
continue after Siple Station closed. The AWS unit removed from
Siple was checked, converted to AWS 8904, and successfully
installed at Dome C. One integrated circuit had failed in the old
AWS 8904 after 3 years of operation at one of the coldest places on
the planet.

Nancy Site near White Island had to be removed as the site
was just inside the white-out landing zone for Willy Field. AWS
8911B was reinstalled just outside the white-out landing zone
near White Island and named Tiffany Site.

Batteries, regulator, boom, and aerovane were replaced at
Whitlock Site, 300 meters above the Ross Sea on Franklin Is-
land. Salt corrosion had corroded an exposed positive wire
preventing the batteries from charging. The presence of salt 300
meters above the ocean is surprising but with wind speeds
above 20 meters per second combined with the nearly vertical
cliff on the island it is likely that the salt spray was carried to the
island top by strong upward air motion.

AWS 8921 was installed on the Ross Ice Shelf near Byrd
Glacier. The purpose is to study the barrier wind flow and the
air flow down the Byrd Glacier onto the Ross Ice Shelf.

AWS 8907 at Ferrell Site had stopped 22 August 1983 due to
corrosion breaking a circuit trace on the central processing unit
(CPU) board. The CPU board was cleaned and repaired, and the
AWS unit was reinstalled at Ferrell Site.

The radioisotope thermal generator at Manning Site (Aws

8905) was dug out and installed on a raised platform.
AWS 8918 at Windless Bight had stopped 21 March 1983. The

unit was returned to McMurdo where the transmitter was
found to have shifted frequency. Adjustments were made, and
the unit was reinstalled at Windless Bight.

AWS 8909 was installed at Arrival Heights near McMurdo.
The unit used new CPU and interface boards combined with the
transmitter and pressure gauge systems from the unit removed
from Dome C. AWS 8909 also measures relative humidity and
vertical temperature difference.

Figure 1 shows the 3.0-meter to 0.5-meter temperature dif-
ference (Delta T) as a function of time along with air tem-
perature, wind speed, and wind direction at 3-meter height.
The Delta T and wind speed will be used to estimate the sensible
heat flux to the air. The vertical air temperature difference clear-
ly decreases as the wind speed increases.

Figure 2 shows the relative humidity as a function of time
along with the air temperature, wind speed, and wind direction
all at a height of 3.0 meters. The time series was selected because
of the large swing in relative humidity for the period and shows
variation with air temperature and wind direction.

George Weidner and Edwin Eloranta were in Antarctica from
21 November 1983 to 13 December 1983. While there, they
removed Nancy Site, went to Siple Station, repaired and re-
deployed 8907, 8911, and 8918. Mike Savage, Greg Vetter, and
Chris Breckenridge were in Antarctica from 4 January 1984 to 26
January 1984 servicing Dome C, Laurie, Manning, Tiffany, and
Arrival Heights sites. Jay Ardi installed AWS 8922B and 8923B
using the ice breaker helicopter.

This research was supported by National Science Foundation
grant DPI' 83-06265 and DPP 79-25040.
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Atmospheric tracers released in
Antarctica
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The antarctic tracer experiment is designed to increase scien-
tific understanding of meridional atmospheric transport pro-
cesses in Antarctica. Meridional transport is responsible for
bringing pollutants, both natural and manmade, to Antarctica
from the lower latitudes. These materials then become part of
the record of climate history that is frozen in the polar ice cap.
The project consists of releasing unique gases into the at-
mosphere at a time and place of our choosing and subsequently
sampling the antarctic atmosphere in search of the tracer gases.
Figure 1 shows the experimental concept and the location of the
stations where sampling for the tracer is being conducted.

The tracers used are 13C134 and 12CD4 . These gases are isotopic
analogs of methane and are called "heavy methanes" because
they are composed of the heavy isotopes of carbon and hydro-
gen, namely carbon-13 ( 13C) and deuterium. These gases can be
detected in the atmosphere at a level of a few parts in 1018 parts
of air. This extremely low level of detection means that the gases
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Figure 1. Conceptual view of the antarctic tracer experiment.

1984 REVIEW	 191



can be detected up to about 2,000 kilometers from the point of
release.

Field operations 1983-1984. A major undertaking for the early
portion of the 1983-1984 season was the deployment of
samplers to eight stations on the antarctic continent; samplers
were installed at McMurdo, Palmer, and Amundsen-Scott Sta-
tions (United States), Halley Bay (United Kingdom), Dumont
d'Urville (France), Syowa (Japan), and Casey and Mawson
(Australia). Sampling at non-U.S. locations is being conducted
with the cooperation of personnel stationed there.

The heavy methane tracer was released after the sampling
network was established. The first release took place at 55°00'S
167°47'E at 5,500 meters above mean sea level on 9 January 1984
(0015Z). The release was made from a National Science Founda-
tion LC-130 airplane flying from Christchurch, New Zealand
toward McMurdo Station. The release lasted for 5 minutes dur-
ing which time the airplane traveled about 50 kilometers. This is
an instantaneous "puff" release when compared to the trans-
port scale of over 1,000 kilometers.

Upon release of the tracer, all sampling stations were notified
to begin sampling. The sampling protocol consists of collecting
one continuous sample over 3 days. This protocol is followed for
60 days after the release. Thus 20 samples are collected by each
station following each release.

Following the January release, additional samples were col-
lected by a cryogenic sampler developed for use on board
LC-130 airplanes. Samples were collected on a nearly daily basis
from 9 January to 15 February by taking advantage of the nor-
mal flight operations of VXE-6. Samples were collected on
flights between McMurdo and Siple, Byrd, Amundsen-Scott
Stations as well as between McMurdo and Christchurch. Other
flights on which samples were collected included flights to the
Siple coast, Martin Hills, Mount Smart, and the Ohio Range
areas. About 100 samples were collected by this means.

A second release was made on 8 June 1984. This release was
conducted with the assistance of the U.S. Air Force using a
WC-135 aircraft and was made at 59°40'S 160°45'W at 5,500
meters altitude. Sampling was conducted at the antarctic sta-
tions in the manner described above. Of course, no airborne
sampling could be conducted during the austral winter.

Trajectory Analysis. Understanding the path by which the
tracer travels is an important aspect of this research. A trajectory
forecast of the first tracer release in January 1984 has been
performed by meteorologists of the U.S. Air Force, the British
Antarctic Survey, and Washington State University. The results
are shown in figure 2. Trajectories A through D were forecast by
David Limbert of the British Antarctic Survey while trajectory E
was forecast by the U.S. Air Force. The forecast by Elmer Robin-

Figure 2. Forecast tracer trajectories following the release on 9 January 1984. The points along each trajectory were computed at 12-hour
Intervals. The date of the OOZ (midnight Greenwich mean time) analysis is indicated by the format ddIOO.
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son of Washington State University is essentially the same as
trajectory C. The dearth of meteorological observations in the
high southern latitudes exacerbates the uncertainties associated
with trajectory forecasting. The plotted forecasts of the tracer
trajectories show a wide divergence of possible paths after just a
few days. However, all of the forecasts agree that the initial path
was toward the east and south.

We are currently analyzing the samples that were obtained

following the January release for the presence of the tracer.
When we detect the tracer at any of the sampling locations, we
will identify the meteorological path by which it must have
arrived at the sampling location. Comparison of the forecasted
and actual paths will increase our understanding of at-
mospheric transport in Antarctica.

This research was supported by National Science Foundation
grant DPP 81-18562.
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aerosols
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A 30-meter meteorological tower was erected at South Pole
Station and instrumented during the 1983-1984 austral sum-
mer. The tower is located at the edge of the "clean air sector," 100
meters from the clean-air facility, along the 120°E meridian of
longitude. Winds are measured from the tower at the 3-meter
and 30-meter levels and recorded by the Global Monitoring for
Climate Change staff at the clean-air facility. An additional wind
set records wind direction and speed at the height of the sam-
pling stacks.

We mounted an experimental precipitation gauge at the 25-
meter level. This gauge has a cylindrical wind shield 50 cen-
timeters in diameter and 60 centimeters high surrounding a
catch funnel with a diameter of 25 centimers. A 1-liter catch
bottle is mounted at the outlet of the funnel. Visual observations
during the austral summer showed hoar frost and rime forma-
tion to be confined to the outside of the wind screen. We are still
evaluating the precipitation gauge.

Two "smoke detectors" which sense changes in atmospheric
conductivity due to particle presence are mounted on the tower,
at levels near the anemometers. The presence of suspended ice
crystals causes a change in conductivity similar to that caused
by the presence of smoke, and gives a recordable electrical
signal, so the electrical signal provides a record of the periods
when ice crystals are present. Additional experiments may al-
low us to differentiate between blowing and drifting snow by
comparing the 3- and 30-meter signals.

The austral summer 1983-1984 was meteorologically unusual
in the polar plateau. The surface temperature remained cold
throughout November and large hoar frost needles formed on

the cold firn surface when slightly warmer air was advected to
the South Pole in December. These frost crystals continued to
accrete, achieving lengths of 2-3 centimeters by early January.

The hoar frost appeared quite dense and covered most of the
surface. We measured 1-meter square area on the surface in the
clean-air sector on 6 January and carefully scraped the hoar
frost from the surface with a spatula. The frost crystals filled
three 1-liter sample bottles but weighed only 130 grams. This is
equivalent to 130 grams per square meter or 0.13 millimeters of
precipitation, a smaller amount than it appears to be and small-
er than the 0.4 millimeters found to accrete in a few hours
during a supercooled fog (Kikuchi and Hogan, 1976).

The hoar crystals were also unusual in that they were quite
resistant to erosion by wind. Past observations have shown
surface hoar to begin eroding and drifting at wind speeds of 6-7
meters per second, but these deposits did not erode in winds of
9-10 meters per second on 13 and 14 January. On 14 January,
very warm air was advected onto the polar plateau, accom-
panied by winds in excess of 10 meters per second and relatively
heavy snow. This snow continued through 15 January and the
hoar frost crystals provided surface roughness which trapped
the snow to prevent its drifting. The new snow was scraped
from the surface at 0200 universal time 15 January by the same
technique. The 2-3 centimeters of accumulated snow was
equivalent to 1.85 millimeters of water, which is one of the
largest falls observed at the South Pole.

We carefully noted the meteorological events surrounding
this storm. Aerosol collections were made, and suspended par-
ticles were measured by instrumental and optical techniques
through the storm. Deposited particles have been filtered from
both the hoar and new snow, and the albedo of the surface was
measured. Analysis of this event should allow us to estimate
particle deposition on the polar plateau and the physical influ-
ence of the particles on some properties of the firn. Preliminary
analysis indicates that silicate particles were precipitated by this
storm, and that the major deposition occurred from the first
kilometer of air above the station.

This work was supported by National Science Foundation
grant DPP 81-15231. We thank M. Finn and the entire Antarctic
Services crew for erecting the meteorological tower, F. Gilchrist,
M. Miller, and K. Hughes for meteorological support, and the
entire Global Monitoring for Climate Change organization for
their help in instrumentation of the meteorological tower and
subsequent recording of data.
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