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Surface and Subsurface
Micrometeorology at Plateau Station

R. DINGLE, U. RADOK,
P. SCHWERDTFEGER, and G. WELLER

Meteorology Department
University of Melbourne, Australia

As part of Plateau Station's meteorological and
glaciological programs, microrneteorological tech-
niques are being applied in the top 10 in the
firn. The instrumentation includes special subsur-
face radiometers and heat-flux plates, which pro-
vide detailed information on radiative, conductive,
and convective heat transfer in the firn. They are
monitored by recorders which are housed, together
with control equipment, in a seven-foot fiber-glass
polyurethane cube kept at comfortable working
temperatures by thermostatically controlled electric
floor heating. The methods of observation and
analysis were tested and perfected by Weller at
Mawson Station in 1965. This early work made it
clear that an ice or firn cover must be regarded as
an energy-exchange layer rather than as a simple
heat-exchange surface.

The first results from Plateau confirm that
radiant energy undergoes a much more rapid ex-
tinction in firn than in the clear ice at Mawson (see
figure). At the same time, convective heat transfer

appears to be an important process. In summer, the
firn temperature at Plateau increases from a mini-
mum of —60°C. at the 4-rn level, both towards the
surface (-35°C.) and downwards to the level of an-
nual mean temperature (-59°C.). During this
period, the flow of air in the firn (caused, it is be-
lieved, mainly by changes in air pressure at the sur-
face) appears to be so large as to increase the total
heat flow by about one-third. Even stronger convec-
tion can be expected when the temperature gradient
in the firn reverses its sign later in the year.

The formation and accumulation of snow near
Plateau appear to be strongly affected by the station
itself. Therefore, values representative of these
processes are being obtained from two separate ac-
cumulation-stake systems. The topography of the
snow surface, which has been found to be extremely
variable, is being systematically recorded. The study
of drift and sublimation as functions of height has
been restricted by the lack of electronic drift gauges.
(The gauges were not built in time for use in the
1966-1967 season, but they will be put in operation
next year.) However, preliminary measurements
are being carried out with self-regulating cyclone
gauges. Although snow drift, in the accepted antarc-
tic sense, is not common at Plateau, it has been ob-
served there on a number of occasions, including one
"mini-blizzard" during which gusts of up to 30 knots
were recorded.

Seasonal Changes of Atmospheric Mass
Over the Antarctic Continent

W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin

Ten years after the beginning of the IGY, suffi-
cient observations of atmospheric pressure at sta-
tion level have been accumulated for both the
border and interior of Antarctica to make possible
an analysis of the average annual march of pressure
for every sector and altitude of the Continent. By
proper weighting of the data for the coastal regions,
the intermediate heights (Byrd, 1,500 m), and the
high plateau (South Pole, 2,800 m; Vostok, 3,600
m), one can determine the average month-to-
month variations of surface pressure, and hence the
corresponding changes of atmospheric mass, over
the entire Continent.

The most remarkable feature of the areally inte-
grated pressure curve is that there are two dom-
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mating oscillations—an annual and a semiannual
harmonic variation. Indeed, these two components
account for approximately 90 percent of the total
variance of the series of 12 monthly values. The
amplitudes of both the annual and semiannual os-
cillations are 3.5 mb. The maximum of the annual
oscillation occurs on February 12 (climatically,
although not astronomically, about the end of the
short antarctic summer), while the maxima of the
semiannual occur on January 2 and July 2, only 10
days from the solstices. For the combined curve,
the principal maximum (+6.6 mb) occurs on Janu-
ary 11, a secondary minimum (-1.7 mb) in April,
a secondary maximum (+1.1 mb) in June, and the
principal minimum (-6.2 mb) on September 24.
Because 1 mb of change over the entire surface of
Antarctica corresponds to a change of mass of
l2xl0 16 g, the total range of 12.8 mb from Septem -
ber to January represents 1.6x10 18 g, or about 2
percent of the total mass above the Continent.

An examination of the data obtained at the 15
antarctic stations having records taken over a period
of at least 7 years (10 years on the average), which
were used for the analysis, reveals that the variabil-
ity of the time of occurrence of the maxima and
minima of the semiannual oscillation is very small;
the standard deviation of the mean date is only 3
days, and the extreme range—Mawson versus Hal-
ley Bay—is 18 days. On the other hand, the vari-
ability of the time of occurrence of the maximum of
the annual oscillation is much larger. There is a
systematic delay from an early date (one of the
first days of February) at the high-elevation sta-
tions in the interior of the Continent to a later date
(in April) for the stations at lower latitude, near sea
level.

The seasonal change of pressure over the entire
Continent has several interesting implications. From
the climatological point of view, it is noteworthy
that in the latitudinal belt between 40° and 50°S.
there is a semiannual variation of pressure, with the
maxima at the equinoxes, which is just opposite in
phase to the variation over Antarctica. This means
that in the southern subpolar belt, the poleward
pressure gradient, which is directly related to the
strength of the westerly winds, is much stronger dur-
ing the equinoctial months than in the months
around the solstices. The effects of these condi-
tions have been observed for many years; in fact,
the old Cape Horn sailors often reported on the fre-
quency and intensity of the "equinoctial storms."

Variations of atmospheric mass over the entire
Continent must be interpreted as the result of a net
meridional transport across, say, the Antarctic
Circle. The poleward transport from September to

January is the outstanding feature, but there also is
a pronounced half-yearly rhythm in the exchange of
antarctic and subpolar air masses, with a transport
of sensible and latent heat toward Antarctica from
April to June. The phenomenon of the coreless
antarctic winter, first described by Meinardus in
1930, and in particular the fact that the interior of
the Continent (in the area of the South Pole) is,
on the average, not colder in June than in April,
may be due, at least partly, to this poleward trans-
port. It acts, of course, in addition to the macro-
turbulent exchange brought about by the intense
cyclonic activity in the subpolar belt, which operates
on a much shorter time scale. This belt is also
characterized by an intensity maximum in the
equinoctial months.

Finally, it is interesting to question whether the
change of pressure over Antarctica has any effect
on an entirely different geophysical phenomenon—
namely, the periodic variations of the rate of rota-
tion of the Earth. A change of mass over the en-
tire Continent must affect the moment of inertia of
the Earth and thus its rate of rotation. The same is
not true for ocean areas (including the Arctic
Basin), because over large water bodies the so-
called "inverted barometer" principle (approxi-
mately 1 cm depression of sea level for 1 mb in-
crease of pressure) applies. Seasonal pressure vari-
ations over nonpolar continents, such as Asia, indeed
do affect the oscillation of the axis of rotation (and
can produce a "wobble"), but because of the
proportionally much smaller dislocation of mass
from the axis of rotation, these variations cannot es-
sentially affect the rate of rotation.

Quantitatively, the effect of the seasonal varia-
tions of atmospheric mass over Antarctica on the
periodic variation of the length of day is very small
indeed. It amounts to only about one percent of the
magnitude of the most important effects, the annual
and semiannual variations of the relative angular
momentum of the entire atmosphere. This latter
phenomenon, of which a new analysis was made em-
ploying all available aerological data of recent
years, tends to maximize the length of day in the
second half of March and to minimize it in the sec-
ond half of July, the March-July range being about
0.7 milliseconds. Nevertheless, a considerable part
of the astronomically observed periodic variations of
length of day still remains unexplained, which was
the specific reason for examining the possible mag-
nitude of the antarctic effect.

Two forthcoming papers in the Journal of Geo-
physical Research will give a more detailed report
on the results of the studies that have been only
briefly described here.
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