Supporting synoptic observations have now been
made for two years at Plateau Station. The second
year's values are as follows:
—55.9°C.
Mean temperature
North
Prevailing wind direction
11.5 knots
Mean wind speed
4.2 (0-10 scale)
Mean cloud cover
+ 9.1 cm
Annual snow accumulation
(measured on a grid of
49 snowstakes)

The Relation Between Terrain Features,
Thermal Wind, and Surface Wind
Over Antarctica
W. SCHWERDTFEGER and L. J . MAURT
Department of Meteorology
University of Wisconsin (Madison)
Over the gentle slopes of the antarctic plateau,
the great temperature inversion in the lowest few
hundred meters of the atmosphere changes very
little over large areas, as far as its structure and
vertical extension are concerned. This implies the
existence of a strong horizontal temperature gradient.
Dalrymple, Lettau, and Wollaston (1963, 1966)
were the first to point out the importance of this
temperature gradient and the ensuing thermal wind
for the explanation of the surface-wind regime over
the Continent. A further discussion of the dynamics
of the phenomenon and its implications for the
maintenance of a polar ice cap was given by Lettau
and Schwerdtfeger (1967) in this journal.
Since that time, a computer program for the evaluation of the thermal wind from large samples of directionally grouped wind observations at the top and
bottom of the inversion layer has been developed.
Preliminary results for various continental stations
are sketched in the figure. The main point is that the
thermal wind tends to be directed parallel to the
contour lines of the terrain, with the higher ground
to the right-hand side. The magnitude of the thermal
wind must be proportional to the strength of the
inversion and to the slope of the terrain. The vector
difference (wind at the top of the inversion minus
thermal wind) gives the fictitious geostrophic surface
wind—the wind which would be observed if there
were no friction. The difference between this wind
and the observed surface wind, and the ratio of the
speeds of these two winds, give the two parameters
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Terrain contour lines of the antarctic continent (elevation
in hundreds of meters) and the thermal wind due to the
sloped inversion between the "surface" (10 rn) and approximately 1,000 rn above ground. The values for Sovetskaya (S) and Vostok I (V,) are estimates based upon observations of one IGY winter only. B=Byrd Station; V'=
Vostok, present location.

Preliminary inversion-wind data for the six winter months,
April-September
(Wind speeds [] in rn/sec.)

Data

IStation
Byrd

Number of years obtained
Inversion class
Number of cases
Inversion strength
Resultant upper wind*
Constancy of upper wind
(percent)
Resultant surface wind

9

South
Pole
5

I

Vostok
4

>15°C. >20°C. >20°C.
323
19°C.

593
23°C.

504
26°C.

3400[7} 325°[5] 220°[5]
60

53

45

0250[8] 050 0 [6] 250°[4]

Constancy of surface wind
(percent)

86

76

78

Height of sensor above
surface (m)

10

9

?

Thermal wind due to inversion 170°[13] 200°[8] 010°[8]
Frictional deviation angle
Frictional speed ratio (r0 )

410

510

52°

0.37

0.55

0.36

Computed slope of the
inversion layer (m/100 km) 260

110

90

Above the inversion, approximately 400-800 m above the ground.

a0 and r0 listed in the table, which characterize the
friction effect.
In comparison to values derived from observations in other parts of the world, the deviation angles
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at the continental antarctic stations are remarkably
large and the r0 values small, particularly in consideration 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 wintertime. 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 investigation of this question is needed. It is hoped that the
analysis of the detailed micrometeorological measurements 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 surface 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 Continent.
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 comprehensive, descriptive surface-wind analysis of Mather and Miller (1967).
a0

Cyclones over the Southern Oceans
D. W. MARTIN
Department of Meteorology
University of Wisconsin (Madison)
Cyclones over the southern oceans have been investigated by means of conventional and Nimbus If
satellite data. The analysis is divided into two sections: 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 developed in the trough. Particular attention is given to
the problems of cyclone development, vortex evolution, vertical velocity, relation to fronts, and conformity 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 departures 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 distinctive 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
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Figure 1. Composite nephanalysis for a southern ocean cyclone, 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 otherwise indistinct cloud boundary.
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