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ABSTRACT 

Polar lows are observed to form in the circum-Antarctic ocean, where strong meridional thermal 
contrast in the atmosphere is normally associated with large heat fluxes from the sea. In the 
present study, using a two-dimensional non-hydrostatic model, we examine the growing stage 
of disturbances that bear many characteristics in common with observed polar lows, as, for 
example, warm mesoscale updrafts where the latent heat is released. We show here that such 
growing disturbances do not depend, for their structure and scale, on the initial condition 
chosen. Growth rates are considerably larger than those of modes in the absence of surface heat 
fluxes, and may be sustained for several days. 

1. Introduction 

Observational evidence of mesoscale (100--
1000 km) vortices in the atmosphere around 
Antarctica was presented, among others, by 
Carleton and Carpenter (1989), Bromwich (1989), 
Heinemann ( 1990) and Fitch and Carleton ( 1992 ). 
Aside from the small horizontal scale, the domi­
nant features are their occurrence over the ocean 
and the evidence of deep convection. Among the 
various processes that have been suggested to 
account for those cyclones, we are interested here 
in the combined action of baroclinicity and heat 
fluxes from the ocean. Our view is based on the 
work by Emanuel and Rotunno (1989) (hereafter 
referred to as ER) which showed that the difference 
of temperature and/or moisture content between 
the cold air and the relatively warm water is a 
source of energy sufficient to maintain an 
organized convective system against frictional 
dissipation. Such a system has many features in 
common with a tropical cyclone as modeled by 
the same authors (Rotunno and Emanuel, 1987). 
ER proved this point by running a primitive­
equation numerical model in conditions similar to 
those obtained in the Arctic, but with no back­
ground baroclinicity. The circulation that develops 
collects sensible and latent heat fed by diffusive 
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fluxes from the sea into the boundary layer and 
transports it towards the center of the vortex, 
where the air is lifted and latent heat released, 
contributing to the kinetic energy of the storm. 
While this mechanism was shown to be efficient 
for polar lows in the mature stage by ER (and 
for tropical storms in the previous (Emanuel, 
1986; Rotunno and Emanuel, 1987), the numerical 
simulations had to be initialized with a vortex of 
the appropriate magnitude and strength. The ques­
tion as to what provides this initial perturbation in 
the real world was left open, although baroclinic 
instability was suggested as an obvious candidate. 

The relevance of baroclinicity and baroclinic 
instability for the initiation of polar lows in 
the Arctic environment has been stressed by 
many authors (e.g., Mansfield, 1974; Sardie and 
Warner, 1983; Rasmussen, 1985; Wiin-Nielsen, 
1989; Rasmussen et al., 1992). This possibility is 
even stronger in the Antarctic environment, as can 
be inferred from the annual averages of zonal wind 
and potential temperature shown in Hoskins et al. 
(1989) and from the study of Fitch and Carleton 
( 1992 ). It is evident from those climatological 
analyses that the circum-Antarctic region is 
characterized by local maxima of both low-level 
heating rate and baroclinicity. 

The role of the initial condition for polar low 






























