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NOTES ON SASTRUGI AND SNOW DUNE OBSERVATIONS,
ANARE. SATELLITE STATION, VESTFOLD HILLS, 1961

by N. T. Lied
Central Office, Bureau of Meteorology, Melbourne

(Manuscript received October 1962)

Abstract: Some conclusions are drawn from
observations of wind regime, temperature,
sastrugi and snow dunes made near the satellite
weather station, established for the study of
katabatic winds at Vestfold Hills during 1961
(Lat. 68°30'41"'s, Long. 78°30'27"E).

Sastrugi height and development of snow dunes
are shown to depend on topography and on
combinations of precipitation, drift snow, wind
speed, and temperature.

1. INTRODUCTION

A satellite weather station for the study of the katabatic wind at Vestfold Hills was
established by the A,N.’A, R. E. during 1961, and manned continuously by meteorological staff
and other expedition members from the Australian station at Davis from 25 May 1961 to
15 January 1962,

Three-hourly synoptic observations as well as pilot balloon ascents were conducted
throughout the occupation of the satellite station, and as an additional project regular
observations and measurements of sastrugi and snow dunes were made.

Vestfold Hills (see Fig. 1) constitute one of the largest single bare rock areas in
Antarctica, some 300 square miles in extent,and the satellite station was placed approximate-
ly 18 miles inland from Davis, at the foot of the ice-cap, where it abuts the bare rock. The
station could be reached at all times of the year: during the winter months by travelling on the
sea-ice in Long Fjord and during the summer by walking overland following the lakes. The
main feature of the area is Long Fjord, which cuts Vestfold Hills in half from coast to
plateau, ending in a large basin which remains frozen almost the entire year.

The inland ice plateau ends abruptly in steep ice-cliffs along the eastern shores of
the Basin, but the line of the cliffs is frequently broken by rock outcrops and nunataks which
rise to an average height of some 250 feet (thus creating strong funnel-effects on winds blow-
ing into the Basin). The extent of the Basin is approximately three miles from north to south
and two miles from east to west.

From the edge near Satellite Station the ice plateau rises smoothly in stepped
ridges to a height of about 1300 m at a point 50 miles inland and due east from the station.

In Fig. 1 contours have been shown only up to the ice shelf in east and south of the
diagram. The remainder of the area of Fig. 1 consists of rocky hills to heights of 25 to 80 m
except east of 78°15'E between Long Fjord and Ellis Fjord and Crooked Lake, where there
are numerous hills ranging in height from 100 to 150 m.

2. OBSERVATIONAL PROCEDURE

The area selected for observations of sastrugi and snow dunes had of necessity to
be reasonably close to Satellite Station, so that visits to the area could be made between 3-
hourly synoptic observations. This also included traverses of the Long Fjord Basin, a
distance of approximately three miles each way.



- T T - T
78 7810 7820 78'30 /

SCALE IN MILES
1 0 | 2 3 4 5

-68'25'-

\>:

—~~ )
v &
2
3B
/Y

N~ —~
- N\
@?,_\ 9/ l/e

y |

’
\
Py

AVIS
¥

SCALE,IIN MILES,

200 prydz [7{VESTFOL
™) Bay HILLS
Mawson 2 princess
Pin Z

ELIZABETH
MAC ROBERTSON LAND LAND

T 810 7820 7830
Fig. 1 Map of Vestfold Hills showing location of Satellite Station and: Davis. Area bounded by dashed line is that covered by Fig. 2.
Contours shown every 25 metres on ice shelf. See text for details of topography west and north of ice shelf.
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The 300 metre contour line was some five miles inland from Satellite Station,
which was taken as the upslope limit of the observational area on the plateau.

The general orography in the vicinity of Satellite Station and the observational area
is shown in Fig. 2. The profile of the ice cap up to 5 miles east of Satellite Station and some
features of the topography to the north of the station are shown in Fig. 3.

Observations of sastrugi and snow dunes were always accompanied by observations
of temperature, wind speed and direction, and height determinations from pressure readings
relevant to the katabatic wind study.

Regular measurements of the height of sastrugi were taken from trough to crest,
and their mean direction determined by compass bearings using a variation of 73. 2 degrees
west.,

Snow dunes were treated in the same manner, but additionally their length and width
as well as shape, were moted and measured.

Particular note was taken of both sastrugi and snow dunes after blizzards or
periods of persistently strong winds.

Parties travelling between Satellite Station and Davis were instructed to note the
sastrugi formation and snow cover on the sea-ice, while en route in Long Fjord and across the
large basin near the plateau edge.

Cbservations commenced on 30 April 1961 and continued until the final handover of
Satellite Station at the end of January 1962.

3. CLIMATE

The climate at the. satellite station is somewhat different from that at Davis, which
is greatly influenced by its proximity to Prydz Bay (west and southwest of Davis), and is
about 18 miles from the edge of the ice cap. Davis has a greater amount of cloud cover and
precipitation, with considerably less wind (mean annual wind at Davis is 9 to 10 knots from
the north-east).

At Satellite Station the conditions are closely related to those at the A, N. A. R, E.
station at Mawson (Shaw, 1957).

The prevailing wind is katabatic, almost constant in direction, blowing downslope
with considerable velocity, and in most cases dissipating in the rock valleys between
Satellite Station and Davis. The katabatic influence is at times evident at Davis, but then only
slight and the wind has a greater northerly component.

At the Satellite Station in June to September about 99 percent of wind directions at
3-hourly observations were from 080 degrees. From October to January a more northerly
component was in evidence, but still 60 percent of all directions were from 045 to 090 degrees.

The temperature at Satellite Station is always below freezing between April and
October, with an occasional above freezing temperature in November and December. In the
months under main discussion, June to October, the mean temperature was less than 11°F,

It was found that snow accumulation was greatest upslope on the ice-cap in the
slight lee afforded by the stepped ridges mentioned in the Introduction. This is obviously
caused by the frequent occasions when a standing katabatic jump was observed upslope, with
accompanying drift snow deposited from snow catchment areas further inland. This is the
Loewe phenomenon (Valtat, 1959). On these occasions drift snow would not extend past the
satellite station or into the Long Fjord Basin, but could be observed as a standing curtain of
drift, 100 to 200 feet high, at times as far downslope as below the 75 metre contour line
(see Fig. 2).

Thus occasions of strong winds and drift would be much more frequent on the
plateau than elsewhere in the area.
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Below are tables of wind, temperature, drift and precipitation,

Table 1. Monthly mean wind vector at Satellite Station and Davis
Month Satellite Station Davis
June 1961 080°/20 knots 070°/08 knots
July 080°/16 knots 070°/07 knots
August 080°/17 knots 070°/09 knots
September 080°/17 knots 090°/06 knots
October 070°/06 knots 050°/05 knots
November 070°/10 knots 030°/08 knots
December 070°/09 knots 030°/10 knots
January 1962 * 0-600/06 knots -

* First half of month only
Table 2. Number of days of precipitation and drift snow
Month | No. Days of Precipitation No. Days of Drift Snow

Satellite Davis Satellite Davis

Station Station .
June 1961 10 10 11 11
July 5 11 18 12
August 6 12 21 9
September 5 6 7 2
Octo-ber 8 10 6 3
November 6 5 7 1
December * 6 20 8 0
January 1962 + 2 - 0. -

*

+

No data 19th - 27th

Ist - 15th only
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Table 3. Temperatures (°F) at Satellite Station

Month V Monthly Highest Lowest
Mean Maximum Minimum
June 1961 07.5 28.5 -15.0
July 08. 1 27.7 -27.0
August 03.5 23.0 -19.7
September 10. 4 25.8 -08. 8
October 10. 0 29.8 -06. 4
November . 22.2 36. 4 08.5
December 28.2 34. 6 20.3
January 1962 * 29. 7 37.2 O 22.7

* Ist - 15th only

4. SNOW ACCUMULATION IN LONG FJORD BASIN

Long Fjord Basin (see Figs. 1 and 2) is an extension of Long Fjord running more
or less parallel to the inland ice cap. It is frozen over all winter and most of the summer.

The heavy accumulation of snow on the sea-ice in this area is caused by the
deviation and interruption of wind flow over and around large rock outcrops, headlands and
nunataks at the edge of the ice-cap along the eastern shore of the Basin.

The shading in Fig. 2 outlines the areas of maximum snow accumulation on the
sea-ice in the Basin in the winter and spring of 1961.

Accumulation of snow on the sea-ice in April/May was only 3 inches, but by mid-
May it had increased to a maximum depth of 24 inches in the main drift areas. By the end of
June the areas of maximum accumulation had increased to a depth of 50 inches. On 9 July
100 percent snow coverage was observed, which remained largely unchanged until 9 August
when total coverage was 85 percent with underlying sea-ice visible through a thin layer of
snow over 15 percent of the area.

The snow depth in the main accumulation areas remained at 50 inches throughout
August, although total coverage in the Basin decreased to 60 percent.

Coverage decreased in September, but was still 40 percent with a maximum depth
of 30 inches on 3 November.

Rapid ablation then removed all snow by mid-December.

5. SASTRUGI IN LONG FJORD BASIN

It was found that a close relation existed between the maximum areas of snow
accumulation on the sea-ice and the height and extent of the sastrugi. The fact that sastrugi
orientate themselves quite precisely along the direction of the wind is well recognised and can
be used, with reservations, to indicate a prevailing wind, and if the wind is assumed to be
katabatic,the slope of the ice plateau (Mather, 1959). The orientation of the sastrugi in
Long Fjord Basin was invariably between 070 degrees and 080 degrees, and its greatest
height was measured where the strongest funnel effects of the wind existed.

The sastrugi in the basin rapidly built up during June, and by 4 July the mean
height over the basin was 18 inches. From July to November the mean height remained at an
approximate equilibrium value of 18 to 24 inches but varied from 8 inches to 30 inches.
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In the beginning of August the entire snow surface was beaten flat and packed hard
by strong winds and little snow, then one day of gale force winds with no snow-fall (24 hour
mean of 45 miles per hour, with periods of wind greater than 50 knots) cut new sastrugi to a
mean height of 30 inches in snow several weeks old. Before the gale force winds temperatures
were low but with the onset of the gale were unusually warm (mean 11. 3°F, highest maximum
16. 0°F, lowest minimum 06. SOF).

Ten observational periods of from 1 to 17 days in July to September seemed to
indicate that if no snow falls the height of the sastrugi decreases with moderate or strong winds
{(i.e. 20 knots or more), except for the example described above when deep, new sastrugi
formed. This seemed to indicate an ablation effect, when a warm wind cut and removed
surface snow. ’

The same series of observations further indicated that if snow falls or drifts,
sastrugi heights change little in strong winds but increase in moderate winds.

The presence of snow in the air tends to increase both snow accumulation and height
of sastrugi.

By lst December, with rapidly ablating snow cover, the mean height of sastrugi
was 4 inches with a maximum of 6 inches, all of which had quickly disappeared through
ablation and abrasion by mid-December.

6. ICE CAP SASTRUGI

The ice cap immediately upslope from Satellite Station and below the 75 metre
contour line is almost flat, then a gradual rise in the form of stepped ridges approximately one
mile apart or less is found to the 300 metre contour line, which runs due north-south and
forms the upslope extent of the observational area (see Figs. 2 and 3).

The heaviest snow accumulation occurred downslope in the lee of the ridges, which
in almost all cases were blown clear. Total snow cover was never more than 90 percent at
any time in the observational area, but 100 percent névé was observed from five to six miles
inland. Maximum accumulation in the observational area occurred at all times on the lower
slopes below the 75 metre contour line, which were frequently subjected to violent katabatic
frontal oscillations with standing curtains of snow (Loewe's phenomenon),

The wind regime on the ice cap is very similar to that at Satellite Station. In most
cases the wind direction did not vary from between 080 degrees and 090 degrees, although a
number of occasions were noted when the wind had a more northerly component from
approximately a mile inland. These occasions were few, however, and never of a speed in
excess of 10 knots, mostly observed from Cctober onwards.

There is an almost continuous supply of snow-drift with a practically constant strong
wind on the ice cap down to the area between the 50 and 75 metre contour lines. The wind
direction is nearly .always steady, as shown by the complete lack of variation in sastrugi
orientation throughout the entire season.

Temperature measurements were taken at frequent intervals, and found to decrease
upslope at approximately the dry adiabatic lapse rate.

The mean height of sastrugi was 9 inches through June and July, then increased to a
mean of 24 inches in August and September, with a maximum of 39 inches on 9 August.

A pronounced decrease in sastrugi occurred in three days towards the end of
October, after two calm, fine days. Strong winds with little drift and exceptionally high
temperatures then followed and stripped the sastrugi. The mean decrease over the area was
20 inches in the three days, when the mean temperature was 15. 3°F, the highest maximum
temperature 23. 6°F and the lowest minimum 7. 0°F.

It was noted that in the 12 day period up to 9 August, during which the sastrugi in
Long Fjord Basin were beaten flat, the ice cap sastrugi continued to increase to its maximum
height of 39 inches.
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The strong, snow bearing winds confined to the slopes of the ice cap would account
for the continuation and increase of sastrugi formation.

The end of October was noted for the onset of a rather marked diurnal variation in
temperature, and occasional thawing in rock areas. On a number of occasions it was noted,
both on the ice cap and in the Basin, that loose surface snow transported by the wind was of a
particular heavy, granular consistency. It could be compared with coarse sand or tiny
pellets of hail, and would rarely lift more than 6 inches above the surface. Its passage could
be heard as a distinct, hissing sound, particularly when wind velocity was 10 to 12 knots or
less. With rising temperatures this effect became progressively more marked and all snow
observed, both as precipitation and drift, appeared to be heavier with a higher moisture con-
tent.

This may account for the stronger ablative and abrasive effect later in the year,
from the end of October onwards, when sastrugi rapidly disappeared and the snow cover
became almost smooth with a slightly rippled surface.

7. SNOW DUNES

Investigations regarding this peculiarity in the snow surface of the plateau were
started in 1957, mainly by surface parties travelling inland from Mawson. Photographs taken
from aircraft also revealed the presence of snow dunes over large areas.

During investigations made from Satellite Station two main areas of dunes were
observed - near the foot of the ice cap slope and inland beyond the ablation zone to a point 50
miles east of Satellite Station, reached by a sledging party from Davis (see Section 8).

The first well-established snow dune formations on the ice cap near Satellite
Station were noted on 31 July, although they were probably formed at an earlier date during
periods of moderate to strong winds with heavy drift and precipitation.

The dunes were mostly irregular in shape and broke the flow of the sastrugi.
Their shapes were roughly elliptical, and in 75 percent of cases were orientated 045 degrees
anticlockwise to the sastrugi direction which was 090 degrees. The edges of the dunes were
often broken off, and were élongated and ridged to merge with the sastrugi. They were
slightly domed, and between 12 inches and 18 inches above the surrounding névé. Their size
varied from 30 feet by 15 feet early in the season, to a maximum of 100 feet by 40 feet on
7 August.

These were recurring features throughout the season.

The orientation of the dunes was almost always 045 degrees, except at one
observation in mid-August when 10 percent were orientated along the direction of the
sastrugi, 090 degrees. A blizzard with a mean wind of 55 knots during the first three days of
August, completely removed all snow dunes and revealed areas of blue ice where the dunes
had been observed previously.

During the following four days 51 dunes had re-formed in the odbservational area of
two square miles below the 100 metre contour line, and increased to 70 in another two days,
mostly in moderate to strong winds (over 25 knots) and drift..

By mid-October the dunes had almost disappeared and the remnants were over-
ridden by sastrugi.

Snow cover was still the same as in August, 60 percent, 24 inches mean depth, over
the entire observational area.

8. INLAMND SLEDGING JOURNEY

From 11 to 21 November a sledging party travelled inland for 50 miles, steering
080 degrees true from the satellite station and reaching a height of some 1300 m.
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Patchy névé with remnants of sastrugi was encountered near the coast, but gine
miles inland total cover was 60 percent.

The sastrugi here were 12 inches high, orientated 080 degrees.

Twelve miles inland snow coverage was 100 percent, with névé more than one metre
thick.

Mean sastrugi height was 9 inches, with a maximum of 18 inches, and they were
orientated 080 degrees.

Beyond 16 miles inland the party failed to reach blue ice after digging one metre and
drilling an additional metre.

At an altitude of about 1100 m, 32 miles inland, the demarcation line of the ablation
zone was reached. From this point widely scattered snow dunes were encountered. The
sastrugi were still orientated 080 degrees, but the dunes were orientated 30 to 45 degrees
clockwise from the sastrugi, i.e. between 110 and 125 degrees. Their extent was some 20
square yards. This general pattern remained throughout the traverse.

From 35 miles to 50 miles inland there was a gradual swing in contour lines from
north-south to northeast- southwest, with an accompanying change in both wind direction and
sastrugi to between 120 and 130 degrees 50 miles inland at an altitude of about 1300 m, where
the plateau flattened out, the katabatic wind became very light, and the mean height of the
sastrugi was reduced to 3 inches.

Snow dunes were greatly increased in number, roughly.of the same size and
elliptical shape and orientated between 30 and 45 degrees clockwise to the sastrugi direction,

Fig. 4 is a sketch illustrating snow dunes in relation to sastrugi and wind direction.

9. CONCLUSIONS

There is some evidence that in strong winds with low temperatures and little snow
sastrugi are removed, but with increasing wind and temperature and little snow or drift new
sastrugi may be cut in the old flat surface.

While the accumulation of falling or drifting snow would tend to produce a flat
surface in light winds, this never happened near the satellite station due to the katabatic
influence.

Accumulation resulted in a tendency to build sastrugi, especially in moderate
winds. There were few changes in sastrugi in strong winds and drift, perhaps because
accumulation and evaporation balanced.

The temperature dependency is important. Accumulation on sea-ice is greatest in
the cold months, and sastrugi highest. Accumulated snow decreased slowly through
September and October. There was little change in sastrugi, although less airborne snow.

A sudden decrease was observed in both accumulation and sastrugi in late
November, when mean temperature rose to about 22°F, about lZoF higher than in October.

There seemed to be an equilibrium height in sastruéi during the coldest months,
resulting from a balance between ablation and accumulation, of 18 to 24 inches on the sea-ice
in the basin and 24 inches on the slopes of the ice cap.

There is little information on snow dunes. They were blown away in a blizzard at
the beginning of August and built up again rapidly in a few days of normal plateau weather, i.e.
winds of 25 knots or more with drifting or falling snow. Between 35 and 50 miles inland,
dunes were morefrequent in a region which had light winds, at least while the field party was
there.

There is no record of dunes forming or increasing in a blizzard, i.e. in very strong
winds. i






