by
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The momentum flux is proportional to but opposite in sigh
to the meridional group velocity

Remember that the group velocity tells us about the
propagation of energy by the waves actually wave activity

so the waves flux momentum in the opposite direction
to wave activity

wave activity flux
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wave source

As before momentum is converged into the shred region



Kinematicsofmomentumtransport

What does this momentum flux look like
UI 0 can be achieved by tilted troughs
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convergence of momentum can be achieved by
Bananashaped eddies
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Propagalisbywares
Consider again the dispersion relation
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For a given frequency and tonal wavelength

we can solve fer l
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where C In is the Zonal phase speed

propagation is allowed eek provided
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This requires their a c o

the Doppler shifted phase speed must be to thewest

the waves must be moving west relative
to the mean flow



We have derived this assuming 4 is constant

But similar results apply even if it varies as

long as we can apply a WKB approximation

platitude
Jetma phwe

Waves produced by buroclinic wave
instability at midlatitudes f P f breaking
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Waves break and dissipate
new critical latitude zonalmean

windMomentum is transported to
centre of jet phase speed

Epilogue
We have come a long ware with a simple single

layer barotropic model of the atmosphere

In single layer case eddy stirring must be imposed

In reality eddies at midlatitudes a result of
baroclinic instability

this requires at least 2 layer model to understand

See Vallis 2006 ch 12 Held notes

still need to understand what sets the eddy field and how
this interacts with the near flow will return to this point
later with the powerful technique of the transformed Eulerianmeeee






