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ABSTRACT

The small-scale and rapid development of polar lows over relatively data-sparse areas results in a special
forecast challenge for the operational forecasting community. This paper constitutes a review of recent advances
in our understanding of cyclogenesis in polar air masses. The review is primarily comprised of a survey of the
observed features of polar lows as documented in a number of case studies presented in the recent literature.
The review is organized on the basis of a combination of observational and physical considerations and is aimed
at diagnosing common types of developments. Theoretical ideas concerning the origins of polar lows and results
of numerical modeling experiments aimed at simulating their development are also summarized. Finally, a
discussion of approaches to the operational problem of forecasting polar lows is given.

1. Introduction

Operational weather forecasters have long been
aware of the forecast problems associated with subsyn-
optic-scale cyclogenesis in the cold air masses over open
water. These disturbances require special attention
from the forecaster for several reasons. They often
evolve quickly and can result in adverse weather con-
ditions that affect the safety of operations at sea. Due
to the violent and unforeseen nature of polar lows,
Norwegian and Icelandic history is filled with tragic
accounts of accidents involving small fishing boats. The
scale of the disturbances is often too small for numerical
weather prediction models to provide adequate forecast
guidance. Until recently, weather forecasters were
forced to rely on sparse observations from ships and
islands to identify the position, motion and intensity
of polar lows. While the introduction of satellite im-
agery has aided weather forecasters, it has also revealed
an unexpected profusion of cyclonic disturbances in
polar air masses behind or poleward of the polar front
(World Meteorological Organization 1973; Anderson
et al. 1969). The purpose of this paper is to provide a
review of recent advances in our understanding of cold-
air cyclogenesis in a framework that the authors hope
will prove useful to the forecaster in dealing with this
ubiquitous phenomenon.
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The term “polar low” or “polar trough” was origi-
nally used by British meteorologists to describe cold
air depressions that affect the British Isles (Meteoro-
logical Office 1962). Since some controversy sur-
rounds, or at least in the past has surrounded, the use
of the term “‘polar low”, it is important to define at
the outset what the authors mean by the term. We will
use it here in a broad sense to denote any type of small
synoptic- or subsynoptic-scale cyclone that forms in a
cold air mass poleward of major jet streams or frontal
zones and whose main cloud mass is largely of con-
vective origin. We use the term “polar low” in a generic
sense to include all phenomena that fit the above de-
scription. Some justification for this usage is provided
by reexamination of cases that have gone under the
rubric of polar lows in the early literature. Only by
employing a broad definition of the term *“polar low”
can these varied cases be grouped together. A further
discussion of the classification of polar lows is deferred
to section 2.

In view of the paucity of observational data available
to early investigators it is only recently that polar lows
have become a focus of research (Harley 1960; Pedgley
1968; Lyall 1972; Harrold and Browning 1969; Mans-
field 1974; Rasmussen 1977, 1979; Reed 1979). The
lack of observations has contributed to the difficulty
of synthesizing coherent physical models describing the
triggering mechanisms and internal energetics of polar
lows, and the slow progress that operational forecast
models have made in predicting their development and
movement.






