
 

Lecture 3 1 Forcingof the Zonal mean

Angular momentum budget

Last few lectures have explored use of angular momentum budget
toward understanding both tropical and extratropical circulations

But the zonal wind field is coupled to the temperature field
through thermal wind

Need to consider both momentum el heat Heures by eddies to understand
their impact on zonal mean circulation

Eddyforcinyofthe zonalmean

Howdoeddy tunes of heat momentum affect the zonal mean circulation

A useful perspective for the extratropics is to apply the quasigeostrophic approximation
Consider the tangent plane equations in pressure coordinates
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First write thermodynamic equation in terms of potential temperature
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We may therefore write the thermodynamic equation
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Quasi geostrophicapproximation

Define geostrophic velocities
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The geostrophic flow as we have defined it based on fo
is nondivergent

Quasi geostrophic approx involves two assumptions
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2 Atmosphere strongly stratified Burger number non

can derive Qa equations using formal asymptotic expansion
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Here we will just note the result of such an expansion



QU Zonal momentum equation

replace us with yy except when multiplied by to
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Now take zonal average
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Also we have that
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We therefore have
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Qu thermodynamic equation

Neglect ageostrophic advection of 0 except when multiplied by the mean
stratification
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where the mean advection by the geostrophic wind is zero as before

Now COI and lug fields are coupled by thermal wind
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Finally have mass continuity
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Have 4 equations in 4 unknowns
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Not closed need to know forcing functions

In particular Cgi unknown g very important in tropics
highly coupled to circulation

Only prognostic variables are ugh COT Lv Cw diagnostic

Vertical eddy fluxes unimportant Qa scaling

Assumptions difficult to justify a priori

higher order approximations develop fronts etc

Nevertheless very useful

Need to specify mean stratification



Perturbationfronbatedstate

Suppose have statistically steady state
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Perturb this state with vertically propagating wave

will show that under these conditions
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Momentum equation unchanged

expect felug 0

But thermodynamic equation is altered so must have 2 0

But by thermal wind this implies 2 51 yo

How does this work

Eddy flux of heat o induces a mean ageostrophic
circulation u 3 that affects leg

clearly we cannot consider flaresof heat or
momentum in isolation

Eliason Palmtheorem non acceleration theorem

How can we make sense of the eddy influence on aeg I

Consider steady non dissipative adiabatic flow
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Now since 2 t Iff D
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Define the Ekassen Palm flux
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Eddies affect the Zonal mean lug or 07 only if
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conversely if V E O the eddies do not acceleratehis
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What have we shown

Eddy motions can induce an Eulerian mean circulation driven by
the requirement to satisfy thermal wind balance

if VE 0 the mean circulation balances the eddy tarang and
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Now since 2 t Afp 0

we may define a streamfunction Xa suchthat
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Now define a transformed streamfunction such that there
is no explicit eddy tearing in the thermodynamic equation
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Er is the residual velocity
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TEMEquations
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Utility of FEM view

Combines eddly forcing into one explicit term

residual circulation reprensent advectionof heat
residual overturning is thermally direct ar midlatitudes

Also clean interpretation in termsof potential vorticity Rossby wave Thurs
as we shall now see


