
layer. Their model also showed that such boundary layers
often require times comparable with the duirnal period to
come to equilibrium. Because the South Pole site lacks a
diurnal cycle of insulation, data acquired there provide a uni-
que opportunity to test the predictions of these models.

The primary data available from the acoustic backscatter
signal are profiles of the temperature spectrum a  (K), at the
acoustic wave number K (as in the lower portion of figure 3).
A connection with typical model parameters can be made as
follows: Wyngaard and Cote (1971) express dT(K)as

	

T( K ) = f3Q3K-%	(1)
aT

where $0.79 ±0.10; Q the flux of sensible heat; az the
background temperature gradient; and €, the rate of destruc-
tion of the turbulent kinetic energy. Writing Q in an eddy-
diffusivity form as Q--K 4 T we then have

ø T('<) 0.79 KH(€ t 3K3	(2)

The bistatic-sounder echo in figure 3 (see Neff and Hall,
1978, for more discussion of the application of scattering
theory to the interpretation of such records) shows a nearly
uniform distribution of through the boundary layer. Model
predictions of K  suggest a nearly linear decrease near the
top of the inversion. The quadratic behavior of thus will
dominate the behavior of Ø T( K ) . Changes in the back-
ground temperature gradient due to the evolution of the
boundary layer or shorter term variations due to internal gra-
vity waves thus should be clearly evident from acoustic data
as, indeed, we have found. The strong backscatter echo at the
top of the boundary layer shown in figure 3 would correspond
to a sharpening of the temperature gradient there as predicted
by Brost and Wyngaard and is consistent with (2). The
availability of such model results thus provides a basis for the
systematic analysis of our digitally recorded sounder data ob-
tained during 1977.

Our 1978 field program has been designed to test a Dop-
pler-acoustic sounder as a means of studying the detailed
structure of the boundary-layer wind field. A number of
problems with cold sensitivity and power line transients had
been solved by midwinter with routine data acquisition begun
on lJuly.

Because of the problems of inferring surface stress and
heat flux from profile methods at large static stability, we
modified, for cold-weather operation, a three-axis sonic
anemometer for direct measurement of these fluxes. The
sonic electronics were modified so that adjustments could be
made in the Clean-Air Facility. This has, however, required
additional line drivers and receivers to eliminate crosstalk
and noise. These modifications should be completed later in
the winter.

Lt. Hans Ramm is the winter scientist during 1978 and
participated with me in the 1977 and 1978 summer programs.
This research was supported in part by the National Science
Foundation under grant DPP 77-04865.
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Possible mechanism of meridional
atmospheric circulation over

Antarctica

E. P. LYSAKOV

Arctic and Antarctic Research Institute
Leningrad, USSR

The general understanding of air circulation and theoreti-
cal models available today are insufficient for those who are
concerned with long-range weather prediction. There is
urgent need for detailed studies, based on direct observations,
of air circulation mechanisms. These are important for the
assessment of various theoretical models, for the choice of
permissible limits of simplification (i.e., marginal conditions
and equations of thermodynamics and hydrodynamics), and
for the verification of theoretical hypotheses.

With these goals in view, I developed a project to be im-
plemented during my assignment with the United States Ant-
arctic Research Program (USARP) as a Soviet exchange scien-
tist at McMurdo during the 1976 winter. This area of the
south polar region is extremely interesting from the
metorological point of view, since it is here that the main
pressure systems interact and the meridional exchange of the
momentum becomes very strong because of specific
geographic conditions. Dynamic factors are of major impor-
tance here. The quantitative estimation of this mechanism
would facilitate better understanding of the structure of a
polar circulation cell, which makes the property exchange in
the atmosphere between middle and high latitudes possible.
The program included studies of:

1. vertical motions in the atmosphere and related air mass
distribution over Antarctica;

2. mechanism of meridional air transport over the antarc-
tic coastal zone;

3. interpretation of certain atmospheric circulation
features by means of an air mass distribution model for the
antarctic continent;
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Figure 1. Meridional (a, 10 grams per square centimeter per second) and vertical (b, 10 6 grams per square centimeter per
second) air mass transport over Antarctica in July 1976.
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Figure 2. Vertical velocities (centimeters per second) over
McMurdo (780S.1670E.) in 1976.

4. relationship of a mechanism of meridional circulation
over Antarctica with the model of air mass transport over the
Southern Hemisphere; and

5. long-term climatic evidence and current observational
data.

To implement this program, the collection and processing
of daily surface and upper air data were made for all the sta-

and Campbell Islands and Australia. In addition, a large
amount of synoptic evidence, such as surface and upper air
charts of pressure topography, as well as satellite pictures,
were used.

The calculation of interlatitudinal air exchange was made
using the meridional component of the resultant wind. The
values of meridional air mass transport were obtained for all
the stations. The rates of vertical motions were determined by
means of a heat influx equation, which was solved assuming
that local day-to-day temperature changes in the atmosphere
were caused by advective adiabatic and diabatic processes.
The local daily changes in air temperature were calculated
directly from the radiosonde data. Advective temperature
variations were determined by means of the thermal wind
equation. To estimate the diabatic processes which were
assumed to be caused by a radiational factor, calculated data
were used. The equation term determining adiabatic tem-
perature changes and including the value of vertical motion
velocity was calculated as a residual one.

The emphasis was placed on the analysis of the cross sec-
tion comprising Novo lazarevskaya - South Pole - McMurdo -
Dumont d'Urville - Macquarie - Hobart - Charville. In addi-
tion, the McMurdo data were used for the estimation of the
contribution of different factors to the air temperature
changes during one year in the whole atmospheric column.
The same information, together with the Dumont D'Urville
data, was used for the study of the dynamics of spring circula-
tion break-up at stratospheric levels. Longterm data were

IS

IS

14

12

'S

$

S

2

S

182	 ANTARCTIC JOURNAL



used and analyzed to obtain some climatic characteristics, in
particular that of meridional air mass motion across the ant-
arctic boundary, and also of vertical air mass transport over
the continent on the average, air mass balance, and so on.
These data were also needed for comparison with the results
obtained in the present study.

Figure 1 is an illustration of the meridional and vertical air
mass transport over Antarctica in July. Over most of East
Antarctica the pattern of the meridional transport appears to
be ideal and is in accordance with the theoretical circulation
model. The pattern is characterized by low tropospheric air
discharge from the continent, and in the upper layers there is
an air flow from the ocean onto the continent. Nevertheless,
we do not find here an air convergence typical of the tro-
poshere and stratosphere of this area. On the contrary, the
Novolazarevskaya station area appears to be the only site
along the coast where the air is discharged throughout the
whole of the atmospheric column, with the maximum speed
at the surface reaching 1168 x 10 3 grams per square cen-
timeter per second. This air mass pattern is observed during
the whole year, and it is also revealed in long-term data.

Vertical air mass transports (figure lb) suggest the pre-
dominance of downward fluxes over the antarctic mainland
with maximum values of about 300-400 x 10 -6 grams per
square centimeter per second. In the upper atmosphere over
the studied area, however, the flux sign changes. This occurs

almost year round, excluding spring, when downdrafts con-
tribute to the dynamic heating of the stratosphere.

Despite the predominance of downdrafts in some periods
of the year because of cyclonic activity, intensely strong up-
ward motions can develop which merge with the stratospheric
zone of mass upward flow. This situation is illustrated by the
July McMurdo data. Upward air mass flows were 500 x 106
grams per square centimeter per second, although this flow
structure over the McMurdo area is not typical. This is
demonstrated by figure 2, showing annual speeds of vertical
motions. It is readily seen that air mass descent, with max-
imum speeds in May being 0.5 and -0.7 centimeter per sec-
ond, prevails over most of the atmosphere during the year.
Anomalous development of atmospheric processes in July
1976 manifested by air mass ascents can be attributed to the
activation of cyclonicity which determined temperature
deviations. Air temperature in July in midtroposphere over
McMurdo was 3 degrees higher than estimated by long-term
averages, the calculations indicate that this rise in tem-
perature results from heat advection that on an average was
4.0 to 4.5 degrees per day, the radiational cooling caused by
air mass ascents being smaller

I thank the National Science Foundation for making my
stay and work at McMurdo possible and all those who helped
me obtain necessary scientific information.

Operational meteorology, Deep
Freeze 78

MANUEL G. SALINAS

U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043

The Naval Support Force Antarctica (NSFA) meteorology
officer serves as the principal investigator and manager of the
U.S. meteorological observation program in the Antarctic. In
addition, he provides environmental support for all U.S. air,
surface, and ship operations and some support to other non-
U.S. users by request, on a not-to-interfere basis. This en-
vironmental support consists of: recording, encoding, and
transmitting all weather observations in compliance with
U.S. commitments to the World Meteorological Organiza-
tion (wMo) and the Antarctic Treaty agreement; encoding

nd transmitting inflight air reports (AIREPS) from U.S. Navy,
U.S. Air Force, and Royal New Zealand Air Force flight
crews; performing ice and weather reconnaissance flights by
personnel from the meteorology office; and providing
weather instrumentation kits to U.S. Antarctic Research
Program and international field parties in support of the
meteorological observation program.

Forecast services provided by the NSFA meteorology office
include aviation forecasts for all Deep Freeze (DF) and Ice
Cube aircraft; terminal and area forecasts for U.S. field
camps and stations; local area forecasts for McMurdo, the Ice
Runway/Williams Field complex, and Scott Base (New Zea-
land); ship-route forecasts for all DF supporting ships; and
severe weather warnings (such as high wind, high wind chill,
and low visibility conditions) for the McMurdo and Williams
Field/Ice Runway areas.

McMurdo Station is the U.S. antarctic meteorology
program's main center of operation. All forecast and environ-
mental services for the Antarctic continent and surrounding
ocean areas originate from McMurdo and are disseminated
to users as required. The United States maintains four per-
manent meteorological reporting stations in Antarctica:
McMurdo (77°51'S.166°39'E.), South Pole, Siple
(75°55'S.83°55'W.), and Palmer (64°46'S.64°05'W.). Two
of these stations (McMurdo and South Pole) support year-
round surface synoptic and upper air sounding programs,
while the other two maintain only year-round surface synop-
tic programs. Siple Station was officially included in the WMO
network this season and given the identification number of
the old Eights Station-89083. Siple assumed this number
because it is near the old Eights Station, which has not been
in operation for several years.

Other minor stations and field camps are a part of the sur-
face synoptic observation network in Antarctica during the
austral summer of each year. These camps are established
temporarily during this period for specific scientific research
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