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Analysis of Direct Solar Radiation
at Plateau Station, 1966-1968
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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 ac-
tinometers were added to the project in 1968—one
equipped with standard filters and one with inter-
ference filters transmitting in the near-infrared. Ap-
proximately 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 con-
nected 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 sensi-
tivity 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 air-
mass than the ones with smaller aperture, under
clean-air conditions. In the presence of even slight
ice fog or ice-crystal precipitation, circumsolar radia-
tion 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 un-
satisfactory in that it was physically impossible to
derive size spectra of aerosol particles. Spectral ex-
tinction coefficients were then computed by numer-
ical 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-scat-
tering coefficients, and temperature coefficients of
filter transmission extrapolated from values of Hickey
and Drummond. Assuming Junge's aerosol size dis-
tribution 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 break-
down of the circumpolar vortex. Angstrom's turbidi-
ty coefficient ranged from 0.004 to 0.030 and aver-
aged 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 nor-
mal 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 ex-
ponential 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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