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Analysis of Direct Solar Radiation
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The intensity of direct solar radiation in four broad
spectral bands was measured at Plateau Station in
the three summers from 1966-1967 to 1968-1969
with a Linke-Feussner actinometer. Two Eppley actinometers were added to the project in 1968—one
equipped with standard filters and one with interference filters transmitting in the near-infrared. Approximately 500 spot measurements were made, and
continuous records were obtained for selected periods
under clear as well as cloudy conditions.
Intercomparison of the three actinometers showed
considerable disagreement even though all were connected to the same standard Angstrom pyrheliometer
before and after the expedition. Tests performed in
the cold rooms of the U.S. Army Natick Laboratories
revealed that the temperature coefficient of sensitivity of one instrument deviated from the specified
value. After this correction, the remaining differences
could be explained in terms of circumsolar radiation
due to different angular aperture of the instruments
—5° in the Eppleys and 11° in the Linke-Feussner.
Circumsolar radiation, a function of solar elevation
and turbidity, caused the actinometer with the larger
aperture to receive 0.5% more energy per unit airmass than the ones with smaller aperture, under
clean-air conditions. In the presence of even slight
ice fog or ice-crystal precipitation, circumsolar radiation varied randomly from 0.5 to 2.0% per unit of
airmass; turbidity parameters computed for those
cases are correspondingly misleading.
The application of standard filter-factors and the
use of various generalized tables and diagrams for
the evaluation of turbidity parameters proved unsatisfactory in that it was physically impossible to
derive size spectra of aerosol particles. Spectral extinction coefficients were then computed by numerical integration over 100 wavelength steps, using
Labs' and Neckel's extraterrestrial solar spectrum,
individual filter spectrograms, Howard's data for
H20 and CO 2 absorption, theoretical Rayleigh-scattering coefficients, and temperature coefficients of
filter transmission extrapolated from values of Hickey
and Drummond. Assuming Junge's aerosol size distribution to be valid in all cases, total ozone content
was determined from absorption in the Chappuis
band, in fair agreement (±20%) with South Pole
ozone values.
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Springtime rises of atmospheric ozone content were
accompanied by predominance of smaller aerosol
particles and low turbidity, reflecting the influx and
sinking of clean, stratospheric air during the breakdown of the circumpolar vortex. Angstrom's turbidity coefficient ranged from 0.004 to 0.030 and averaged close to 0.010. Xngstrom's wavelength exponent
of aerosol scattering was higher in spring than in
summer, averaging 1.8 and 1.5, respectively. The
amount of precipitable water varied from 50 microns
in October to 350 microns in January (on clear
days). An analysis of spectral extinction during ice
crystal precipitation from cloudless skies is in progress.
As a result of this high atmospheric transparency
and of continuous sunshine, Plateau Station ranges
among the earth's sunniest places, with a maximum
daily global insolation measured in excess of 1.000
ly. Maximum values of direct solar radiation at normal incidence were over 1.6 ly per minute.
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The evaluation of a large number of wind- and
temperature-soundings at antarctic inland stations
has shown the strong effect of an inversion layer on
the surface wind regime over the slightly inclined
snow fields of the antarctic plateau. The theory of
this phenomenon leads to equations for a family of
wind spirals, that is, lines defined by the endpoints of
the wind vectors at various heights above the surface.
An appropriate assumption is that the vertical profile
of the temperature can be approximated by an exponential function. In the case of a sloped inversion,
this implies that the horizontal temperature gradient
in the friction layer decreases upwards exponentially.
The resulting wind spirals differ strikingly from the
well-known, simple Ekman spiral. The factors which
essentially determine the configuration of the new
spirals are the magnitude of the temperature gradient
and its orientation with regard to the wind above the
friction layer, and the eddy diffusivity. With realistic
values for these factors, it is possible that the wind
spiral describes a complete loop in the lowest 200 m,
that the wind turns with height in a sense opposite
to the change found ordinarily and requested by the
original Ekman theory, or that the angle between
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Wind in the friction-layer over Plateau Station, August 7, 1966;
temperature inversion between 1.5 and 400 rn: 32°C.
Black circles: Vector averages of the wind measured by five soundings, between 0052 and 0842 GMT, during a stable weather
situation ("steady state").

arrow: Upper wind
(at 400 and 500 rn), from
55 0 , 5.4 rn/sec. The three curves show individual theoretical wind
spirals.
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Dashed: Angle between thermal wind v 1 (from 160 0 , along the
contourlines of the terrain) and the upper wind v u being a
=1050; vT
3 V u . K=3 • 10 3 cm° sec-1.
Solid at left:
=90 v-j-=3 v u; K3 • 10' cm° seC'.
Heavy dashed

Solid

at right: cq-120 0 ; v T =2.5 v u; K2.5 • 10' cm° sec-1.

Unit of height values of black circles and of marks along spirals:
100 m.

upper wind and surface wind reaches extremely large
values (>600). In a recent paper (Mahrt and
Schwerdtfeger, 1970), several of these solutions are
shown and their significance for the low-layer mass
outflow from the interior of Antarctica is discussed.
Questions may arise whether such configurations
of the wind spirals can really be observed, and if
so, what conclusions can be drawn regarding the
eddy diffusivity in a friction layer with extreme
stability but considerable vertical windshear. A first,
preliminary result looks promising. At Plateau Station during the dark months of 1966, Sponholz accomplished several series of slow-rise radiosoundings
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with double theodolite wind measurements, obtain ing the vertical structure of the inversion with more
detail than can be done by conventional rawinsondeing. Fig. 1 shows the results of one of these series,
compared with theoretical solutions. At least in this
case, the theory can explain the observed wind pattern; the dashed curve closely approximates the
black circles. The only major deviation is between
the observed and theoretical winds at 10 m. This is
understandable, because the theory assumes a constant
value of the eddy diffusivity, K, which is unrealistic;
in the lowest layer, where the inversion is most pronounced, K should be smaller than in the rest of the
friction layer, and hence the 10-rn wind stronger.
The two solid curves are included to show the sensitivity of the theoretical solutions to changes of the
angle between upper and thermal wind. Different
values for K affect the character of the curves little,
but lead to different heights along the spirals. For
the three solutions shown, the K-values have been
arbitrarily chosen so that the height of the most pronounced turning of the curves agrees with the observations. Forthcoming verification of theoretical
spirals and derivation of eddy diffusivity values will
also make use of the detailed wind data obtained
along the 32-rn high micrometeorological tower
erected in 1967.
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A major emphasis has been given to refining the
cyclic paleoceanographic (paleoclimatic) variations
in the late Cenozoic as recorded by planktonic microfossils in deep-sea cores of antarctic oceans. A correlation has been suggested between these and variations recorded in temperate and tropical regions,
requiring essential contemporaneity of major paleoceanographic cycles but not absolute contemporaneity of the initiation or termination of any specific
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