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ABSTRACT

In the light of increasing interest in the exploration
and exploitation of the resources of high southern
latitudes, arguments are presented for the study of
Antarctic meteorology in its own right rather than as
incidental to that of the ocean bordering Australia.
An historical account and an extensive bibliography are
given of Australian studies in Antarctic meteorology,
both on the continent and in Australia, and the
present level of activity is described. An attempt is
made to point out the principal problems requiring
investigation in both theoretical and practical
operational meteorology, and new governmental
initiatives to encourage Antarctic research are
outlined.

INTRODUCTION

In this discussion Australian participation in the study of the
meteorology of Antarctica will be examined within its historical context,
with a distinction being made between investigations carried out in the
region and those pursued in Australia. Further, an attempt will be made to
identify the principal lines of research that, at present, seem to demand
attention. Predictions of forthcoming developments in detailed exploration
and exploitation of the geophysical and biological resources of the
continent are becoming increasingly widespread; thus, attention will also
be directed to those practical operations involving the development of
expertise in meteorological observation, analysis and forecasting that must
attend increased activity in other fields.

As will be seen in the later historical discussion it has been common
for meteorologists in Australia to regard the subject of Antarctic
meteorology as inextricably bound up with, and in most cases, incidental
to, the analysis of weather conditions over the oceans south of 40°S.

This is of necessity so; in this discussion, however, it is intended to
concentrate more positively on the Antarctic continent and the zone of the
pack ice - in general the region south of 60°S. Moreover, the concern will
be primarily with the troposphere, and those aspects of glaciological and
oceanographic investigation that are not of direct meteorological
significance will be excluded from the discussion.
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Continental Antarctica (Fig. 1) is an area of some 14.1 x 106 km2. 1In
early March, at the time of least sea-ice extent, this is expanded to a
total ice-covered area of 17 x 10® km? if account is taken of the floating
ice; by late September or early October, however, the total area has
increased to some 33 x 106 kmz, thus nearly doubling the south polar ice-
cap from autumn to spring (see e.g. Fig. 3 ). This may be compared with
the areal extent of continental Australia of 7.6 x 10% km2. Antarctica
ranges from sea level to an extensive ice-cap region above 3000 m; it has
considerable mountain chains exposed above the ice-cap, ice-free lowland
regions in the 'dry valleys' of Victoria Land and the coastal ‘ocases' of
east Antarctica, brine and fresh water lakes, floating ice shelves and
extensive coastal embayments all of which influence and are influenced by
the climate. So in terms of area and geographical complexity alone, it is
worthy of meteorological interest in its own right.

The broadscale aspects of the high latitude atmospheric circulation
are shown schematically in Fig. 2. At 500 mb (Fig. 2(a)), the circumpolar
westerly vortex persists throughout the year exhibiting little clear trough
and ridge structure in the monthly mean but with several closed centres of
high and low mean monthly geopotential height lying in the region south
of 60°S. At the surface (Fig. 2(b)) a circumpolar pressure minimum (the
Antarctic trough) is located in the mean some 5 degrees of latitude north
of the continental coast, but is displaced in a half-yearly cycle with an
amplitude of about 5 degrees of latitude being farthest north in December
and June; there is a tendency for monthly mean pressure minima in the
trough to recur with higher frequency in three or four distinct longitude
sectors and an area of quasi-high pressure is located over the east
Antarctica plateau (this feature is of course unreal because of the
reduction of high level pressures to sea level). Extratropical cyclones,
chiefly originating in the westerlies to the north, move polewards and
reinforce the trough, frequently bringing severe weather to the coast and
sometimes penetrating far inland over the ice-cap. In the boundary layer
(Fig. 2(c)) the wind flow is substantially controlled by the terrain, and
inversion or katabatic winds flow down the ice slopes, frequently reaching
gale force at the coast.

The inter-related symmetry of the mean flow in the westerlies of the
middle latitudes of the southern hemisphere and the vast extent of the
surrounding ocean, together with the high mean elevation of the continental
ice-cap, prevent the extreme contrasts in climate between different
longitudes that exist at similar latitudes of the northern hemisphere, e.g.
the region between 60°N and 70°N exhibits a wide variety of environments
ranging from ice-cap (Greenland) through tundra (northwest territories of
Canada and Siberia) to forests (Scandinavia) and land of high potential
agricultural production (central Alaska). In the southern hemisphere,
however, inter-regional differences at sea level, or at comparable
elevations in Antarctica, are far less extreme (e.g. the symmetry of the
mean temperature distributions of Fig. 3 in relation to the continental
topography). Nevertheless, it is certainly incorrect to regard Antarctica
as experiencing climatic monotony (e.g. the mean surface wind speed data of
Fig. 4); significant regional and local variations in climate exist, but
are at present only poorly described or understood. (Currently, the most
detailed climatology of Antarctica is given by the discussion of W.
Schwerdtfeger (1970), and the maps of the USSR Ministry of Geodesy (1966).)
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Fig. 1 Antarctica showing locations referred to in the text. Stippled area is over 3000 m above sea level; hatched
areas indicate the principal ice shelves.
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Principal features of the broadscale climatology of Antarctica.
(a) Mean flow at the 500 mb level; dotted lines mean geopotential heights (d tres) in January; fu!l lines

and encircled isopleth values - mean geopotential heights (decametres) in July; full circles - centres of
mean 500 mb minima inJanuary; open circles - centres of mean 500 mb minima in July; crosses - centres of

mean 500 mb relative maxima in January; (no 500 mb refative maxima appear in the July mean for this period).

173-1977 data from Le Marshall and Kelly (1980).
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Fig. 2 (b) Main schematic features of the surface circulation; cross hatched area - the region of the sub-Antarctic

trough within which the mean seasonal axis varied between 1972 and 1977; black area - the region of the

gu?m hng{ng[])ressure over the interior within which monthly mean relative pressure maxima were located
etween

pressure centres in the Antarctic trough between 1972 and 1977 (data from Streten 1980).
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Fig. 2 (c) Pattern of wind fiow at the surface of the boundary layer over A ica inferred from p i wind

frequencies at the stations and from traverse records. Note that the flow lines represent time—averaged
behaviour, not the circulation at any one time (after Mather and Miller 1967a).

2 and 1977; single hatched histograms along 60°S - the relative lrequencg of monthly mean low
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Fig 3 Mean monthly surface temperature (°C) in (a) January and (b) July (data
from USSR inistrg of Geodesy 1966). Dotted fines show the mean extent
of the pack-ice (1972-1977) af (a) minimum in early March and (b) maximum
in early October (data from Streten and Pike 1980).

109



110 AUSTRALIAN METEOROLOGICAL MAGAZINE 28:3 SEPTEMBER 1980

Jr—— 7777
445
140
20F
135
130
15p
S 125 S
m/s kn
420
104
115
sk {10
15

J FMAMUJI JASONDU

Fig. 4 Mean monthly scalar wind speed at Antarctic stations.
CD — Cape Denison; Mo — Molodezhnaya; Ma — Mawson;
Du — Dumont d’Urville; W/C — Wilkes (Casey); V —
Vostok; D — Davis; (data chiefly from Phillpot 1968).
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It is becoming apparent that increasing attention will be directed by
the world community towards the potential resources of Antarctica and its
surrounding seas. Thus, it is important that meteorologists in Australia
begin to take greater interest in the climate and weather of the region,
and not regard it merely as a bounding terra incognita to the weather
map of the Southern Ocean.

THE PAST INVOLVEMENT
(a) Meteorological observation and investigation in Antarctica

Following the first high southern latitude circumnavigation of the earth by
Cook between 1772 and 1775, Australian ports became obvious bases and
havens for many of the 19th century expeditions to the eastern sector of
Antarctica. Such voyages were often undertaken as commercial whaling and
sealing ventures; however, they resulted in the discovery of many of the
sub~Antarctic islands and isolated parts of the continental coast and added
to the expanding, though still qualitative picture of the Antarctic
environment. Frequently they were pursued at extreme hazard. As just one
example, we may note the return to Westernport (Victoria) from the Enderby
Land sector of the tiny cutter Lively (one of the two ships of John
Biscoe's expedition of 1831) having lost 7 of her crew of 10 from scurvy
and hardship in the south (Grenfell-Price 1963). Other expeditions were
among the earlier of the 19th century national exploratory and scientific
type. Thus, Bellingshausen's Russian expedition of 1821 and Wilkes's
United States expedition of 1840 refitted in Sydney; Dumont D'Urville's
French expedition, which discovered Ad lie Land in 1840, and the important
British expedition of 1840-1841 under Ross, which first penetrated the
pack-ice of the Ross Sea and discovered the great mountains of Victoria
Land and the Ross ice shelf, operated from Hobart*.

The first direct Australian participation occurred at the close of the
century with the British so-called Southern Cross expedition of 1898~
1900 led by Borchgrevink. His became the first party of any nation to
winter on the continent (at Cape Adare). The meteorological observations
were made by a Tasmanian, Louis Bernacchi, who must be considered the first
Australian Antarctic meteorologist. Unlike many other scientists in later
polar expeditions, he analysed and reported his observations (Bernacchi
1902), and also wrote a general account of the expedition (Bernacchi 1901);
he later served with Scott's Discovery expedition of 1901-1902 as
magnetician and physicist, published papers on his work, and was active in
polar planning activity for many years.

Several notable Australian scientists served in various capacities
with the historic British expeditions under Scott and Shackleton, between
the turn of the century and the First World War, in the region of the

*While in Hobart the Ross expedition carried out magnetic and
meteorological observations, and the field books recording this work were
discovered in the cellar of the old Bureau of Meteorology in Anglesea
Barracks in 1957 - they are now in the State Library of Tasmania.
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western Ross Sea and the high plateau. Douglas Mawson gained his early
experience with Shackleton's Nimrod expedition of 1907-1909, the
meteorological results of which were later analysed by Kidson (1930).

Griffith Taylor, meteorologist, geographer and geologist, was seconded
from his position as physiographer in the Commonwealth Bureau of
Meteorology to join Scott's last expedition (1911-1913) of which he wrote
an account (Taylor 1916).

The 1911-1914 Australasian Antarctic Expedition to Cape Denison in
Commonwealth Bay (King George V Land) and the Shackleton Ice Shelf (Queen
Mary Land) was conceived and led by Mawson, with C.T. Madigan as
meteorologist. The observations were very fully reported by Madigan
(1929), Moyes (1939) and Mawson (19215, 1939). As part of the expedition a
station was established (primarily for the innovation of radio
communication) on Macquarie Island. Meteorological observations were made
there, and the life of the station was extended from 1912 to 1915 by later
staffing by observers from the Australian Commonwealth Bureau of
Meteorology, one of whom, H. Powers, was among those lost when the relief
ship Endeavour sank in 1916. These observations were reported by
Newman (1929).

The next scientific enterprise was the so-called BANZARE - British
Australian and New Zealand Antarctic Research Expedition of 1929-1931.
This consisted of two extended summer cruises in which Mawson and Capt.
J.K. Davis in Scott's old Discovery charted much of the coast of the
Australian sector of Antarctica including the region in which the present
Mawson and Davis stations are located, and westward to Enderby Land. This
expedition was followed in 1936 by the proclamation of the Australian
Antarctic Territory extending from 45°E to 160°E except for the narrow zone
of the French territory of Ad lie Land (136°E to 142°E). The BANZARE
meteorological observations were made by R.G. Simmers of New Zealand; a
general account of the expedition has been given by Mawson (1932) and
Grenfell-Price (1963) using Mawson's journals, but the meteorological
observations have not been published.

Following the Second World War interest was again directed to
Antarctica where the United States of America engaged in an extensive
aerial mapping investigation employing a considerable naval task force with
carrier-based aircraft (Operation HIGHJUMP). The Australian government
established the Antarctic Division of the then Department of External
Affairs to organise ANARE (Australian National Antarctic Research
Expeditions) in 1947, and public attention was drawn to the value of
weather observations from high latitudes (e.g. Priestley 1948). Research
stations with programs including full meteorological surface and upper air
observations were set up at Macquarie Island and Heard Island in 1948, the
first senior meteorologists at the stations being A.R. Martin and A.V.
Gotley, respectively.

The Macquarie Island station has operated continuously since that
time; the Heard Island station, however, was maintained only until early
1954. It has provided unique information from the western Indian Ocean
which, however, because of the inhospitable nature of this small island,
dominated by its 3000 m volcano and ice~cap, was obtained with great
difficulty. The observations of the initial expedition were analysed by
Gibbs et al. (1952), and a later report on local weather was made by
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Shaw (1955). With the setting-up of the French station on Kerguelen, the
role of Heard Island as a scientific base became less important. It had,
however, served to provide valuable polar experience for ANARE, and with
increased confidence the decision was made, with the encouragement of the
then Minister for External Affairs R.G. (later Lord) Casey, to establish a
permanent continental base.

This station - Mawson - was erected in early 1954 on the coast of
Mac. Robertson Land (charted by Mawson on the BANZARE voyage) by a party
from Heard Island travelling in the Kista Dan (Law, 1954). The
meteorological conditions experienced during the initial year of operation
were reported by the first observer - Dingle (1955); later reports being
given by Hannan and Dingle (1958), and Widdows (1960).

The advent of the International Geophysical Year (IGY) in 1957 saw an
upsurge of international activity in Antarctica, and the establishment of
bases both by the United States of America (Wilkes) and the USSR (Mirny,
Vostok, and temporary stations Komsomolskaya and Pionerskaya) in the
Australian Antarctic Territory. A new Australian station - Davis - was
also established on one of the Antarctic oases, the Vestfold Hills (Law,
1959).

In 1959 Australia took over the former United States IGY station of
Wilkes which, after being rebuilt and relocated nearby, was renamed Casey
in 1965. The three Australian continental stations, together with that on
Macquarie Island, have been maintained continually since then, although
Davis was closed between 1965 and 1968. The observations have been
published in the ANARE Reports (Series D) until 1968, and since then held
in data form by the Bureau of Meteorology. Attempts to establish efficient
automatic meteorological stations on the continent at Lewis Island and
Chick Island in 1960-1961 were unsuccessful, but the development of new
technology for the construction of remote stations and drifting buoys
reporting via satellite is now opening potential new horizons for more
efficient observational networks (this will be referrred to again later).
The post-IGY period has seen two further USSR bases (Leningradskaya and
Molodezhnaya) established in the Australian sector as part of the
substantial USSR network across the entire continent. A temporary United
States station - Plateau - was occupied from 1966 to 1969.

Studies by Australian meteorologists using special on-site
observations in Antarctica, have frequently been concerned with the surface
wind regime, which is the all-pervading element at the continental coast
(e.g. Figs 4 and 5). sShaw (1957, 1960, 1962), Streten (1961, 1963), Mather
(1960, 1962), Mather and Goodspeed (1959), Weller (1969a) and Lied (1963,
1964) have all reported analyses of wind flow and associated phenomena at
the stations, and at field sites.

A very general description of the climate of the western part of the
Australian Antarctic Territory has been given by Streten (1962), and a
local climatology of the Vestfold Hills by expedition biologists Burton and
Campbell (1980). Australian meteorologists have also been active with
foreign expeditions. In 1949-1950 Fritz Loewe the distinguished polar
meteorologist, then of the University of Melbourne, accompanied a wintering
French expedition to Port Martin in Ad lie Land and reported his
observations extensively (Loewe 1950, 1954, 1956a,b,c). The Australian
representative at the IGY 'Weather Central', established in 1957-1958 at
the United States' station Little America to carry out synoptic analyses,
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was K.T. Morley. W.R. Dingle made field measurements on snow drift at the
United States station Byrd (reported by Budd (1966b) and Budd et al.
(1966)), performed micro-meteorological observations at Plateau (Dingle et
al. 1967), and made air-sea interaction observations from the United
States' research vessel Eltanin (e.g. Zillman and Dingle 1969).

Research into thermal properties of snow, and heat and mass balance studies
were also made at Plateau by Weller (1969b, c), and Weller and
Schwerdtfeger (1970, 1977) - see also Radok et al. (1968).

Special field observations, primarily for the continuing glaciology
program conducted by the University of Melbourne, and the Antarctic
Division (now of the Department of Science and the Environment), have
contributed in great measure to the knowledge of the meteorology of the
region. Mass budget studies have been made by Mellor (195%a, 1967),
Allison (1979) and Morgan and Jacka (1979); Budd (1966a) and Budd et al.
(1967) have reported on the glacial meteorology of The Amery Ice Shelf, and
Black and Budd (1964) on accumulation in Wilkes Land. Mellor (1959b),
Schwerdtfeger (1963a, b, 1966, 1968, 1970), Weller (1968), Allison (1972,
1974, 1978), Allison and Akerman (1979) and Allison et al. (1979), have
studied the energy fluxes associated with the formation, growth and decay
of sea-ice; Budd (1967) has examined ablation from blue ice; Bromwich
(1976) has explored the characteristics of the boundary layer of the
Wilkes' ice-cap; Schwerdtfeger and Weller (1967), Schwerdtfeger (1969),
Weller (1967a, b, 1968, 1969c), and Weller and Schwerdtfeger (1967, 1970,
1971, 1977) have investigated the heat budget, energy transfer and
radiation diffusion in plateau snow and sea-ice; drifting snow has been
studied by Mellor and Radok (1960), Mellor (1960), and Radok (1968, 1970,
1977), and techniques of metering wind-blown snow have been described by
Landon-Smith (1965) and Wishart (1965). Radok and Watts (1975) have
examined the broadscale climate fluctuations in relation to observed
changes in the glaciers of Heard Island drawing on earlier observations by
Budd and Stephenson (1970) and Allison and Budd (1975). Budd and Morgan
(1973, 1975) have used isotope measurements in the study of ice-sheet
dynamics and its climatic significance, and Budd et al. (1976), and Budd
and Young (1976), have measured and computed temperature distribution in an
ice-cap.

The Bureau of Meteorology, however, which provides meteorological
observers for ANARE, has not sent professional meteorologists on
wintering-over parties since 1961, coinciding with the termination of the
winter aviation program at Mawson. 1In recent years a meteorological
aviation forecaster has accompanied summer field expeditions, but only
several brief reports of this activity have been made (Lied 1968; Woods
1971; Pendlebury 1977). In general, however, this work has been too
operationally committed and too brief for a useful consolidation of
experience to be achieved. We will return to the discussion of operational
studies in Antarctica later.

(b) Theoretical and conceptual studies of Antarctic meteorology in
Australia.

In most of the studies described in (a) above, much of the analysis was
completed in the more pleasant environments of regions far removed from the
downright discomfort of Antarctica. In general, however, the investigators
drew upon a first-hand knowledge of the polar environment and partly on
their own observations. In some investigations such experience is still
desirable, and this will be referred to later, but, in many areas of work






