
results of Northern Hemisphere investigations. There
is, in fact, no evidence that southern-ocean cyclones
differ in any fundamental sense from their counter-
parts over the northern Pacific or Atlantic Oceans.

As a serendipitous result of this investigation, a
technique is proposed for inferring vertical profiles of
temperature, moisture, and wind from cloud patterns
in satellite photographs of the southern-ocean region.
The technique is based on a cloud-classification
scheme which describes the most frequent and synop-
tically important large- and small-scale cloud patterns
according to their geometry, texture, brightness, and
position relative to other patterns. Winter-season
(1966) soundings made over Macquarie and Camp-
bell Islands were used to construct mean profiles of
temperature, moisture, and wind for as many pat-
terns as possible. These mean profiles show substan-
tial systematic differences, yet scatter among indi-
vidual soundings for the same pattern is generally
small.

This study was begun when the author worked at
the International Antarctic Meteorological Research
Centre, Melbourne, Australia, from August 1966 to
July 1967, under NSF grant GA-267. It was com-

pleted under the advice of Professor Werner
Schwerdtfeger at the Department of Meteorology,
University of Wisconsin, through grants GA 565 and
1251.

New Data on the Winter
Radiation Balance at the South Pole

W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin (Madison)

Hourly values of the radiation balance obtained at
the South Pole by a surface-based CSIRO net-
radiometer and results of Suomi-Kuhn radiometer
soundings have been analyzed for the six winter
months of 1965, with special attention to conditions
which lead to changes of the strength of the pro-
nounced surface inversion.

The following monthly averages of the 1965 net
radiation (R0 ) may be of general interest because
they differ significantly from the results of measure-
ments made during the IGY with a Beckman &
Whitley net radiometer.
April May June July August September (1965)

—1.19 —1.25 —1.17 —1.23 —1.20 --1.25 (ly/hour)
These data agree quite well with the results of

measurements made at three Soviet IGY stations,
quoted by Dalrymple (1966) and published in some

detail by Rusin (1961). The following averages were
obtained at the stations indicated for the four months
May through August:

South Pole Vostok Sovetskaya Pionerskaya
(1965)	(1958)	(1958)	(1958)

Latitude (°S.)	90	78.5	78.4	69.7
Elevation (m) 2,800	3,490	3,660	2,740
R0	 —1.21	—1.10	—1.05	—1.58

The new R0 values for South Pole Station are only
about half as large as those published in volume 1 of
the U.S. Weather Bureau's series Climatological Data
for Antarctic Stations. The latter values have been
summarized by Dalrymple (1966) and used by
Dalrymple, Lettau, and Wollaston (1966, p. 47-55)
for a heat-budget analysis. It now appears most likely
that the vertical eddy heat flux (downward thro'igh
the inversion layer) is smaller than had been esti-
mated in the aforementioned study. Consequently, the
energy amount to be accounted for by moisture de-
position at the surface in the South Pole area can well
be smaller than in the coastal regions. This had been
expected from the beginning, but the R 0 measure-
ments for 1958 had left an unanswered question. It is
readily apparent that the entire surface-energy budg-
et for the South Pole area needs a new, critical ap-
praisal.

Figure 1 shows R0 as a function of time for seven
typical cases of change from overcast to clear sky
conditions. The mean values of R 0, of the surface
(screen-) temperature (t0 ), and of the Angstrom
ratio ( A0 =R0/ffT0

) at the three-hour time intervals
are indicated at the bottom of the graph. In the
winter of 1965, cloud observations were taken at the
South Pole only four times per day. Under such
circumstances, a more exact time of clearing can be
found from the hourly net-radiation data than from
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Figure 1. Net radiation in seven typical cases of clearing
skies; South Pole, winter 1965.
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the six-hourly synoptic observations, though this crite-
rion was not employed in Fig. 1.

When examining the figure, it must be borne in
mind that cloud observations during the polar winter
night strongly depend on the presence of moonlight
and cannot be as reliable as daylight observations.
Notwithstanding, it appears that experienced ob-
servers can well distinguish a relatively dense over-
cast, such as 10/10 altostratus, from the less dense
clouds generally classified as cirrostratus. Consider-
ing only observations made under the extreme condi-
tions of 10/10 cloud cover or no cloud cover, the fol-
lowing values have been derived at South Pole:

	

10/10	10/10
Sky condition:	 altostratus cirrostratus Clear
Number of observations:	82	55	412
K,:	 +0.62	—0.45	—1.67
Percentage of +values:	77	33	2

In the majority of cases of overcast reported as
"altostratus," estimates (occasionally supported by
radiosonde measurements) of the height of the base
of the clouds were between 300 and 600 m above
the surface—that is, in the layer immediately above
the inversion.

One can define the "strength" of the surface inver-
sion by the difference t 1 —t0, i.e. the temperature at
the top of the inversion minus that at the surface. In
five of the seven cases displayed in the figure, the
once-daily radiosoundings happened to be made at
appropriate times. On these days, the difference
(t1 —t0 ) changes, on the average, from 14°C. under
cloudy skies to 26°C. under clear skies about 12
hours after clearing. Later on, it tends to diminish
slightly; the temperature at the top of the inversion
decreases with time more than the surface tempera-
ture does. This occurrence of the maximum inver-
sion strength on the first day after clearing appears to
be typical; it was found also in several other cases
with a less abrupt change of cloudiness.

The conditions in the lowest 2,500 m of the atmos-
phere over the South Pole are represented in fig. 2.
The ordinate is scaled as distance from the surface
in pressure units (mb) because the seasonal and the
irregular pressure variations at the surface are rela-
tively large, and because pressure values are im-
mediately related to the atmospheric mass above a
reference area. In each of the three parts of the
graph, the two curves show the average of a rela-
tively large sample of Suomi-Kuhn radiometer sound-
ings made under clear skies and of a smaller sample
of 10/10 altostratus soundings. In the vertical sense,
no smoothing procedure has been applied. The sound-
ings have been evaluated* for half-minute intervals,
corresponding approximately to 15-mb steps. In the

* Through the courtesy of Mrs. L. Stearns and Dr. P. Kuhn
of the Atmospheric Physics Laboratory, ESSA.
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Figure 2. Net radiation and temperature in the lower tro-
posphere at the South Pole; averages for 10 cases of over-

cast and for 56 cases of clear skies, winter 1965.

larger sample, the average of the R0 values computed
from the initial, instantaneous data of the radiometer
soundings made on 56 cloudless days comes close to
the average determined from 412 hourly mean values
of the CSIRO net-radiometer. The same cannot be
said for the average of only 10 soundings made when
the sky was overcast. In contrast to Fig. 1, the most
striking aspect of each pair of curves in Fig. 2 is
similarity. Only gradual trends of differences appear;
the vertical structure as a whole is nearly the same
when the sky is overcast as when it is clear.
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Evaluation of CO Data Obtained on
Eltanin Cruises 27, 29, and 31

ELMER ROBINSON
and
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In the past year, Stanford Research Institute has
obtained CO data during three cruises of USNS
Eltanin. These have included flask samples for labora-
tory analysis during Cruise 27, approximately along
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