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There is a continuous record of air temperature measure-
ment at the Amundsen-Scott South Pole Station beginning in
January, 1957, shortly after establishment of the station. The
record consists of hourly and/or 3-hourly temperatures ob-
tained at approximately 2 meters above the snow surface. From
these observations, daily, monthly, and annual statistics have
been derived. The data set is archived at the National Climatic
Data Center (NCDC 1990). Some of the recent monthly statis-
tics for South Pole Station temperature and other variables are
published in the quarterly issues of Antarctic Journal of the U.S.

South Pole Station temperature climate. The 33 years of tem-
perature observations at the South Pole Station (1957-1989)
have been used to determine monthly variability and "nor-
mals," as indicated in figure 1 and table 1. The normals show
that the warmest month is December (-27.9 °C) and the cold-
est month is July (-60.0 °C). Temperature for a given month

Table 1. Normal (33-year) monthly air temperature and standard
deviations for Amundsen-Scott South Pole Station based on the

period 1957-1989

Normal	 Standard deviation
Month	(in degrees Celsius)	(in degrees Celsius)

—28.09
	

1.95
2	 —40.48

	
1.80

3	 —53.92
	

1.82
4	 —57.35

	
2.56

5	 —57.54
	

2.31
6	 —58.22

	
3.09

7	 —59,97
	

2.51
8	 —59.54

	
2.91

9	 —59.34
	

2.40
10	 —51.14

	
2.40

11	 —38.76
	

1.95
12	 —27.92

	
1.65

is more variable from year to year for dark-period months than
for sunlit-period months.

The relatively flat minimum in winter temperature (figure
1), compared to the more peaked summer maximum, is a well-
known feature of the temperature climate of Antarctica. This
"kernlose" or coreless winter temperature minimum has been
noted by many investigators. It is explained by Wexler (1958)
as a baroclinic instability in the troposphere which initiates the
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Figure 1. Normal (33-year) monthly air temperature for Amundsen-Scott South Pole Station, based on 1957-1989.
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formation of intense cyclones. These large circulations move
onto the continent, effectively "ventilating" large portions of
the lower troposphere over Antarctica, preventing what would
otherwise be a continuous decline of surface temperature dur-
ing the dark period.

Detecting evidence of global climatic change. The chronology of
South Pole Station annual average temperatures for the period
1957-1989 is given in figure 2. There is no apparent warming
over the 33-year period.

The chronology shows unusually cold years in 1983 and
1987. Although, year-to-year temperature variability in the
present record is too large to allow detection of significant
trend, it is reasonable to assume that as the record becomes
longer, trend (either warming or cooling) eventually could be
detected if it were sufficiently large. Because the South Pole
Station is located on an extensive, high plateau of Antarctica,
such evidence of temperature trend would be important for
the larger question of detection (either confirmation or nega-
tion) of global warming.

Thus, for the purpose of obtaining temperature trend in-
formation for the South Pole, it would be useful to identify,
and to the extent possible to remove, interannual-scale tem-
perature anomalies. Removal of such anomalies would have
the effect of shortening the length of record that would oth-
erwise be needed to detect long-term trend in south polar
temperatures.

There are two meteorological variables that appear to ac-
count, in part, for the temperature anomalies of 1983 and 1987:
wind speed and wind direction.

• Wind speed. During most of the year, the temperature of the
snow surface at South Pole Station is colder than the over-
lying air, so that temperature increases with height above
the snow. Under these conditions, decreased wind speed
has the effect of decreasing the downward mixing of warmer
air to the snow surface. The wind speeds given in table 2
suggest that wind speed was, at least in part, the cause of
the 1983 temperature being 1.6 °C below normal. In 1983,
the average wind speed was only 3.9 meters per second
compared to a long-term average of 5.3 meters per second.

• Wind direction. Winter temperature at the South Pole Station
is strongly related to wind direction. Coldest winter tem-
peratures are associated with winds from the eastern quad-
rant (east is defined at 90°E).
This temperature dependence on wind direction is illus-

trated in table 3 which shows winter monthly average tem-
perature (July, August, September) for prevailing wind
directions. It shows the coldest temperatures are with winds
from the east-northeast (-65 °C).

During the winter of 1987, winds from the eastern sector
occurred more frequently than normal (GMCC 1988); many
occurred during August as the temperature for that month
was 7.6 °C below normal. Thus, anomalous wind direction
explains, in part, the below normal temperatures of 1987.

Estimates of trend. Some of the meteorological variables that
have been measured at the South Pole Station over the past
33 years may be used (with a more complete analysis) to reduce
the variance of the time series of annual average air temperature.
Such a reduction in variance would have the advantage of re-
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Figure 2. Time series of annual average air temperature for Amundsen-Scott South Pole Station for 1957-1989.

248 ANTARCTIC JOURNAL



Table 2. Average annual wind speeds for Amundsen-Scott South
Pole Station

Table 3. Monthly average winter air temperature at Amundsen-
Scott South Pole Station as a function of wind direction, based
on July, August and September temperature and wind for the

years: 1958, and 1982-1988Wind speed
Year	 (in meters per second)

Wind direction

1982	 4.5
1983	 3.9
1984	 5.0
1985	 5.9
1986	 6.0
1987	 5.3
1988	 5.4

Long-term average	 5.3

ducing the length of the record needed to estimate trend. Wind
speed and direction are two examples. Perhaps there are vari-
ables, such as cloudiness, or atmospheric temperature or wind
sounding information that would be useful for that purpose.

Finally, I would mention that subsurface snow temperature
measurements to a depth of 12 meters were obtained in 1958 at
South Pole Station by M. Giovinetto and me and were docu-
mented by Giovinetto (1960) and Hanson and Rubin (1962). Sub-
sequent snow temperature measurements were obtained with
the same equipment in 1959 and 1961 (Hanson and Rubin 1962).

In 1958, the 12-meter depth snow temperature at the South
Pole Station was -50.9 °C, the importance of which is that it
serves as a baseline for future snow temperature measure-
ments and assessment of trend. Clearly, it would be important,
for the global warming problem, to begin obtaining 12-meter
depth snow temperatures at the South Pole Station to provide
snow-based estimates of trend in support of those obtained
from atmospheric measurements.

N	NNE NE ENE	E ESE-NNW

Number of
observations	4	11	 none
Temperature in
degrees Celsius —57.6 —58.1 —62.5 —65.7 —61.8	_a

a Nonoccurrence.
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The natural cycle of atmospheric methane is driven by emis-
sions from the world's wetlands, lakes, tundra, wild rumi-
nants, and many smaller sources. Methane is removed from
the atmosphere mostly by reacting with tropospheric hydroxyl
(OH) radicals, although aerated soils also remove some meth-
ane. Over the past century or two, human activities have added
significantly to the global emissions from sources such as cattle
and other ruminants, rice fields, landfills, and the production
of oil and natural gas. Consequently, the atmospheric concen-

tration of methane has increased from about 600 parts per
billion by volume a few hundred years ago to nearly 1,700
parts per billion by volume at present (see Khalil and Ras-
mussen 1989, 1990). The effect of human activities on the global
methane cycle is a very recent phenomenon that has caused
the concentration of methane to be two to five times higher
than at any time during the last 160,000 years. Over the last
160,000 years, the concentrations of methane have varied sys-
tematically with global temperatures. The concentrations were
around 350 parts per billion by volume during glacial periods
and 600-650 parts per billion by volume during interglacial
times. Methane concentrations during ice ages were first re-
ported by Stauffer et al. (1988) based on analyses of polar ice
cores and by Raynaud et al. (1988) based on a few measure-
ments from the Vostok ice core (Antarctica). A decrease of
methane during the little ice age, just a few centuries ago, was
reported by Khalil and Rasmussen (1989) from ice cores of both
polar regions. More recently, Chappellaz et al. (1990) have
reported a detailed analysis of the Vostok core in which meth-
ane closely parallels the Earth's temperature. These studies
have clearly established that the concentration of atmospheric
methane is closely related to the global climate. In this article,
we report a synthesis of recent work on the relationship be-
tween global climate and the methane cycle.

1990 REVIEW
	 249




