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ABSTRACT 

Linear instability of zonal jets are calculated within the framework of the quasi-nondivergent 
potential vorticity equation. The vertical structure of the flow is treated using vertical normal 
mode expansion. Three simple 1-dimensional cases are investigated. Firstly, the baroclinic flow 
on the ,8-plane, where instability is seen as function of the shape and strength of a jet mimicking 
the vertical structure of a typical zonal jet in the atmosphere. The study shows that the jet is 
most unstable for a low-lying jetmaximum. Secondly, a purely barotropic flow on a ,8-plane, 
with fixed boundaries in north and south and with periodic boundaries in east-west, mimicking 
the west wind belt is investigated. In this simple case, the linearized instability equation is solved 
both spectrally and using finite differences in order to illustrate the dependence on resolution. 
The stability of the jet is independent on the position within the channel. Finally, for each 
vertical normal mode, equivalent to a barotropic flow, the stability of a typical west-wind jet 
on the sphere is calculated. In this case, the jet is more stable the further away from the equator, 
thus the Coriolis force stabilizes the flow. These very simple examples are in general agreement 
with findings from full 3-dimensional stability analysis. 

1. Introduction 

The quasi-geostrophic approximation has, 
although far from having predictive power, proven 
itself capable of reproducing and explaining quite 
well the general dynamics and energetics of the 
atmosphere. 

The main mechanisms for maintaining the gen­
eral circulation in the atmosphere can to a large 
extent be understood in terms of classical linear 
instability analysis. 

In the atmosphere, the dominant flow-pattern 
in the midlatitudes, is energetically maintained 
by the pole-ward transportation of heat and 
momentum. This transport is maintained by the 
Ross by waves of the west-wind belt. 

There are basically 2 possible instability mech­
anisms responsible for this transport, the baro­
clinic instability, depending on the thermal, or 
vertical, wind-shear, and the barotropic instability 
depending on the horizontal wind-shear. 
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The classical "constant thermal shear" models 
by Eady (1949) and Charney (1947) show, by a 
linear stability analysis, that the unstable atmo­
spheric waves in the east-west direction are of 
wavenumbers 5-10, corresponding to a wave­
length of 2000-4000 km. Green ( 1960) and Burger 
(1962) showed that there are in fact unstable 
modes everywhere in the considered phase space, 
but still dominated by the Charney instabilities. 

The barotropic instability of a horizontal 
"cosine jet" on a P-plane was investigated by Kuo 
(1979). It was found that with realistic values of 
the zonal jet the growth rate of the unstable modes 
are slower than that for the baroclinic models. It 
was also found that the P-effect tends to stabilize 
the flow. 

Kasahara and Tanaka (1989) have studied the 
baroclinic instability of a flow with a linear vertical 
wind profile using the vertical normal expansion. 
Their findings are in good agreement with the 
much simpler Charney model. 




















