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Potential vorticity 
distribution on a 
given isentropic 
level is used to 
define the vortex 
boundary and 
apply elliptical 
diagnostics.

The constructed 
ellipse provides 
compact information 
about the vortex 
shape and the 
structure of the 
vorticity field.

The diagnostics are determined by calculating zeroth-, first- 
and second-order vortex integral moments of the vortex, and 
then defining an ellipse to match these.

The aspect ratio    
and orientation of the 
ellipse are converted 
to ellipticity variables.
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A variational data  
assimilation technique 
determines the 
assimilated ellipticity 
variables            .
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Elliptical diagnostics5,8 are commonly used to construct an 
ellipse that approximates the shape of the polar vortex on a 
given isentropic level. 

X — Y phase-portraits 
visualise polar vortex 
evolutions in a given 
time window.

            satisfy Kida’s  
equations in an  
unsteady linear  
background flow, 
determined by the 
assimilation.

The resulting time series of the vortex centroid, area, aspect 
ratio and orientation provide a detailed picture of the 
climatology, interannual variability, seasonal cycle and verti- 
cal structure of the vortices in each hemisphere.

The elliptical diagnostics have been argued to be a useful 
measure of vortex variability, capturing stratospheric sudden 
warmings (SSWs) as extreme events in the diagnostics7. 
Undisturbed, displaced and split vortex states naturally arise 
from the diagnostics via a clustering method2.

Here, we go further by addressing the dynamical evolution 
of the elliptical diagnostics of the Antarctic polar vortex, by 
making use of a simple model, which is Kida’s elliptical two-
dimensional vortex in a linear background flow3.
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An elliptical patch of uniform vorticity    stays elliptical in 
a linear background flow3          ,                            . 
The aspect ratio    and orientation    are converted to 
ellipticity variables6                                                       that evolve 
according to Hamilton’s equations            , where the 
Hamiltonian is given by     
                                                                            , 
where                  . The events                 can be 
associated to SSWs1. 
The dynamical elliptical diagnostics {       ,     } are 
minimisers of the functional 
                                                                          , 
and they represent a Kida-vortex in a background flow 
that is the most consistent with observations*. The 
minimisation is carried out with standard techniques of 
variational calculus.
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The assimilation technique constructs a 
representative Kida-vortex that captures the 
dynamical evolution of the polar vortex. 

The obtained time-series for the rotational 
component reveal a slowly evolving 
stratospheric jet each year, with no rapid 
fluctuations.

A Gaussian fit for the strain components show 
the presence of a weak stationary forcing 
(stationary topographic wave) that is 
dominated by a stochastic component 
(planetary-scale waves generated by the 
interaction of baroclinic eddies at tropopause 
level). This result suggests that 

1) vortex splits on the Southern Hemisphere 
have no strongly preferred direction 

2) SSWs may occur purely as a result of 
random fluctuations in accordance with [4].
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