
Pole generally suggest concentrations of less than 100 per
cubic centimeter exceeding 1,000 per cubic centimeter only
on rare occasions (Hogan, 1975). Again, more measure-
ments are necessary to determine if such profiles are typical.

Our field party consisted of Messrs. Hofmann, Olson, and
Kjome. They were in the field 3 to 31 January 1977. This
research was partially supported by National Science Foun-
dation grant DPP 76-17777 and by Department of Com-
merce grant 04-6-022-44019.
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Atmospheric processes and
energy transfers at the South Pole

J .J . CARROLL, K.L. COULSON, R.H. HAMILTON,
and B. JACKSON

Department of Land, Air, and Water Resources
University of California, Davis

Davis, California 95616

In 1976-1977 at Amundsen-Scott South Pole Station, we
relocated and continued energy balance measurements east
of the new clean air facility, analyzed our 1975 energy
balance measurements, and measured the intensity and

polarization of visible radiation reflected by the snow sur-
face.

A full description of the energy balance measurements is
in Carroll et al. (1977). In our initial analysis we evaluated
in situ operation and performance; this led to changes in in-
strumentation and procedures. Most changes were made
coincident with relocation of the sampling site following
completion of the new clean air facility inJanuary 1977.

The relocation should improve data quality for two
reasons. First, the new location increases the range of wind
directions for which meaningful boundary layer measure-
ments can be made; especially, it enables excellent fetch
conditions to grid south. Second, the station structures
should have no significant influence on the measured flow.
At the old location, the fuel arch distorted mean air flow—
especially when the wind was in the acute angle between
300 0 and 15° grid. This interference developed a deep
elongated drift south of the end of the arch and apparently
increased the easterly component of the wind south of the
arch.

Local radio transmissions have caused noise in the low
signal level sensors such as the radiometers, but this has been
reduced using active filtering. However, point-by-point
analysis of data still is required to separate good from noise-
contaminated samples. Malfunctions of mechanical sensors,
caused by snow and ice acretion in moving parts, were
reduced by increased preventive maintenance and improved
internal heater efficiency in the anemometers.

We determined the effective albedo of the snow surface in
the near ultraviolet (0.295 to 0.385 micrometers) and in the
solar (shortwave, 0.35 to 4 micrometers) bands using har-
monic analyses of simultaneously measured upward and
downward fluxes in these wavelength intervals (Fitch, 1976):
the average clear-sky shortwave albedo decreases from 0.87
to 0.84 (± .02) and the average clear sky ultraviolet albedo
decreases from 0.98 to 0.96 (± .02) as sun elevation in-
creases from 13 to 22 degrees. Surface effects, such as the
orientation of sastrugi with respect to solar azimuth, appear
to cause albedo variations of about ± 0.01, marginally
significant. No significant difference was found between
clear-sky and full overcast albedo.

An analysis of the energy balance for the 1975 austral
winter is nearly completed, and a partial summary of results
is in the table. The major components of the heat balance
were averaged over 10-day periods from 1/2- or 1-hour
averages of the individual components for periods when
transmitter interference was minimal (1200 to 1800 GMT).
In these calculations, the residuals (BALl and BAL2) are
the difference between the downward net radiation (NET1
or NET2) and the downward conductive heat flux at the
bottom of a 100-centimeter column of snow (F5), and the
heat gain in the top 100 centimeters of snow (Sdh). That is:

BAL = HS +P--= NET - Sdh - F5

This residual in turn equals the sensible heat flux (H 5) to
the air plus the cumulative error (s). The two values of the
net radiation represent two methods of measurement: NET1
is the calibrated output of a single radiometer directly sen-
sitive to the difference between the downward and upward
fluxes; NET2 is the computed difference in the downward
and upward fluxes measured directly by two individual
radiometers. Analysis of the probable measurement errors
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in each component suggest that the cumulative errors () are
the order of + 8 percent of the residual, or

H5 = BAL ± 8 percent

The rate of heat gain in the lowest 7 meters of air (Adh), a
measure of the mean horizontal advection of heat in that
layer, also is listed in the table.

The seasonally averaged data in the table are consistent
with published climatological averages. For example, the
average nocturnal net radiation given by Schwerdtfeger
(1970) is - 0.9 x 103 langleys per month, or about -30
langleys per day. The table illustrates the major role of
downward heat transport by the air in balancing the
radiative losses, and shows that the variability of the various
components increases considerably with decreasing averag-
ing period.

In December 1976, we measured surface reflection using
a computer controlled polarizing radiometer. The
measurements were made a few meters east of the old clean
air facility and included polarization, intensity, and phase
angle of reflected sunlight. These data are necessary for
proper interpretation of previously acquired measurements
of the same parameters in diffuse skylight. Between 15 and
20 vertical scans in the solar plane and three map scans were
performed in each of six narrow wavelength bands. The

data were initially analyzed on the South Pole computer
system, and plots of intensity and polarization were pro-
duced. Data from scans in the plane of the sun's vertical
show a polarization maximum of 12 percent at the horizon
directly below the sun and a broad tongue of unpolarized
reflected light extending from the local vertical toward the
antisolar horizon.

This research was supported by National Science Founda-
tion grant DPP 76-22260.
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Average nocturnal surface energy balance components (langleys per day) for 10-day periods and for the winter season (14 April through
20 September) 1975, calculated from data measured daily between 1200 and 1800 GMT.

Period
lianda	 Sdh*	 Adh

	 F	 NETI
	BALI
	NET2
	BAL2

	

104-113
	 0.64
	 1.24	-3.0	-38.2	-35.2	-37.3	-34.4

	

114-123	 5.08
	 0.16	-3.7	-32.8	-29.8	-29.9	-26.9

	

124-133	 -4.36	-0.4	 0.6	-28.0	-23.8	-26.2	-22.0

	

134-143	 -2.84	-0.04	-2.4	-41.0	-33.2	-38.5	-30.7

	

144-153	 -0.92	 0.88	-5.3	-35.8	-30.4	-34.2	-28.8

	

154-163	 -1.28	-0.48	-4.8	-40.6	-37.9	-38.6	-36.0

	

164-173
	 5.88
	 0.68	-4.1	-37.0	-39.4	-36.0	-38.5

	

174-183	 -2.12	-0.12	-3.7	-39.2	-33.2	-39.9	-33.9

	

184-193	 -0.60	-0.28	-4.7	-36.9	-29.9	-37.3	-30.2

	

194-203	 -4.84	-0.32	-3.9	-43.0	-34.0	-43.2	-34.1

	

204-213
	 3.92	 0.08	-2.8	-44.7	-45.8	-42.2	-43.9

	

214-223	 0.68	-0.20	-1.6	-22.4	-20.6	-23.0	-21.2

	

224-233	 0.84
	 0.28	-0.5	-34.5	-33.8	-34.1	-33.3

	

234-243	 -1.88	-0.64	-0.6	-27.8	-22.8	-28.3	-23.4

	

244-253
	 15.72
	 0.68	 - 9.9	-22.8	-11.7	-24.2

	

254-263	 -7.20	-1.36	-0.2	-29.2	-23.7	-28.3	-22.8

	

104-263
	 0.42	 0.01	-2.8	-33.8	-31.0	-33.0	-30.3

*See text for description of headings.
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