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Figure 2. Temperature profiles from a radiosonde on a tethered kite
and on a routine balloon launch from 28 August 1992 at South Pole
Station. Also included is the 2-m air temperature that is inserted as
the lowest temperature in the South Pole Weather Office radiosonde
profile.

stein, and Robertson 1989). Seasonal cycles of the radiation in
these spectral bands yield information on the controls of the
longwave radiation budget throughout the year, the strong
surface-based temperature inversion playing a major role in
the spectral regions of carbon dioxide and water vapor.

Radiation model simulations using various spectral and
vertical resolutions are being compared to the downward
spectral radiance measurements. Selected well-calibrated
radiance spectra with coincident vertical profiles of atmos-
pheric constituents for clear-sky scenes will be offered as case
studies for the Intercomparison of Radiation Codes used in
Climate Models (ICRCCM) (Ellingson, Ellis, and Fels 1991).

We would like to thank Kitt Hughes and Bob Koney of the
South Pole Weather Office for their help in the radiosonde
thermistor experiments. This research was supported by
National Science Foundation grant OPP 91-20380.
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Relative elevations of meteorological facilities at
South Pole Station
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e near-surface climate of the antarctic plateau is character-
ized in winter by a strong temperature inversion. Tempera-

ture-dependent processes can, therefore, vary over vertical dis-
tances of only a few meters, for example, the formation of dia-
mond-dust ice crystals and the atmospheric emission of infrared
radiation. At South Pole Station in the winter of 1992, the air at
21 meters (m) height was usually 3-4°C warmer than at 2 m
height and, on occasion, was as much as 19 degrees warmer.

Detailed information about the temperature profile near
the surface is needed to interpret the measured infrared radi-
ation spectra and to evaluate the turbulent heat fluxes. At
South Pole Station this profile can be obtained from
radiosonde launches, together with temperature measure-
ments at the snow surface, at the standard reporting height 2
m above the surface, and near the top of the 23-rn meteoro-
logical tower. The height of the radiosonde-launching deck
has changed since its installation in the summer of
1974-1975, relative to the 2-rn thermometers that are raised

every year as the surface snow accumulates and rises against
the meteorological towers.

The heights of instruments of the Weather Office
(radiosonde launching deck, 2-m thermometers, and barom-
eter) were surveyed by Michael Starbuck and Stephen Warren
on 5-8 October 1992, relative to benchmarks established by
the U.S. Geological Survey (USGS). The heights of the laser
ceilometer on the Clean Air Facility and thermometers on the
23-rn meteorological walk-up tower were surveyed by Carl
Groeneveld and Stephen Warren on 22 November 1992. The
locations of these instruments are indicated in the figure. The
surveys employed a standard leveling technique and obtained
relative elevations to within 2 centimeters (cm), which are
shown in the table.

In a personal communication, Jerry Mullins of USGS told
us that

the 1991 elevation at South Pole Doppler Benchmark "Ken
Murphy" is 2833.51 m. This is an estimated value based on the
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Elevations of benchmarks and meteorological facilities
at South Pole Station in October and November 1992.
The absolute elevations (above sea level) are accurate to
within 2 meters. The relative elevations are accurate to
within 2 centimeters. The thermometers are raised
annually by the amount of the annual snow
accumulation.

South Pole Doppler
Benchmark (below
Doppler antenna)

CRREL Benchmark "A"

USGS Benchmark
"SKYLAB 111989-89"
(on Skylab)

Snow surface under
Weather Office
thermometers on tower
northeast of Skylab

Two aspirated
thermometers on
Weather Office tower
(bottoms of
vertical tubes)

Deck of balloon
inflation tower (BIT)

Table in BIT

Barometer in
Weather Office

Snow surface under
meteorological walk-up
tower

NOAA's thermometer Ta
on walk-up tower

NOAA's thermometer Tb
on walk-up tower

Wooden porch by front
door of Clean Air
Facility (CAF)

CAF roof

Ceilometer emitter
head above CAF roof

	

2,833.51	-1.56

	

2,835.36	+0.29

	

2,845.42	+10.35

	

2,835.07	0.00

	

2,836.82	+1.75

	

2,836.72	+1.65

	

2,835.00	-0.07

	

2,835.91	+0.84

	

2,830.91	-4.16

	

2,834.62	-0.45

	

2,836.45	+1.38

	

2,855.61	+20.54

	

2,838.02	+2.95

	

2,840.90	+5.83

	

2,842.42	+7.35

To enhance the utility of the meteorological observa-
tions, we recommend that the heights of these instruments be
resurveyed every 5 years.

We thank Roy Jenne (National Center for Atmospheric
Research) for inspiring us to do this work and Von Walden

OSU89A Geoid Model used to correct the satellite-observed
ellipsoid height (average of all 1991 solutions) to elevation
above sea level. The uncertainty of this correction is ±2 m.
Global positioning system data connecting this elevation to the
surface level of the polar plateau (for example, at the geograph-
ic pole marker) have not been completely resolved. However,
optical surveys have provided a transfer of this elevation to two
points that may be useful for determining the elevation of vari-
ous science platforms. One is on the Skylab roof, at USGS
Benchmark "SKYLAB 111988-89," a brass screw in a plywood
base, elevation 2845.42 meters. The other mark is CRREL
Benchmark "A," a 4x4-inch wooden post set in the snow in
front of the dome, roughly over the intersection of the entrance
and storage arches. The elevation at the top of this post is
2835.36 meters. The relative heights of the three marks are
known to the centimeter level.

The South Pole Doppler Benchmark is in a plywood shelter
and is now below the snow surface.

In routine meteorological operations, the radiosonde is
set on the deck of the balloon inflation tower (BIT), or more
usually on a table inside the BIT, for initialization. It is
assigned a height of 2,835 m at that location, and its pressure
sensor is initialized to the value given by the barometer in the
Weather Office. The BIT table, however, is 5.0 m above the
barometer (see the table), that is, at about 0.5 millibars lower
pressure. This difference has probably been unchanged since
the summer of 1974-1975. The elevation of the barometer has
remained fixed within the station for 18 years and has, there-
fore, probably dropped in absolute elevation a few meters
(relative to sea level), due to the flow of the ice sheet. The
temperature of a 2-m thermometer upwind of the station is
entered as the first temperature in the radiosonde data stream
(at 2,835 meters); in 1992, this thermometer was about 1 m
higher than the BIT table.

23-meter
Meteorological

Walk-up
Tower

Clean Air
Facility

A
Weather Office Tower

Fuel
Arch

C	

I	Skylab

RREL 
senchmark:1j L$;z:ç DoWler

Ante=
D

Garage
Arch

100  Balloon
Inflation
Tower

Approximate locations of the meteorological facilities at South Pole
Station.

North

G South Polo
(1993)
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(University of Washington) for requesting that we publish it.
We thank Jerry Mullins and Gordon Shupe of USGS

(Reston, Virginia) for information about the benchmarks, and
Kitt Hughes (Antarctic Support Associates) for information
about the meteorological instruments.
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Observational and modeling studies of episodic events in the
antarctic atmospheric boundary layer
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T
he antarctic interior is an ideal place to examine the role
of time-varying forcing in the onset and decay of episodic

events in the stable atmospheric boundary layer (ABL). These
events include the sudden warming at the surface of the
antarctic plateau associated with an onset of strong surface
winds and a variety of wave phenomena. Of particular inter-
est are the effects of time-varying pressure gradient, horizon-
tal temperature advections, and mesoscale divergence pat-
terns on boundary-layer structure and surface fluxes of heat
and momentum. Observations of the heat budget in Antarcti-
ca show a high degree of temporal variability with significant
amplitudes not correlated with local insolation (Carroll 1982;
Yamanouchi and Kawaguchi 1984). During the long polar
night, the surface temperature may vary between -70°C and

South Pole instrumentation

Pyranometer	Solar radiation	 Radiation budget
Pyrgeometer	Downwelling infrared	Radiation budget
Net radiameter	Net all wave radiation	Radiation budget

Platinum	 Snow temperature	Snow heat budget
thermometers (13)	(z=Otol.5m)

Doppler radar;	u(z), v(z), w(z); (z>100 m)	Wind and temperat
with radio	1(z); (z>100 m)	 profiles
sounding system

Doppler sonic	u(z), v(z), w(z); (z>40 m)	Wind profiles
detecting and
ranging (SODAR)

Doppler SODAR	T(z) (z>40 m)	 Temperature varian
profiles

Sonic anemometer	Wind and temperature	Eddy correlation sh
fluctuations	 stress and heat fI

Microbaragraphs	Local pressure variations	Gravity wave detec

-40°C over periods the order of a day and is highly correlated
with increased wind speed (Dalrymple 1966; Carroll 1984).
Available evidence suggests that these warming events are
due to enhanced turbulent transfer of heat downward
through the ABL rather than horizontal advection (Neff 1980;
Carroll 1984). Advances in surface-based remote-sensing
technology now allow nearly continuous measurements of
wind and temperature profiles in the ABL (Neff 1990). Closure
schemes for parameterization of turbulence in stable condi-
tions have improved, and a number of models have been
developed and tested against tower data during nighttime sta-
ble conditions and show good quantitative agreement (for
example, Sorbjan 1984; Lacser and Arya 1986a,b). Improve-
ments in model computation of pressure gradients over slop-

ing surfaces (Carroll, R.-Mendez-Nunez, and Tanriku-
lu 1987) and in use of nonhydrostatic models (R.-
Mendez-Nunez and Carroll 1993, in press) allow
three-dimensional modeling of small-scale flow
structures in the polar boundary layer.

The major objectives of this study are to deter-
mine experimentally the presence, structure, and
behavior of transient features and their effect on the
boundary-layer structure and near-ground fluxes at
the South Pole; to use these data to verify predictions
of numerical models; and then to use these models to
examine ABL dynamics. Our current experimental
emphasis is on the measurement of mean profiles,
local near-ground turbulent fluxes, and surface ener-
gy budgets. The instruments and their functions are

ure listed in the table. The mesoscale environment for
these measurements is defined by five automatic
weather stations, one at the South Pole and four locat-
ed along latitude 89°S at longitudes of approximately
0, 90°E, 90°W, and 180. In addition, the once-per-day

ice	(winter) high-resolution radiosonde assents provide
periodic sampling of the deep atmosphere as well as a

ear	means to verify the nearly continuous, remotelyux
tion	sensed wind and temperature information. The

Anemometers (2)	Wind speed (z = 4, 11 m)	Lower wind profile
Wind vanes (2)	Wind direction (z = 4, 11 m) Shear; ABL stability
Platinum	 Air temperature	 1(z); ABL stability
thermometers (3)	(z = 4, 11, 22 m)
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