four locations will furnish information to enable
scientists to judge the progress of programs designed
to reduce pollution and to assess climatic changes
caused by man or by natural phenomena.
NOAA's antarctic work described here is supported
by National Science Foundation grant AG-267.

Atmospheric stability at Plateau Station
ALLEN J . RIORDAN

Institute of Polar Studies
The Ohio State University
Analysis of the 1967-1968 micrometeorological
tower data from Plateau Station is nearing completion, with analyses of more than 9,000 half-hourly
mean profiles of temperature and wind data from ten
levels on a 32-meter tower and temperature profiles
at seven surface/subsurface depths. The comprehensive record of temperature and wind structure
during conditions of extreme stability provides the
basis for an understanding of some unique natural
features of the lower atmosphere over a uniform
snow surface.
To examine the effects of different stabilities, the
half-hourly mean profiles were sorted into groups according to bulk stability 0 where
AT

mean temperature and Au and Av representing dif ferences in the geographically oriented east-west and
north-south vector wind components. A near-linear
relationship exists between 0 and the bulk Richardson
number as used by Dalrymple et al. (1966) in the
South Pole analysis.
The sunless period of 1967 (April 25 through
August 20) contains most interesting cases of uninterrupted strong stability. Fig. 1 illustrates the
mean temperature profiles for eight stability classes
ranging from the most nearly neutral value of (less
than 0.14 deg rn 2 sec') to the most stable values
(greater than 0.56 deg m 2 see'). As stability increases, the vertical temperature gradient increases
from 0.12 to 0.63 degree per meter with decreasing
temperature near the surface and more nearly constant temperature at 32 meters.
Different stability classes are characterized by different wind profiles as illustrated by the hodographs
in fig. 2 where the end points of the wind vectors
at each adjacent level are connected for a given
class. As stability increases, the hodographs become
smaller and more spiralled in a strikingly ordered
fashion. It is believed that the hodograph pattern is
the result of both increasing stability, which progresu component (m/sec)
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Figure 2. Mean hodographs for different stabilities, sunless
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Figure 3. Isotherms (°C.) for mean diurnal period, March 1967,
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sively reduces the height of the spiral layer, and an
increasing thermal wind component. This results
from the terrain slope of approximately 1: 1200, with
a downslope azimuth toward the southwest. Assuming
that the isotherms are roughly parallel with the surface, the sloped inversion produces a thermal wind
vector toward the northwest that increases with
height to as much as 6 meters per second at 32
meters. At present, the thermal wind vectors for
separate 0 classes are being computed in order to
study the effect of strong stability on the hodograph
structure. This had been done previously by Lettau
and Dabberdt (1970) using a limited period of Plateau data, August 1 to 19, 1967.
There is increasing evidence that eddy diffusion
occurs contrary to the temperature gradient during
strong inversion conditions. This is suggested by preliminary studies of the hodograph behavior and by
observational evidence shown in fig. 3, which illustrates the mean diurnal isotherm field in the lower
32 meters during March 1967. From March 6 to 13,
the inversion is permanent, while diurnal heating of
about 10°C. commonly occurs at all levels, suggesting
upward heat transport contrary to the temperature
gradient. This occurrence is substantiated by shortterm case studies using data scans at 1.5-minute
intervals, with evidence of mechanically forced convection associated with convergence patterns within
the stable layers. Present work is attempting to
clarify and explain the importance of these features
in the inversion structure.
This work was supported by National Science
Foundation grant GV-24303.
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Rusin (1961) and Schwerdtfeger (1969) suggested
earlier that a substantial fraction of the total precipitation on the antarctic plateau is not a result of
"snowfall" in the usual sense. Indeed, ice crystals can
form in the lower layers of the atmosphere where
there is sinking motion, radiative cooling, and finally
mixing with the colder air near the surface. On days
without major synoptic disturbances, that is, during
most of the year, these ice crystals may fall out almost
continuously—summing to a sizable accumulation. In
the two winters 1967 and 1968 at Plateau Station , for
instance, there were 5 months for which no snowfall
proper was reported. In these months, ice crystal fall
was observed on 23 to 29 days per month, and the
mean net accumulation read from 49 snowstakes
amounted to 1.2 centimeters per month (real height
change, not water equivalent).
This process of ice crystal formation and growth
now has been examined in the context of a detailed
analysis of the mass budget, moisture budget, and
heat budget of the antarctic inversion layer, with
these results:
Most ice crystals form not, as previously thought,
within the inversion, but rather in the warmer, nearly
isothermal layer above it, where also the specific humidity is greater.
Mass budget considerations indicate that, over the
interior plateau, the average sinking rate may be as
low as 0.02 to 0.05 centimeter per second. Such
values are an order of magnitude smaller than those
assumed in previous work and are, in fact, too small
to transport moisture into the inversion at a significant rate; an upper bound for ice production
within the inversion would then be only 0.2 gram
per square centimeter per year.
Observations of individual ice crystals made at
Plateau Station (M. Kuhn, personal communication,
1971) indicate that most of the crystal fall is composed of terminated columnar prisms ("bullets") that
have dimensions of the order of 500 by 100 microns.
These crystals are too large to have formed in the
extreme cold conditions of the inversion. The table
gives the growth time of such crystals computed as a
function of temperature and supersaturation over ice.
With fall speeds of about 10 centimeters per second
(Yagi, 1970), the growth time for inversion conditions (temperature below —50°C.) is much longer
than the time required for the crystals to fall through
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