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Abstract 

The evolution of an idealized polar vortex model is calculated with a high-resalution contour 
dynamics (CD) method. The barotropic vortex is modeled as a piecewise-uniform distribu
tion of absolute vorticity with many contours to represent the steep vorticity gradient of the 
vortex edge and the gradient in the background vorticity. The absolute vorticity is materially 
conserved , and therefore the contours also serve as material contours. In order to mimic the 
effect of planetary waves on the polar vortex, the models are initially disturbed with wave-like 
perturbations, after .which they are . integrated over a time period of about 10-20 days. In 
addition, some simulations are performed with topographic forcing. 

The perturbations cause the outer contours of the vortex to deform irreversibly, leading 
to outward filamentation, or erosion of the vortex edge. Outside the vortex the filaments 
are mixed with mid-latitude air, giving rise to a 'surf zone'. The mixing is dominated by 
chaotic advection, which is analyzed by measuring the exponential increase in contour lengths. 
Further insight in the mixing properties is obtained by calculating correlation dimensions, as 
well as finite-scale Lyapunov exponents. Intrusion of mid-latitude material into the vortex is 
only observed when the initia! disturbance is very strong. The amount of outward, horizontal 
transport of vortex material due to the erosion is found to be proportional to the intensity of 
the perturbations, but it is also dependent on the definition of the vortex edge. At the outer 
vort ex contour, the amount of material loss is on the order of a few percents per day. 

For the simulations of the polar vortex the original CD code is modified to work with a 
spherical geometry instead of a planar geometry. Many of the computationally demanding 
simulations are performed on a multi-processor environment. The employed methods, i.e. the 
calculation of a perturbed, idealized vortex model by means of CD , tagether with the quantita
tive analyses are new in this context. The model simulations reproduce many of the important 
features that are related to the real polar vortex, such as wave breaking, steeperring of vortic
ity gradients , and outward transport. In addition to the numerical simulations a laboratory 
experiment is performed to demonstrate the barrier properties of a jet that is generated in a 
rotating fluid tank. 
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Chapter 1 

Introduetion 

Large-scale atmospheric flows are characterized by their quasi-two-dimensional motion along 
isentropic layers, especially in the mid-latitudes and near the poles. One important reason 
for this is the geometrical proportion of the horizontal scales (on the order of thousands of 
kilometers) versus the vertical scales (a few kilometers). In other words, the atmosphere is like 
a thin layer that covers the earth, which makes the vertical motion negligibly slow compared to 
the horizontal motion. The other important aspect is that the earth's rotation also enhances 
the two-dimensionality of the flow. This is due to the balance of the Coriolis forces and the 
pressure gradient forces-also known as the geostrophic balance-that is found in steady slow 
flows with background rotation. In addition, the planetary rotation induces a non-uniform 
background vorticity, which has important consequences for geophysical flows. For example, 
local displacements of air in the atmosphere can lead to large-scale planetary waves that persist 
over a long time period. 

A better understanding of the atmospheric flow processes is not only crucial for improving 
weather prediction or elimate modeling, but is also important with respect to the transport of 
pollutants, for example. It is observed that large-scale (horizontal) mixing of air is dominated 
by chaotic advection, which occurs even in simple but time-dependent velocity fields [4,41,42]. 
In contrast to molecular diffusion the chaotic mixing fi.rst acts on large scales, and then proceeds 
to smaller scales. Hence, the material ( or heat, vorticity etc.) can be transported and mixed 
effectively over large regions in a relatively short time. On the other hand, transport of material 
in the atmosphere may be inhibited by harriers that are constituted by blocking vortices or by 
strong, local vorticity gradients. Similarly, the air can be isolated within coherent structures 
that can either be stationary, or that can propagate elsewhere. 

The polar vortex is the largest and most prominent vortex to be found in our atmosphere. 
On each hemisphere the vortex forms in early winter due to the radiative cooling of air [49] . 
Inside the vortex the situation is ideal for the destruction of ozone, because of the low tem
peratures and the formation of polar stratospheric cloucis [38]. The creation of an ozone hole 
is the result, and therefore the vortex is closely related to the ozone hole found in the winter 
stratosphere. At the same time, the strong circumpolar jet acts as a harrier to transport [33]. 
An important question is to what extent the ozone-poor air inside the vortex is isolated from 
the mid-lati tudes. 

The evolution of an idealized and barotropic polar vortex model is calculated by means 
of contour dynamics (CD). With this method it is possible to determine the evolution of a 
piecewise-uniform vorticity distribution with a very high resolution [18]. Here the polar vortex 
is modeled as a single-layer distribution of absolute vorticity with a steep vorticity gradient 
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