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Abstract: This paper is principally a description
of the climate at Mawson. The prevailing wind is
shown to be katabatic, As yet no complete model has
been deduced for the characteristic sudden wind
changes, The summer westerly wind is shown to be a
sea breeze, and the existence of sea-ice is shown to
reduce wind speed., There is a tendency for the
tropopause to vanish in winter, due to radiative
cooling aloft. The distribution of humidity near the
ground is used to estimate oblation of plateau ice.
Details of snow and sea ice are given which may be of
use to analysts,

1. INTRODUCTION

Mawson lies on the coast of the Antarctic
Continent (67° 36' S, 62° 53' E) on a few acres of rock.
rising to 80 feet above sea level, between the sea and the
Antarctic ice plateau, which is shown in section in Fig. 1.
Scattered rock outcrops are exposed above the ice inland,
and above sea level up to 10 miles offshore, In 1955
remote stations recording wind and temperature were set up
at Ytterskjera (an island five miles offshore), and at
Henderson (the site of a depot 9 Wmiles inland at 2000 feet).
The exposures of all stations were good except that easterly
winds tend to be shifted to south-easterly at Henderson.

Preliminary figures of means and extremes of
climate for the period Februa'ry 1955 to January 1956 are -
given in Table 1. The colymn "days of blizzard" was
included for general interest: "“blizzard" here means that
for at least six hours the visibility was reduced to less
than 100 yards by blowing snow. Snow drift occurred on
many more days to a lesser degree. There is no satis-~
factory method of measuring snow fall, but it seems likely
that the annual precipitation is considergably less than at
other stations in Antarctica. Temperatures are the same
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as at Adelie Land (which so far has been the only other
station in a comparable position as regards latitude and
situation at the foot of a smooth plateau), but the Mawson
wind is much less, Most other stations have been further
south, on mountainous coast or on flat shelf ice with lower
temperatures and less wind, Mawson seems to deserve the
title it has been given of "Riverina of the Antarctic",
particularly in view of the summer sunshine figures.

2. "WIND REGIME
(a) At Mawson

The wind is the most remarkable feature of the
weather at Mawson. As at Adelie Land there is a strong
prevailing south easterly. 80 per cent of wind direction
observations are between 110 and 160 degrees, and 93 per
cent between 080 and 190 degrees, and wind from other
directions never exceeded 10 knots. Five months temperature
records at Henderson show a mean lapse rate of 6.0 F per
1000 feet up the slope, i;e, 0.6 F greater.than dry
adigbatic indicating the strong tendency for drainage wind
off the plateau, On the southern journey which went 150
nautical miles inland in November-December 1955, the mean
lapse rate up the slope from Mawson was 4.8 F per 1000feet
which, while less than dry adisbatic, is greater than the
average lapse rate above Mawson so that at the same level
the temperature on the plateau would be less than that .
above Mawson, still allowing a katabatic wind down the slope.

(b) Inland

: : There was .an interesting change of wind direction
on going inland from Mawson. . It will be seen from Fig. 1
that the ice rises steadily southward from Mawson to -an
ice-divide which runs east - and west 120 nautical miles
inland. North of the divide the ice flows smoothly north-
ward on a broad front, some hundreds of miles across, but
south of it, in the broad valley containing the Prince
Charles Range, it flows south of east into the head of
Prydz Bay. The range stretches far to the southeast, with
tributory glaciers flowing north between the peaks, and to
the south and west the ice rises indefinitely, dammed back
by the range, so that from the Southern Depot the general
slope of the plateau is up to the south west.
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- In the six days that the field party was south of
the divide the wind was without exception SW, 10 to 25 knots,
i.e. directly down the slope, and presumably determined by
it. On the peak of the divide there was a sharp change to
due south, and down the northward slope there was a steady
backing to 160-170 degrees at Depot Peak, 150-160 degrees at
90 mile Depot, 140-150 degrees at 50 mile Depot, and 130-140
degrees just south of Henderson. The observations cover
three weeks during which the wind at Mawson varied as usual
trom east to south, at all strengths. The directions of
sastrugi (furrows in the snow) on the plateau confirmed the
observations, implying a steady prevailing wind. Observat-
ions made north of Henderson are all in the lee of the
mountain, and in any case it seems that wind directions are
not nearly so steady in the coastal strip., At Henderson
the wind was always 130 = 140 degrees when strong, but as
mentioned above the exposure there affected wind direction.
The wind speeds inland were of the same order as at Mawson,
generally slightly higher. o

A series of depressions passed north of Mawson
during this period so that the gradient wind swung several
times -from north east to south. '~ The actual strength of the
surface wind both inland and at Mawson depends on the
synoptic pressure .gradient, but its direction varies by not
more than 20 degrees inland and not more than about LO
degrees on the coast when the gradient is strong. ‘Whatever
the synoptic pressure gradient, there is always a strong
off-shore wind component in the lower 2000 feet as indicated
by the mean wind speeds in the lower levels given in Table 2.
On five days when the synoptic pressure gradient could be
assumed to be weak there was generally a 30 knot katabatic
wind in the lower 2000 feet at Mawson.

It will be seen then, that there is a katabatic
air stream draining the plateau, strongest near the surface,
given an initial velocity at the ice divide, flowing down
the slope under the influence of the temperature gradient
between the plateau and the sea, maue to back by the
coriolis deflection, cooled by contact with the ice, and
under a minimum of friction because of the smooth surface.
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TABLE 2 - MEAN WIND SPEEDS (KNOTS) AT MAWSON FROM OL-

05 GMT SOWINS FOR EACH MONTH FROM JUNE 1955 TO
FEBRUARY 1956
Surface 1000 feet 3000 5000

June _ 20 19 13 16
July 21 21 17 16
Aug 18 19 16 16
Sept 18 19 14 13
Oct ' 11 14 14 17
Nov 20 : 27 26 23
Dec 17 23 17 14
Jaﬁ 21 2L 20 18
Feb 24 28 19 16

19 22 17 17

(e) Variations.near the coast

Near the coast the wind stream is complicated
by sudden changes and local variations. From May to
November there is sufficient snow on the plateau for a 35
knot wind to pick up considerable drift snow, enough to
make it visible, and it was frequently observed that there
was strong wind on the plateau a few miles inland, while
on the coast and out to sea it was almost calm, Likewise
drifting snow often revealed strong wind a mile or so east
or west of Mawson while the station itself was in light wind.
The Mawson anemograph record shows scores of examples of
sudden wind changes passing the station, speed varying
by 30 knots or more in a few minutes,

Cup-counter anemometers ran for two weeks at
Henderson and five months (July - November 1955) at
Ytterskjera, read about every ten days. Daily w;nd
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run have been extracted from Canadian anemograph records
which were obtained for a fortnight at Henderson and a week
at Ytterskjera. A cup-counter anemometer ran continuously
at Mawson showing that the average wind at Ytterskjera was
15 per cent less than at Mawson, but at Henderson it was
nearly double (averaging over 4LO mph for a month).

The difference between mean winds at Ytterskjera
and Mawson is greater at low speeds, but there is probably
some reduction in mean speed offshore even when strong
synoptic pressure gradients operate. The same result
appeared during two field trips in August and September,
west along the coast on the sea-ice. On one occasion when
the field party was two miles offshore in a 30 =+ LO knot
wind, with little drift snow and good visibility to the
north, the coast to the south was completely obscured by
drift snow, indicating a sudden wind change between the
coast and the field party (at Mawson 30 miles east, it was
4O - 50 knots with moderate drift). In fine weather the
katebatic wind did not extend far out to sea, and on several
occe3ions it was observed to disappear abruptly close to the
coast e.g. in August on a trip to Ytterskjera there was a
steady 20 knot wind at Mawson which disappeared 17 miles
offshore at 1500 hours, and & mile offshore at 1630;
beyond it was a very light easterly. Apparently then, a
sudden change of wind frequently occurs offshore. In
strong winds it is usually more than five miles out (i.e.
beyond Ytterskjera) but less than five miles out in light
winds. There is no direct evidence of the movement of
this wind jump, except that on one occasion the katabatic
wind rose at Mawson, from calm, at 2030 hours with an 8
degree rise of temperature, and the same change occurred 5%
hours later at Ytterskjera. . .

The great difference between the winds at Mawson
and at Henderson, only 9 miles away and 2000 feet higher,
appears to arise in two ways., - The downslope wind stream
after it passes Henderson is either distributed through a
deeper layer of air or it over-rides a pond of cold air
along the coast. On 11 June 1955 there was a spectacular
example of an over-riding strong wind. It was cloudless,
with light and variable winds all day at Mawson, but a
field party at Henderson between 1130 and 1330 hours
experienced a 60 = 80 knot wind and moderate drifting snow.
At 1000 hours the sowin showed light and variable winds to
1500 feet and then was lost when the balloon entered a layer
of very strong wind, but a few minutes later it was
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momentarily seen at very low elevation, The radiosonde
recorder trace showed very severe turbulence for 10 minutes
after release, between 2000 and 5000 feet, The temperature
was nearly constant to LOOO feet, and the temperatures
measured at the surface at Mawson and Henderson differed by
only 6 to 8 F, At 1200 hours a 100 gram pilot balloon flight
showed light NW to SW winds to LOOO feet, and then a

sudden change to a 30 knot average SE wind between L4000

and 5000 feet, and lighter again above, Fig, 2 is an
attempt to estimate the instantaneous wind throughout this
flight, which was made while the 70 knot wind was being
measured at Henderson, The strong wind layer at Mawson
has risen to LOOO feet, and a night pilot at 1800 was lost
in a rapid wind change at 3000 feet. The strong wind at
Henderson dropped suddenly soon after midnight to about 10
knots, with a three degree rise of temperature (the only
case recorded of a sudden change inland in either wind or
temperature). A few hours later the wind at both stations
rose slowly to 4O knots.

This same phenomenon of over-riding strong wind
occurred frequently in winter but this particular case was
exceptional in the magnitude and abruptness of the wind
change aloft.

There is no direct evidence of sudden jumps in
wind speed between Henderson and Mawson as there is between
Mawson and Ytterskjera. However, in the short time during
which wind records were obtained at Henderson there are some
cases of sudden wind cessation and onset at Mawson, where
soundinge in the light surface wind show no increase aloft,
while the strong surface wind at Henderson is unchanged and
the lapse rate up the slope is dry adigbatic. It seems
reasonable to suppose that in these cases a wind jump, i.e.
a sudden increase downstream in the depth of the wind
stream, exists just inland from Mawson, so that the air
flowing down the slope loses velocity in a deeper layer.
The observations mentioned above, of drifting snow on the
plateau geen from a light wind region on the coast, would
fit such cases. :

The Ytterskjera monthly mean temperatures are one
to three degrees lower than the provisional mean in Table 1
(calculated from daily maximum and minimum temperatures).
This is probably due partly to additional cooling of the
air as it flows over the sea-ice, and partly to the
existence of calm cold air out to sea while Mawson is under
the katabatic flow.
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Abrupt wind changes are a conspicuous feature of
the Mawson wind records and first inspection, comparing
wind records with pressure and temperature records, suggests
several types of w1nd change.

(i) . A change in the depth of the shallow Wlnd layer,
the deeper section lying downstream so the step in the
surface between the cold air below and the warmer air aloft
may move either upstream or downstream, In this case an
increase in wind speed would be accompanied by a decrease
in pressure, and vice versg, with no change of temperature.

(ii) The arrival or displacement of a cold strong
wind layer on the surface so that increase of wind brings
increase of pressure and fall of temperature, and vice
versa.

(111) The arrival or displacement of a cold calm pond
at the surface, so that onset of wind brings fall of
pressure and rise of temperature, and vice versa (the case
of an over-riding strong wind). :

(iv) D1sp1acement of one down slope stream by another
from a slightly different direction, so that changes of
direction, and usually of temperature, occur with or with-
out changes in pressure and w1nd speed. - :

Temperature changes usually occur with relatlve
humidity changes so that the dew point remains constant

The pressure and temperature changes accompanylng
the wind jumps were of the order of one mb and up to 6 or
8 F and the records provide examples of w1nd jumps which
might fit all these types. However, these types, although
they qualitatively describe most of the jumps that occur,
do not make a complete and consistent model. - Some jumps
occurred fitting none of these types, and in only a few
cases quantitative agreement consistent with the accuracy
of the data, was obtained in estimating the depth of the
cold surface layer, from radiosonde and wind soundings on
the one hand and from surface pressure and temperature
changes on the other. Some factors which compllcate the
situation are: ,

(1) "house effect" on the barograph (1ocated in the
meteorologlcal office).
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