
Dutton, E., Komhyr, W. D., and Thompson, T. 1980. Global base-
line concentrations of selected fluorocarbons and nitrous oxide.
Proceedings of World Meteorological Organization Technical Confer-
ence on Regional and Global Observation of Atmospheric Pollution
Relative to Climate, 1979. Special Environmental Report 14,295-302.

Komhyr, W. D., Dutton, E., and Thompson, T. In press. Chioro-
fluorocarbon-Il, -12, and nitrous oxide measurements at the U.S.
GMCC baseline stations, 16 September 1973 to 31 December 1979.
NOAA Technical Memorandum.

Maenhaut, W., Zoller, W. H., Duce, R. A., and Hoffman, J. L. 1979.
Concentration and size distribution of particulate trace elements
in the south polar atmosphere. Journal of Geophysical Research,
84(C5), 2421-2431.

Mendonca, B. G. (Ed.). 1979. Geophysical Monitoring for Climatic
Change, Number 7, Summary Report 1978. Boulder, Cob.:
NOAA/ARL, U.S. Department of Commerce.

Murphy, M. E., and Bodhaine, B. A. 1980. The South Pole automatic
condensation nuclei counter: Instrument details and five years of
observations. NOAA Technical Memorandum ERL ARL-82, 88 pp.

National Academy of Sciences. 1977. Energy and climate-Studies in
geophysics.

Oltmans, S. J., and Komhyr, W. D. 1976. Surface ozone in Antarc-
tica. Journal of Geophysical Research, 81(30), 5359-5364.

Figure 2. Wind rose of surface winds at the clean air facility
at the South Pole. The wind directions are referenced from a
grid direction with longitude 0 0 as north. The persistence of
winds out of the northeast quadrant (85 percent of the time),
which Is upwind from the main South Pole building complex,
Is obvious. The preponderance of winds below 10 meters per
second, together with the steadiness of the winds, enable
surface sampling in an uncontaminated air flow upwind
from the Amundson-Scott building and power generation
complex.

shown secular increases in atmospheric CO2 and freons.
Atmospheric aerosol and ozone measurements show no
significant trends in concentrations but do show definite
annual variations in concentrations. Total solar clear-quartz
shortwave irradiance measurements show no gross secular
or interannual trends. Significant variations in average
cloudiness have not been evident from the average
monthly solar irradiance measurements from the 4 years of
record.
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Temperatures at Amundsen-Scott Station, South Pole

Year	Max	 Min	Mean

1957	- 18.9°C	-73.9°C	-49.4°C
1958	-15.0	-73.3	-48.9
1959	-21.1	-77.2	-50.0
1960	-20.6	-76.7	-49.4
1961	 -73.9
1962	-23.9	-75.0	-49.4
1963	-18.9	-77.2	-48.9
1964	-18.9	-72.2	-48.9
1965	-20.0	-80.6	-49.4
1966	-18.9	-76.1	-49.4
1967	-18.3	-76.1	-49.4
1968	-22.8	-77.8	-49.4
1969	-20.6	-77.8	-49.4
1970	-20.0	-75.6	-49.4
1971	-16.7	-75.6	-49.0
1972	-20.6	-73.3	-48.8
1973	-21.7	-75.0	-49.6
1974	-17.8	-77.2	-48.8
1975	-20.0	-75.0	-49.3
1976	-12.3	-76.0	-48.1
1977	-19.7	-74.9	-49.5
1978	-13.9	-76.7	-48.4

Lidar measurements
In Antarctica

VERN N. SMuy

Desert Research Institute
Reno, Nevada 89506

The Desert Research Institute has conducted lidar
measurements of the troposphere in Antarctica during
some austral summers and winter-over (w/o) periods since
the 1974-75 season. The early work began with a single-
channel lidar at South Pole Station with the goal of de-
termining where ice crystals form and grow during a
phenomenon referred to as "clear sky precipitation." This
research continued in 1976-77 with the addition of a second
receiver channel for the lidar. The laser transmitter was

188	 ANTARCrIC JOURNAL



4000	—60

3500

3000

E
. 2500

0

' 2000

2
0

500

I-

I-
-J
4 1000

500

TEMPERATURE (C)
-60	 —40

on
9	9	9	9	9	9	9	9

polarized and the receivers were cross-polarized, one meas-
uring the return signal polarized parallel to the transmitted
beam and the other measuring the signal polarized perpen-
dicular to the transmitted beam. The ratio of the perpendic-
ular return to the parallel return is the depolarization.

The lidar was then moved to Palmer Station and used to
study ice formation in low-level clouds during the 1977-78
winter-over season. Final measurements were made during
the 1979-80 season at the same location. Personnel involved
in field operations this year were Mark Faust (w/o period)
and Bruce Morley, who carried out some lidar calibrations
and measurements as well as sky background measure-
ments during February and March of 1980.

The purposes of our activities for the 1979-80 season
were: (1) to take vertical backscatter and depolarization
profiles of low-lying clouds; (2) to determine from the de-
polarization ratios whether ice crystal, water droplet, or
mixed-phase clouds were present; and (3) to relate the ob-
served events to local meteorological conditions.

A significant amount of useful data was obtained the last
two seasons despite some problems. In addition, this last
year some of the reduced data from earlier measurements at
South Pole were analyzed. Significant results were found
and publications are being prepared. The unpolarized lidar
results for the period March to November 1975 showed
that, on average, clear sky precipitation crystals were grow-
ing in a layer, with tops close to the inversion level tops at
420 meters ± 130 meters during austral night and 650
meters ± 170 meters during austral day. Higher layers,
which may have "seeded" the lower layer, were frequently
observed above the surface layers. Winds at the 650- and
600-millibar levels were predominantly upslope. Principal
ice crystal habits observed were plates, prisms, bullets, and
clusters ranging in size from 80 to 225 micrometers. An
example of a lidar return from clear sky ice crystal precip-
itation data from this period is shown in figure 1.

Summer data for the 1976-77 period at South Pole with
the depolarization-sensitive lidar also provided significant
results. Used together, the backscatter profiles and depolar-
ization profiles may allow us to discriminate between water
drop, ice crystal, and mixed-phase layers. One example in
which the interpretation is not so clear is the lidar return
shown in figure 2. The intense peak between 900 and 1,500
meters shows almost no depolarization. Under this layer
the depolarization climbs rapidly to about 0.5—about the
value predicted for pure ice crystals. One explanation is that
the strong backscattering layer is composed of spherical
water drops, with ice crystals forming underneath and fall-
ing out. Another explanation for the strong peak is possible.
Horizontally oriented plates give a strong unpolarized re-
turn to a vertically oriented lidar system as a result of
specular reflections (Platt 1977; Sassen 1977). However, the
temperature at the 1,000- to 1,500-meter layer varies from
— 29° to — 30°C, which is generally too cold for plates to
predominate. The oriented plates would have to become
increasingly disoriented below 700 meters to explain the
increasing depolarization as a function of decreasing alti-
tude. It is possible for turbulence in the boundary layer to
cause such disorientation.

Figure 3 presents an example of a polarization-sensitive
lidar profile taken at Palmer Station when rain and snow
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Figure 1. Lidar return from "clear sky precipitation" at
Amundsen-Scott South Pole Station on 11 July 1975. The
vertical temperature profile is also Included.
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Figure 2. Depolarization-sensitive lidar return of super-
cooled water drop (or oriented plate) layer and ice crystal
precipitation at Amundsen-Scott South Pole Station at 2105
Greenwich mean time on 8 December 1976. A = parallel lidar
profile, B = perpendicular lidar profile, C = depolarization.
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Figure 3. Depolarization-sensitive lidar return from mixed-
phase cloud and mixture of rain and snow precipitation at
Palmer Station at 0142 Greenwich mean time on 10 October
1978. A = parallel lidar profile, B = perpendicular lidar
profile, C = depolarization.

were seen and the surface temperature was slightly greater
than 0°C. The lidar observes an intense return from a layer
between 500 meters and 750 meters and also a strong per-
pendicular return with an anomalously large depolariza-
tion peak at the top of the layer. The perpendicular return
and anomalous depolarization are apparently the result of
oriented crystals (other than plates) in a mixed-phase layer.
The lower portion of the return below 350 meters is pre-
cipitation where snow predominates, as indicated by the
depolarization values ranging from 0.3 to 0.5.

Other investigators who participated in the data reduc-
tion were Bruce Morley, Bruce Whitcomb, and Joseph
Warburton.

This research was supported by National Science Foun-
dation grant DPP 78-23835.
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High-resolution picture
transmission satellite receiver at
McMurdo Station aids antarctic

mosaic project
DONALD R. Wrnsr and CRAIG P. BERG

NOAA/National Earth Satellite Service
Washington, D.C. 20233

GLENN C. ROSENBERGER (U.S. NAVY, RETIRED)

Naval Support Force Antarctica
Port Hueneme, California 93043

Although automatic picture transmission (An) of
National Oceanic and Atmospheric Administration (No)
satellites has been available at McMurdo Station for a num-
ber of years, the National Science Foundation has installed
a new high-resolution picture transmission (HRVr) system,
which began operations on 12 January 1980. This system
not only provides useful images for operational meteor-
ological forecasts, but also can collect digital data on high-
density tapes 20 to 28 times per day. Thus, the HRFT satellite
data receiver can also play a research role for certain
projects and investigators.

The purpose of the NSF-purchased satellite data acquisi-
tion system is to facilitate weather forecasting and to pro-
vide a means for collection of NOAA satellite data for
research purposes. The "Antarctic Mosaic" project is one
NSF-funded research effort. It is a joint NOAA/USGS program.
No, with assistance from the meteorology division,
McMurdo Station, is collecting selected cloud-free data that
will be computer-rectified, enhanced, and enlarged to a
scale of 1:5,000,000. The resulting images will be sent to the
U.S. Geological Survey, where photogrammetrists will fit
the images into a stereropolar projection and add place
names, latitudes, and longitudes.

During January 1980—the first month the data-
acquisition system was in operation—cloud-free images
and tapes of about 40 percent of the Antarctic Continent
were recorded.

The NOAA satellites are in near-polar (inclination of ap-
proximately 99 degrees), sun-synchronous orbits. NoAA-6
crosses the equator at 0730 and 1930 local time, and TIROS-N
crosses at 0330 and 1530 local time. The nodal periods are
approximately 102 minutes and thus provide slightly more
than 14 orbits per day (Hussey 1979). The average altitude
is 833 kilometers for NOAA-6 and 870 kilometers for TIROS-N.

The advanced very-high-resolution radiometer (AvIR)
provides high-resolution visible and infrared data via real-
time transmission (HRPT) or via onboard recording (local
area coverage—LAc), with a resolution of 1.1 kilometers at
subpoint on four spectral channels. HRPr and LAC data are
used for day- and night-cloud mapping, sea-surface tem-
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