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PREFATORY NOTE

The meteorological work of the Australian Nstional
Antarctic Research Expedition at Heard and Macquarie Islands during
1948 was carried out by officers of the Meteorological Branch of the
Department of the Interior.

On their return to Australia Messrs. A.V. Gotley and
A.R. Martin, senior meteorological officers at Heard and Macquarie
Islands respectively, together with Mr. W.J. Gibbs, Supervising
Meteorologist, Research Section, were given the task of preparing a
report on the meteorological aspects of the Expedition during 1948 by
The Director of the Meteorological Branch.

This report forms Part 1 of Volume 1 of the A.N.A.R.E.

Reports, Series D, and is issued in three sections -

(a) Results of Observations made at Heard and Macquarie
Islands during 1948;
(b) Analysed Weather Charts of the Southern Ocean;

(e¢) Discussion of the Observaetions and Charts.



"Perhaps you may think it worth while some day to
establish...... meteorological stations on these (Heard's Islands)
or some other points in the region of the "brave west winds" of the
southern hemisphere. I know of no enterprise in the meteorological
way that, at so small an expenditure of time and money, gives
promise of richer rewards than this does, both practically to the

mariner and scientifically to the philosopher."

Letter of M.F. Maury, United States Navy
Department to Admiral Fitz Roy,
British Admiralty,
February 25th, 1859.
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THE ESTABLISHMENT OF THE METEOROLOGICAL STATIONS

A. HEARD _TSLAND

History.. Heard Island was discovered in 1833 by the English
sealer and explorer, Peter Kemp, on a voyage from Kerguelen Island to the
Antarctiec. However, Kemp did not publish his discovery and the island takes
its name from John Heard, an American merchant captain who rediscovered it
independently in 1853. For the following twenty years Heard Island was
exploited by American sealers for its rich supplies of elephént seal. Three
scientific expeditions - the "Challenger" Expedition of 1874, the "Gauss"
Expedition of 1902 and the B.A.N.Z.A.R. Expedition of 1929 - called in at the
island for periods ranging from six hours to a week, but it was not until the
establishment of the present Australian research station by the A.N.A.R.
Expedition that any systematic observations of the meteorology of the island
were recorded.

Geogrephy. Heard Island (Lat. 53°S, Long. 731°E) is situated
approximately 2400, 2300 and 900 nautical miles from the nearest coastlines of
the continents of Australia, Africa and Antarctica respectively. The nearest
island group is the Kerguelen Archipelago slightly less than 300 nautical miles
to the north-west.

Figure 1 shows the general configuration of Heard Island. It is
roughly circular in shape and slopes steeply upward, forming the impressive and
almost symmetrical mountain mass known as "Big Ben" at a general height of
between 7500 and 8000 feet. The mountain is of voleanie origin, aﬁd a number
of cones project above the general level of the old crater; of these Mawson
Peak, &t an elevation of slightly more than 9000 feet, is the highest point on
the island. Subdued volcanic activity still persists and smoke and steam have
been noticed issuing from fissures in Mawson Peak on many occasions since the
establishment of the station.

At the northern end of the island, Laurens Peninsula and Rogers
Head Peninsula are connected to the main body of the island by a low-lying

sandy isthmus.
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A long narrow sand and boulder spit at the south-eastern end of the island
extends seaward for about five miles, ending in shoal waters.

Permanent ice covers most of the island, and glaciers, descending to
the sea on all sides of Big Ben, terminate in ice cliffs between 50 and 100
feet high. The northern limit of the Antarctic pack-ice lies to the south of
Heard Island but during calm weather in winter pan-cake ice has been observed
in Atlas Cove.

Meteorological Station. The pioneer A.N.A.R.E. Party arrived at

Heard Island on 1lth December, 1947, and the station was set up on the Rogers
Head Peninsula near the shores of Atlas Cove (see Figure 2) at the site of an
0ld British Admiralty hut, which was still in reasonable condition. The
meteorological section was established in the station area after considering
the dual factors of exposure for the meteorological instruments and protection
for the huts. The huts stand on black sand which thinly covers the lava
bedroék.

To the west and northwest of the station, the large and imposing
mass of Laurens Peninsula rises to a height of over 2000 feet while to the
southeast lies the main body of the island comprising the mountain mass of Big
Ben. To the northeast the ground slopes gently upward from the station to
Corinth Head, which rises from its surroundings to an elevation of over 500
feet. On the seaward side of the Rogers Head Peninsula, steep cliffs drop
abruptly to the sea.

The layout of the meteorological station and the location of the
various meteorological instruments are shown in Figure 3.

The installation of the Stevenson screens, portable anemometer,
barometer, barograph and thermometers was completed by the end of January 1948.
Synoptic observations were commenced on the lst February and radio transmission
of meteorological data to Australia commenced on the 8th February, 1948.

Upper wind observations were commenced on the 9th February and the meteoro-
logical station was in full operation by the 27th March, when the installation

of the radiosonde equipment was completed and the first ascent carried out.
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A circular U.S, 8ignal Corps Hut of prefabricated design was used
as a combined radio and meteorological hut and & R.A.A.F. "Borden" Hut,
prefabriéated of masonite panels, was used as a balloon—filling hut and later
extended to accommodate the hydrogen generators. A R.A.A.F. "H/F-D/F" Hut
. housed the Dines Anemometer.  All outside equipment was set in concrete
foundations.

B. MACQUARTE ISLAND

History. Macquarie Island was discovered in 1810 by Frederick
Hasselborough, an Australian sealer who named the island after the Governor
of New South Waleé. For several years it was visited by Australian and New
Zealand sealers. By 1834 the fur seals on the island had been completely
exterminated and the elephant seal numbers were gfeatly reduced, though
intermittent sealing continued until 1919. Several scientific expeditions -
Bellinghausen's Russian Expedition in 1820, Wilkes's United States Exploring
Expedition in 1839, and Shackleton's British Antarctic Expedition in 1909 -
called in at the island for short periods, but it was not until thé visit of
the Australian Antarectic Expedition, led by Sir Douglas Mawson, that the
island was occupied for any length of time. During the years 1912 and 1913
this expedition carried out comprehensive meteorological observations, which
were continued during 1914 and 1915 by staff from the Australisn Meteoro-
logical Buresau. In November, 1930, the B.A.N.Z.A.R. Expedition ship
"Discovery" visited thé island for magnetic determinations and zoological
observations - the last recorded visit until the A.N.A.R. Expedition
established & permanent research station in 1948.

Geography. Macquarie Island (Lat. 543°S, Long. 159°E) is
situated approximately 800, 600 and 900 nautical miles from the nearest
coastlines of Tasmania, New Zealand and Antarctica respectively. The nearest
islands are Campbell Island and Auckland Island, eachlabout LOO nautical miles
to the north-east. '

Figure L shows the general configunatiop of Macgquarie Island. It
is a narrow island sbout 21 miles long and 2 miles wide, lying approximately in
a north-south direction. Most of the island consists of a plateau at a

‘general elevation of 600 to 800 feet, rising in places to low rounded spurs

6.
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and hills of 1200 to 1400 feet. The edge of the plateau falls away abruptly
to the sea or to narrow beaches. -
At the northern end of the island, Wireless Hill (336 feet) is joined
to the main mass of the island by a low, flat isthmus.
. No permanent snow exists on the island. However, snow falls at
intervals throughout the year and in winter the platesu surface is often snow-
covered for long periods.

Meteorological Station. The pioneer A.N.A.R.E. Party arrived at the

island on 7th March,.19u8, and the station was established on the isthmus near
the old A.A.E. 1911-14 Hut, which was still standing though in poor condition.

As it was important to erect the meteorolbgical instruments on the
most exposed portion of the isthmus, and since the same area was to be used for
the release of radiosonde and pilot balloons, it was decided to establish the
meteorological section about 200 yards from the station living-quarters.

The meteorological section is situated on the east coast of the
isthmus and is completely free from any obstruction to the Qast and west. The
isthmus, a shingle strip covered with grass hummocks and stagnant pcolg, ig a
little more than half a mile long and approximately 150 yards wide, lying sbout
20 feet above sea-level.

The layout of the station and the location of the various meteoro-
logical instruments are shown in Figure 5.

As the 1st April, 1948, was the initial day of an International Aero-
logical Period, it was plenned to commence a full meteorological progremme from
that date, although only temporary installations were available. However,
installation of the radiosonde equipmen£ was not completed until the 2nd April.
Radiosonde flights were then attempted, but owing to unserviceable equipment,
lack of facilities for balloon filling and extremely bad weather, only one
flight (and that of dubious.value)'resulted during the International Period.
Radiosonde flights were then abandoned until the permanent installation of
equipment was completed in June 1948. Nevertheless, complete synoptiec reports
and upper wind data were continuous from the inception on 1lst April, 1948,
although radio transmiﬁsion to Australia was not commenced until the 17th May,

19&8'
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A circular U.S. 8ignal Corps Hut of prefabricated design housed both
the meteorological and radio equipment, and a R.A.A.F. "Borden" Hut, pre-
fabricated of masonite panels, was used as a balloon=-filling hut and subse-

quently also housed the Dines Anemometer. A R.A.A.F. “"H/F-D/F" Hut was used

as a store for meteorological and radic equipment. The production of hydrogen

was performed in the open, using a battery of three generators.

Power was supplied to the meteorological section by overhead lines
from the diesel generators housed at the station. The power line standards
also supported telephone lines and a relay line which enabled a cloud search;
light, situated just outside the power house, to be operated from the meteoro-
logical hut.

All installations were firmly secured, as apart from high winds and
the exposed situation of the section, messive elephant seals were lisble to
cause much damage. All outside equipment was anchored in concrete, and
barriers were erected at some distance from this equipment to prevent elephant

seals forming rookeries in the vieinity.

10.
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INSTRUMENTS AND OBSERVATIONAL METHODS

SURFACE OBSERVATIONS

Synoptic Hours. Observations were carried out at each of the

Greenwich Mean Time synoptic hours, with the exception of 2100 hours at Heard
Island.

Atmospheric Pressure. Two mercurial barometers of Kew pattern were
mounted sdjacent to each other in the radio-meteorological hut and one was
used as the station barometer. As a routine check of this instrument,
simultaneous readings of the two barometers were compared at regular interfals.

A continuous record of station level pressure was obtained from a
weekly barograph, installed on a sponge-rubber cushion close to the station
barometer, This instrument was reset to correct station level pressure each
week when the chart was changed, the correct reading being noted on each chart.

Temperature, A1l thermometers were mnunted in a Stevenson screen,
which was set in concrete in the best possible place of exposure and firmly
guyed. Dry bulb readings were obtained from a mercurial thermometer, with
which & similar thermometer used for radiosonde base line checks was regularly
compared.

A continuous record of air temperature was obtained from a daily
thermograph set up near the thermometers. The thermograph was reset to the
correct temperature each day when the chart was changed.

Extremes of temperature were obtained from & maximum thermometer and
a minimum thermometer.

Humidity. Relative humidity and'dewpoint'were obtained from the dry
and wet buldb thermometer readings. During periods when the wet bulb tempera-
tures were below freezing point, the wet bulb muslin was moistened with water
before the synoptic hour so that a thin film of ice coated the wet bulb at the’
synoptic hour.

A continuous record of relative humidity was obtained from a daily
hygrograph, installe& near the dry and wet bulb thermometers. The hygrograph
was reset to the correct relative humidity each day when the chart was changed.

Wind. A continuous record of wind speed and direction was obtained

11'



from a Dines anemometer, erected at a height of 10 metres above the station
buildings (i.e. about 13 metres above the ground). )

Wind speed and direction were indicated in the meteorological office
by the installation of a distance-reading electrical anemometer.

The twenty-four hour run of wind in miles was obtained from a cup'
eounter anemometer. Unfortunately, the cup anemometer at Macquarie Island was
destroyed during a hurricane in September 1948.

Precipitation. Precipitation was measured by means of a rain gauge,
supplemented by a snow gauge.

A continuous record of precipitation was obtained from a Cﬁsella
daily pluviograph provided with a smaell heating element to pfevent interrup-
tion of the record during freezing conditions.

Sunshine. The duration of sunshine was measured by a Campbell-
Stokes recorder. Owing to the high latitudes of the stations the duration of
sunshine in the summer exceeded the hours for which the recording card was
graduated so that it was necessary to instal a supplementary recorder. This
was of the same pattern, but so mounted that a continuous record of sunshine
over a period of twenty-four hours could be obtained.

Cloud Heights. During hours of darkness, the height of the base of
low clouds was observed by using a searchlight which projected a vertical beam.
Clinometer readings were obtained using a 500-foot base line.

On other occasions, the ceiling height was. determined by reference
to the topography of the island or by estimation from the rate of ascent of a
prilot balloon,

Difficulties with Instruments.

Salt spray, sand and precipitation blowing into the Stevenson screen
caused considerable trouble and néceasitated frequent cleaning of the screen
and instruments. Some measure of protéction was afforded the autographic
instruments by covering them with fine mesh gauze.

The thermometers in the screen were liable to be shaken out of
position during squally weather, and were therefore secured with strips of
sponge rubber. Despite this, the readings of the maximum and minimum thermo-
meters were obviously incorrect at times. On such occasions, the extremes of

temperature were taken from the record of the.thermograph.

12.



In periods of strong wind, the force of the wind on the vertically-
suspended hair element of the hygrograph was mechanically transmitted to the
recording pen. By covering the instrument with fine mesh gauze, the excessive
wind pressure was effectively damped.

Duriﬁg periods of heavy snow fall, or of freezing rain, the pressure
head and suction holes of the Dines anemometer became blocked with snow or ice.
This resulted in loss of record for short periods until the blockage could be
cleared manually.

The measurement of precipitation, particularly snow, was difficult
during periods of strong or gusty winds, as frequently the precipitation was
blown out of the funnel before ?ntering the gauge. The loss of record may
have amounted to ten percent at Macquarie Iéland but was possibly compensated
in part by blown snow drift at Heard Island.

The use of a supplementary sunshine recorder to extend the range of
record resulted in the duplication of part of the trace. This was taken into
account in reading the total hours of sunshine.

UPPER AIR OBSERVATIONS

Time of Observation. A radidsonde ascent was attempted daily at

between 0800 hours and 0900 hours G.M.T.

A pilot balloon ascent was scheduled for every six hours from 0500
hours G.M.T., but owing to the high incidence of low cloud and precipitation,
ascents were irregular.

Pressure, Temperature and Humidity Soundings. A Friez type radio-

sonde was carried sloft by a 350-gram balloon inflated to give a rate of ascent
of approximately 300 metres per minute. In strong winds an extra free 1ift
was required to ensure that the radiosonde would clear all obstructions.

Wet batteries were used in the radiosonde as & rule to ensure a good
performance, bﬁt if a rough release was anticipated dry batteries were used.
These batteries required warming before use and were stored in a heated hut.

The transmitter signals were received on equipment located in the
meteorological hut, and were recorded on a high-speed potentiometer. The

receiver aerial was a dipole antenna firmly secured by insulated guywires.

13.



Base Line Check. Base line checks were carried out in a Stevenson
screen which was aspirated by means of an electric fan.

Release. The release of the radiosonde in squally conditions pre-
sented certain difficulties. IAs a result of expeérience, methods employed to
facilitate release under these circumétances were considerably modified.

Originally the practice recommended was to hoist the balloon in a
canopy to the top of a thirty-foot mast while the attached transmitter was
held downwind. The balloon was released by means of a rip cord, the trans-—
mitter being released when the suspension cord from the balloon was taut.

It was found, however, that hoisting the balloon to the top of the release mast
was extremely difficult in boisterous weather and usually proved disastrous to
the balloon.

The method of release later adopted was to run with the balloon and
attached radiosonde until the balloon attained sufficient height to enable the
radiosonde to clear the ground on release.

In particularly squally conditions, the two-string method of release
was more practicable. The radiospnde on the normal suspension was held below
the balloon while the balloon was played out on a separate very long cord. At
the moment the balloon commenced to ascend in an eddy current, both the balloon
and transmitter were simultaneously released. Under the conditions of release,
this procedure proved quite successful. (This method has since been superseded
by the use of & "string unwinder").

Temperature Profiling, It was intended to make a detailed study of

the lowest 500 feet of the troposphere by means of both temperature and humidity
elements suspended from a captive balloon. An inflated envelope with stabil-
ising fins, of Kytoon pattern, was held captive by means of a cable which
incorporated the leads from the suspended elements to the potentiometer recorder
used in radiosonde aacents.- Lack of success in obtaining data was due mainly
to insulation breaxdown in the cable, caused by local weather conditions.

Upper Wind Observations. The pilot balloon theodolite was permanently

installed on a wallhead, and provided with a metal weather-proof cover. Only
black or white balloons were available and this limited observations under

certain conditions.

14.
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The pilot balloons were susceptible to cold temperatures, the rubber
becoming very brittle. Heating before inflation was necessary and the balloons
were stored in a heated hut.

Ascents during hours of darkness were carried out, but successful
release of the balloon with a lighted candle lantern attached was difficult

during periods of strong winds or squally conditions.

Hydrogen Generation. Hydrogen was successfully produced, at the low
temperatures experiencéd, using caustic soda solution and ferrosilicon in a
generator.

At Heard Island greater quantities of chemicals than normal were
required to ensure a frisble residue. At Macquarie Island, sea water was used
in the generation, and proved highly satisfactorf both as regards the hydrogen

produced and the friability of residue.

15:



DIBCUSSION OF RESULTS OF OBSERVATIONS

A, HEARD ISLAND

SURFACE OBSERVATIONS

Station Level Pressure. The mean monthly pressure during the eleven
months of observations ranged from 983.1 mbs in August to 998.2 mbs in September.

The minimum monthly pressure range was 38.6 mbs in April, and the
maximum monthly pressure range 75.7 mbs in August.

The absolute minimum pressure, recorded on October 9th, was 941.5 mbs,
while the absolute maximum pressure, recorded on Septeﬁber 24th, was 1027.1 mbs,
an extreme range of 85.6 mbs.

The decile, median and ninth-decile values of pressure are shown for
each month in Figure 6. The minimum in August and the maximum in September are
well defined. The maximum range for any one partition value over the eleven
months analysed is seen to be only 19 mbs. (first decile). The small seasonal
variation in pressure is further emphasized by grouping and comparing three-
monthly values, the greatest range for any of the selected decile series in

this case being only 7 mbs.
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A frequency distribution of readings in intervals of 10 mbs shows a
maximum for the 980-390 mb interval in the spring pericd as sgainst a maximum
for the 990-1000 mb group during the autumn and winter periods. The percent-

age frequency of occurrence of values of pressure, in 10 mb intervals, during
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the three seasons analysed is shown in Figure 7. (The seasons at both Islands

lag behind those observed in lower latitudes, e.g. spring comprises the months

Qctober, November and December. )
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Figure 7

A large monthly range of pressure and a small seasonal variation

are to be expected in the parallels of latitude in-which Heard Island is
situated, as great cyclonic storms pass through this area at all periods of the
year and it is reasonable to assume that preéaure values recorded during 1948
are representative of this particular area.

Temperature. The mean monthly teﬁperature ranged from 2?.BOF in
August to 36.5° in February.

The meximum monthly temperature range was 25.9°F in October.

The minimum temperature, recorded on 23rd August and on the 15th
September, was 16.0°F, while the maximum, recorded on the 12th February, was
h?.?oF. The sbsolute range was thus 31.T°F.

The decile, median and ninth-decile values of temperature are shown
for each month in Figure 8. The meximum range for any one partition value

over the eleven months analysed is seen to be only 10.7°F. (first decile).
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The minima in August and the maxima in February are well defined, suggesting
that these months are the mid-months of the winter and summer seasons -

respectively.
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Figure 8

The mean monthly values of temperature indicate that the coldest
months were August, September and October. During Qctober, however, higher
individual temperatures occurred than during July, and as the observations
only embrace one particular year, the months July, August and September have
been taken as the winter season.

The seasonal variation in temperature was small, as already indicated
by a comparison of selected decile values for each month. This is further
emphasised by comparing mean values taken over three—monthly periods, the
maximum range in this case being only 3.7°F.

The frequency of occurrence of temperatures in 1°F intervals during
each of the three seasons is shown in Figure 9.

Owing to the marine character of the station, the presence of a great
mass of permanent ice and snow in the viecinity, and its situation in the path
of cold outbreaks at all periods of the year, it is reasonable to assume that

the temperatures experienced during 1948 are representative of the particular

aresg,
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Wind. Surface air flow in the vicinity of the station is to some
extent affected by the topography of the island. At the present site of the
anemometer, an air stream from a direction within the sector east to south
would be deflected by the great mass of Big Ben, and it is to be expected that
few winds from within this sector would be recorded st the station. The few
which were actually observed were probably mainly of katabatic origin.

It appears likely that on the majority of occasions an air stream
from a direction between east and south would be diverted by the mountain mass
and would bé recorded at the station as a south-westerly wind. In a similar
manner a true westerly wind would be influenced by the Laurens Peninsula and,
ir strong, would probably arrive at the station from & more northerly direction.

The prevailing direction of the wind as recorded at the Bfktion was
south west, approximately 25% of the winds during the year blowing from this
quarter. Approximately 75% of all observed winds during the year came from
directione within the sector from SSW to NW.

The frequenqy distributions of wind direction for the months of
April and October, for sach of the three seasons analysed, and for the nine
months April to December respectively, are shown in Figure 10. The profiles
of these histograms are markedly similar.

The frequency distributions of wind speeds in specified ranges for
the same periods are shown in Figure 11. Again, although not so marked as in
the case of direction, the profiles of these histograms are similar.

It is evident that the structure of the surface wind did not vary
greatly with the period of the year. The composite wind rose in Figure 12
has therefore been constructed for the nine-month period from April to December
inclusive, and is considered to be representative of the wind structure at all
times of the year at Heard Island. The inner rose represents the direction
expressed as a percentage of the total observations, while the outer rose
represents the speed in 10-knot intervals expressed as a percentage of the

total observations.
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UPPER ATR OBSERVATIONS

Winds. The weather conditions were unsuitable for consistent
observation of upper winds by visual methods. This, together with the
effect of the topography of the island, has made any discussion of upper
winds of little value at the present time. Results of Pilot Balloon
observations are published in detail in Part I (a), pp. 96-100. It will
be seen that few data are available for heights greater than 1800 metres.

Temperature, Pressure and Humidity. Agsasin, as only one year's

observations are so far availsble, no analyses of the temperature, pressure
and humidity of the upper air have been attempted.

Mean monthly temperatures have been plotted for the standard
isobaric surfaces in Figure 13. As might be expected from the lack of any
great seasonal changes in the meteorological elements at the surface, the
atmosphere in depth shows little seasonal fluctuation, though considerable
veriations occur above the 400 mb level from month to month. A wyalusble
analysis could be made by grouping similar isobaric situations, but this has
been deferred until a longer period of observations is available. Detailed
results of radiosonde observations, April-December 1948, are published in

Part I (a), pp. 80-88.
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B. MACQUARTE ISLAND

SURFACE OBSERVATIONS

Station Level Pressure. Mean monthly pressure ranged from 989.9

mbs in September to 1006.0 mbs in July.

The minimum monthly pressure range was 45.4 mbs in November, while
the maximum was 77.9 mbs in June.

The absoclute minimum pressure, recorded on June 28th, was 948.1 mbs,
while the absolute maximum, recorded on July 24th, was 1033.7 mbs, an extreme
range of 85.6 mbs.

The decile, median and ninth-decile values of pressure are shown for
each month in Figure 14. Median values show a maximum in July and & minimum
in October, and the decile values show mexima in July or August and minima
in September. The maximum range for any one of the selected decile series
(ninth) over the nine months analysed was only 20 mbs. It will thus be seen

that the seasonal variation in pressure is small.
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Figure 14

This is still further emphasised by comparing decile, median and
ninth decile values extracted for three-monthly periods. The maximum range

in this case is only 8 mbs.
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A frequency distribution of readings in 10 mb intervals shows &
meximum for the 1000-1010 mb interval in the autumn as against a maximum for
the 990-1000 mb interval in the winter and spring periods. The frequency of
occurrence of values of pressure, in 10 mb intervals, during the three seasons

analysed, is shown in Figure 15.
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Figure 15

As in the case of Heard Island, a large monthly range of pressure
and a small seasonal varistion are to be expected, and it is reasonable to
assume that pressure values recorded during 1948 are representative of this
particular area.

Temperature. The mean monthly temperature ranged from 3?.2°F in
July to 42.6° in December. (Records commenced in April).

The maximum monthly temperature range was 19.6°F in June.

The absolute minimum temperature, recorded on 29th June, was 25.hoF
snd the sbsolute maximum, recorded on 11th December, was 147.8°F. The

absolute range was thus 22, 4°F.
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The decile, median and ninth-decile values of temperature are shown
for each month in Figure 16. The maximum range for any one partition value
(first decile) over the nine months analysed was only B.5°F. The small
seasonal variation is further shown by comparing mean values taken over three-
monthly periods, the maximum range in this case being only 30F. The median
and ninth-decile values show & minimum in July, while the first decile values
show a minimum in August. The three coldest months as indicated by these
series are July, August and September; and this is supported by the mean
monthly values of temperature. Hence, as in the case of Heard Island, these

three months have been taken as the winter season.
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The frequency of occurrence of temperatures in 1°F intervals during

each of the three seasons analysed is shown in Figure 17.
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Wind. The exposure of the anemometer was such that winds from the
sector SSW-WSW were influenced by the main plateau (height approximately 800
feet), and winds from the sector NNE-ENE were slightly influenced by Wireless
Hill (height approximately 350 feet). The exposure to winds from other
. directions was uninterrupted.

The prevailing direction of the wind was west, slightly more winds
coming from this direction than from the north-west. Approximately 70 percent
of the total winds during 1948 came from a direction within the sector W-NW,
and it is believed that this distribution is normal for the area. This belief
is supported firstly by the lack of winds from the sector E-S, élthough the
anemometer is ideally situated to record winds from these directions, and
secondly by the fact that winds from directions in which the topography of the
island causes interference are recorded on the anemometer, the traces in these
cases covering a wide range both of direction and speed.

The frequency distributions of wind direction for the months April
and chober, each of the three seasons analysed, and the nine months period
April-December respectively, are shown in Figure 18. The profiles of these
histograms show good agreement.

The frequency distributions of wind speed in specified ranges for the
same periods are shown in Figure 19, and again a similar distribution is shown
for the different periods.

As in the case of Heard Island, it is evident that the structure of
the surface wind did not vary greatly with the period of the year. Hence the
composite wind rose constructed for the nine months of the year, shown in
Figure 20, is considered to be representative of the wind structure at all
times of the year at Macquarie Island. In Figure 20, the inner rose represents
the direction, and the outer rose represents the speed in 10-knot intervals

each expressed as a percentage of all the observations.
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UPPER_ATR OBSERVATIONS

As in the case of Heard Island, discussion of the upper air
observations has been deferred until a longer series of observations is
available.

Hov}ever, mean monthly temperatures have been plotted for the
standard isobaric surfaces in Figure 21.

Detailed results of the radiosonde observations, June-December
1948, are published in PartiT) (a), pp. 89-95, and the results of pilot

balloon observations are published in detail in Part I (a), pages 101-109.
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SYNOPTIC _ANALYSIS

In order to make a synoptic analysis of the Southern Ocean area, it
is necessary to postulate the general pattern of circulation in the Southern
Hemisphere.

The amount of data available at any given time is not sufficient to
make a completely deductive analysis and it is only by the development of a
generalised model of the circulation, and the use of this model together with
any adjustments necessary to fit the availasble data, that such an analysis is
possible,

The generalised model of the circulation was derived from considera-
tion of the works of Kidson (1947) and Palmer (1942) and developed by reference
to geographical criteria in the behaviour of pressure systems and associated
fronts..

Previous Work. Between the 40th and 70th parsasllels of south latit-

ude extends an almost unbroken expanse of ocean interrupted only by the southern
tip of the Scuth American continent, Tasmania, southern New Zealand and a few
scattered islands, and bordered on the south by the coastline of Antarctica. It
is not difficult to appreciate why there is not a great volume of literature on
the synoptic analysis of this region if it is remembered that in an area of
approximately thirty million square miles there are only sbout 50 stations at
which detailed and regular meteorological observations are made. Whaling
vessels supplement this network in the southern summers, and since 1773, when
James Cook first crossed the Antarctic Circle, there have been a number of ex-
peditions to the Antarctic (some of which established bases on the continent)
in the records of which meteorological data are available. However, at no
stage has the network of observational data been sufficiently dense to invite
synoptic analysis.

One of the first to make an analysis of this type was Meinardus
(1901-3), who used the reports from Southern Hemisphere continents, from
Kerguelen Island, from ships on the regular trade routes, and from the "Gauss"
(the expedition ship of Drygalski, which was frozen in for almost a year at
Tatitude 66°S, Longitude 90°E).
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Unfortunately, Meinardus used charts based on Mercator's projection, which
seriously distorts the shape of systems extending over a range of latitude,
particularly in higher latitudes, to such a degree as to make the task of
synoptic analysié very inconvenient and the interpretation of the results
extremely difficult. Probably as a result of this Meinardus did ﬁot attempt
an analysis south of Latitude 50°8 except in the Grahem Land éector, although
reports from the "Gauss'" and from Kerguelen Island provided an opportunity to
attempt an analysis of the area between those tﬁo points.

At the time the "Gauss" was frozen in the pack ice, the "Discovery"
was wintering in the Ross Sea. Using the reports from these two ships, and
from other ships and the continents of the Southern Hemisphere, Hepworth
(1913) drew daily synoptic charts for a period of two years (1902-3) for the
Southern Hemisphere. These charts, although on a more suitable projection
than that used by Meinardus, suffer from being reproduced on a very small scale,
Also, Hepworth drew only that portion of the chart in the lmmediate vieinity of
the available reports, so that the charts are difficult to interpret.

Another early attempt at synoptic analysis in high southern latitudes
was that of Simpson (1919) who used the results.of observations from the res-
pective bases of Scott and Amundsen to make synoptic analyses of the Ross Sea
area. ‘

The emphasis of the meteorologists of the varidus expeditions during
the early part of this century was on the collection of data. At that time
technigques of analysis were just being developed and ideas of frontal analysis
were only gradually emerging. -

One of the first to attempt an analysis over the Southern Ocean using
frontal techniques was Kidson (1947) who utilised the reports from Australia,
New Zealand and the Aus?ralian Antarectic Expedit}on stations at Macquarie
Island and Cape Denison in producing daily analysed charts for the year
February 1912 - Jenuary 1913, Although Kidson's charts were not published until
1947, they were prepared during the thirties when frontal analysis was very much

in the developmental stage in Australasia.
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Undoubtedly the outstanding contribution to the subject of synoptic
analysis of the Southern Oceans was made by Palmer (1942) who, after a compre-
hensive review of existing literature, gives examples of synoptic analysis over
Australia and 6ver the Southern Ocean, making liberal use of ships' reports
during the Polar Year 1932-33 and re-analysing a few days of the "Gauss" reports
to derive a synoptic analysis of the South-Indian Ocean for three days in 1902.
Further papers by Palmer (1943) and Ramage (1944) examine the local problems of
the analysis of the Ross Sea area and their implicatiomg in Southern Hemisphere
meteorology. Since 1945 there has been considerable activity in Antarctica and
the amount of data becoming available, especially from pilot balloon and radio-
sonde observations, will require considerable time to analyse thoroughly.

Some preliminary and rather tentative recent papers are those of Lamb (1949),
Robin (1949), Langford (1948) and Gibbs (1949).

The study of previous work shows that there is a great amount of data
avallable from previous expeditions which awaits synoptic analysis by modern
methods, but that surface observations from cogstal regions of Antarctica are
subject to strong loecal 1nf1uence in many cases, and generally do not assist
synoptic analysis to the same extent as reports from sea areas.

The Problem. The fact that routine meteorological observations are
now available from Heard Island and iacquarie Island suggests the possibility of
making regular Bynoﬁtic analyses over the area between these islands and the
continents of Australia and Antarctica, If it is possible to maske such an
analysis there is good reason to suppose that it would be of considersble
assistance in making forecasts for periods of one day to a week for the Austra-
lian region, The problem is to discover whether, with the extremely sparse
-network of observations available, a sufficiently relisble anaslysis can be
produced. It is not anticipated that this report, based on data for 1948, will
yield a.conclusive solution, but it is hoped that the preliminary findings will
form an effective groundwork for the analysis of data gathered during the

succeeding years of operation of the island stations.
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Geography. The geography of Heard Island and Macquarie Island has
already been discussed and the following is a brief review of the geography of
the Antarctic Continent and the surrounding Ocean.

A map of Antarctica produced by the Commonwealth Department of the
Interior, Australia, and its accompanying Handbook (1939) give an idea of the
smount known about Antarctica. They show that the configuration of the coast-
line is unknown in some places and that knowledge of the topography is only
approximate for much of the surface of the continent. Generally, it appears
that the continent is covered by a vast plateau of ice rising to about 10,000
feet above mean sea-level, interrupted by mountain-chaina which in places
reach an altitude of 15,000 feet. It is to bé expected that this huge mass
of ice has a profound influence on the behaviour of the atmosphere in its
vieinity. Surrounding the continent is a belt.of pack-ice which shows
considerasble variation in character and extent, being for the most part con-
tinuous, but continually breaking and reforming on its margin. Charts showing
"the position of the edge of the pack-ice have been constructed by Mackintosh
and Herdman (1940), but these are based on relatively few observations and
should be taken as an spproximstion to actual conditions. They show that
the pack reaches its greatest extent in the period September to October and
contracts to its minimum extent in the period February to March.

A mab cf the mean sea surface temperatures of -the Southern Ocean
(1943) shows a generally regular alignment of sea gsurface isotherms roughly
along the parallels of.latitude. Certain concentrations of isotherms
resulting from convergence of ocean currents are noticeasble, the most
pronounced of them extending roughly along the 45th parallel in the Marion
Island ~ Heard Island region.

Finally, when considering the geography of Antarctica it is
important to bear in mind that the area of the continent is elmost twice that
of Australia. The stereographic projection preferred for meteorological
work is not sn equal-area projection and thus tends to give the impression

that Antarctica, in comparison with other continents, is smaller than is
actually the case.
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The Anticyclones. - A study of synoptic charts of the Australian
region gives the impression that anticyélones are the dominant influence in
Southern Hemisphere circulation. Impressed by this, Russell (1893) attributed
to them the control of Australian weather. Kidson (1925), from inspection of
a great many Australian synoptic charts, pointed out the constancy of the mean
rate of displacement of the anti-cyclones to the east and was deeply impressed
by the role they played in atmospheric ecirculation. However, a study of upper
charts reveals that, in general, the migrating anticyclones of the middle lati-
‘tudes are cold and do not appear on the upper charts. Hence they control the
circulation of air only in the shallow surface layer below about 2,000 to L,000
feet and it is therefore diffitult to believe that they play any but a passive
role in the determination of weather processes.

Palmer (1942) considered that "the migratory anticyclone is formed
in the South Indian Ocean and is not the permanent system envisaged by Russell,
Lockyer and Kidson." Here it should be noted that not all the anticyclones
of the Australian region are of the cold type. Warm anticyclones do oécur and
they exert a much greater influence on the circulation than those of the cold
type.

In addition to the anticycloyea of the middle latitudes there is the
area of high pressure thought to exist over the Antarctic Continent. It was
long known that pressure generally reached a minimum sbout Latitude 6005, and
the charts of Hepworth (1913) and Meinardus (1901-3) indicate the existence of
an anticyeclone over the Antarctie. As a relatively small prOpor;ion of the
area of the continent lies below 3,000 feet, it is rather fruitless to discuss
a fictitious mean sea-level pressure pattern. The discussions of the topography
of pressure surfaces beneath and over the continent by Simpson (1919) and
Meinardus (1938) appear somewhat hypothetical. It is clear, however, that
pressures at the coastline of the continent are genafally higher than those
to seaward. Palmer (19h3) has examined a situation in the Ross Sea area in
which it is shown that an anticyelone to the south over Antarctica extends to
the tropopause. It appears that, in addition to the migratory asnticyclones
of the middle latitudes, the rarer warm cells of these latitudes, and the

peripheral ring of higher pressure around the Antarctic continent, anticyclones
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also occur between latitudes 50°S and 70%s. These anticyclones, as shown by
Kidson's and Palmer's charts and reports from Heard Island and Macgquarie
Islsnd, may be either of the cold or warm type, the latter being quite intense
on occasions and analogous to the "blocking" high of the Northern Hemisphere.
There is little doubt that the migrating anticyelones of middle
latitudes almost invariably move from westto east. Palmer (1942) suggests
that they form in the South Indian Ocean, implying an initial movement from
south-west to north-east. Such a hypothesis seems oversimplified.
Certainly the anticyclones which appear in the Heard Island region do seem
to move to the north-east on many occasions but it is doubtful whether all
anticyclones appearing over the west coast of Australia originate in the
vicinity of Heard Island.

The Depressions. The existence in the Southern Ocean of a series

of great depressions with a general eastward movement was first indicated by
barometer readings from sailing ships en route to Australia. Hepworth (1913)
observed pressure minima overtsking his vessel in regular succession during a
voyage from South Africa to Australia. Meinardus (1901-3) indicated that the
strong easterly winds experienced at the "Gauss" winter station were the
result of intense depressions to the north. Simpson (1919) mistakenly
considered that the depressions of the Southern Ocean were not of major
importance in the general circulation, his error being mainly due to his use
of observations from the Ross Sea area which appear to be strongly influenced
by local topographical affects.

Kidson (1947) considered that the majority of the great depressions
of the Southern Ocean develop as frontal waves which "very seldom have a
complete wind eirculation....owing to the steep poleward pressure gradient
associated with the prevailing westerly winds". He pointed out that some
of the great depressions appear to originate as tropical or mid-latitude
cyclones of non-frontal origin.

Palmer (1942) concluded that "the great depressions are the result
of activity of the Indian (Ocean) Polar Front: they develop....1in compara-

tively low latitudes in the Western Indian Ocean."



Neither Kidson nor Palmer gives an exact picture of his ideas
regarding the tracks followed by the great depressions, but their published
charts show that they consider that the depressions originate in relatively
low latitudes as frontal waves, travel rapidly from north-west to south-east
until they reach their maximum intensity and the occlusion process begins
(generally between latitudes 5003 and 6008}, then re-curve and move at a
slower rate in a direction from west to east. Robin (1949) remarks that the
travel of ecyclones in the Graham Land region is "roughly easstward, and appears
to depend mainly on the direction and latitude of the pack-ice edge".

It seems that the depressions of the Southern Ocean reach their
maximum intensity between latitudes 5008 and 6005 where their general direction
of movement is towards the east or south-east. In lower latitudes depressions
are generally much less intense, are of the frontal wave or frontless tropiecal
type, and vary considerably in direction of movement. It is thought likely
that in many cases the troughs or col areas between the mid-latitude migrating
anticyclones are simply northward extensions of the pressure minima of the
great southern depressions. Palmer (1942) mentions that "certain meteoro-
logistsS....(believe) that the low pressure areas lying between the migratory
cells of the anticyclonie belt are simply "troughs" eguivalent to the troughs
sometimes found between the cells in the North Pacific and Atlantic highs".

He disagrees with this view, stating that "the autographic records reproduced
in both Lammert's and Kidson's papers....are sufficient to demonstrate the
fallacy of these assumptions." This is too sweeping a statement and it is
likely that the truth lies somewhere between the two viewpoints. Not all the
col areas contain fronts and some of the changes experienced between migrating
pressure cells are non-frontal,

Ramage (1944) mentions the principle of "parallel action" which
implies that "features of the (Southern Hemisphere) circulation differ very
slightly from those experienced in the Northern Hemisphere". This analogy
can be carried too far. In the first place, there are no adequate reporting
networks in the Southern Hemisphere in the latitudes corresponding to those of
the Northern Hemisphere in which methods of synoptic analysis have been

developed. Secondly, there is a vast difference between the two hemispheres
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in the matter of situation of land and water masses. In the Northern Hemi-
sphere the land masses of North America, Europe and Asia extend northward
beyond the Aretic Circle, surrounding the Arctic Ocean. In the Southern
Hemisphere the Antarctic continent extends from the pole to about latitude
70°s, while between 70°S and 40°S the Southern, South Pacific and South
Atlantic Oceans are interrupted only by the isolated land areas of Tasmania,
the South Island of New Zealand and the southern extremity of South America.
As continents, and in particular their coastlines, undoubtedly exert a profound
influence on the circulation pattern it appears likely that there will be
considerable differences between the circulations of the two hemi spheres,
particularly with regard to the movement of depressions and anticyclones.
There is reason for believing that the great southern depressions move more
regularly than those of the Northern Hemisphere where the Icelaﬁdic and
Aleutian lows form such a major feature of the circulation and, as Robin (1949)
suggests, the great depressions tend to move along the pack-ice edge rather
than across it.
To sum up, in regard to the pressure systems of the Southern Ocean:-
(i) the mid-latitude anticyclones generally exhibit a regular eastward
movement and are freguently separated by nonfrontal "col" areas,
(ii) higher latitude cold anticyclones move generally to the northeast
and may dsvelop into warm type systems, -
(iii) the great depressions of the Southern Ocean have their origin in
latitudes lower than uoos on the majority of occasions and may
form as frontal waves or non-frontal depressions,
(iv) at latitudes lower than uOOB these depressions vary considerably
in their direction of movement, but in higher latitudes this is
mainly to the south-east or east, and in the vicinity of the pack-ice
the depressions move in a general easterly direction along its margin.
The sbove viewpoints have been developed gradually as the result
of a daily synoptic analysis of the Southern Ocean. It is not practicable
to reproduce all the charts which form the evidence ¢n which these conclu-

sions are based, nor is it claimed that this evidence is conclusive.
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However, as mentioned previously, with the restricted reporting network
available, it is necessary to begin with a comprehensive hypothesis of the
circulation patterns, and the above summary outlines the behaviour of surface
pressure systems and is subject to correction in the light of further experience
and supplemented networks.

The Fronts. In a study of the literature relevant to pressure

systems over the Southern Ocean we sare faced with some differences of interpre-
tation regarding the concept of a front and the methods of frontal analysis.
Petterssen (1940, pp. 303 et seq) has given a comprehensive review of the
development of the frontal concept. He points out that J. Bjerknes began by
identifying the "steering line" and "squall line" of a depression and later, in
& joint paper with H. Solberg, replaced these terms by "warm front" and "cold
front". Later these two authors extended their ideas and advanced the concept
of the polar front, on which waves develop and intensify and become major
depressions. During this period Bergeron developed the idea of air masses,
which was complementary to the polar front theory of Bjerknes and Solberg.

Most synoptic analysts accept this theory, which implies the situation of a
homogeneous "warm" air mass overlying a denser homogeneous "cold" air mass, the
two being separated by an ineclined surface or transition layer.

In practice many anslysts take considerable liberties with the
classical frontal theory, modifying it in order to make the scheme of analysis
fit the observational data.

In Australia this tendeney to modify the classical theory has been in
evidence from the earliest attempts at frontal analysis in the region. As
Palmer (1942) points cut, Lammert and Kidson found considerable difficulty in
fitting a conventional analysis to cbservational data from the Australian
Region. Palmer himself (1942) had some difficulty in postulating a hypothesis
to explain the frontal phenomena over Australia and finally concluded that they
were freguently occlusions of the cold front type.

During the period of hostilities in the S.W. Pacific (1942-U45) the
emphasis of Australian meteorology shifted to the tropies and experience soon
showed that frontal methods were inadequate in this region. Gibbs attempted

to modify frontal theory to account for low latitude phenomena and published



these ideas in two papers (1943, 1944), and as a result of further experience
in low latitudes investigated methods of tropieal analysis (1945a, 1945Db).
These methods were largely non-frontal and recognised only rare occurrences of
fronts. There was a natural reluctance to discard frontal analysis as the
main tool for forecasting in low latitudes, especlally as aircrews were
conversant with weather types associated with the frontal model, but it was
considered necessary to do this in order to improve the reliability of synoptic
analyses and forecasts.

The rather negative results achieved from the application of frontal
concepts in low latitudes naturally led to an investigation of their validity
over the southern portion of the Australian continent. -This resulted in the
development of a modified version of the classical frontal theory, which
included the notion of the "coastal front" as outlined by Cassidy (1945a, 1945b)

With the establishment of reporting stations at Heard Island and
Macquarie Island (Australian Meteorological Service), at Campbell Island (New
Zealand Meteorological Service) and at Marion Island (South Africsn Meteoro-
logical Service) there was presented an opportunity to attempt a synoptic
analysis of the Southern Hemisphere.

Witﬁ the co-operation of thg Directors of the Meteorological
Services of the United Kingdom, Rhodesia, South Africa and Argentina, the
Officer-in—-Charge of the U.S. Southern Hemisphere Project, and the Fleet
Meteorological Officer, R.N., Simonstown, South‘Africa, synoptic charts of the
Southern Ocean for various periods have been obtained. A comparison of these
charts shows the wide difergence of methods of frontal analysis which exists
today. .

There appear to be three main reasons for these differences.

Firstly, as yet no commonly accepted basis for methods of frontal analysis has,
been established. Secondly, ‘there are conflicting ideas regarding frontal
nomenclafure and zones of major frontogenesis in the Southern Hemisphere.
Thirdly, owing to the very scanty network of reports from latitudes higher than
40°8 in the Southern Hemisphere, two analysts using the .same model and data

may produce different frontal analyses over the Southern Ocean.
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However, of the three factors contributing to the lack of uniformity
in analyses over the Bouthern Ocean, the first and second appear to cause the
greatest disparities.

The Bjerknes model of development of wave cyclones and their movement,
frontal movement and associated phenomena, has been adopted as the basis of
analyses, but it has been difficult to find a statement of frontogenesis to
adopt as a model. The classical work of Bjerknes V., Bjerknes J., Solberg and
Bergeron (1934, pp. 762 et seq) indicates that frontogenesis occurs along the
axis of dilatation of a stationary deformation field. Using this assumption
and maps of mean surface pressure of the Northern Hemisphere, the positions of
the principal fronts of that Hemisphere have been traced along the axes of
dilatation of the deformation fields assoclated with this pressure pattern.
Fronts are traced in the deformation fields between the Aleutian low and the
semi-permanent Pacific high and between the Icelandic low and the semi-
permanent Atlantic high. The fronts formed in these deformation fields are
called polar fronts. The polar front in mid-Atlantiec evidently has its mesn
position at about uoDN in the northern winter and at about SODN during the
northern summer. In addition an arctic front is identified extending from the
centre of the Aleutian and Icelandic lows to the eastward. A further "trade-
wind front" is identified in the "col" areas of the middle latitude belt of
high pressure.

Bergeron (1928) amplified the original ides of frontogenesis by
introducing the air mass concept and stating that frontogenesis will occur when
two air masses are brought together by a deformation field. Petterssen (1940),
ag previously stated, suggests that for major frontogenesis an isotherm concen-
tration and a deformation field are necessary. In the Southern Hemisphere the
principal isotherm concentrations are in the regions of the convergence of
ocean currents or along the coastlines including that of Antarctica or the
edge of the pack ice which fringes it.

Neither Kidson (1947) nor Palmer (1942) presents convincing ideas
regarding the origin of fronts in the Southern Hemisphere, Kidson believed
that fronts extend more or less meridionally frcm Australian latitudes to

Antarctica but an examination of his charts clearly shows that he is concerned
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mainly with deformation fields rather than with air masses. If it is agreed
thet a front is & houn@ary between two air masses of different density, then
the speed of the front must be intimately related to the trajectory of the
denser air mass. It is quite evident from Kidson's charts that he did not
fully consider the relationship between pressure pattern and air tﬂajeétcry,
for on trajectory considerations his frontal movements are not plausible.
Palmer's analyses maj be divided into two categories - those for the Austra-
lasian region and those for the Southern Ocean. The Australasian analyses
were made over the period of-a year but the Southern Ocean analyses were for a
limited period only. Palmer's conclusion that the meridiopal fropt of
Australia develops from oceclusion of the polar front of the South Indian Ocean,
while plausible, is based on insufficient evidence.

To summarise, the manner of development and movement of depressions
and anticyclones over the Southern Ocean is fairly well established. There
are minor differences of opinion regarding the origin and movement of the
systems, but the broad picture as seen by various workers is substantially the
same. The frontal picture on the other hand presents a number of fundamental
differences stemming from different concepts of the origin, nature and develop-
ment of fronts.

Technique of Analysis. It ia clear that the usual technique of
synoptic analysis is unsuitable for application to the éouthérn Ocean. -
Observing points are widely scattered and vast expanses are entirely lacking in
Observations so that the normal practice of plotting and analysing charts for
three-hour or six-hour intervals is uneconomical. At the same time it 1s
necessary to compensate for the lack of adequate spﬂfisl coverage by careful
attention to the time-sequence of observations from reporting stations. It is

impossible to attempt a Southern Ocean aﬂalxais unless six-hourly observations.

are availeble from these isolated reporting stations, and three-hourly observa-
tions are highly desirable. In practice only one chart a day is analysed but

no observations are plotted on thie chart since observations at 2h-hourly
intervals plotted on charte are likely to unduly influence the analyst.
Observations from Harion'Island, Heard Island, Macquarie Island, Campbell

Island and from ships in the Southern Ocean are plotted in the meteorogram
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The observations are plotted with time-sequence from right to left. As systems
generally have an approximate west-east movement, this gives a rough idea of
the spatial distribution of elements. Upper wind observations are plotted in
"sneke" form and radiosonde observations on the "skew T - log p" diasgram (CMB
Form F160),

The analyses over the Australasian region southward to about latitude
u505 are transferred from the charts of the Central Analysis Section, Meteoro-
logical Branch, Melbourne, and when the scope of the analyses is extended,
analyses from South Africa and South America are &lsohtaken into account.

It has been assumed that the surface wind approximates the gradient
wind and that pressure systems persist in identity whilst changing rapidly in
intensity at times. It is considered that depressions frequently deepen
rapidly between Marion and Heard Islands but as a rule gradually fill to the
east of Heard Island.

The coastline of Antarctica, or the edge of the pack-ice fringing
it, is regarded as the major frontogenetical region. The antarctic front
moving northward from this frontogenetical area becomes the "polar front" of
the Southern Hemisphere. It is assumed that wave development oceurring on
this front in middle latitudes results in the development of a major depression,
which, on nearing the Antarctic coastline, causes the ocutbreask of a fresh mass
of antarctic air with a new antarctic front as its forward boundary. The
older polar fronts gradually dissolve as the modification of the old antarctic
air behind them reduces the density contrast across the front. It is

believed that fronts, of a type which may be designated "sub-tropical"”, form
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in the deformation fields of the cols between the middle latitude "highs" and
that the types of front experienced over the Australian continent are the
antarctic (polar) front, the sub-tropical front or the Australian Coastal front.
As the general movement of depressione and anticyclones is steadily from west
to east, the meridional flukx of air from south to north in the lowest levels of
the atmosphere is not a continual phenomenon but occurs in occasional outbreaks,
A general west-east alignment of antarctic (polar) fronts is therefore favoured.
In Southern Ocean analyses the main interest lies in the disposition of these
antarctic (polar) fronts during the vigorous stage of pheir life history, and
therefore their movements are not traced after they have degenerated into the

frontolytic stage.
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DISCUSSION OF ANALYSED CHARTS

Part 1 (b) of this volume contains analysed charts for June
and December, 1948. The analyses were made to record certain ideas regarding
the movement of pressure and frontal systems over the Southern Ocean, and aim
to demonstrate a concept of the genesis and behaviour of the polar front based
on the rigid definition of a front as a density discontinuity.

It is realised that these charts do not explain all the
significant weather occurring over the region as, for instance, that associated
with non-frontal wind shifts occurring ahead of the pdlar front which are
thought to be similar in character to the "polar trough" described by Riehl
(1945). However, it is regarded as most important that the frontal concept
should not be amended to include shear lines without a density discontinuity.
The fact that signifiecant hjdrbmeteora occur other than in association with
a front points to the need for a wider scope of analysis rather than for the
amendment of the frontal concept.

The charts for June are based mainly on the observations from
Marion, Heard, Macquarie and Campbell Islands, whilst the analyses over the
Australasian region southward to latitude 45°S have been taken from the
synoptic charts of the Central Analysis Section, Meteorological Branch,
Melbourne.

During the period from the 1lst to the 5th of June it is
postulated that the polar front has a general latitudinal alignment with waves
LA’ LB’ LC which gradually occlude but maintain ﬁn eastward movement, although
the speed of translation slackens. During this period the depression LE moves
from a position off the west coast of Australia to a position south of the con-
tinent, having associated frorts which may be either old polar fronts or sub=
tropical fronts.

A depression LG which moves from Marion Island to Heard Island
between the 3rd and the Lth, becomes occluded on the 5th in a position south-east
of Heard Island, and the southerly flow of air induced by it causes an antarctic
front, which had formed along the Antarctic coastline on the Lth, to be swept

northward.
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During the next few days this antarctic front takes over the
role of the polar front, the former polar front becoming gradually weaker and
appearing over the south-west corner of the Australian continent on the 8th.

Meanwhile an outbreak of southern air over New Zealand contains
the anticyclone Hc, which was apparent as a "bubble" high to the north of Heard
Island on the 1st.

The location to the south-east of Heard Island of the de-
pression.LH, which occluded between Marion and Heard Iglaﬁds and subsequently
moved slowly south-east, results in a further northward surge of a new Antarc-
tic front in the vieinity of Heard Island on the 13th, and this becomes the
new polar front. About this time depressions L0 and LR appear in the vicinity
of the south-west corner of the continent and move south-south-east. A further
depression LU appears in this vieinity on the 16th suggesting that these may
be wave cyclones on either an old polar front or a sub-tropical front.

Further new cold outbreasks behind antarctic fronts occur on the 19th and the
26th, in each case in association with an occluﬁed polar front depression which
has approached the Antaretic continent in the vieinity of Heard Island. In
the latter case the central pressure value of the depression is less than au5
mb. Although this depression is intense the polar front does not move over
the Australisn continent until waves develop on it in the vieinity of latitude
45%s.

From these charts for June 1948, it will be seen that the
major depressions of the region analysed appear from the vicinity of Marion
Island, where they generally are unoccluded and therefore young wave cyclones.
These depressions move south—east until they reach the vicinity of latitude
6008 after which they appear to drift eastwards. During this month the
process of replacement of old polar fronts by new antaretic fronts appears. to
have oecurred mainly in the vieinity of Heard Island. It is possible that
this is an illusion resulting from the disposition of the observing stations

but it is considered likely that a denser network would confirm the impression.
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It has been imposeible to reproduce all the data on which the
analyses are based although the synoptic observations from Heard Island and
Macquaerie Island are contained in Part 1 (a) of this volume. However,
certain situations have been selected to illustrate the background of the
analyses. The times are local times, five hours shead of G.M.T, at Heard
Island, snd ten hours ahead of G.M.T. at Macguarie Island.

The first situation to be considered in greater detail is
that at Heard Island for the period 17th - 18th June, 1948. Here the
polar front has a roughly west-east alignment and on the 17th a wave (LQ)
passes along the front, followed on the 18th by another wave (LS) with
occluding fronts.

Figure 22 shows the variation of pressure, wind, temperature,
dewpoint and hydrometeors between 0300 hours and 2400 hours on the 17th. A
definite warm frontal passage is discernible at about 1100 hours and is
reported as such in the station observation book. From the observations of
2300 hours on the 17th and 0500 hours on the 18th, it appears that a cold
front passage occurred between these hours.

Figure 23 shows the variatién of pressure, wind, temperature,
dewpoint and hydrometeors between 0300 hours and 2400 hours on the 18th.
The figure suggests a warm front passage at the station at about 0900 hours
and a cold front passage at about 1730 hours. The station reported warm
and cold front passages respectively at 0640 hours and 1815 hours. From
Figure 23 it will be seen that the changes in the elements do not occur
synchronously; for instance, the temperature rise at about 1100 hours
occurred about five hours after the interruption of the pressure fall. The
wind shift associated with this temperature rise is indefinite and may be
said to have occurred at either 0800 hours or 1100 hours.

The cold front passage is also poorly defined from surface
observations, and assumptions must be made to the effect that the frontal
passages at the surface are "blurred" by orographic or other effects.

Figure 24 gives -a comparison of the upper temperatures and
humidities at 1330 hours on the 18th with those at 1335 hours cen the 19th.
The ascent on the 18th was made in the warm sector whilst that of the 19th

was made in the cold air some time after the cold front passage.
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It will be seen that the warm sector air is some 8°C warmer than the cold
air at most levels.

The next situation considered is that occurring at Heard
Island on the 26th June. An intense depression (La) passed to the east of
the station on the 24th but by the 26th observations suggest the passage of
a further shallow wave. It is postulated that an antarctie front was in the
trough shown on the chart for the 25th and that the wave formed on this front.

Figure 25 shows variations of pressure, wind, temperature,
dewpoint and hydrometeors at the station on the 26th. A warm front passage
seems to have occurred at about 0800 hours and a cold front passage between
1500 and 1800 hours, Once again the textbook frontal passage variations are
"blurred", in this case partly because autographic instruments were affected
by freezing of moisture on them causing excessive friction. Observers'
remarks in the observation book for the 26th include "Dines dirgction
freezing" and "Dines not recording gusts". Snow showers fell during most of
the day and deep drifts were reported so that sereen observations may have
been affected by the drifting of snow into the screen.

Figure 26 shows the comparison of the results of the radiosonde
ascent commenced at 1400 hours on the 26th in warm sector air with those of
the ascent commenced at 1340 hours on the 27th in cold air. At this later
time an anticyclone (Ho) was apparent to the west of the station, having
presumably advanced from the south behind the antarctic front, and warming of
air aloft by subsidence is apparent from Figure 26..

In the series of charts for December 1948 it will be seen
that the area over which analyses have been attempted is more comprehensive
than that covered by the analyses for June 1948. In compiling the charts for
December, use was made of the analyses made by the R.N. Meteorological Office,
Simonstown, South Africa, which cover that part of the Southern Ocean from
longitude ?OQW to longitude 50°E, analyses issued by the Meteorological
Services of South Africa and Argentina, and analyses from the U.K. Meteoro-
logical Office in the Falkland Islands. Over continental Australia the
analyses of the Central Analysis Section of the Commonwealth Meteorological
Bureau, Melbourne, were used as a guide. Reports at six - or three-hourly

intervals were available from the Falkland Islands, South Geergia, Graham
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Land, ‘Marion Island, Heard Island and Macgquarie Island and from about eight
ships at latitudes greater than 5005. -

The charts for the first three days in December show a con-
tinuous polar front from South America to the longitude of New Zealand but by
the 4th, the retardation of the movements of lows "E" and "G" has caused a
northward displacement of the front in their vicinity and a new antarctic
front appears to the south of South America. A depression (Lc) which was in
evidence in the Great Australian Bight on the 1st, intensifies and by the 5th
has become a major feature in the vicinity of Macquarie Island where the polar
front is drawn into its circulation. On the 8th the old polar front moves
over the southwest corner of Australia but has become very weak and the
antarctic front is now assuming the role of the polar front. It will be
noted that from reports available two depressions (LF and LL) appear to have
" meintained their identity throughout the first half of the month, moving
slowly eastwards along latitude 6005, and being connected at first with the
0ld polar front and later with the antarctiec front which on the 15th is
regarded as the dominant polar front of the circulation.

On the 15th a wave (LT) is apparent on this front near South
America and in the ensuing days develops into an intense depression in the
vicinity of the Falkland Islands with rapid écclusion of the front. On the
16th a wave (Lv) develops in a similar manner near Tasmania and by the 20th
is an intense depression near Macquarie Island.

On the 21st a wave (LX) is evident, from Marion Island reports,
en the old polar front and by the 23rd it passes Heard Island as an intense
low with the fronts partly occluded. It subsequently drifts to the east, its
attendant cold front moving over the southwest corner of Australia, -and the
depression, now less intense, later moves to the south of Macguarie Island and
causes a fresh outbreak of antarctic air over that station on the 30th.

The ﬁain impression gained from these charts for December 1948
is that the depressions form in the vicinity of latitude uODS, move southeast
and intensify until reaching latitudes 550 - 6008, and then generally drift
to the east, often retaining their identity for ten days or more.

A more detailed description of an indivudual case 1s now

given for Macquarie Island for the period 29th - 30th December, 19,48, Figure 27
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showing the changes of pressure, wind, temperature, dew point and hydrometeors
from 1500 hours on the 29th to 1200 hours on the 30th,

A cold frontal passage is clearly indicated at about 0030
hours on the 30th. There is a marked shift in wind direction from West to
South, there is a BOF drop in temperature and, when precipitation ceases
allowing a representative reading, it is seen that the drop in dew point is
about 130F. It is assumed that this cold front is the antarctic front, which
formed and moved northward from the edge of the Antarctic continent. This
view is supported by the low dew point temperature of 29°F, the great majority
of dew points for the month lying between 350 and h50F.

Figure 28 shows a comparison of the results of radiosonde
ascents commenced at 1800 hours on the 29th and 1755 hours on the 20th res-—
pectively. The earlier ascent was made some seven hours before the frontal
passage and indicates that subsidence has occurred in the warm air mass. The
latter ascent was made when the front was about 250 nautical miles to the north
of Macquarie Island and shows pronounced cooling. It is suggested that
cooling below the 750 mb level is due to advection but that the air above that

level is warm sector air cooled by lifting.
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ERRATA

VOLUME 1 PART 1 (&)

Pages (vi) and (viii) s The code numbers corresponding to each
type of present weather have been omitted.
These numbers follow in numerical sequence
to those on Pages (v) and (vii) respectively.
Page (xii) - The second line should read -

6 Cirrus and Cirrostratus, often in bands

converging.
Page 61 i Observations are for the month of July,
19u8.
Page 73 .o Insert observation for 2200 hours on the

10th November, 1948, as follows :
10 22 0136 37 35 31 00 - 98 8 03 1 8
6 5= =-5--0L42 35000 -~ - 90
Page 75 “a Delete the following observations on the
23rd November, 1948 -
23 01 9982 L4 L4 ete
23 o4 9989 L4 L4  ete
and insert' them on page 78 as the 0100
hours and O4LOO hours observations on the
23rd December, 1948.
Page 82 e On June 16th, the 500 mb. temperature should

be negative.

Page 84 s On August lst the 300 mb height should be
854.
Pages 80 - 95 - In the results of Radiosonde observations &

blank occurring in the temperature column,
when other data for the pame level is given,
indicates & temperature of zero at that

level.
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