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concerned with high latitude geography, meteorology, and climatology.
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Preface

Since the first detailed investigations of polar lows and other high
latitude, mesoscale weather systems were carried out in the late 1960s there
have been major advances in our knowledge regarding the nature of such sys-
tems and the mechanisms behind their formation and development. High res-
olution satellite imagery has shown how frequently such lows occur in both
polar regions and has illustrated the very wide range of cloud signatures that
these systems possess. Great strides have also been made in representing these
weather systems in numerical models. With their small horizontal scale, it
proved difficult to represent the lows in the early modelling experiments, but
the new high resolution models with good parameterizations of physical pro-
cesses have been able to replicate a number of important cases, despite the lack
of data for use in the analysis process.

Although case studies of mesoscale lows have been undertaken for many
years, recent research has been able to draw on many new forms of data,
especially from instruments on the polar orbiting satellites. Scatterometers
have provided fields of wind vectors over the ice-free ocean, passive microwave
radiometers have allowed the investigation of the precipitation associated with
the lows, and new processing schemes for satellite sounder data have given in-
formation on their three-dimensional thermal structure. In addition, aircraft
flights through polar mesoscale lows have provided high resolution, three-
dimensional data sets on the thermal and momentum fields. In recent years
meteorologists have therefore had an unprecedented amount of data with
which to conduct research into these important high latitude weather systems.

Although many research papers have been published on polar lows since the
1960s, a major advance in research into such systems was the publication of the
book Polar and Arctic Lows in the late 1980s (Twitchell et al., 1989). This volume
came at the end of an intense period of research focused around the Norwegian
Polar Lows Project, which had observational, climatological and modelling
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x Preface

elements, which were carried out in Europe and the USA. The book contained
papers by a number of workers active in polar lows research and brought to-
gether many of the new research ideas that emerged during the 1980s. How-
ever, since that time there have been many advances in the study of polar lows
and other mesoscale weather systems. Whereas most of the early research was
concerned with the Arctic, during the 1990s there have been a number of stud-
ies of Antarctic weather systems, including aircraft investigations. There has
also been a noticeable broadening of the investigations to include the whole
spectrum of observed systems and not just the intense ‘polar lows’ that the
early studies examined. Finally, recent investigations have often made use of
both observational data and the output of numerical models, which has pro-
vided very comprehensive pictures of the vortices examined. This current vol-
ume therefore grew out of our desire to provide a comprehensive review of the
mesoscale weather systems that are found in the two polar regions in light of
the great deal of research that has been carried out over the last ten years.

The book has been written by a number experts in the field of high lati-
tude mesoscale weather systems, many of whom are members of the European
Geophysical Society’s Polar Lows Working Group. This group is a focus for
much of the polar lows research in Europe and includes scientists with inter-
ests in the modelling, observational and climatological aspects of the subject.
In order to have the best possible coverage of the current research, the decision
was taken to have a fairly large number of authors for the various chapters, but
with considerable editing of the volume so that a coherent picture of the sub-
ject could be presented. Primary goals for the book were to try and integrate the
theoretical and observational aspects of the subject and to bring together Arctic
and Antarctic investigations. There is therefore extensive cross-referencing be-
tween the observational, modelling and theoretical sections where we have
tried to point to well-observed examples of vortices that help to illustrate the
presently understood theoretical background to the development and signa-
tures of these lows. Of course there are still large gaps in our understanding of
polar lows and there are frequent references to future research needs.

The book has been organized to reflect the different facets of research that
are taking place. In the Introduction (Chapter 1) we provide details of the
scope of the book and discuss the historical background to the subject and the
bewildering variety of names used over the years to describe the phenomena ob-
served. Chapter 2 deals with the climatological occurrence of the lows, based
largely on satellite imagery. An important goal here was to try and relate the
spatial and temporal variability of the lows with some of the major climato-
logical cycles, such as the El Niño–Southern Oscillation and the North Atlantic
Oscillation. Chapter 3 covers the observational investigations that have been
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Preface xi

carried out and attempts to summarize this work into a picture of the under-
lying mechanisms that are responsible for the observed form of the vortices.
Chapter 4 examines the various theoretical ideas that have been proposed to
explain the observed weather systems. Where possible, pointers are provided
to cases that seem to fit the theoretical models proposed. Within this chapter
we have assumed that the reader is familiar with the fundamentals of dynam-
ical meteorology and have therefore not dealt extensively with the basics of,
for example, baroclinic instability. On the other hand, we have discussed new
concepts, such as potential vorticity, in more detail as they relate to polar lows.
Chapter 5 deals with recent numerical experiments that have attempted to sim-
ulate various cases in the Arctic and Antarctic. Chapter 6 examines the prac-
tical aspects of forecasting mesoscale lows using model output and observa-
tional data. In Chapter 7 we attempt to draw together work presented in the
earlier chapters to assess our current understanding of high latitude mesoscale
weather systems. We also compare the systems observed in the two polar re-
gions and suggest possible topics for future research.

Many individuals and organizations have contributed to the preparation
and production of this volume. The Satellite Receiving Station at the Univer-
sity of Dundee, Scotland provided many excellent satellite images illustrat-
ing polar lows in the Arctic. Professor David Bromwich (Byrd Polar Research
Center, Ohio State University) provided a number of the Southern Hemisphere
DMSP and AVHRR satellite images used in Chapters 1 and 2. A large number
of the figures previously published in journals were scanned and optimized
for publication by Jean Sinclair, Jayne Goodman and Mark Andrews while
employed by the British Antarctic Survey. Many of the surface and upper-air
charts used were redrawn by Mark Andrews and Nick McWilliam at the British
Antarctic Survey. Izaak Santoe and Jaco Bergenhenegouwen drew several of
the figures used in Chapter 4. Sander Tijm wrote the program which was used
to illustrate hydrostatic adjustment to horizontally inhomogeneous heating
in Chapter 4. Jens Rytter prepared the CAPE figures used in Chapter 4. Assis-
tance was provided by Duane Carpenter, Chantal Claud, Mark Fitch, Kristina
Katsaros, Lynn McMurdie, Nelly Mognard, and Yudong Song in the research
presented in Section 2.1.

Finally, we would like to thank the many organizations and funding agen-
cies that have supported the research presented here, including the US Na-
tional Science Foundation (the work presented in Section 2.1 was funded by
grants SES-86-03470, OPP-88-16912 and OPP-92-19446), the British Antarctic
Survey, Natural Environment Research Council, UK, Climate System Research,
University of Tokyo and the University of Copenhagen.
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