
a0 at the continental antarctic stations are remarkably
large and the r0 values small, particularly in con-
sideration of the relative smoothness of the polar ice
cap. Such values show, of course, the effect of the
extreme stability of the antarctic air in the winter-
time. Not so obvious, however, is the reason why the
r0 value it the South Pole differs so much from those
at the other two stations; it might he due to different
surface-roughness characteristics, but further investi-
gation of this question is needed. It is hoped that the
analysis of the detailed micrometeorological measure-
ments made at Plateau Station will give a clue.

Taking into account these friction parameters, as
well as the mean thermal wind shown in the figure,
one immediately understands that the prevailing sur-
face winds are as follows: at South Pole and Byrd
Stations they are from the NNE; at Vostok, from
the WSW; at Sovetskaya, from the ESE; and so on
(see Dalrymple, 1966, Fig. 8). When one considers
that the directional constancy of the winds in the
mid-troposphere over central Antarctica is rather
small, one sees that the constancy of the surface
winds must be much greater, a state of affairs that
is quite unusual in middle latitudes and over level
terrain, but one that is typical of the Antarctic Con-
tinent.

From a practical point of view, it: is interesting and
of potential value for the planning of antarctic field
programs to make the following statement: The
prevailing surface-wind direction and strength are
so closely related to the direction and steepness of the
slope of the terrain that the former two values can
well be estimated if the topography is known, and
vice versa. This relationship is supported by the com-
prehensive, descriptive surface-wind analysis of Math-
er and Miller (1967).
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Cyclones over the Southern Oceans

D. W. MARTIN

Department of Meteorology
University of Wisconsin (Madison)

Cyclones over the southern oceans have been in-
vestigated by means of conventional and Nimbus If
satellite data. The analysis is divided into two sec-
tions: a map series from July 29 to August 4, 1966,
showing the movement of a long wave trough across
the Australian sector of the southern oceans, and a
detailed examination of four cyclones which devel-
oped in the trough. Particular attention is given to
the problems of cyclone development, vortex evolu-
tion, vertical velocity, relation to fronts, and con-
formity to models.

Briefly, it was found that among southern ocean
cyclones there is great variety in genesis, movement,
size, and intensity; hence, there are frequent depar-
tures from the classical wave cyclone model. Cyclones
developed in three general patterns: as waves on a
front, as crescent clouds triggering waves on a front,
and as crescent clouds developing behind a front.
While these patterns are probably typical for the
Southern Hemisphere, they certainly do not cover all
development possibilities. Frontogenesis seems to
occur with cyclogenesis, and the fronts associated
with a cyclone can usually be uniquely related to dis-
tinctive cloud patterns.

The behavior of four individual cyclones studied in
detail suggests that as a cyclone intensifies, its vortex
cloud grows at a rate that produces an approximate
doubling in size each day (Fig. 1). Growth slows or
ceases as the cyclone begins to weaken. Decay of the

Figure 1. Composite nephanalysis for a southern ocean cy-
clone, August 2-3, 1966, showing successive positions of the
vortex cloud. High Resolution Infrared Radiometer (HRIR)
views are stippled. Dashed lines indicate a diffuse or other-

wise indistinct cloud boundary.
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Figure 2. Vortex evolution by
the horizontal 700-mb wind
field for the cyclone in Fig. 1.
The initial cloud configuration
is given in part (a). Numbers
identify the individual points
which are advected. The box
around each configuration is
fixed geographically; its location
is specified in part (h). Parts
(h) and (i) give trajectories of

odd-numbered points.

cyclone is indicated by increasing distortion of the
vortex pattern and a general lowering of cloud tops.
In advanced stages of decay over the open sea, the
dying vortex may appear as a cyclonic swirl in a re-
gion of pronounced low-level convection; over the
pack ice it is last seen as a severely distorted hook.

Since vertical motion and horizontal advection are
the most important processes acting to change a given
cloud field in the free atmosphere, the difference be-
tween the actual change (known from satellite photo-

graphs) and the advective change (obtainable from
the horizontal wind field) can be attributed to verti-
cal velocity. This procedure was applied at 700 mb to
two cyclones (Fig. 2). In both cyclones, horizontal
winds quickly produced a spiral vortex, yet infrared
satellite photographs showed a vortex hook rather
than a complete spiral at the 700-mb level. This oc-
currence suggests that pronounced middle-tropo-
spheric descent was occurring between the arms of
the vortex hook, an inference which agrees with the
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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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