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Abstract: A year's observations of katabatic
winds at Mawson are discussed with relation to
the low level wind profile, diurnal and seasonal
variation, and frequency of onset and cessation.
Frequency data on changes in wind speed,
pressure, temperature and relative humidity
are presented. Limited evidence exists for

the influence of Southern Ocean depressions,
moving to the north of the station, on katabatic
activity. Some aerial observations of sastrugi
orientation are discussed in relation to kata-
batic flow in other parts of the MacRobertson
Land region.

1. INTRODUCTION

The dominant feature of the weather of much of Antarctica, particularly the coast-
line fronting steep slopes to the interior of the icecap, is the katabatic wind which has been
described in some of its features by various authors and discussed in summary form by Ball
(1957). Ball (1956) has developed a theoretical treatment of the winds and has provided a
theory for the effects of particular coastal topographic configurations and synoptic situations on
wind outflow conditions {1960).

While the detailed examination of the structure of the winds requires more refined
methods of measurement, certain data descriptive of the wind at particular locations can be
obtained from standard meteorological instruments and observing techniques. '

During a period of twelve months (March 1960 to February 1961) the local wind
regime at Mawson (Lat. 67°36'S Long. 62°53'E) was examined insofar as these methods per-
mitted, some instrumental and visual observations were made of conditions at the onset and
cessation of the wind and aerial observations made of sastrugi orientations in other parts of the
MacRobertson Land region (see Figs. 1 and 2 for location maps).

2. THE STRUCTURE OF THE LOW LEVEL WIND AT MAWSON

Pilot balloon data for all flights reaching at least 3, 000 ft were computed, and the
mean vector winds calculated for surface, 1, 000 ft and 3, 000 ft levels are presented in Table 1.
Wind directions have been expressed to the nearest five degrees and speed to the nearest whole
knot. It will be seen that the wind at 1, 000 ft is in general approximately the same in speed as
that at the surface but has backed by a mean of ten degrees. At 3, 000 ft the mean annual wind
speed is only 65 percent of that at the surface and 1, 000 it levels, and has backed by some
thirty degrees from the surface direction. The measured surface winds at the time of the
upper air observations give a mean annual scalar value to within five percent of the mean wind,
calculated from continuously recording cup anemometers for the whole year, so that the mean
vector winds of Table 1 should be fairly representative of the whole year.

If it is assumed that
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where Yg = actual surface wind,
X; = gradient wind component of the surface wind,
and XK = katabatic component of the surface wind,

it is possible to make a rough approximation to the magnitude of the katabatic component.

In the absence of any katabatic component, the theoretical relationship between the
geostrophic wind speed and the wind speed at the surface (or anemometer level) is given by
Ekman's equation:

1
Vo = Vg (1 - sin 2A)2 .. (2)
where V5 = wind speed at the surface (or anemometer level),
VG = geostrophic wind speed,
and A = angle of deviation between Y and rny'

For winds of moderate velocity, Petterssen (1956) quoting the experimental work of
Taylor suggests a value of 0. 65 for the ratio

V
o /Vc

and hence a value of approximately 20° for A
Thus for mean data, if we make the approximation
. 1
Vi ® Vg = Vg (1 -sin2A)2 .. (3)

using the wind at 3, 000 ft which experience suggests as a good approximation to the synoptic
gradient wind, we derive an approximate value for YV, from, for example, the mean annual
data of Table 1.

If Vg = 100° at 11kt

then V5 ® 130° at 7 kt.
Thus from equation (1), using the measured mean annual surface wind S = 130° at 17 kt, a
rough approximation of 130° at 10 kt may be made to Yg — the mean wind component that
is ''purely katabatic'’ (for this period of observation at least). However, the katabatic compo-
nent apparenfly varies under different synoptic conditions and in a complicated way, so that to
obtain a true surface wind from a particular surface synoptic observation a more detailed
knowledge of the structure of the winds is required, and even to obtain a working seasonal
approximation, analysis of some years of data would be required.

In order to gain a further idea of the wind, which is ""purely katabatic' in origin (if
such a form is meaningful), an analysis was made of all the pilot balloon flights which revealed
a weak gradient wind (taken as a wind at 3, 000 ft of less than 10 knots) but which were asso-
ciated with stronger winds at the surface. This situation seems to describe the katabatic in its
'""normal'' condition when it is not under the influence of strong synoptic pressure gradients.

Table 2 gives monthly values of mean wind speed for these pure katabatic situations.
Closer examination of the Mawson data suggest that the usual level of the maximum

wind is somewhat below 500 feet, and for the few observations carried out inland at 73°S on an
unobstructed plateau surface, the maximum wind level appears to be below 250 feet.




Table 1. Mean vector winds {deg/knots) Mawson 1960/61

Month Surface 1, 000 ft 3, 000 ft No. of observations
Jan. (61) 125/18 120/19 095/15 88
Feb. (61) 135/22 120/23 100/19 57
Mar. (60) 135/14 130/10 130/3 77
Apr, " 120/17 115/16 100/9 76
May " 130/13 120/12 105/9 76
June 135/15 125/11 105/8 76
July ' 135/13 120/12 110/8 51
Aug. ! 135/23 125/21 100/13 68
Sept. "' 135/20 130/20 110/10 79
Oct. " 125/15 115/15 100/9 69
Nov. "' 125/17 115/19 095/12 74
Dec. 120/20 120/25 100/20 79
Year 130/17 120/17 100/11 864
Table 2. Mean wind speeds for ‘;pure katabatic'!
situations, 1960-61
Month Surface 1, 000 ft 2, 000 ft 3,000 ft No. of observations
Jan. (61) 21 17 9 5 17
Feb. (61) 20 17 10 6 8
Mar. (60) 18 11 6 5 33
Apr. ' 20 15 7 5 35
May ! 18 12 7 5 21
June 22 13 9 6 28
July 23 21 10 7 11
Aug. " 23 18 9 6 22
Sep. " 25 22 12 7 25
Oct. " 21 20 12 7 31
Nov. 21 19 10 5 30
Dec. 21 19 10 6 14
Year 21 17 9 6 275




This appears to indicate somewhat shallower and less rapid katabatics for this region
than for Adelie Land. However, more detailed observations are required, either by a double
theodolite flight with low-rate-of-ascent balloons or perhaps with special instrumentation using
a very robustly constructed and moored kytoon.

Overriding katabatics, where the level of maximum wind appears to be displaced to a
higher level above calm or near clam conditions at the -surface and in the lower layers, were
observed on nine occasions, all during the winter months, between May and October. Shaw
(1957) has described this type of wind structure, and a5 in the case quoted by him the maximum

wind level lay between 4, 000 feet and 5, 000 feet on seven occasions and between 5, 000 feet and
6, 000 feet on the other two. :

Under very strong synoptic control with blizzard conditions it is usually not possible
to measure upper winds at Mawson, but for a period in early December 1960, during a pro-
longed period of typical blizzard, a few brief clearings in the dense snowdrift enabled some
balloon observations to be performed. These flights showed the normal low level wind maximum
to be displaced to about 2, 000 feet, but with speeds only about 15 to 20 percent higher than those
at the surface and those immediately above this level. The wind between the surface and 6, 000
feet appeared to remain remarkably constant.

Fig. 3 indicates typical wind profiles for the three chief types of wind structure, by
far the most common being Type A which probably exists for more than 90 percent of the time.
Type C (blizzard condition) probably exist for some 8 to 10 percent of an average year, while
Type B is comparatively rare (probably less than 1 percent).

3. DIURNAL AND SEASONAL VARIATION OF THE KATABATIC

Using the definition of "'pure katabatic" conditions as made in Section 1 above, a
tabular breakdown may be made by month and time of occurrence of such conditions at the
standard times when pilot balloon observations could be made. Little bias, if any, is intro-
duced by the use of pilot balloon observations as these observations were made on all but
occasions of very strong winds and drifting snow, which at Mawson are invariably associated
with very strong synoptic control of the wind due to the proximity of a depression and the con-
sequent absence of pure katabatic conditions. This data is given in Table 3. Local time at
Mawson is GMT + 5 hours.

In comparing these figures it will be seen that for the four warmest months of the
Antarctic summer (November, December, January and February) 41 days of pure katabatic
occurred at 0000Z with only 7 days of pure katabatic at 1200Z.

By contrast, in the winter months, March to October, no such marked diurnal varia-
tion is evident, though there is still some evidence of a minimum in pure katabatic activity at
1200Z.

The diurnal fall off in the katabatic strength at around 1200Z is apparent in the three-
hourly surface observations during the summer months, particularly during December and
January. Day-to-day observations indicated that the characteristic summer diurnal pattern of
wind (Shaw 1957) began to be established about mid-September and finished in early March.

The clear connection between this regularity and the temperature is indicated by examination of
mean temperature data for Mawson (Streten 1961) which clearly shows this period as that of.
highest temperature — the changes to and from the much lower winter temperatures occurring
with comparative suddenness in the transition months of March and October.

The onset of the katabatic component at the surface can be easily detected by the
sudden increase in wind speed as indicated by the Dines anemograph and occasionally by the
reversion of the wind to the characteristic 130° to 140° if it has been blowing from a different
direction. Cessation of the katabatic component may similarly be detected, though usually not
with such precision as in the case of onset.
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Table 3. Frequency of ''pure katabatic' conditions, Mawson 1960-61

, l TIME (G. M. T.)
Month 0000 0600 1200 1800
Jan. (61) 11 6 0 N
Feb. (60) 7 6 2 N
Mar. (60) 5 iz 9 6
Apr. " 9 10 9 7
May 5 5 3 8
June " 9 0 11 8
July " 2 2 7 N
Aug. 7 9 6 N
Sept. 11 10 4 N
Oct. 14 10 7 N
Nov. 15 10 5 N
Dec. " 8 6 0 N
Year 103 '86 63 -

i
N = No observations performed. Local Time = GMT + 5 hrs.

An attempt was made to record the times of onset when a clear change to katabatic
conditions occurred. While one year of observations is insufficient to give a clear picture some
regularity is observed in the warmer months. Percentage frequencies of times of onset between
1600 and midnight (LT) are given in Table 4. For the winter months no regularity is apparent.

Table 4. Percentage frequency of times of
katabatic onset - local time (GMT + 5 hr)

Month 1600-1800 | 1800-2000 | 2000-2200.| 2200-2400
Sept. 1960 17 61 10 0
Oct. 1960 4 46 21 14
Nov. 1960 5 11 33 33
Dec. 1960 0 4 54 25
Jan. 1961 0 8 25 50
Feb. 1961 17 17 25 17




It will be seen that between September and January more than 80 percent of all
onsets occur between 1600 and midnight. A closer examination of the most regular period of
December and January indicates that 60 percent of all onsets during these months occurred
within + 1 hour of a median onset time of 2200 L. T. Examination of Table 4 shows that there
is some suggestion of the occurrence of higher frequency of onset at a later hour as the season
advances from September to January. By February the pattern has become fairly evenly
distributed within the time limits of 1600 to midnight — a situation which continues into March.
By April the times of onset are no longer largely confined to the period between 1600 and mid-
night, and this situation is common to the rest of the winter months.

The pattern of cessation is likewise quite erratic during the winter months, while
for the summer no evidence for a progressive change in time of cessation during the season is
suggested by the limited data available. However, for the six warmer months, September to
February, a maximum frequency of cessation time occurs between 1200 and 1400 L. T. as
shown in Table 5.

Table 5. Percentage frequency of times of

katabatic cessation during Sept. to Feb.

Time (L. T.) 0800-1000 | 1000-1200 | 1200-1400 | 1400-1600 | 1600-1800

Frequency % 13 19 23 17 16

Local Time = GMT + 5 hr

75 percent of all cessations occur between 1000 L. T. and 1800 L, T. during these
months. Again, if the most regular period of December and January is considered in detail,
it is found that only 35 percent of cessation occur within + 1 hour of a median cessation time-
for the two months of 1300 L. T. This compares with the 60 percent figure for onsets during
the same months.

4. CHANGES IN METEOROLOGICAL CONDITIONS
AT TIMES OF ONSET AND CESSATION

A total of 118 cases of katabatic onset was observed during the twelve month period
from Feb. 1960 till Jan. 1961 and the changes in the meteorological elements for each case
were calculated. During the same period 48 cases of abrupt cessation of the katabatic changes
were observed and similarly assessed. Only clearly katabatic changes were considered and
only those where rather sudden changes in wind speed occurred — the varia..tion usually becom-
ing established within five minutes but certainly taking no longer than ten minutes.

Ordinary autographic meteorological instruments are unsuitable for ifwestigation ‘of
this type, but it is usually possible to obtain, with reasonable accuracy, the. mal.n characteris-
tics of the changes. The measurements carried out in this way, together with visual observa-
tions of cloud and drifting snow, form the basis of the following discussion.

(a) Physical appearance of the katabatic onset

Some of the phenomena associated with coastal katabatics in Antarctica have !Deen
described by Mawson (1915), Madigan (1929), Valtat (1960) and others, and have been discussed
by Ball (1957).
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Such occurrences were not common at Mawson in 1960 and observation of such
phenomena depends on their taking place on the ice slopes to the east or west of Holme Bay, at
the head of which the station is situated. When visibility is good at the same timeé at Mawson,
a lateral view of the drift and cloud patterns associated with the katabatic onset in these loca-
tions may be observed.

Fig. 4 shows the drift pattern associated with a typical minor local onset. The
characteristic plume of drift was observed at this point on the ice slopes to the east of the
station on many occasions and is apparently attributable to the location of a2 minor valley in the
icecap at this point. This seems to cause onset to occur more frequently there, or slightly
earlier than at the station when a general onset is taking place.

Several more spectacular types of phenomena were observed on a few occasions.
The situations being at times of poor lighting were not photographed successfully, but are
shown roughly in the sketches Figs. 5,6 and 7. Fig. 2 shows the local topography and approxi-
mate location of the outflow areas.

Fig. 5 (0130Z or 0630 L. T. 25.3. 60): The location was in the same position as
shown in Fig. 4. The drift cloud appeared to move down the slope in a stream of estimated
depth of 200-to 300 feet, and on reaching a point A — which did not appear to change appreci-
ably relative to the coast during half an hour's observing — rapid upward motion occurred.
This motion appeared to take place with upward velocities -comparable in appearance to those
of a distant factory chimney discharge. On reaching a height estimated at about 1, 000 feet
above the plateau, ragged Fracto Stratus cloud showing anti-clockwise rotation appeared from
time to time at the head of the column, which at this height spread downstream on a long plume
of the order of half a mile in length and dissipated downwind.

At the same time as the phenomena of Fig.5 were in progress, a similar occurrence
was observed on the western side of the bay but at a greater distance than that of the eastern
slopes: Fig. 6 (0130Z or 0630 L. T. 25.3.60). A drift stream flowed close to the eastern
flank of the Casey Range with a depth of about 500 feet above the plateau (this depth could be
estimated from the height of the range above the ice). This stream progressed to a point A and
here acquired a rapid vertical velocity forming a 'drift pillar' of height 1,200 to 1, 500 feet
with a comparatively flat top and with dissipation occurring without a plume or cloud being
observed in this plane of view. Flow beyond the pillar again appeared at about the same depth
as the original stream continuing to flow seaward. Its further progress was, however,
obstructed from view by a nearer grounded iceberg. During the above phenomena, the surface
wind at Mawson was 150°9/17 kt. No drift was occurring at the station but was visible to the
east, west and immediate south of the station. The wind had changed from calm to 140°/13 kt
at 0615 L. T., with a temperature fall of 1°F, a fall of 2 percent relative humidity, but with
no appreciable pressure variation. Cloud was 6/8 high-based Altocumulus and Altostratus, and
the 1/8 low Fracto Status generated by the plume of Fig. 5.

' The cessation of these phenomena was not observed, but apparently the pattern once
established lasted without apprectable change for somewhat under an hour.

Fig. 7 (0345Z or_ 0845 L. T. 14.5.60): On this occasion, where the system developed
on the eastern slope, a situation existed which seemed to exhibit both types of upward motion,
as described in Fig. 5 and 6, in one stream.

The drift stream again appeared to be about 500 feet in depth. At A,a broad area of
upward motion appeared with very turbulent motion, producing a pillar of height approximately
1,000 feet. This was again followed by a shallow stream, similar to the initial flow, with a
further very marked upward column at B where the flow terminated abruptly. At the summit of
this column, Fracto Stratus appeared as ''cloud-rings'' which moved downwind, rotating slowly,
and dissipated. The system remained quasi-stationery for over an hour. Dissipation was not
observed, but apparently occurred suddenly with drift cessation. At Mawson, during this time, )
conditions were calm with no drift. A number of complex katabatic changes occurred during
14th May with marked temperature, wind and relative humidity variations at the station.



10

uonow |ediusa Buinqiyxa awnid Pup Buimoys uosmel 1B 18Su0 dijeqeiey [ed0] jedidA] ¢ B4




11

0.5 miles

Fis forming and dissolving with
apparent rotational motion

Height approximately 1000 feet
200 - 300 feet

Fig. 5 Profile of drift and cloud pattern katabatic, Mawson 0130 GMT 25 March 1960

FACING ESE
Drift Piflar
_1000-feet above plateau 1‘ \\’\'
CASEY RANGE height approximately / / / Motion obscured behind
Pt N - (%%
g = 1200 - 1500 feet / y / N iceberg beyond this point
2 —_— A “‘:%,. /

PLATEAU SLOPE = ==

==_1l - — — ===
— S TTYT Ty B Y A
ICE . CLIFFS GROUNDED ICEBERG
= e —— === I
= _BAY- :f&é::‘_- —
=T e Swoeeo

Fig. 6 Profile of drift pattern,katabatic, Mawson 0130 GMT 25 March 1960

FACING W
Fis: forming and dissipating, rotational
motion clockwise and sometimes ring .
shaped in appearance. VERY TURBULENT height approximatel
y
P - ¢
& @ = @ -~ VERY TURBULENT ~ 1000 feet
-4 = f height approximately height appro: ( ) (
~~ CLOUD RINGS . '\ 1000 feet 500 feet g } N £, | height approximately
Drift-Pillar \ M e e ] e A\ N 500 feet

Fig. 7 Profile of drift and cloud pattern,katabatic, Mawson 0345 GMT 14 May 1960
FACING SE



12

This type of phenomenon probably displays visually the katabatic wind surge from the
plateau, and the resulting wave train which results in the marked pressure and wind fluctuations
characteristic of the onset of a strong katabatic. It is interesting to observe also the apparently
extreme localisation of some of these phenomena. -

Such manifestations of cloud and drift must be assumed in this location at least to be
comparatively rare, but are interesting in showing the complex nature of the katabatic flow.
The katabatic onset usually takes place with no such visible phenomena, apart from the sudden
arrival of a cloud of drift when substantial amounts of loose snow are available in its catchment
and when its velocity is sufficiently high to transport the particles downstream in appreciable
quantities.

(b) Wind speed and direction

For the cases considered, a mean increase of 14 knots in surface wind occurred on
onset and a mean decrease of 15 knots at cessation, the mean increase in each month remaining
remarkably constant throughout the year. This change in speed accompanied by a reversion to
the characteristic 130° direction, in general, occurs within five to ten minutes and quite fre-
quently instantaneously.

An analysis of the frequency distribution of wind increases at onset for certain
classes, and for the summer and winter seasons as well as for the year, is given in Table 6.
Similar data for cessations is shown in Table 7. The main feature is the generally weaker
changes of the summer months. Only approximately 20 percent of onsets occur with changes in
excess of 20 knots throughout the year, while less than 10 percent of cessations are accompan-
ied by comparable changes. A fairly constant 35 to 40 percent of onset changes in each month
falls in the range 10 to 14 knots. :

Vot TL ‘Table 6. Frequency of wind speed increases
" .‘ S at katabatic onset, Mawson 1960/61

- Wind speed increase in knots

T <10 10-14 - 15-19. 20-24 > 24 Total
Summer

———m - 17 18 9 7 2 53
(Sept. -Feb. )
Winter .
11 6 1 4 6

(Mar. -Aug.) 2 > 9 5
Year 28 44 24 16 6 118

Table 7. Frequency of wind speed decreases
at katabatic cessation, Mawson 1960/61

Wind speed decrease in knots
<10 10-14 15-19 - 20-24 >24 Total

Summer 9 5 6 0 0 20
(Sept. -Feb.)
Winter

. 3 15 6 3 8
(Mar. - Aug.) ! 2
Year |12 20 12 3 1 48




13

The cessation changes are more variable with the larger wind speed decreases evi-
dent in the colder months.

Analysis of conditions before onset revealed that for 53 percent of cases the change
occurred from calm and for 21 percent from a lighter wind whose direction was between 130°
and 140 . Between October and January no less than 83 percent of onsets took place from
previously calm conditions, again showing the well marked diurnal periodicity of the wind in
the summer months.

* The gustiness of the onset is usually quite marked and, for the cases observed,
gusts in the mean some 45 to 50 percent above the mean speed of the wind after onset, are
usual. There does not appear to be any relation between the initial wind speed and the increase
in speed at onset.

Cessation of the wind in general takes place more slowly than onset, and a slow
decrease in wind speed rather than a sudden cessation is characteristic of the regular diurnal
summer katabatic. However, a few cases of rapid cessation were observed during the year.

Even in comparatively steady flow in the katabatic, variations in the wind direction
and speed are fairly common with wave motions of different periods, ranging from a few
minutes up to several hours, appearing in the anemograph records. A very marked example
of one of these is shown in Fig. 8, where an approximately five-minute rhythm in wind direc-
tion and speed is clearly shown accompanied by pressure fluctuating with an amplitude of about
' 0.5 millibar, but with no temperature or humidity variation. This type of wave motion is
difficult to explain but may possibly be connected with the physical disturbance of the flow by
the mountain mass of Mt. Henderson for a particular type of wind structure incident from a
particular direction. .

(c) Surface pressure

Variations in surface pressure at onset and cessation were very difficult to measure
due to the mounting of the barograph within the Meteorological office and to the low sensitivity
of the instrument itself. In general, however, the main changes associated with onsets and
cessations of the katabatic could be measured with reasonable accuracy. In the mean the
pressutre fell by 0.3 millibar at onset, - the distribution of the variations being given in Table 8.

Table 8. Distribution of pressure variations
on katabatic onset, Feb. 1960 - Jan. 1961

Month | Total [Pressure Pressure fall No Apparent rise
No. fall 0.1 to 0. 4mb change in pressure
20. 5mb <0. 2mb
Jan. 12 1 5 5 1
Feb. 7 4 2 1 0
Mar. 2 0 5 0
Apr. 2 2 3 0
May 14 4 7 3 0
June 15 2 8 5 0
July 10 4 4 1 1
Aug. 9 2 2 3 2
Sept. 8 1 4 2 1
Oct. 10 0 6 3 1
Nov. 8 0 4 2 2
Dec. 11 0 1 7 3
Year 118 22 45 40 11







