
6/20/76

7/15/76

7/29/76

8/9/76

9/8/76

8/16/76

8/16/76

11/10/76-
12/10/76

1/17/77

1/20/77

2/6/77

2/17/77

3/10/77

3/21/77

3/23/77

3/23/77

5/6/77

5/23/77

5/26/77

6/1/77

61:77-
6. 30 77
8'15 77
9 9 77
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(Klouda)
Univ.
Copenhagen
(Dansgaard)
ICL/SUNYAB
(Busenberg)
ICL/SUNYAB
(Busenberg)
Washington
State Univ.
(Rasmussen)
ICL/SUNYAB
(Busenberg)
ICL/SUNYAB
(Hoar)
ICL/SUNYAB
(Kiouda)
Univ. Munster
(Kohnen)

ICL/SUNYAB
(Busenberg)
ICL/SUNYAB
(Hoar)

ICL/SUNYAB
(Hoar)
Hokkaido
Univ.
Univ. Bern
(Oeschger)

ICL/SUNYAB
(Herron)
Virg. Polytech.
Inst.
(Parker)
Univ. Kansas
(Zeller)
Virg. Polytech.
Inst.
(Parker)
ICL/ SUNYAB
(Chiang)
Washington
State Univ.
(Rasmussen)
Virg. Polytech.
Inst.
(Parker)
ICL SUNYAB
(Usselman)
Univ.
Copenhagen
(Dansgaard)

Table 2. Sample distribution: 1976-1977.

Date
sampled	Institution	Core sample	 Study

1/15/76	CRREL	Milcent	Chemistry; Hg absorption
(Cragin)	(Greenland)	study

1/19/76	ICL/SUNYAB Milcent	Chemistry; volcanic con-
(Herron)	(Greenland)	stitudnts

2/24/76	CRREL	Milcent	Chemistry; Hg absorption
(Cragin)	(Greenland)	study

4/21/76	ICL/SUNYAB J-9	 Bubble Pressures; physical
(Chiang)	(Antarctica)	properties

5/19/76	ICL/SUNYAB Crete	Physical Properties; crystal
(Miller)	(Greenland)	size, ice fabrics, bubble

pressures

6/1/76	ICL/SUNYAB Byrd Station	Particle analysis; Chemistry
(Antarctica)

J . 9	 0-isotope
(Antarctica)

Dye-3. 1971
	Ammonia

(Greenland)
Dye-I, 1971
	

Ammonia
(Greenland)
Byrd Station	Chlorofluorocarbons
(Antarctica)

Dye-3. 1971
	Ammonia

(Greenland)
Camp Century Embedded debris; physical
(Greenland)	properties
Crete, Milcent Chemical horizontal and
(Greenland)	vertical variability

J.9
	

Sonic velocities
(Antarctica)

Dye-3, 1971
	Ammonia, Sulfate, chloride

(Greenland)
	

determinations
Camp Century Embedded debris; physical
(Greenland)	properties
Camp Century	Ice fabric
(Greenland)
Byrd Station	Viscoelastic, dielectrics
(Antarctica)
	

(clear and debris-laden ice)
Camp Century Gas analysis
(Greenland)

J.9
	

Sodium
(Antarctica)
South Pole	Nitrates
(Antarctica)

South Pole	Radio isotopes
(Antarctica)
South Pole	Nitrates
(Antarctica)

J.9	 Bubble pressure; physical
(Antarctica)	properties
Byrd Station	Chlorofluorcarbons
(AnTarctica)

South Pole	Nitrates
(Antarctica)

Camp Century Sub-ice cobble composition.
(Greenland)	radiometric dating
Ross Ice Shelf. 0-isotope
South Pole
(Antarctica)
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Meteorology

Temperature regime of the South
Pole: results of 20 years'

observations at Amundsen-Scott
Station

W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin

Madison, Wisconsin 53706

When Amundsen in Norway and Scott in England
planned their expeditions to the South Pole about 67 years
ago, some information regarding the conditions to be ex-
pected on the antarctic plateau was already available. In
one of the greatest pioneering journeys of all time,
Shackleton and his companions had discovered and mas-
tered the Beardmore Glacier in December 1908 and had
progressed south to latitude 88°23 'S., only 180 kilometers
from the Pole. They had to turn back that close to their goal
since their supplies, food and fuel were insufficient, and
made it to their base on Ross Island only because of the
stamina of their leader. For 15 days, 1-15January, they had
stayed south of 87°S, at an elevation of approximately 3,000
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meters above sea level. Shackleton gave a clear description
of the antarctic plateau, including the daily temperatures
which fluctuated between - 23° and -40°, and averaged
- 29°C. He could not get, of course, any notion of the dura -
tion of the south polar summer. (Amundsen, 1912; Barrie,
1913; Shackleton, 1911).

When Paul Siple came to the South Pole on 30 November
1956, the first scientist to stay for a full year at this far-out
place, he did not hesitate to dig, in 4 days of hard work, a
5.5 meter-deep pit. The purpose was to measure the tem-
perature, which, at that depth, comes close to the mean an-
nual value. Knowing about the summer temperatures from
Amundsen's and Scott's reports, and assuming the
temperatures of the coldest month should be as much below
the annual mean as the summer temperatures are above it
("like it is in most other places"), he concluded that the
winter temperatures might drop below - 84°C (- 120°F), a
possibility he considered "half in apprehension and half in
excitement." Nine months later, he was surprised as well as
relieved to find that the winter of the antarctic plateau is dif-
ferent. In 1957, the lowest minimum was - 74°C ( - 101 °F),

recorded in September, which was also the coldest month 01

the entire winter (Siple, 1959).
Since 11 January 1957, regular meteorological observa-

tions have been carried out at Amundsen-Scott South Pole
Station (2,800 meters above sea level) without interruption.
This impressive record reveals two remarkable features of
the temperature regime. First, the south polar "summer" is
very short; not more than about 30 days between mid-
December and mid-January deserve that name. Two weeks
later, the average temperature already lies about 8°C below
that of the warmest days. This early and fast cooling on the
continent's high plateau was one of the adversities con-
tributing to the tragic end of Scott's journey. Second, the
south polar winter is, as climatologists say, "coreless."
Already in the last days of March it is nearly as cold as in the
six following months. In the 20-year average, July is the
coldest month, as Paul Siple expected, but only by a few
tenths of a degree; in the last two decades April was twice
and September four times the coldest month of the year
(U.S. Weather Bureau, 1962-75).

The figure and table 1 give more information about the

.iir	rtb	MAN	APR	MAY	JUN	JUL	AUG	SEP	OCT	NOV	DEC	JAN

South Pole temperature regime. See text for explanation.

Table 1. Monthly and annual mean and extreme temperatures at the South Pole, for the 20-year record January 1957 to December
1976. All values are minus degrees Celsius.

J	F	M	A M J	J	A	S	0	N	D Year

	

Mean	28.1 40.2 54.5 57.8 57.5 58.1 60.1 59.4 59.1 50.2 38.6 27.8 49.3

	

Mean daily max.	26.6 38.2 51.6 54.6 54.1 54.6 56.8 56.1 55.8 48.1 37.0 26.7

	

Mean daily mm.	29.5 42.2 57.3 61.0 61.0 61.5 63.4 62.9 62.5 52.9 40.1 28.9

	

HIghest max.	15.0 22.2 26.7 27.8 31.7 29.4 33.9 32.8 32.8 30.0 19.4 17.8 15.0

12 January 1958

	

Lowest mm.	40.6 56.7 70.3 72.8 74.4 76.1 80.6 76.1 77.8 68.3 53.9 38.3 80.6

22 July 1965
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South Pole temperature regime. The heavy dots represent
the 5-day mean values of the 20-year average of the daily
mean temperature for every calendar day, plotted for the
central day of each 5-day period. Hence, every dot
represents 5 x 20 = 100 days, smoothing out the random
variations more efficiently than a simple 20 year average for
each calendar day can do. The standard deviation of the 20-
year series for each individual day is between 2 1 and 3°C in
the summer and varying between 4° and 8° for the rest of
the year.

Table 2 shows the results of a harmonic analysis of the
unsmoothed series of 20-year averages for the individual 36
calendar days. Naturally, the simple annual oscillation has
the largest amplitude; the maximum is reached only 8 days
after culmination of the sun. The amplitude of the semi-
annual oscillation is slightly less than half that of the an-
nual; that is to be expected since the annual variation of the
primary forcing function, the incoming solar radiation, can
be approximated by a truncated cosine curve (substituting
zero for all negative values). The third harmonic oscillation
is much smaller. The composite of these three harmonics,
represented in the graph by the thin solid line, approximates
the mean annual march of temperature very well.

The figure suggests that the temperature regime of the
area near the South Pole is essentially determined by the
radiative energy budget, the short wave budget in the sum-
mer and the long wave in the winter half-year. During the
latter, the temperature inversion in the boundary-layer is
very strong. The temperature increases from about 215°K at
the surface to 237 °K in the isothermal layer 500 to 1,000
meters above, on the average. This makes the energy flux
outgoing from the surface comparatively small and the back
radiation from the warmer and moister layer large. The
Angstroem ratio (net long wave radiation flux divided by
surface-emitted flux) amounts to about 0.25 in the summer
and only 0.12 in winter. An additional factor is the eddy
flux of sensible heat downward (Dalrymple et al., 1966;
Lettau, 1977; Schwerdtfeger, 1970).

The remarkable temperature increase from the low values

Table 2. The annual march of temperature at the South Pole:
results of harmonic analysis.

Harmonic	 % of total
component	Date of maxima	Amplitude	variance

First	December 30	 15.2°C	78.9%

Second	Dec. 27 andJune 27	7.4	18.8

Third	Jan. 5, May 7, Sept. 6	1.6	0.9

in the first days of June to the winter maximum later the
same month calls for a comment. Statistical analysis in-
dicates that this feature can well be due to chance; only if it
were to appear with appreciable magnitude in the record of
many more years would one be justified in accepting it as a
real phenomenon whose cause should be investigated. The
same applies, of course, to the less pronounced changes be-
tween March and early October, and to an apparent rhythm
of approximately 30 days which an imaginative viewer may
find in the line of dots in the figure.

Considering the uniformity of the vast antarctic plateau
and the observed fact that the passage of pronounced fronts
is not a frequent event at the South Pole, the large values of
the standard deviation of the temperature series and cor-
respondingly the large variability from day to day in the
winter half-year may appear surprising and should be ex-
plained. Besides changes in surface wind speed, horizontal
advection of somewhat warmer or colder air masses, and the
changes in cloud cover which affect the radiation budget at
the surface, slight vertical motions in the lowest layer of the
atmosphere become important. This is because the
temperature increase with height is strongest in that shallow
layer. For instance, values of 3° to 5°C increase in the first
10 meters above the station thermometer (at 1.50 meters
above the snow) have been observed frequently. Under such
conditions, a downward motion in the surface boundary-
layer due to a minor divergence in the surface wind field,
persisting perhaps for only a few hours, can easily lead to a
temperature rise of a few degrees per hour. In the isother-
mal layer above the inversion, that is, at a pressure of 600
millibars approximately, the thermal effect of sinking mo-
tion is much smaller, 1 °C per 100 meters sinking
(adiabatically). Consequently, the contribution of a slow
sinking motion to the temperature variation with time must
be stronger in the surface layer than above it whenever the
surface temperature inversion is large. This is supported by
statistical data in table 3, comparing the interdiurnal
temperature variations at three levels in July (strong inver-
sion) andJanuary (weak or none).

Many observers served for one or more of the past 20 years
at the South Pole to produce a unique meteorological
record, only a small part of which could be summarized in
this short paper. Their dedicated work must be gratefully
acknowledged. The National Science Foundation supported
all of it, including this report, the latter through grant OPP
76-05702.
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JANUARY
	 JULY

Pressure	height above sfc.	AT	 Pressure	height above sfc.	AT

500 m	 2320m	 L8°C	 500 m	 2035m	 2.7°C

600	 1030
	

2.2
	

600
	 800	 3.2

690	 1.5
	 2.1
	

676
	 1.5	 6.4

158
	 ANTARCTIC JOURNAL



Dalrymple, P.C. 1966. A physical climatology of the antarctic
plateau. Antarctic Research Series, 9: 195-231.

Lettau, H. 1977. Thermal response to albedo reduction on antarctic
snow - modeling results. Antarctic Journal of the U.S. XI1(3):
134-136.

Schwerdtfeger, W. 1970. The climate of the Antarti(. 1or!d
Survey of Climatology, 14(4): 253.355.

Shackleton, E. 1911. The Heart of the Antarctic. London.
Siple, Paul F. 1959. 90° South. New York, G.P. Putnam's Sons.

384 p.
U.S. Weather Bureau, ESSA, NOAA, 1962-1975. Climatological

Data for Antarctic Stations, volumes 1-13 (containing data for
Amundsen-Scott station 1957-1973).

Geophysical monitoring for
climatic change at the South Pole Figure 1. New clean air facility constructed during the

1976-1977 summer. The main station is in the background.
•	.	-

JAMES T. PETERSON and VALENTINE S. SZWARC

Air Resources Laboratory
National Oceanic and Atmospheric Ad m /n,straf ion

Boulder, Colorado 8002

Amundscn-Scott South Pole Station supports one of foui
baseline monitoring stations operated by the National
Oceanic and Atmospheric Administration's (NOAA) Air
Resources Laboratory. An objective of this program is to
monitor climatically important variables at locations remote
from significant anthropogenic activity. From late 1975 to
late 1976, this program was carried out at the Pole by
Valentine S. Szwarc (station chief) and James Jordan (elec-
tronic technician). In late 1976, they were replaced by Brad
Halter and Gary Rosenberger. During 1976, the station was
located at the old clean air facility. In January 1977, two
NOAA personnel, Milton Johnson and Sam Oltmans,
helped the resident crew move the station to the new clean
air facility (figure 1). The new facility, constructed during
the 1976-1977 summer, was built on stilts to extend its
lifetime from snow accumulation. It is approximately 100
meters grid northeast of the fuel storage facility. Figure 2
shows monitoring equipment inside the building.

The measurement program included the following
parameters.

1. Carbon dioxide. A URAS-2T 101 infrared analyzer was
used for continuous measurements. Flask samples were
regularly collected twice a month. Ambient air was also col-
lected in flasks as part of a cooperative program with C.D.
Keeling of Scripps Institution of Oceanography. All flasks
are returned to Boulder and Scripps for analysis.

2. Total ozone. A Dobson spectrophotometer was used
without significant problems throughout the year.

3. Surface ozone. Duplicate sets of continuous data were
obtained with an electrochemical concentration cell and an
ultraviolet absorption Dasibi ozone photometer.

4. Solar radiation. During the austral summer, con-
tinuous measurements were made of (a) the direct solar
beam with an Eppley pyrheliometer on a solar-tracking

:

•.. '1.	AM

Figure 2. Inside new clean air facility showing carbon
dioxide (left) and ozone (right) monitoring equipment.

equatorial mount and (b) the incident global (direct plus
diffuse) solar flux with four Eppley pyranometers and an
ultraviolet photometer. The global flux measurements were
made with quartz. GG22, OG1, and RG8 filter hemi-
spheres.

5. Atmospheric aerosol optical thickness. A hand-held
Eppley sunphotometer was used to determine atmospheric
turbidity on occasions when clouds did not obscure the
direct solar radiation.

6. Atmospheric aerosols. Aitken nuclei concentrations
were obtained with two primary instruments: a General
Electric condensation nuclei counter and a Pollak counter
(in cooperation with A. Hogan of the State University of
New York at Albany). Back-up data were obtained occa-
sionally with a Gardner counter.

7. Meteorology. Air and snow temperature, atmospheric
pressure, and wind speed and direction were measured con-
tinuously.

8. Halocarbons. A 1-month test sampling program for
fluorocarbon-11 occurred during January 1976. Since
January 1977, monthly flask samples have routinely been
taken.
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