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Coreless winter in Adélie Land,
Antarctica, in 1983

Y. KODAMA and C. WENDLER

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

The "kernlose" or "coreless" pattern of winter temperature is
typical in arctic regions as well as in Antarctica (Wexler 1958,
1959; van Loon 1967; Loewe 1969; Thompson 1969). In the
comprehensive study by Loewe (1969) the definition of coreless
winter and all that was known about it to that point is well
documented . * In this paper, we report the preliminary result of
our study of the temperature regime in its relationship to other
meteorological parameters, which will add a new aspect to the
study of coreless winter in Antarctica.

Four Automatic Weather Stations were installed on a slope of
Adélie Land, Antarctica (Wendler, Gosink, and Poggi 1981), and
another one at the top of an ice dome, Dome C. In this study, the
data from D80 (latitude 70°01' 5, longitude 134°43' E, and al-
titude 2,500 meters), D47 (latitude 67°23' S, longitude 138°43' E,
and altitude 1,560 meters), and D10 (latitude 66'42'S, longitude
139°48' E, and altitude 240 meters) are analyzed for the period
from January to November in 1983.

Figure 1 shows the monthly mean air temperatures for three
stations on the icy slope of Adélie Land in 1983. From this figure
one can easily see the coreless winter temperature patterns,
with distinctive reversals of the expected course in June and
September. One would expect, for the long-term mean, that the
curve would be U-shaped with less pronounced reversals
(Schwerdtfeger 1970). Although average temperatures in sum-
mer are similar for all stations, in winter D80 is much colder
than D10 or D47. The temperature courses, however, are very

*Coreless winters are winters in which the mean monthly temperatures
during a number of months differ little from each other.

similar for three stations, indicating that the coreless winter is a
phenomenon for the whole of Adélie Land. From February to
April the drop in temperature is steep and in the months of May
and June a warming of the temperature was observed. In July all
stations recorded the coldest monthly mean temperatures.
Warm spells are seen in August and September and a cold spell
is again observed in October.

To find a more objective measure for warm and cold spells, all
data from April to September were taken and the absolute
temperature deviations larger than 1 standard deviation from
the average were defined as warm or cold spells, respectively.

The table shows the differences of the mean pressures and
resultant wind speeds and directions for warm and cold spells
from the overall averages. Surprisingly, during warm spells the
atmosphere pressure is higher than the averages for all three
stations, and lower for cold spells. This is just the opposite of

1 --- D-10
4 --- D-47
8 --- D-80
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Figure 1. Monthly mean temperatures in 1983 in Adélie Land, Ant-
arctica. ("K" denotes Kelvin.)
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The differences in atmospheric pressure and resultant wind
speed and direction from their averages for the cases of the

temperatures which deviate more than 1 standard deviation ((rT)
from the average, for the three stations in Adéiie Land,

Antarctica. The bar denotes the average.

Pressure	Wind speed
Wind directionTemperature	 deviationdeviation	 deviationStation	deviation	-	(WS - WS)(P P)	

(meters per (WD - WD)(T - T)	
(millibar)	

second) (degree)

080	>1	 12.4	-1.3	-12.0

	

-8.3	-0.6	 4.0
047	>T	 9.7	-0.8	-12.0

	

-5.8	0.5	10.0
D10	>T	9.2	-0.5	-4.0

	

-4.0	-2.1	 3.0

what one would usually expect: warm spells are caused by in-
creased warm air advection, which is normally connected with
increased cyclonic activity, and one expects cold spells to be
caused by decreased warm air advection and decreased cloud-
iness, both typical for an anticyclone.

In figure 2 the pressure is plotted against temperature. A
correlation factor of 0.22-0.25 was found, which is significant at
the 99 percent level.

From the table, one can also see that the resultant wind
direction for warm spells is more cross-slope and more down-
slope for the cold spells when compared with the mean. Most of
the time, wind speeds are lower for both warm and cold spells
when compared to the average conditions.

Besides the findings above, some other results, which are not
shown in detail due to the space limitations, are:
• The differences in pressure between the stations are smaller

for warm spells and larger for cold spells, a result to be
expected.

• The pressure is falling for 66 percent of the time when warm
spells are observed and rising for about 70 percent of the time
cold spells are observed.

• The interdiurnal variation of the atmospheric pressure,
which can usually be taken as a sign of the cyclonic activity
(Schwerdtfeger 1970), were not related to temperature or
pressure.
One explanation of this surprising result, that high at-

mospheric pressure is connected to above normal tem-
peratures, might be the following: high atmospheric pressure at
the stations in Adélie Land is an indicator that the anticyclone
over the antarctic plateau is stronger than normal. This extends
and intensifies the pressure ridge between the two semiperma-
nent cyclones which are situated at about 1000 E and 170° Wjust
off the coast of the antarctic continent (Schwerdtfeger 1970).
This in turn increases the advection of warm air into Adélie
Land as well as further inland on the continent. If this holds
true, a weak point of Wexier's explanation for coreless winter
would be solved. He could explain the coreless winter tem-
perature for the coastal stations by increased cyclonic activity;
however, the pronounced coreless winter temperature pattern
on the antarctic plateau is difficult to explain in this manner. Our
explanation, in which warm air advection is by anticyclones,
makes the coreless winter temperature patterns more plausible
for the inland stations. For below normal temperatures the

opposite argument could be made. However, synoptic weather
maps must be analyzed to verify this point.

This study was supported by National Science Foundation
grant DPP 81-00161. Our thanks go to many individuals who
worked for the automatic weather stations: University of
Wisconsin (Sterns), Expeditions Polaires Fracaises (Vaugelade
and Guillard) and individuals in the U.S. Antarctic Research
Program.
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Ice crystal nucleation on antarctic
hygroscopic aerosols
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Aerosols at the South Pole were sampled to (1) clarify the
mechanism of formation of polar atmospheric ice crystals and
(2) test their ice nucleation ability under humidity conditions
that were below water-saturation level. This was done to deter-
mine whether or not the aerosols would nucleate ice crystals
through direct condensation of water vapor at temperatures
lower than - 25°C. The ice nucleus concentrations on filters
were measured at the South Pole with a vapor-diffusion type ice
nucleus counter at temperatures of - 25°C and - 37°C and
humidities at ice saturation and between ice- and water-satura-
tions in December 1982 and November 1983, respectively.

The observations showed that aerosol concentrations of 100 to
400 particles per cubic meter were nucleated to ice crystals in the
antarctic atmosphere at about 82 percent relative humidity (over
water) as indicated in the figure; this agrees with the expected
ice-crystal concentrations and humidity conditions in the polar
atmosphere (Ohtake 1976).

It was discovered that aerosols may display a memory effect
in their ice-nucleating ability after experiencing low tem-
peratures (Higuchi and Fukuta 1965). If aerosols have even a
very small amount of ice present in surface capillaries, the ice
can grow even at humidities between ice- and water-satura-
tions. To test the memory-nucleation ability of aerosols, the
exposed filters were bisected: one half of each filter was main-
tained at temperatures below - 25°C, while the other half was
warmed up above the freezing point to destroy the nucleation
memory.

The concentration of ice crystals which were nucleated on the
warmed filters averaged two-thirds the number of ice crystals
formed on the cold filters. The ratio of concentrations of ice
crystals formed on both filters, as well as the ice-nucleus con-
centrations, varied from day to day. This observation supports
the suggestion that there is a capillary effect of solid particles to
be ice nuclei. The capillary effect on ice nucleation seems to
change daily with variations of the vertical temperature profile
or the occurrence of subsiding air in the polar atmosphere.

In the observations of ice nuclei in 1983, only aerosols with a
particular size range (between 0.01 and 0.6 micrometers in
diameter) were collected on one of two filters. With this special
selection of the size range of aerosols, air containing the aero-
sols was passed through a Nuclepore filter with pore sizes of 1

micrometer at a rate of 10.6 liters per minute. Seventy-five
percent of aerosol particles larger than 0.6 micrometers are not
transmitted through the pores on the filter, while particles
smaller than 0.01 micrometers are coagulated by the pores and
blocked by the Nuclepore filter at a sampling rate of 10.6 liters
per minute (Shaw 1983).

Using this technique, we found no appreciable difference in
the numbers of ice crystals on the sampling filters (Millipore)
with or without inclusion of the transmission filter (Nuclepore).
Even though this arrangement of aerosol sampling was not
used in 1982, it has been assumed that the size range of aerosols
tested in 1982 was the same as that of aerosols tested later.

It is suggested, on the basis of the observations, that many
aerosols in the polar atmosphere deliquesce in ambient humid
air of about 82 percent relative humidity (in 1982) and 79 percent
relative humidity (in 1983) and are followed by freezing of the
submicron-sized water droplets to ice crystals at temperatures
below - 25°C and - 37°C, respectively. These short-lived water
droplets and subsequent ice crystals are small enough to be
nearly invisible, unless the ice crystals grow to a larger size.
These ice crystals must be responsible for causing ice-crystal
displays in the polar atmosphere or the clear-sky precipitation.
The mechanism may be closely related to cirrus cloud formation
even in the temperate regions. The aerosols may be minute
sulfuric acid particles which are formed or transported in the
lower stratosphere. Chemical analysis of the aerosol particles
collected on electron microscope specimen grids by means of an
electrostatic aerosol sampler is presently underway.

This research is supported by National Science Foundation
grant DPP 83-03964. The authors wish to express their apprecia-
tion to A. W. Hogan for his kind arrangement of sharing logistic
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Daily concentrations of Ice nuclei. The full line Indicates the con-
centrations on "Cold" filters and the chain line indicates those on
"Warm" filters (using Millipore HVHP hydrophobic filters). The
broken line is showing the concentrations on "Cold" filters and the
dotted line indicates those on "Warm" filters (using Millipore HAHP
hydrophobic filters). (11 m3" denotes cubic meters.)

2011984 REVIEW




