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SITE-TESTING IN ANT AR CTICA

J. W. V. Storey,1 J. S. Lawrence,1 and M. C. B. Ashley1

RESUMEN

Los sitios en el Plateau de la Ant�artica comoel Domo A, el Domo C y el Polo Sur, ofrecencondicionesfavorables
para la astronom��a que resultan �unicasy excepcionales. La evaluaci�on de sitio realizadaen la �ultima d�ecadaha
reveladoemisi�on de fondo infrarro ja extremadamente baja, vapor deaguabajo, transmisi�on infrarro ja excelente
y nivelesbaj��simos de turbulencia atmosf�erica. Aunque ya seha construido grandesdesarrollosen la Ant�atica
y est�an en curso muchos m�as, quedamucho por estudiar de este �unico y hermosolugar.

ABSTRA CT

Sites on the Antarctic Plateau such as Dome A, Dome C and South Pole, o�er unique and exceptionally
favourable conditions for astronomy. Site testing over the past decadehas revealed extremely low infrared
backgrounds, low water vapour, excellent infrared transmission and very low levels of atmospheric turbulence.
Although several large facilities have already been built in Antarctica and plans for many more are well
underway, there is still much to learn about this unique and beautiful place.
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1. INTR ODUCTION

Site testing over the past decadeor so suggests
that the Antarctic plateau has much to o�er as a
site for an astronomical observatory (see,for exam-
ple Fossat 2005; Storey 2005). It is of course ex-
tremely cold, and this leads to greatly reduced in-
frared backgrounds and very low atmospheric water
vapour content. This means that the atmospheric
transmissionfrom infrared to millimetre wavelengths
is dramatically improved. As a result, millimetre,
sub-millimetre and infrared astronomers have been
the �rst to take advantage of the conditions. How-
ever, the stable middle and upper atmosphere,com-
bined with the thinness of the surface layer, result
in unparalleled seeingand exceptionally favourable
conditions for high-resolution imaging. As a result,
proposals for large optical telescopes are now also
under consideration.

The Antarctic continent is very large|at 14 mil-
lion squarekilometres it is roughly twice as large as
Australia. The Antarctic plateau makes up a large
part of this area, and rises to an elevation of over
4,000metres. Temperatures in winter time can drop
to nearly � 90� C. For most of the time, much of
the plateau is within the atmospheric Polar Vortex,
which meansthat the high altitude jet-stream winds
rarely intrude over the site. It is these winds that
are responsible for the upper atmosphereturbulence
that is prevalent at most other locations on earth.

1School of Physics, Univ ersity of New South Wales, Sydney
NSW 2052, Australia (j.storey@unsw.edu.au).

Wind on the plateau is predominantly katabatic;
that is, a stable breezeof cool air 
o ws down from
the highest point (known as Dome A) to the coast.
The average wind speed at Dome C is one of the
lowest on earth (Aristidi et al. 2005a). For most
of the winter, an intense inversion layer is created
closeto the ground, as the surfacecools radiativ ely
by as much as 30 degreesbelow the temperature of
the middle atmosphere. This surface layer is often
turbulent, but unlike the situation at most other ob-
servatory sites, it is typically only 20{30 metersthick
at the high elevation Antarctic sites.

With theseobvious advantages, it is not surpris-
ing that there is a major e�ort underway to fully
characterise the most promising of the Antarctic
plateau sites. In this paper we review someof the
past studies, describe ongoing e�orts, and look to-
wards somepossiblefuture developments.

2. PRECIPIT ABLE WATER VAPOUR

With temperatures that can fall below that of
dry ice (solid carbon dioxide), it is reasonable to
assumethat the air will be exceedingly dry. Mea-
surements at the South Pole using millimetre-wave
radiometers have shown that it has the lowest aver-
age water vapour content of any site so far studied
(e.g., Chamberlin et al. 1997). At Dome C, higher
on the plateau, preliminary measurements (Valen-
ziano & dall 'Oglio 1999;Calisseet al. 2004)suggest
that conditions there may be even better still.

At these temperatures the absolute humidit y is
exceedinglylow. As an example,at 50%relative hu-
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26 STOREY, LAWRENCE, & ASHLEY

Fig. 1. The French-Italian Concordia station at Dome C
opened for year-round operation in 2005.

midit y, air at � 60� C contains three orders of mag-
nitude lesswater vapour than it doesat 25� C. Mea-
surements at Dome C with conventional humidit y
sensors(for example, balloon radiosondes)suggest
that the relative humidit y hovers around 30{50%.
However, it is also known that, at Dome C, any ex-
posed object whose temperature falls even slightly
below ambient will quickly acquire a coating of ice.
(Durand et al. 2007). While at �rst sight this might
be thought to imply a relative humidit y of close
to 100%, at these very low temperatures the \frost
point" can be very closeto|or even above|the am-
bient temperature, even if the relative humidit y is
quite moderate. For example, at � 60� C and 50%
relative humidit y, only a 0.8 degreedrop in temper-
ature is required to precipitate ice onto a surface.

Even if the most pessimisticassumption is made,
100%relative humidit y throughout the atmosphere,
the exceedinglylow temperaturesthroughout the at-
mosphere above the Antarctic plateau imply that
the sky transparency at infrared and submillimetre
wavelengthswill be unrivalled (Lawrence2004). At
Dome A, the highest point on the plateau, windows
should open up at terahertz frequenciesthat are oth-
erwise inaccessibleexcept from space or from air-
craft.

3. INFRARED SKY BACKGROUND

Measurements at the South Pole in the near-
infrared (Nguyen et al. 1996; Ashley et al. 1996;
Phillips et al. 1999) and mid-infrared (Smith &
Harper 1998; Chamberlain et al. 2000) con�rm the
expectedvery low levelsof thermal emissionfrom the
sky. Not only is the sky very cold, but the low water

Fig. 2. A satellite communication dish is lifted onto the
roof at Dome C. Infrastructure already in place at South
Pole and Dome C is well suited for the construction of
astronomical facilities.

vapour content results in improved transmissionand
wider, more stable atmospheric windows.

Summertime measurements at Dome C (Walden
et al. 2005)reveal an extremely stable and transpar-
ent sky, even when the sun is well above the horizon.
The �rst telescope to exploit theseconditions will be
IRAIT (Tosti et al. 2006), an 80 cm infrared tele-
scope to be deployed in 2008.

4. OPTICAL SKY BRIGHTNESS AND
TRANSPARENCY

At the present time there has been little work
done at the South Pole to monitor sky brightness
at optical wavelengths. Interest from optical as-
tronomers has focussedlargely on Dome C, where
conditions are expected to be more favourable. An
automated cameraoperated at Dome C during 2001
and found 74% clear skies (Ashley et al. 2005). A
web-cameraoperated for several months in 2003/4
and showed in excessof 90%clear skies(Ashley et al.
2004).Visual observations of the cloud cover by the
Dome C wintering astronomer in 2006 suggestthat
the sky is cloud-freefor over 84%of the time (Mosser
& Aristidi 2007). Automated photometric measure-
ments have also been made during 2006 (Moore et
al. 2006)and are expectedto yield quantitativ e data
to complement this very encouraging�gure.

Concernsabout aurorae have led to an analysis
of South Pole all-sky camera data and an extrap-
olation of this to Dome C using observed upper-
atmosphere electron precipitation rates (Dempsey,
Storey, & Phillips 2005). The conclusionof this work
is that aurorae are unlikely to be a signi�cant prob-
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SITE-TESTING IN ANTARCTICA 27

Fig. 3. The AASTINO is a robotic site-testing observa-
tory that can operate completely unattended.

lem for most optical observations at Dome C. Fur-
ther work (Kenyon & Storey 2006) looks at other
contributions to optical sky brightnessand concludes
that, despite the long periods of twilight at these
high latitude sites, Dome C in particular is likely to
be extremely good for optical astronomy.

5. ATMOSPHERIC TURBULENCE

Gillingham (1991) predicted that the stable at-
mosphericconditions on the Antarctic plateau could
result in extraordinarily good seeing conditions,
compromisedonly by an extremely thin but intensely
turbulent surface layer. These led to a seriesof ex-
periments in the 1990sat the South Pole that pro-
duced results in general agreement with these pre-
dictions. Direct measurement of the seeing a few
metres above the ground (Loewenstein et al. 1998)
showed it to be poor (later con�rmed by Travouil-
lon et al. 2003a). However, microthermal measure-
ments from mast and balloon (Marks et al. 1996,
1999) showed that almost all of the turbulence was
con�ned to the surface layer. Unfortunately, at the
South Pole this surface layer appeared to be some
� 200 meters thick. Acoustic radar measurements
(Travouillon et al. 2003b) con�rmed that the layer
was almost always present, and that it extends to a
su�cien t height to preclude any easy solution such
as placing the telescope on a small tower.

However, the lower wind speedsat higher sites
on the plateau should lead to a signi�cantly thinner
surfacelayer (Gillingham 1991;Marks 2002). A de-
tailed theoretical study (Swain & Gallee 2006) sug-
gests a median surface layer thickness that ranges
from 18 m at Dome A to 27 m at Dome C.

Summer time measurements at Dome C with a
DIMM (Di�eren tial Image-Motion Monitor) (Aris-
tidi et al. 2003,2005b)revealedperiodsof exception-
ally good seeing.Combined with the excellent cloud
cover statistics, this implies that Dome C should be
a remarkably good site for solar astronomy (e.g., Ar-
naud, Faurobert, & Fossat2006).

The �rst measurements of the turbulence pro�le
of the atmosphere above Dome C were conducted
from an unmanned robotic observatory called the
AASTINO (Lawrence, Ashley, & Storey 2005). Us-
ing a combination of MASS (Multi Aperture Scin-
tillation Sensor) and acoustic radar, these winter-
time measurements showed that, above a possibly
turbulent surfacelayer, the seeingwas the best ever
observed on earth, with a median value of 0.27 arc-
seconds(Lawrence et al. 2004). Furthermore, the
acoustic radar measurements placed an upper limit
of 30 m on the thicknessof the surfacelayer.

Following the opening of the station to year-
round operation in 2005, measurements could be
conducted throughout the year without the needfor
fully robotic instrumentation (Agabi et al. 2006).
While the DIMM data showed that the night-time
seeingmeasuredfrom just above the ice was consis-
tently poor, the balloon microthermal data showed
that, as at South Pole, the turbulence was con�ned
to a region closeto the ground. However, at Dome
C this layer wasonly about 30 m thick, in agreement
with the acoustic radar data of Lawrenceet al. The
key atmosphericparametersof isoplanatic angleand
coherencetime, as measuredby the three indepen-
dent techniques (MASS, DIMM and balloon pro�l-
ing), are in reasonablygood agreement, and indicate
that Dome C is a site with unparalleled potential for
high-resolution imaging and interferometry. In ad-
dition, measurements of the scintillation (Kenyon et
al. 2006a)show that it is the loweston earth, making
Dome C the ideal location for precision photometry
observations.

6. FUTURE MEASUREMENTS
Although enough is already known about

Dome C to encouragethe deployment of large astro-
nomical facilities there, much is still to be learned.
Perhaps the most pressing piece of missing infor-
mation concernsthe statistics of the intensity and
height of the turbulent surfacelayer, as this dictates
how high a telescope should be placed to enjoy free-
atmosphericconditions. A number of techniquescan
be used to make these measurements, including di-
rect microthermal measurements from a tower, high-
resolution acoustic radar, and lunar shadow-band
scintillometry (SHABAR).
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TABLE 1

SUMMARY OF DOME C BENEFITS

Parameter Advantage over other sites PerformanceImpact

Isoplanatic angle 2{3 � 4{9 � in AO sky coverageand corrected �eld
Coherencetime 2.5 � 1{2 magnitudes in guide star required brightness
Low-IR background 20{100 � 1{3 magnitudes in point sourcesensitivity
Image size 2{4 � 2{4 � spatial resolution in visible;

0.5{1.5 magnitudes in point sourcesensitivity
Scintillation 3{4 � 3{4 � gain in photometric and astrometric precision

Fig. 4. A tractor-train arriv es at Dome C. Three such
traversestake place each year, with each traversebring-
ing in about 150 tonnes of supplies.

Better statistics are also neededon the turbu-
lence pro�le throughout the atmosphere,extending
over several years. In addition to direct balloon-
borne radiosonde measurements, scintillation tech-
niquessuch asMASS and SCIDAR can alsobe used.

Further measurements of sky brightness and
transmission, from optical wavelengths through to
the submillimetre, are also needed. For example,
at the present time no measurements have been
made for astronomical purposesof the spectrum of
the night sky above Dome C. A �bre-fed spectrom-
eter has recently been developed for this purpose
(Kenyon et al. 2006b).

Other siteson the plateau must alsobe explored.
Perhaps the most promising of these is Dome A,
which will be the subject of a Chinese-ledexpedi-
tion later this year. Astronomical site-testing in-
struments to accompany this expedition are being
developedby a number of research groups. A robotic
laboratory, PLATO (Lawrenceet al. 2006),will host

Fig. 5. The Twin Otter aircraft are a fast and e�cien t
way to bring people and small items of cargo to Dome
C.

theseexperiments and provide heat, power and com-
munications throughout the long winter.

This work is supported by the Australian Re-
search Council. Logistic support for the UNSW
Antarctic site testing program has at various times
been provided by AGAD, IPEV, NSF, PNRA and
PRIC. We thank our Antarctic astronomy colleagues
at UNSW and at other institutions around the world
for useful discussionsand for constructive collabo-
rations that have helped to make possible the site
testing programs in Antarctica.
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