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NOTES ON WEATHER CONDITIONS IN ANTARCTICA

(with particular reference to the western part of the
Australian Antarctic Territory)

b;y N.A, Streten
‘Central Office, Bureau of Meteorology, Melbourne
(Manuscript received January 1961)

Abstract: A brief review is given of the state of
knowledge of the practical aspects of meteorology in
Antarctica. A limited climatic survey is presented for
the western coastal part of the Australian territory in
relation to its topography and in the light of synoptic
analyses for the region. The weather elements,
particularly those affecting aviation and field travel,are
discussed.

1. INTRODUCTION

These brief notes have been prepared as an introductory guide to weather conditions in the
Antarctic and particularly in the region of the Australian Antarctic Territory lying between the
longitudes of 45°E and 90°E and from the known part of the inland plateau to the Southern Indian

‘Ocean. The references cited at the end of the notes should be consulted for further information and
more detailed statistics.

The notes contain a summary of the recent literature that was available at Mawson during
1960 and the results of experience gained in the region during that year. They are primarily
intended to give practical background information for aircrew and others whose work in Antarctica
is controlled to some degree by the weather.

The discussion will follow the headings:
Terrain.
L ~ Pressure and Wind Distribution.
Upper Winds and Temperatures.
Surface Temperature, Windchill and Relative Humidity.
Cloud, Precipitation and Icing.
‘Drift Snow and Visibility.
4 2. TERRAIN
_Antarctica consists essentially of two vast ice~domed plateaux separated by a depressed
region linking the two major coastal indentations of the Ross and Weddell Seasg. These two
plateaux are known as East and West Antarctica respectively. The continent reaches a maximum
height on the plateau of East Antarctica of over 12,000 feet and the mean height of the continent as a
whole is estimated at 6,500 to 7, 000 feet. Rock outcrops through the icecap cover an area of
probably less than five percent of the total area of the continent which is over five million square
miles.
The western part of the Australian Antarctic Territory (Figs. 1 and 2) lies as a segment
central in the roughly semi-circular ice plateau of East Antarctica, and is divided into four sectors

. bounded arbitrarily in the coastal region by meridians of longitude and extending southward between
these pairs of meridians towards the pole:- ) '
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Enderby Land (from 45°E to 55°E)

Kémé Land (from 55°E to 60°E)
MacRobertson Land (from 60°E to 73°E)
Princess Elizabeth Land (from 73°% to 8704‘3'E)

The area is bounded by Dronning Maud Land to the west and Kaiser Wilhelm II Land to the
east.

The coast, unlike that of many other parts of the Continent, rises very rapidly from sea
level, usually attaining a height of the order of 2000 feet within ten or fifteen miles of the coast and
a height of some 6000 feet at 150 miles from the coast. Along most of its length the coastline
consists of featureless ice cliffs usually from 30 feet to 100 feet in height, but in some regions,
notably in the Amundsen Bay area of western Enderby Land and the coast of Kemp and MacRobertson
Lands from King Edward VIII Gulf to Holme Bay, is scattered a complex of rocky promontories and
islets. However, the only large regions of exposed coastal rock lie to the East of Prydz Bay of
which the larger are the Vestfold and Larsmann Hillg, the former of which extends over some one
hundréd and fifty square miles. The coastal ice is broken in many spots by glaciers (or regions of
more rapid ice flow) where heavily crevassed and disforted ice formations are found. These areas
together with the ice shelves are the chief places from which the great tabular icebergs of the
Southern Ocean originate. Few however of these glaciers are of any length, usually fading into .
undisturbed plateau ice only a few miles from the coast. A few exceptions, however, exist chiefly
when a glacier occupies a valley region of considerable extent - the most outstanding of these and
probably{the most interesting. physmaljfeature of the region is the complex of the Lambert Glacier i
and its tributaries which extend over 350 miles from the coast and occupy the lowest part of a
broad valley flanked on either side by the Prince Charles Mountains. At the seaward end of this
valley lies the Amery Ice Shelf which fronts onto the largest coastal indentation in the region, com-
prising two bays - Mackenzie Bay'and Prydz Bay. To the extreme east of the region lies the West
Ice Shelf extending 50 to 100 miles from the coastal plateau slopes. of Kaiser Wilhelm II Land and
separated from the Vestfold Hills by featureless coastal ice. ' ’

Enderby Land to the West of the region'consists of a high ice-domed peninsula extending
further northward than the general line of the coast, with-a lower neck of icecap some one hundred
and fifty miles wide separating this peninsula from the general plateau rise to the|south |[which
attains a height of over 9500 feet near latitude 71°s. A ridge of high plateau, which attains a height
of over 7000 feet at least in places, appears to extend eastward from this region between 70°S and
71°S in southern MacRobertson Land,extending to about longitude 64°E where the icecap descends to
the lower valley of the Prince Charles Range. ‘The slope also falls away to the south of this ridge
in MacRobertson Land and again descends t6 the uppér valley of the southern range of the mountains
and the upper part of the Lambert and Fisher Glaciers. Beyond this range, which lies some 350
miles from the coast, the terrain appears to rise again more gradually away to the south towards
the crest of the plateau of East Antarctica, East of Prydz Bay‘and the- Mawson Escarpment,which

.bounds the eastern side of the Lambert Glacier, the plateau slopes up to the east and south to
heights which have not been accurately determined.

Mountain ranges in the region are confined to the fairly extensive Prince Charles System
extending roughly along the flanks of the Lambert Glacier and its tributaries. Few of the peaks
extend more than about 2000 feet above the ice surface, an exception being Mt. Menzies which is
. apparently some 5000 feet above the local ice level. The coastal ranges in Enderby Land, and the
Frammes Mountains on the MacRobertson Land coast close to Mawson,are all ma.mly less than
1000 feet above the surrounding ice.

Meteorologically, the terrain suggests certain features:-

. (a) The plateau of Enderby Land is over 7000 feet at a latitude of 70°S, while at the
same latitude to the wéa_t__L {lies the deep indentation of Lutzow Holm Bay - a
region of wery active weath‘er sys-tems. This high p}ateau'to a large extent
acts as a '"weatheridivide'' between eastern Dronning Maud Land and western
Enderby Land on one side, and MacRobertson and Kemp Lands and eastern ’
Enderby Land on the other.
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(b) The high ridge of southern MacRobertson Land also acts, but to a lesser degree,
as a divide between the weather affecting the coastal. region and the region to the
south of the ridge where the icecap descends to the valley of the Lambert and
Fisher Glaciers. : ) ’

(c): The _higher ice to the west of the Amery Shelf appears alsoto act as a
topographical dividing line under certain circumstances between the weather of
the Mackenzie Sea (that is,the Prydz Bay/Mackenzie Bay and Amery Ice Shelf
region) and that of the MacRobertson Land coast to the west.

f . ° .

(d) Enderby Land peninsula tends to experience a more maritime climate,
particularly in summer, due to its extension farther into the Southern Ocean
than the general line of coast. Greater cloudiness and precipitation appear to
occur there in the warmer {nonths than is usual in the coast to the east.

(e) The valley of the Lambert Glacier and the Prince Charles Mountains located
between two inland highland areas seems to experience conditions controlled
chiefly by its topographical position, being largely influenced by channelling of
winds from the interior and the inflow of seaward air which is. limited in the
lowest layers by the topography to that from a’largely north to northeast

direction. o

() Special local effects might be expected near mountains and extensive rock areas
due to the differing thermal properties of the rock and the surrounding ice
terrain.

Sea-ice (as opposed to the glacier tongues and ice shelves which are a seaward extension of
floating plateau ice often hundreds of feet thick) is an important feature of the coast. This ice
usually forms in March or April and extends in area and thickness until early épring, often extendihg
fifty. to over a hundred miles from the coast and reaching five to seven feet in thickness close to the
shore. West from Mawson the winter sea-ice is fairly permanent beiné held in by the string of
islands extending along the coast, but eastward along the MacRobertson Land coast and in the
Mackenzie Sea the ice is very variable in extent and location,frequent open water occurring even in
mid-winter. The summer weakening of the sea~ice may or may not result in its breaking out from
the coast, but it appears that near Mawson and Davis stations at least, open water most frequently
appears close to the shore in December or January. Meteorologically, the formation and weakening
of the sea-ice is important as the process effectively changes the coastal ice slopes from a maritime
area to one ''inland', to a varying distance depending on the width of the area of frozen sea, and thus
profoundly influences certain climatic factors. ’ )

Meteorological observations have been made since 1954 at Mawson (lat. 67°36'S
long. 62°53'E) and since 1957 at Davis (lat. 68°35'S long. 77°59'E), both coastal stations. Other data
from the region has been obtained from small temporary stations in the ranges near Mawson, at
Taylor Glacier 50 miles to the east, and on coastal islands near to the station. Inland data is
confined to observations by various field parties and from aircraft, and observations made at a
station in the Southern Prince Charles Range at lat. 72°37'S, long. 62°56'E, height 5700 feet, for six
weeks in the spring of 1960. Russian temporary stations in Prydz Bay, Amundsen Bay and King
Edward VIII Gulf were maintained for a brief period during the summer of 1956/57, while Sovietskaya
at 78°24'S 87°35'E and at 3400 metres also was maintained briefly during a few weeks of the I.G. Y.

Synoptic analysis for the region aepends on observations from Syowa, King Baudouin,>
Lazarev and SANAE bases to the west and Mirny to the east, as well as the Sub-Antarctic islands to
the north - Marion and Kerguelen - together with any reports from whaling and expedition ships at
sea. :

= 3. PRESSURE AND WIND DISTRIBUTION

The combination of the roughly circular, very cold and very high continental mass of
Antarctica, surrounded by an extensive ocean area which, except for the Graham Land peninsula and
southern South America, is unbroken by any land mass, produces a unique type of pressure and wind
distribution over the coastal regions of the continent. No similar situation exists elsewhere in the



world and the theoretical explanation of the general circulation of the atmosphere (which is the
basic problem of Meteorology) is intimately bound up with the solution of the problem of the causes
of the pressure distribution near Antarctica.

The continent is encircled by a semi-permanent trough of low pressuré, which separates the
broad area of the "Westerlies" of the Southern Ocean extending to mid latitudes from the weak and
largely indefinite pattern of the winds above the lowest layers over the icecap. This trough extends
from the latitude of the coastline fairly generally round the continent to a latitude of about 60°
south and maintains a very steady mean pressure of about 985 mb. It must not be thought, however,
that this trough is not subject to change from day to day. Daily weather charts show development of
regions of pressure minima within the trough and these areas can be seen to move generally east-
ward in the trough, to stagnate, or to decay and even on some occasions to move generally west-
ward. The great depressions of mid latitudes to the north of the trough, which form in the break-
down of the upper and surface Westerlies from zonal (1. e flow parallel to the lines of latitude) to
meridional flow (i.e. flow with a largely northerly or southerly component) also affect the link up
with the circumpolar trough. These systems, either directly or 1nd1rectly,are the chlef weather
influences on the Antarctic Coast.

Little is known of the pressure and wind distribution over the interior of Antarctica due to:
the lack of stations and the difficulty of assigning significance to pressure readings made at high
altitudes and to winds measured within the surface katabatic layer to be described later. However,
it appears that a weak anticyclonic circulation is prevalent over the eastern and h1ghest part of the
continent with its centre frequently in the region between 80°S and 85°S and in the sector from 50°E
to 80°E. This circulation,however, appears to be very weak and- ‘pressures within it are little
higher than those on the coast and at the same altitude, with which of course they can alone be
compared. Again, this system must not be thought to be always present. Many recent investiga-
tions have indicated the presence of active weather systems far over the interior of the continent,
which show all the signs of being upper low pressure systems, i.e. they have extensive frontal type
cloud systems and precipitation;and produce similar changes to those experienced as a result of
frontal activity in mid latitudes. Analysis of the movement of this type of weather situation is
difficult but evidence of movement across the continent at preferred places (e.g. across the lower-
lying belt of icecap between the Ross and Weddell Seas) is quite strong.

. Some indications of special conditions relating to the western part of the Australian Antarctic
Territory will now be discussed. The weak anticyclonic circulation of the plateau of East
Antarctica is observed to extend 'ridges' of relatively high pressure over parts of the coastline,
while other areas appear to be the seat of semi-permanent low pressuré in the Antarctic trough.
These areas of preferred low pressure are frequently regions of cyclolysis, where mid-latitude
cyclones moving into the circumpolar trough stagnate in their eastward and southward movement
and slowly fill and disappear. Such regions are Lutzow Holm Bay to the west of Enderby Land ‘and
the Mackenzie Bay - Prydz Bay region fronting the Amery Ice Shelf . .

R1dges of high pressure are very ¢common over weatern MacRobertson Land, Kemp Land and
eastern Enderby Land, while a further area of preferred ridge systema appears to lie well to the’
west in the region of the Greenwich meridian,

The chief depressions that affect the western coastal sector of the Austra.han Antarctic
Territory are those which form in the very well marked cyclogenetxcal region to thé south of
Marion Is. (lat. 46°53'S long. 37°32'E).

The depressions forming in this region are steered by the upper winds and tend to move in a

general east to east-south-east direction well to the seaward of the coast and do not affect the

coastal weather to any great extent, often passing with only an appearance of upper cloud and a
shght increase in surface winds along the coast. However, not mfrequently these depressmns
follow a more southeast or even south-south-east course,or are of very great size and perhaps con-
tain several centres.. In these cases with the centres (and hence the maximum wind belt) approach-
ing closer to the coast they will produce sharp pressure falls, extensive Cloud systems and
.precipitation together with violent winds. The violence of these "blizzard winds" is intensified
many times in certain regions which are places of great katabatic activity, due to the peculiar
effect (still not fully understood) which the presence of a coastal low has upon the intensity of the
down slope wind. ‘This effect will be mentioned in further detail later. These coastal lows may



control the weather not only in the coastal region but also some hundreds of miles inland, and occur
at'all periods of the year with some tendency to higher frequencies in spring and autumn.

‘Sometimes, smaller low pressure systems appear to move eastward in the Antarctic trough
without the appearance of a major Southern Ocean depression to the north and these systems may
also produce similarly disturbed weather conditions. However, analysis of daily weather charts
tends to indicate that most of the occasions of violent coastal weather in this part of the Antarctic
are associated with very extensive and most frequently complex low pressure systems extending
into mid latitudes and associated with very marked upper air troughs. Mention has been made of
the movement of lows across the continent; however there does not appear to be much evidence of
this occurring in the region under discussion. As the plateau of the western part of the Australian
Antarctic Territory is the highest part of the continent, it seems unlikely that active depressions
would approach over the inland icecap from the Pacific or Atlantic sectors; present evidence tends
to the conclusion that all depressions influencing the region are products of the South Indian and
South Atlantic oceanic areas and arrive from seaward with a southerly component of travel.

With a mean pressure distribution such as was discussed earlier, it would be natural to suppose that
the coastal regions of Antarctica would experience light easterly winds, except during the passage of
an active depression when stronger winds would occur exhibiting the changes from winds of a
northerly component to those of a southerly component,as experienced elsewhere with the passage:
of frontal systems associated with a depression of the southern hemisphere. . On the Antarctic
coast however, particularly those areas at the foot of steep slopes to the interior, this pattern does
not generally occur at the surface of the earth due to the presence of the katabatic circulation
which, in the regions where it is active, effectively masks all but the strongest circulation due to
the pressure gradients of normal synoptic map features - lows, highs etc.

These katabatic or downslope winds are the outstanding feature of the weather of the
Antarctic iceslopes. They are a result of radiational cooling on the high plateau, where a vast
mags of cold air is formed which flows down the slopes to sea level under the action of gravity and
controlled in its spacial distribution by the topography of the ice dome and by coastal features.
Thus, except for a slight deviation due to the effect of the earth's rotation, the katabatic winds will
blow down the slope (e.g. at Mawson the coast and contour lines of the plateau lie approximately at
050° and thus the direction of slope is 140°, while the winds are found to come also from 130° to

1409),

In the western part of the Australian Antarctic Territory the coastal slopes are all, to a
varying extent, under katabatic influences, and some areas such as the Mawson vicinity are subject,
because of the inland and coastal topography, to almost continuous and strong outflow. Theoretical
work by Ball (1956, 1957, 1959) has led to some general results on the distribution of katabatic
outflow. His work indicates that minor variations in topography can lead to large .differences in the"
outflow pattern. In general, his theory, which has been confirmed qualitatively by observation, -
indicates that for a roughly east-west coastline strong katabatic winds will occur on the eastern side
of a cape and on the western side of a bay. The effect is intensified when a series of bays and
headlands occur, and in certain cases minot topographic features of the iceslope can result in the
formation of a region of violent outflow — a so-called '"katabatic jet''. :

To enable the prediction of such areas, detailed contour mapping of the slope would be
required.

It is shown by an extension of Ball's theory and it is clearly apparent observationally, that a
low pressure system off a coast subject to katabatic flow will distort the outflow in such a way as to
produce an intensification of wind velocity just as do the slope variations. Maximum katabatic
activity occurs on the western side of the depression trough where the flow is concentrated in a
narrow band. Thus, a not particularly intense depression and a region of not very great
topographic channelling can produce a region of very strong winds. It is easily seen, therefore,
how an intense depression combined with a favourable outflow area can produce the almost
unbelievably violent winds which are a feature of the coastal climate. In particular areas windspeeds
avéraging 50 to 60 knots and with gusts well over 80 knots occur quite frequently and very violent
gusts much greater than 100 knots seem to occur on the average about once or twice a year at
irregular times at Mawson, which may be considered a typical strong outflow region. Katabatic
wind flow occurs down the slope and the passage of 2 depression takes place with little or no change



(perhaps only ten degrees) in the direction of the wind, while the velocity at a place increases
depending on the intensity of the low and its distance from the coast. At Mawson the most frequent
pattern of events with the approach of a low is for the wind to increase and back from the usual SE
_to ESE and,after the passage of the ‘Centre or trough line,to slowly veer to SSE with the windspeed
attaining a maximum shortly before the passage of the trough and then rapidly moderating.

Katabatic winds onset with characteristic suddenness, the windspeed often jumping
instantaﬁeously from calm to 30 to 40 knots, and may be likened to the sudden rush of water from a
lock-gate in a stream. At Mawson, the katabatic is pract1cally continuous with windspeeds
averaging around 20 knots throughout the year. In summer from mid October to mid March in the
absence of active coastal depressions the wind usually falls off around midday and springs up again
late at night or in the early hours of the morning. In winter, however, conditions are much more
variable with periods of calm interspersed with violent onsets and cessations of the wind at
irregular times and controlled largely by the characteristics of the general synopt1c pattern.
Katabatic winds do not extend far out to sea and observations from ships and on'the winter 'sea-ice
indicate rapid falling off in velocity within a few miles from the foot of the slope. At Davis
station, katabatlc winds are not a feature of the weather as the station is situated some miles from
the foot of the ice slope from which it is separated by the extensive low lying rock area of the
Vestfold Hills; some distance from the station where the ice slope extends to the sea the
characteristic downslope winds may however again be observed.

Regions of very flat ‘shelf ice should also, towards their seaward edges, suffer less violent’
‘winds as appears to be borne out when comparing typical situations at,say, Little America on the
Ross Shelf with stations at the foot of steep coastal slopes, for example Mawson or Port Martin.
Less extensive ice shelves than the Ross Shelf should have similar characteristics as the violence
of the winds may be expected to be soon abated on a flat surface. It appears however that many
regions of shelf ice are by no means very flat. Some areas that have been visited a large number
of times by parties from Mawson during varying weather situations appear to have developed
reputatmns as calm areas though no detailed observations have been made there. Among these are
Taylor Glacier and the reglon of Amundsen Bay to the west of Enderby Land. As both are’
coastal stations the reason appears to lie in topography of the plateau and coastal features in the
.vicinity.

At Davis the predominant wind direction is northeast and the mean speed only of the order of
10 knots, or about half that at Mawson. Very strong winds may however occur, usually associated
with the frequent movement of depressions into the region of Prydz Bay. Like all periods of
‘violent winds initiated by synoptic systems in Antarctica they are usually, however, short lived -
24 to 48 hours being the most common duration. ' o

4. UPPER WINDS AND TEMPERATURES

Above the katabatic layer, which is usually only 1000 to 2000 feet thick and in which the
winds are close to the surface value in both speed and direction, winds in general are very light
and controlled in direction and speed by the synoptic pattern of the upper air. Thus in the
Antarctic,in regions of katabatic activity,there is most frequently a reversal of the normal conditions
at lower latitudes, where the wind usually increases with height in the lower troposphere Once
above the effect of the katabatic stream, winds in excess of twenty knots are not comrmon below the
tropopause which averages some 30,000 feet in height. Directions are of course very variable and
no statistical frequency analysis for the upper winds of the region is yet available. However;,
alternation between light winds with-a major easterly and 2 major wesferly component are common
in the lower troposphere. )

Turbulence is most pronounced in the katabatic layer and particu}ariy in the. lee of the
coastal plateau and near the coastal ranges. In these regions of the strongest winds, turbulence,
together ‘with the standing wave and ''pressure jump''phenomena exhibiting considerable up and
down motion,have been experienced by aircraft on'many occasions. The katabatic, as mentioned
elsewhere, is even in undisturbed flow very gusty and if further disturbed by a mountain barrier,
partlcularly one at right angles to the flow direction, will show qulte strong turbulence downstream.






