
1) because of the increased scattering at the boun-
dary of the cold air mass. Such events, because of
the filtering effect of the surface inversion and the
sparsity of raw.insonde observations, have in the
past been ill-defined over the ice dome.

The "undisturbed" inversion layer usually was
associated with an almost continuous echo that ex-
tended beyond the 40-meter minimum range of the
sounder to heights as great as 300 meters. The
deepest layers generally occurred during the strong
winds that typify warm, moist advection from the
quadrant west of the Greenwich meridian. The top
of the echo region corresponded to the top of the
principal ground-based inversion measured by the
daily rawinsonde. Figure 2 is a scatter diagram
based on the period March to August 1975. The
depth of the echo layer was found to vary inversely
with the static stability. This behavior, described in
more detail by Neff and Hall (in press), suggests a
turbulent Ekman layer. We are testing this hypothe-
sis in cooperation with the University of California
at Davis using the University's micrometeorologi-
cal data from the Pole.

During 58 hours of the more than 6,000 hours
the sounder operated, the sounder detected con-
vective plumes originating at the ice surface. Five
such events occurred, each during a rapid decrease
in surface temperature. We hypothesize that rapid
intrusion of colder air over the relatively warmer
ice sets off the convection. On 17 December plumes
extended to 400 meters for 18 hours. This event
showed a gradually rising, capping inversion that
eventually exceeded the sounder's 600-meter
range.

We plan further studies using a bistatic acoustic
sounder during 1977 to obtain quantitative infor-
mation on the turbulence structure above the layer
that can be studied using surface instruments. A
microbarograph array is to be installed in January
1977 to aid in the interpretation of the acoustic
sounder data.

This research is supported in part by National
Science Foundation grant DPP 74-24415.
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Terrain-induced vertical
motion and occurrence of ice

crystal fall at South Pole
in summer

J . N. LAX and W. SCHWERDTFEGER
Department of Meteorology

The University of Wisconsin, Madison
Madison, Wisconsin 53706

The phenomenon of ice crystal fall so frequently
observed on the high antarctic plateau has aroused
much interest since Rusin (1961) published fre-
quency statistics of this minute precipitation for
several U.S.S.R. stations and the meteorologists of
Plateau Station reported their observations (Kuhn,
1970; Miller and Schwerdtfeger, 1972). Falling ice
crystals have been measured directly in the last 2
years at Amundsen-Scott South Pole Station by
Smiley and Warburton (1975) and by Ohtake (in
press). In a comprehensive analysis of the moisture
budget of the boundary layer over the plateau,
Miller (1974) showed that only in the warmest
layer, above the surface inversion, can the air hold
enough moisture to account for growth of ice crys-
tals to the observed size. On the other hand,
Hogan (1974) found a relationship between high
(cirrus) clouds and ice crystal fall near the ground
at the South Pole.

During the 1975-1976 austral summer, Mr. Lax,
a meteorologist at the South Pole who gave atten-
tion to ice crystal precipitation, discovered that on
most days with ice crystal fall, the air in the lower
layers was moving upslope toward the Pole. This
observation has now been examined using the data
of five summer seasons (1971-1972 to 1975-1976).
Since it is impossible to construct trajectories of the
air with the data of a single station, a simple classi-
fication for the direction of the vector mean wind
at 650- and 600-millibar levels (approximately 300
to 800 meters above ground, the warmest layer on
almost all days) was chosen according to the topog-
raphy of the antarctic plateau: A = days with winds
from the half-circle between 45° and 225°, which
includes East Antarctica and the Ross Sea sector
(that is, winds from terrain higher than South Pole);
B = days with winds from the opposite half-circle,
including the Weddell Sea sector (that is, from
lower terrain). In the two summer months of De-
cember and January, measurable snowfall is a rare
phenomenon at the South Pole, and on cloudy days
no clear distinction is possible between intense ice
crystal fall and light snowfall. Therefore, days with
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any kind of precipitation were summarily classified
as group I, days without as group II. The result is
shown in the table.

We conclude that the terrain-induced rising of
the warmest layer (which can carry more water
vapor than colder layers) with the corresponding
adiabatic cooling is instrumental for the occurrence
of ice crystal precipitation. Conversely, the sinking
of moist air after it passes terrain a few hundred
meters higher diminishes the chance for ice crystal
formation or survival. This conclusion is supported
by statistics of the maximum relative humidity re-
corded each day in the warmest layer above the
inversion in the 1975-1976 summer for which de-
tailed sounding evaluations were available: there
were 29 days with a highest relative humidity value
of 80 percent or more, which means supersatura-
tion with respect to ice at South Pole temperatures;
in 25 of these days, ice crystal fall was observed.

This study was supported by National Science
Foundation grants DPP 71-04033 and DPP 76-
00434.
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Number of days, December and January 1971-1972
through 1975-1976 (total = all days with wind soundings).

Group	Sector A	Sector B	Total

I	 29	 150	 179
II	 53	 48	 101

Totals	82	 198	 280

X2 = 39.2, to be compared with 10.8 for significance with one
degree of freedom at the 0.1-percent level.

September 1976

Lidar studies for polar regions

VERN N. SMILEY, JOSEPH A. WARBURTON,
BRUCE M. MORLEY, and BRUCE M. WHITCOMB

Desert Research Institute
Energy and Atmospheric Environment Center
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Reno, Nevada 89507

In the austral winter of 1975, vertical lidar (op-
tical radar) soundings of the troposphere were
taken simultaneously to provide information on
precipitation falling out. Bruce Morley operated
the equipment. The purpose of the measurements
is to determine where ice crystals are formed in
the atmosphere and to study the sizes, types, and
relative concentrations of crystals under different
conditions. Figure 1 is a block diagram of the lidar
and data acquisition system. The detection limit is
about 0.1 crystal per liter for a crystal size of 400
microns at an altitude of 1 kilometer.

Data reduction is not yet complete, and further
data are required before general conclusions can
be stated. However, as during summer (Smiley et
al., 1975) precipitation was observed from a clear
sky and in the presence of cloud layers.

Interesting examples occurred near sunrise.
Figure 2 is an average over 5 hours on 23 Sep-
tember 1975 of range-corrected lidar returns. The
curve shows a thick cloud layer extending from
about 0.6 kilometer to over 7 kilometers above the
surface. Light precipitation of crystals was observed
during this period. Most of the crystals were shaped
like bullets or columns, having a bimodal size dis-
tribution with peaks at 125 and 250 microns. The
mean size was 200 microns. The mean crystal flux
rate was 370 crystals per square centimeter per
hour. In addition, there were many smaller plates
and columns. In summer, most of the observed
crystals were much larger than this. Figure 3 is an
averaged lidar return taken just before sunrise
showing a thick upper ice crystal cloud layer with
a thinner, more tenuous layer at about 0.6 kilo-
meter from which ice crystals are precipitating.
Crystals falling out of higher layers may grow in
lower layers having enough moisture.

In addition to the field work, we studied a rela-
tively new lidar technique, referred to as differen-
tial absorption backscatter spectroscopy, for ob-
taining vertical profiles of water vapor in the polar
atmosphere (Whitcomb and Smiley, 1975). The
technique works on a principle developed by
Schotland (1966): a laser transmitter emits two
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