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Atmospheric Dynamics    



Summary of Salient Results
Lecture 10: Forcing by the jet stream
1. Rossby waves
Rossby waves are patterns of troughs and ridges in the upper troposphere. They have horizontal wavelength ~ 1000 km and are excited by developing weather systems. The basic mechanism for Rossby wave dynamics is the variation of f=2Ωsinλ with latitude. In the mid-troposphere the large-scale divergence is zero so ξ+f is conserved. Air flowing poleward experiences increasing f, causing ξ to decrease and eventually turn negative, inducing anticyclonic curvature and a return to lower latitudes. 

A more detailed examination yields the dispersion equation c = U – β/κ2 where β = df/dy = 2Ωcosλ/A and κ is the wavenumber of the wave. Realistic values show that c=0 when wavelength ~ 104 km. Shorter wavelength waves propagate eastwards; longer ones propagate westwards.
2. Rossby waves and convergence/divergence

Above the level of non-divergence the stronger winds cause larger ξ, so at jet stream level the absolute vorticity ξ + f is a maximum in the troughs and a minimum in the ridges.
[image: image4.emf] 

30 m s - 1  


Rossby waves force vertical velocity patterns which cause developing weather systems.

From A to B ξ+f increases so ∂ω/∂p>0. Since ω ~ 0 at the tropopause, ω must increase with increasing pressure – downward motion. In the same way upward motion is forced from B to C.
Increasing vorticity along streamline ( downward motion ( surface anticyclone (high press)

Decreasing vorticity along streamline ( upward motion ( surface cyclone (low pressure)
2. Shear vorticity
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Air parcel starting at A flows to the left (poleward) of the jet maximum. It experiences an increase in shear vorticity and stretches – downward motion.
Likewise, an air parcel on the equatorward side experiences a decrease in shear vorticity and so compresses vertically – upward velocity.
Maximum in the jet stream forces vertical velocity throughout the troposphere around it.
Divergence at this level forces upward velocity.

Convergence forces downward velocity

3. Worked example

A zonal jet streak develops in a uniform zonal flow of 30 m s-1 at 60°N. The jet has a maximum speed of 80 m s-1. The cyclonic side is 200 km wide and the anticyclonic side 600 km wide. If the initial depth of a column of air which enters the jet is 100 mb, use the barotropic vorticity equation to estimate its depth at maximum velocity if it is positioned:

(i) poleward of the jet core

(ii) equatorward of the jet core

(iii) directly upstream of the jet core.

What limits the accuracy of these estimates?


[image: image1]
The diagram shows a segment of a 300 mb chart for this problem. Outside the jet streak the flow speed is 30 ms-1, from west to east (zonal). There is no shear vorticity initially, so the intial vorticity is simply f = 1.26x10-4 s-1.
We apply 
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 to find that:

the shear vorticity on the cyclonic side is (80 – 30)/200x103 = 2.5x10-4 s-1
the shear vorticity on the anticyclonic side is (30 – 80)/600x103 = - 0.83x10-4 s-1
Apply conservation of potential vorticity:
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Substituting for ξ1 =0, f = 1.26x10-4, Δp1 = 100 mb and ξ2 taking one of the two values above:

(i) Parcel depth on the cyclonic side (where ξ increases) = 300 mb
(ii) Parcel depth on the anticyclonic side (where ξ decreases) = 34 mb

In case (iii), parcels travelling along the jet core retain ξ = 0 since the core is, by definition, a maximum in U where ∂U/∂n = 0. Thus there is no change in depth for these parcels.

Stretching and shrinking of air columns happens along the flanks of jet streams

The accuracy of these estimates is limited because, on the cyclonic side particularly, the scale is significally sub-synoptic (200 km compared with ~1000 km). The tilting terms in the full vorticity equation should not be omitted here, and in fact the descending motion is concentrated into a thin layer which flows equatorward beneath the jet stream – a tropopause fold.
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