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A NOTE ON OBSERVATIONS AT MAWSON
AND FIELD STATIONS IN MacROBERTSON LAND IN 1960

by N. A. Streten
Meteorologist, Mawson, 1960
(Manuscript received July 1961)

Abstract: The climate of Mawson (Lat. 67° 36'S, Long. 62° 53'E) is
discussed in the light of 7 years (1954-1960) observations at the site,
and brief climatic tables given. Field observations and daily synoptic
analysis at Mawson in 1960 provide further though restricted .
information on probable topographical influences on the climate of
MacRobertson Land. Methods of observation at particular inland sites
in 1960 are described and some inferences drawn from the results.

1. INTRODUCTION

_ This report describes some features of Meteorological
observations made at Mawson in 1960/61 and gives some longer term data
for that station. . The location of two stations operated on the icecap for
short periods is described and a brief discussion of the observations
given. Figure 1 indicates the main features of the western part of the
Australian Antarctic Territory discussed here. . ‘

2. "MAWSON OBSERVATIONS
(a) Pressure and Wind Distribution

- The weather at Mawson may be considered as being
controlled by two opposing influences, -

(i)  The continental regime which is essentially
- _one of weak synoptic pressure gradients,
~ .and dominant katabatic wind control, = -

(ii) The oceanic regime of the travelling
depressions of the southern Indian Ocean
which move close to the Antarctic coast.

Of these two controls (i) is associated with colder temperatures
and chiefly cloudless conditions — the weather varying ofly in the
variation of the katabatic wind regime, viz. its diurnal change in summer
and weak synoptic control in all seasons. - :
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The oceanic control results in a varying extent of cloud cover,
warmer temperatures, increased pressure gradient, and the resulting
strong control of katabatic outflow which emphasizes the wind pattern due
to the inland and coastal topography as described by Ball (1959). In its
most extreme form the control by oceanic influences results in periods of
very strong winds, and heavy drifting snow ~— the typical Antarctic
"plizzard'". Such periods of severe weather at Mawson are invariably
associated with the approach to the MacRobertson Land coast of a
depression in the Antarctic trough, and in almost all such cases the system
can be seen to be either one that has formed or deepened in the region
south of Marion Island during the previous few days or part of a complex’
system extending over a very large latitudinal range, which has moved
eastward, affecting the coastal stations at King Baudouin or Syowa in its
passage. Of these types the former seems to be by far the most
prevalent — the system moving on a more southerly course than is usual
and directly approaching the coast of MacRobertson Land without- any sign
of its existence being noted in observations at Syowa, the nearest station
to the west.

Dzerdzeevski (1959) has mentioned the effect of the Enderby
Land peninsula as a "weathershed' between the systems of Lutzow Holm
Bay and eastern Enderby Land, while Astapenko (1959) has noted the
tendency for eastward moving depressions in the Antarctic trough to
stagnate west of Enderby Land. A survey flight from Mawson during
August 1960 revealed the very rapid rise of the plateau of Enderby Land -
with heights of well over 9000 feet being measured over an extensive area
that lies at the same latitude as Liitzow Holm Bay, with a maximum height
being recorded near 71°S. Such great heights in close proximity to the
_ coast to the west explain the efficiency of the region as a weather- divide.

Analysis of daily charts at Mawson in 1960 again showed the
tendency, particularly in winter, for systems moving eastward in the
trough to halt in this region east of Syowa. Even the northerly and more
low lying part of the Enderby Land peninsula acts as a divide, field
parties in the region of Amundsen Bay noting the great depth of snow in
this area in spring in contrast to the bare blue ice of the coastal region of
MacRobertson Land where strong katabatics prevent much accumulation.
Reports from another party, which operated in the north-eastern part of
the peninsula in summer and early autumn when much greater cloudiness
and precipitation were experienced than is usual at Mawson, seem to
indicate a more maritime climate in this region than on the general line of
the coast which lies further south.

This information, sparse though it is, combined with the
frequently observed stagnation of 'lows' to the west of Enderby Land tends
to support the idea that the depressions causing blizzard/conditions at
Mawson most frequently approach from seaward on a south-easterly track
from the region south of Marion Island. Most depressions which affected
Mawson in 1960 seemed to follow this pattern, including the most violent
one of 8th to 10th December. This system resulted in wind gusts of 116
m. p.h. at Mawson and apparently somewhat higher winas on the ‘plateau
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slopes to the south, where at the airfield at an elevation of 1600 feet a
Beaver aircraft had its wings stripped off and fuselage buckled at its tie-
down position, while a Dakota aircraft broke away from two fifteen ton and
one seven ton breaking strain cables and was blown some fifteen miles
over the plateau and wrecked on the coastal ice cliffs. Much minor damage
also occurred at Mawson.

Such depressions may approach the coast at any time of the
year and the available data does not seem to indicate any seasonal
preference though there is some suggestion of higher frequencies in
spring and autumn. The tendency for pronounced cyclonic activity in the
Mackenzie Sea to the west of Davis, as noted by Astapenko (1959), was
again in evidence during 1960, particularly during the winter months. It
appears that the Prydz Bay region and the Amery Ice Shelf may mark one
of the preferred termination points of cyclones moving in from the north-
west and which in the mean are observed to pass well seaward of the
MacRobertson Land coast near Mawson. - '

In Table 1 is given mean monthly pressure data for Mawson for
the year 1960 and also the mean for the seven years 1954 to 1960, since
observations began at the site. It will be seen that there is little variation
throughout the year. The longer term mean tends to a maximum in June
with subsidiary maxima in December and April — the station thus appearing
to be intermediate in its distribution between the two types of semi-annual
variation at high southern latitudes as described by Hofmeyr (1957). No
inferences can be made with regard to preférred seasons for particular
synoptic patterns but the high mean pressures of mid-winter may tend to-
indicate, as they did in May 1960, the tendency.for persistance of well
marked ridges over the region and the intensification of the "anticyclonic'
continental control. The fact that near mid-winter the station is at its
limit of continentality due to the extension northward to great distances of
the sea-ice is probably significant in this regard. '

. The dominant katabatic control of the winds at all seasons,
which has been described by Shaw (1957), leads to little monthly variation
in mean wind speed, the figurés for which are given in Table 2. In the
long term mean a minimum value occurs in December and January, which
is of the order of some 10 to 15 per cent less than those of the other
months. This is probably due to the more regular diurnal pattern of the
wind in these months which occurs in the absence of strong synoptic.
pressure control. The low mean value for July 1960 was associated with
a lengthy period during the month when Mawson lay in a weak ''col' area.
with the dominant control being deep lows persisting to the west of
Enderby Land, while ih December a succession of depressions passed
close to the north and maintained strong outflow throughout much of the
month. ' t '
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(b) Temperature Distribution

In Table 3 are given mean monthly maximum and minimum
tempe ratures for 1960, together with the extreme values for each month.
Corresponding data for the seven years 1954 to 1960 are also included.
The characteristic 'kernloser winter' of the Antarctic is evident, with the
main temperature fall occurring by April and the sudden rapid warming in
October. The temperatures for May, June and July 1960 are interesting
with both maxima and minima 5°F to 10°F colder than the mean for seven
years. These months were notable for the unusually long periods of calm
conditions, with strong surface inversions of temperature persisting for
many days at a time, and thus ideal conditions for extreme low mean
temperatures were established.

Long term mean temperatures for January and December fall
just below 32°F and during these months extensive melting of the coastal
ice is observed with many meltwater streams, some of considerable size,
discharging large quantities of water to sea level. Because of the strong
local katabatic winds, Mawson's midwinter temperatures tend to be some-
what higher than in more protected regions, particularly on the sea-ice
some miles from the coast where fieldoparties have measured considerably
lower temperatures (of the order of 10°F to 15°F) than those at Mawson at
the same time. The onset of the katabatic in the colder months is usually
accompanied by a quite marked temperature rise due to the destruction of
the surface inversion and the mixing of warmer air from above.

(c) Cloud and Precipitation

The seasonal average cloudiness for 1960 and for a longer period
of three years is given in Table 4, these values agreeing closely with those
quoted for an earlier period of two years used by Vowinckel (1957) and
being very similar for all similarly located stations in the Antarctic.

The higher frequency of cloudiness in the warmer months is
very evident observationally and is emphasized by the marked difference
in the appearance of the low cloud formation between the summer and
winter months. In summer, the rapid warming of free air temperatures
(e. g. in 1960 from -21°C in October to -14°C in November at the 850 mb -
level) produces conditions where low cloud appears to be largely composed
of supercooled water droplets. The appearance of such dark cloud
contrasts markedly with the finer ice crystal structure of the winter
months and its associated optical phenomena. A feature of cloud formation
is the very fine sheets of cirrostratus which are barely visible to the
naked eye and which occur quite frequently. Simpson 2'1913) has drawn
attention to this type of cloud in the Antarctic and to the difficulty of
accurate observation where purely personal interpretation makes the
difference between cloudless or overcast conditions. The presence of the cloud
may be revealed by halo and parhelia phenomena and on many occasions
these provide the only hint of its presence. This cloud acquires practical
importance when the calibration of radiation instruments against a
standard actinometer such as the Linke Feussner instrument is being
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. carried out, and apparent wide variations in readings in otherwise
identical conditions seem to be attributable to its presence.

- . Measurement of precipitation is not undertaken at Mawson due to
the impossibility of distinguishing drift from freshly fallen snow particles,
but an estimate of days with fresh precipitation was made during 1960 and
is given in Table 5. Almost all precipitation takes place of course as
granular snow, but in the summer rionths larger flakes are common and on
two occasions in October and December 1960 quite heavy falls of sleet
occurred, producing a thick rime coating over all exposed surfaces on
Mawson rock.

3. BINDERS BASE OBSERVATIONS
(a) Location

In late October 1960 a camp was established at 72°37'S 62°56'E,
at a height of approximately 5700 feet, which was to provide a base for a
geological survey party operating in the Southern Prince Charles
Mountains. This camp, which became known as "Binders Base', lies in
the upper part of the broad and shallow valley, which contains the
Lambert Glacier and its tributaries and the Prince Charles Range, and
which extends from the region of Mt. Menzies some 350 miles to the
coastal outflow of the glacier system at the Amery Ice Shelf.

As aerial photography and heighting runs were also concurrently
being undertaken in this region, the opportunity was taken to establish a
meteorological station at the camp to gain experience in the operation of
an icecap station and to provide information for aviation operations. The
- station was maintained by meteorological staff for a period of some six
weeks, personnel and lighter equipment being transported by air, while
heavier items had been brought in by the tractor train which had left
Mawson in late August. Radio communication with Mawson was very
successful and all data was passed to the Australian network.

‘ - The location of the camp (whichis shown in Fig. 2)was an
excellent one for meteorological purposes, the site being unobstructed by
any mountain mass and being located close to a very small rock outcrop
only a few feet above the plateau surface. The only features in the
vicinity were two small moraine covered hills, some two or three miles
distant, rising only a few hundred feet above the plateau surface which is
here composed of firm neve with moderate sastrugi in patches. These
low hills provide a good site for any future meteorological station in the
vicinity. The view from the camp site was extensive with the main peaks
of the Southern Prince Charles Range being visible (Mt. Scherger and
McCauley distant about 40 miles to the south and the large mass of

Mt. Menzies, 11, 000 feet, the highest known mountain in the Australian
Antarctic Territory, clearly visible at 60 miles distant to the SSW).
From the nearer moraine covered hill the.complex of mountains to the
east, towards the Mawson Escarpment bounding the eastern side of the
Lambert Glacier, could be clearly seen.
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(b) Observational Methods

Wind velocities and wind run were measured using a Munro Cup
Anemometer, while directions were estimated fairly accurately by
viewing lines of marker flags at small angular distances apart in the
sector from 200° to 230° from which almost all winds blew.

Pressure was measured using a Wheeler aneroid barometer
calibrated in millibars, with necessary corrections for temperature and
index error being made. Pressures averaged 787 mb during November,
no attempt being made to reduce the readings to sea level, only
pressure tendencies being of value in analysis from a station at this
elevation. '

Temperature measurement did not present many difficulties.
The screen, which was exposed about four feet above the level of the snow
surface, was of the large '""remote station'' type slightly altered to hold two
autographic instruments and fitted with a canvas drift cover on the wind-
ward sides. It remained remarkably free of drift except during the periods
of heaviest drift. Wind vibration was not nearly so noticeable as at
Mawson and an alcohol minimum thermometer was found to give readings
consistent with the thermograph trace and was used for determining
minimum temperatures. The thermograph was set using the thermometer
as standard and operated well throughout.

Relative humidity was measured using a hair hygrograph, which
was calibrated against an electrical Assman psychrometer at Mawson
before being taken to the station and rechecked on its return to Mawson.
This method while not very satisfactory was the best available, and the
hygrograph was found to have maintained its calibration to within a few
percent on rechecking. However the difficulties associated with
measurement of humidity at low temperatures make the readings obtained
only approximate. The persistent light drift, which varied in depth from a
few inches to some hundreds of feet and which in general averaged 2 to 3
feet, appeared to maintain the lowest layers of the air close to saturation.
Relative humidity averaged over 90 per cent throughout the period and
only very rarely fell below 80 per cent, there being no noticeable diurnal
variation. ’ - '

Pilot balloon observations were reasonably successful if not at
all comfortable to the observer, the main difficulties being that of
successful inflation of the balloon in the absence of a suitable shelter, and
the lack of an efficient windbreak for the observer. Upward visibility,
even under average drift conditions was quite good and balloons could be
followed to bursting point on many occasions without much difficulty. A
portable inflation shelter for 100 gram balloons and a light protective
screen for the observer would be of value in future work under these
conditions. '
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(c) Discussion of Observations

The observational period extended from late October till early
December and, while this period is not of sufficient length to be of great
value, certain aspects of the weather experienced on the ice cap are of
interest and may be discussed as follows: -

(i) Temperature.  The period of observation took in the final
stages of the winter and the sudden warming with the commencement of
the period of continuous sunshine. This rapid change is evidenced in the
mean temperatures of the individual weeks, as shown in Table 6.

TABLE 6. Mean Temperatures (°F) - Binders Base

~Oct. Nov. Nov. Nov. Nov. Nov. 29/
" 25/31 1/7 8/14 15/21 22/28 Dec. 4
Mean -22.5 -12.8  -14.3 -11.1 -4.6 -5. 4

Temp

The diurnal range of temperature averaged 13. 8°F throughout
the whole period. The mean three hourly temperatures for November are
given in Table 7, compared with-the values at Mawson for the same month.

TABLE 7. November (1960), Mean three-hourly Temperatures (°F)
(Local times)

Time 05 08 11 14 17 20 23 02 Daily

Mean
Binders -14.4 -10.1 -06.0 -04.1 -04.1 -07.9 -12.8 -15.4 -09.3
Base

Mawson +17.7 +20.4 +23.2 +26.5 +26.3 +23.2 +19.3 +17.7 +21.8

The mean temperature lapse rate up the slope is thus 5. 5°F per
1000 feet or very close to the dry adiabatic - comparison with Davis
temperatures during the time gives a very similar result. The highest
maximum temperature recorded during the observation period was +5. 7°F
on November 28th, while the lowest minimum was -37.5°F on October
29th. It is of interest that a temperature of -68. 4°F was recorded by the
tractor train at 70°16'S 62°06'E on 21st September. The conditions were
ideal for this low reading with clear and calm conditions at a point close to
the crest of the plateau where it attains a height of over 7000 feet before
dropping to the valley of the Southern Prince Charles Mountains.

(ii) Wind. The topography of the region is not sufficiently well
known to clearly determine the precise direction of maximum slope.
However, it appears that the ice slope rises gradually to the southwest
while it falls off most rapidly to the east and south of the station in the
direction of the Fisher Glacier. The surface wind direction varied little






