
eastern Pacific. A strong, extra tropical front was en-
countered over the north island of New Zealand, but the
jetstream marking the southern polar front was weaker
than usual for austral spring.

Extremely fine weather was encountered over most of
Antarctica during the experiment period. This greatly
aided the completion of the experiments of F. Murcray,
who required a nearly cloudless sky to determine the
trace chemical constituents of the upper atmosphere by
infrared techniques, and those of W. Zoller, who needed
to collect particles in dry air. However, it also reduced
the number of cirrus observations by T. Ohtake and also
made it more difficult to detect air mass boundaries.

Participants in the program included R. Renard (with
Lt. M. Salinas, on mesoscale meteorology); E. Robinson
(with D. Harsch, on air chemistry of carbon monoxide
and halocarbons); R. Rasmussen (with R. DeLugga, on
air chemistry of halocarbons); W. Zoller (with C. Weisel,
on air chemistry of trace metals and sulfur); A. Mason
(on tritium analysis and antarctic circulation); T. Ohtake
(on polar meteorology and cloud physics); F. Murcray
(with J . Kosters and J . Williams, on atmospheric chem-

istry and aeronomy); and A. Hogan (on polar meteor-
ology and atmospheric transport processes).

W. Kosco joined the program at McMurdo Station to
use the aircraft for photomapping during crew rest pe-
riods of the meteorological party. Gesella Dreschoff of
the National Science Foundation coordinated the pro-
gram. The Johns Hopkins Applied Physics Laboratory
group of B. Hickerson, P. VonGunten, and R. Hutchins
completed the flight crew.

The success of this program owes much to the great
efforts extended by all hands of the U.S. Naval Support
Force, Antarctica. The investigators are especially in-
debted to the meterological detachment that spent many
extra hours of work preparing our briefings; to the ter-
minal operations personnel, who managed to expedite
some very complicated scientific logistics; and to the
flight crews, maintenance, and operations division of the
Naval Antarctic Support Squadron (vxE-6) who were
able to put our Hercules aircraft into the air for a long
flight whenever the interesting conditions were present.

The author has been supported in this work by Na-
tional Science Foundation grant DPP 76-23110.

Meteorological transport of
particulate material to south

polar plateau
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Atmospheric Science Research Center
State University of New York
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With the end of the 1978-79 austral summer field
season, we completed a five-year chronology of surface
aerosol observations begun at Old Pole in conjunction
with the National Oceanic and Atmospheric Adminis-
tration (N0AA) and the geophysical monitoring for cli-
matic change (GMcc) program. Our program during the
last year also has involved a full year of surface and
balloon-borne aerosol observations at the South Pole,
performed by Steve Barnard.

The surface aerosol data, when analyzed in conjunc-
tion with water vapor, ozone, and radiosonde meteoro-
logical data from the South Pole Station, and compared
with vertical profiles and horizontal transects obtained
with the instrumented research aircraft (LC- 1 30R-
159131), yields an understanding of transport of partic-
ulate material to the polar surface.

The aerosol concentration observed at the surface at
South Pole Station exhibits a strong seasonal tendency,
with the mean value for daylight months exceeding the
mean value for winter months by a factor of five. The
highest mean concentrations repeatedly occur during

the month of November, but the months of June, July,
August, and September have consistently low mean and
extreme values for aerosol concentration. The antarctic
winter is thus Kernlöse with respect to aerosol concentra-
tion as well as temperature.

We detected this seasonal variation in our first exper-
iments (Hogan and Nelson 1976) and have conducted
several experiments since that time to determine whether
solar radiation converts certain vapors to particles, re-
sulting in a rapid spring increase in aerosol concentra-
tions. To date, we have not been able to produce par-
ticles in either winter or summer antarctic air with either
ultraviolet light or strong oxidant (iodine vapor). Ter-
pene vapors instantly polymerize to particles in summer
antarctic air.

Initial meteorological analyses indicated that an in-
crease in aerosol concentrations occurred when in-
creased meteorological mixing in the lower layers was
also occurring. We hypothesized that the surface of the
polar plateau was a sink for particles and acted to de-
plete the lower layers of the atmosphere of particles,
while the layers above the inversion retained relatively
high particle loadings. Several vertical profiles of aerosol
concentration obtained during the first meteorological
research flight mission detected a particle-enriched layer
coinciding with the moist layer just above the low inver-
sion that is almost always present, according to radio-
sonde meterological data. The results of these flight
missions, in conjunction with initial surface observations,
lead us to conclude that, on most days, aerosol is trans-
ported over Antarctica in the lower and mid-tropo-
sphere (i.e., 500 millibars or below), and especially in the
moist layer just above the surface. Surface meteorolog-
ical conditions that promote mixing, such as strong
winds, cause this aerosol to be mixed downward to the
surface.

We added water vapor instrumentation to the primary
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aerosol detector at the South Pole in 1976 to provide an
independent, conservative tracer of air mass mixing.
The water vapor data shows that, on cooling days, the
air is slightly supersaturated with respect to ice, while it
is often less than ice-saturated on warming days. Ice su-
persaturation over an ice surface is indicative of the air
giving up heat to the ice surface more rapidly than water
vapor.

When the five years of aerosol concentration, water
vapor, wind, and temperature observations made at
South Pole are stratified with respect to wind direction,
an interesting pattern emerges. Using the Greenwich
meridian as north, the warmest, wettest, most aerosol
laden air arrives with winds from the northwest quad-
rant in both summer and winter. During both seasons,
the coldest, driest, and least-aerosol-laden air arrives
with winds from the quadrant 045° to 135°. All variables
tend to steadily decrease as the vector rotates clockwise.
(Note that winds from 150° to 270° which blow from the
direction of camp are infrequent and are not considered

in this analysis).
Comparing these tendencies with antarctic meteoro-

logical charts supplied by the meterological detachment
of Naval Support Force Antarctica suggests a relatively
simple explanation. When a strong high-pressure center
is present over East Antarctica, flow from whe Weddell
Sea to the polar plateau is blocked and air arrives at the
South Pole after a long travel over ice, during which it
loses heat, water vapor, and aerosol to the surface. When
this high weakens or moves toward the coast, winds shift
to the northwest and air arrives from the Weddell Sea
on a short trajectory, without losing as much heat, water
vapor, or aerosol. During winter months, the strong
high dominates.

The authors express their thanks to the nine GMCC
observers who compiled most of this data and to NOAA's
National Weather Service and the New Zealand Mete-
orological Service for sounding data. This research has
been supported in large part by National Science Foun -
dation grants DPP 76-23110 and ATM 71-00621.

Atmospheric processes and
energy transfers at South Pole

J . J . CARROLL, D. E. FITZJARRALD, and K. L.
COULSON
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Davis, California 95616

We are completing the reduction, internal consistency
evaluation, and analysis of a nearly continuous data set
regarding atmospheric processes and energy transfers
at the South Pole obtained between April 1975 and De-
cember 1977. In a manner similar to that reported pre-
viously (Carroll et al., 1977), we are evaluating these data
to determine the components of the surface thermal en-
ergy balance and related parameters over time scales
ranging from hourly to seasonal. We also are investi-
gating the dependence of these components on the local
synoptic conditions.

We are particularly interested in the apparent dis-
crepancy between long-term and short-term events.
Analysis of winter period data indicates that, averaged
for the season, the net radiative losses (R) at the snow
surface are nearly balanced by a downward sensible heat
flux (H) from the air, the upward flux of heat from the
snow being less than or about 10 percent of these losses.
However, this does not hold true over short time pe-
riods. It appears that the effects of periodic cloudiness
and of strong wind events near the surface cause large
fluxes of heat into the upper snow layers (depth less
than or about 0.5 meter) for short periods of time, fol-

lowed by slower radiative cooling of the upper region of
the snow during cloudless and lighter wind conditions.

To study the sensitivity of the energy balance com-
ponents to transient events, we have developed an at-
mospheric boundary layer model. This is a time-de-
pendent, one-dimension (vertical) model with bottom
slope, driven by a parameterized radiation budget, sub-
surface thermal conduction, a pressure gradient (con-
stant with height) defined by the geostrophic wind above
the boundary layer, and a gravitational acceleration
along the slope proportional to the vertical temperature
gradient. The radiation budget is defined by the solar
zenith angle, cloud height and amount, surface albedo,
and the temperatures of the surface and the atmos-
phere. The model excludes longwave radiative flux di-
vergence within the atmosphere. Turbulent heat and
momentum fluxes within the layer are calculated using
a simplified second-order closure scheme similar to that
of Brost and Wyngaard (1978). The model predicts the
surface energy balance components, boundary layer
depth, and related variables given steady or unsteady
radiation and pressure gradient.

Model experiments for polar night conditions show
that, for steady forcing (no cloud and constant geo-
strophic wind) and a reasonable but arbitrary initial
state, the layer structure and thermal fluxes become
nearly steady within 4 to 5 days. The layer time constant
(63 percent change) is less than or about 1 day. The
steady state is one in which the radiative losses are nearly
balanced by upward conduction from the deep snow
with H (downward sensible heat flux) small. The mag-
nitude of H depends on the speed of the geostrophic
wind and the angle between its direction and the fall
line.

The only unsteady cases examined to date involve the
turning of the pressure gradient—at fixed magnitude—
a finite amount over a finite period (e.g., 180 degrees

193


