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Abstract Dome A is the highest ice feature in the Antarctica, up to now, little is
known about surface topography at Dome A. The first Chinese ITASE expedition was
carried out from Zhongshan station to Dome A during the 1996/1997 austral summer.
During the 2004/2005 austral summer, the traverse was extended to the summit of
Dome A which is 1228 km from Zhongshan Station by 21st Chinese National Antarctic
Research Expedition (CHINARE). The real-time kinematic ( RTK) GPS survey was
carried out in the summit of Dome A during 2004/05 austral summer. The surface to-
pography of Dome A was drawn up using the kinematic double-frequency GPS data
covering an area of about 70 km?. The accuracy of the kinematic survey is in the
range of 0.20 m. Precise surface topography, bedrock morphology and internal laye-
ring geometry are important for the future selection of the best site for deep drilling at
Dome A.
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1 Introduction

Dome Argus, the highest ice feature in the Antarctica, comprising a dome or eminence
of just over 4000 m elevation, located near the center of East Antarctica and approximately
midway between the head of Lambert Glacier and the South Pole. At first called “ Dome
A", details of the morphology of this feature were determined by the SPRI-NSF-TUD air-
borne radio echo sounding program, 1967-1979. Named by SPRI from Greek mythology;
Argus built the ship in which Jason and the Argonauts traveled. The Gamburtsev subglacial
mountains which underlie and extend beyond the area of Dome A were discovered by a Sovi-
et Union Seismic party in 1958(1].

Surface topography is very important in many geoscientific and environmental studies of
the Antarctica. Surface topographic measurement can be used as an important input to esti-
mate the surface temperature, precipitation, and katabatic wind intensity and direction(2],
Elevation data can be used to infer the locations of ice divides, drainage basins, ice flow di-
rection() | and together with ice thickness data, to calculate driving stresses and ice defor-
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mational velocity, and to give a measure of subsurface and basal conditions(*]. Ice flows
very slowly around Dome regions and thus the dynamics of Dome structure is difficult to
measure and/or to characterize. The surface and bed topography at Dome C[57), Dome
F(#) and the summit of Greenland!®) areas have been determined in recent years. Up to
now, little is known about surface topography at Dome A.

In the framework of the International Trans-Antarctic Scientific Expedition ( ITASE)
and Chinese Antarctic glaciological research program, glaciological studies have been con-
ducted along the transect from Zhongshan station to Dome A. The first expedition was car-
ried out to a inland point 296 km away from Zhongshan station during the 1996/1997 austral
summer ( 13th Chinese National Antarctic Research Expedition ( CHINARE) ). The trav-
erse was extended southwards to 464 km during the 1997/1998 (14th CHINARE) and to
1128 km during the 1998/1999 ( 15th CHINARE) field season!!*3], On 22 January
2002, an automatic weather station (AWS) was installed at LGB69 which is 160km away
from the Zhongshan Station by the 18th CHINARE(4:15]

During the 2004/2005 austral summer season, the traverse was extended to the summit
of Dome A which is 1228 km from the Zhongshan Station by 21st CHINARE. Along the
traverse route, more than 20 GPS sites were established at approximately 50 km intervals to
monitor the surface ice velocity, which will be reported in another paper. This paper pres-
ents the result of surface topography of the summit of Dome A from kinematic GPS. The sur-
face mass balance was measured along the traverse by snow stakes established at 2 km inter-
vals, the position of each stake was measured by a hand-held GPS navigator, the elevation
of the profile was drawn from the GPS navigation data ( Figure. 1).
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Fig.1 The elevation curve of the transect from Zhongshan Station to Dome A ( The distance is from Zhongshan

Station).
2 Topographic survey and data processing

The first approximate summit of Dome A ( Figure 2) was obtained from the RAMP
DEM developed by Liu et al from Byrd Polar Research Center (BPRC). The RAMP DEM
is a complete, seamless DEM of the Antarctica that has spatial resolution ranging from 200
m to 5 km. The vertical accuracy of the DEM is estimated to be about 100-130m over the
rugged mountainous area, better than 2 m for the ice shelves, better than 15 m for the inte-
rior ice sheet, and about 35 m for the steeper ice sheet perimeter!!6].
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Fig.2 Map of the Antarctic ice sheet showing location of Dome A.

GPS has become a standard tool for field measurement of surface topography in the in-
terior of the Antarctic continent as it allows high precision measurements to be made rela-
tively quickly and with minimum logistical support. Kinematic surveys are the most produc-
tive in those the greatest number of points can be determined in the least time. The use of
radio links among the baseline stations leads to the real-time kinematic ( RTK) technique.
The kinematic method is best suited for wide open areas where there are few obstructions.
The three-dimensional coordinates of vehicle-mounted receiver can be determined with high
accuracy (few centimeters) so that accurate topographic map of the area can be rapidly pre-
pared!!7] | The real-time kinematic ( RTK) GPS technique was chosen to map the surface
topography of the summit area of Dome A.

Around this first approximate summit of Dome A, the survey was carried out using the
Total Station during 9-11 January 2005 in order to obtain the second approximate summit of
this area. The Dome A camp was set up at the second approximate summit, then the survey
was carried out utilizing Real-Time Kinematic ( RTK) GPS technique.

Two Leica SR530 dual frequency GPS receivers were used for the kinematic survey,
with high sampling rates. Pseudorange and carrier-phase data on both frequencies were
stored at every epoch. With a detachable terminal, plug-in batteries and slot-in PCMCIA
cards, the receiver can be efficiently used for kinematic detail surveys. The receiver adopts
the ClearTrakTM receiver technology. In a good environment with 5 or more satellites, the
SR530 will initialize on-the-fly within 30 seconds on short and medium lines up to about 5
to 10 km. Also, the system 500 RTK has a comprehensive, easy-to-use man-machine-inter-
face (MMI) (18],

One GPS receiver was located for reference at the camp. The GPS receiver was in-
stalled in the cabin, the antenna was mounted on the tripod approximately 10m from the
cabin, the transmitting radio antenna which connected with the GPS receiver through a hole
was mounted on the roof of the cabin. First, the reference station was occupied for 36
hours. The approximate location of the reference station was calculated utilizing LEICA Geo
Office V1.0 (LGO) software-the point positioning program. The corresponding WGS84 el-
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lipsoid coordinate was: 80°22'01. 62888"S, 77°22'22. 90269"E , 4092. 457 m.

The rover receiver was installed on the over-snow vehicle. The GPS receiver was held
by the surveyor inside the vehicle, both of the GPS antenna and the receiving radio antenna
were mounted on the roof of the over-snow vehicle which would afford optimum satellite visi-
bility and tracking conditions.

Fig.4 The rover receiver installed on the over-snow vehicle.

The survey was carried out on a “star” grid, centered around the camp, with radius of
4 ~5 km. The trajectory is shown in Figure 5. The square-shaped points are navigated coor-
dinates derived using the uncorrected code solution of a single epoch, and the circular
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points are coordinates that have been differentially corrected. The sampling space is 200 m.
The velocity of the vehicle ranges from 4 km/hour to 8 km/hour. During S days field work,
more than 1000 points were measured altogether.
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Fig.5 The trajectory of 2005 kinematic GPS survey at Dome A.

GPS coordinates obtained in the kinematic survey were used to build the topography of
the Dome A surface. Those points with an accuracy higher than 0. 10 m were eliminated
from the dataset. Taking into account the tracked-vehicle penetration into the ice between
one passage and the next, whose value was evaluated in the range of 0. 10 m, the accuracy
is in the range of 0. 20 m. Finally, 480 points were used to build the topographic map of the
summit of Dome A.

Surfer V7.0 software was used to generate the contour map as the “kriging” gridding
technique was chosen. The contour levels were plotted every 0.25 m with highly smoothed
contours. This was done in order to obtain a smoother topographic surface. A contour inter-
val of 0.25 m was adopted based on the tested accuracy of the GPS data. The map is shown
in Figure 6.

3 Data post-processing

When back to China, the GPS data of the reference station at Dome A was processed
using GAMIT/GLOBK software. GAMIT/GLOBK is a comprehensive GPS analysis package
developed at MIT and Scripps for the estimation of three-dimensional relative position of
ground stations and satellite orbits. The analysis software is composed of distinct modules,
which perform the functions of preparing the data for processing, generating reference orbits
for the satellites, computing residual observations and partial derivatives from a geometrical
model, detecting outliers or breaks in the data, and performing a least squares analysis.
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GAMIT uses both carrier phase and pseudorange observables. The most precise information
can be obtained by the carrier phase, but with ambiguities on the integer number of wave-
lengths[ 197,
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Fig.6 Dome A topographic surface map from 2005 GPS data. Heights are WGS84 ellipsoid ones. Contour in-
terval is 0.25 m.

During the data processing, the following options were selected: IGS precise epheme-
redes were used, several IGS stations around the Antarctica such as CAS1, DAVI,
MAWI1, MCM4, PALM, SYOG and VESL were tightly constrained ( within 1cm) at their
ITRF2000 values while the site at Dome A was loosely constrained ( within 100 m) , an ele-
vation cutoff angles of 15° was set, antenna phase center variation corrections were applied,
the ionospheric-free linear combination of the L1 and L2 frequencies was used, corrections
were applied for both the solid earth and frequency dependent tides, the dry component of
the zenith tropospheric delay is implemented by Saastamoinen model, the wet component is
estimated during the inversion, with zenith-delay adjustments every 2 hours etc. The coor-
dinate of the reference station was; 80°22'01. 64502"S, 77°22'22.90070"E, 4092.528 m,
the difference between GAMIT result and LGO result is less than 1m. Based on the GAMIT
result, all of the coordinates of the topographic points were corrected. The resulted map of
Dome A was build from the corrected coordinates, shown as Figure 7.

The dome surface and the topographic summit is defined. The lowest surface height is
4090.2 m, giving a maximum surface height range of 2. 7 m over the entire 70 km2 area.
The surface slope value is less than 0. 0008 in the summit area of Dome A. In other words,
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the surface topography of Dome A is very flat and smooth, which is similar to Dome C,
Dome F and the summit of Greenland.
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Fig. 7 The resulted Dome A surface topographic map based on GPS data from the 21st CHINARE. Heights are
relative to the WGS84 ellipsoid. Contour interval is 0. 40 m. The black triangle stands for the position of
the summit of Dome A.

4 Conclusions and suggestions

The real time kinematic (RTK) GPS technique is a quick and precise technique for
surveying and mapping the topography of an area, especially in the interior of the Antarctic
continent. The main advantages of the method are high productivity and reliability of meas-
urements, even in extreme environmental conditions.

The 2005 kinematic GPS data were used to map the topographic surface of the Dome A
area, with an accuracy in the range of 0.20 m. The resulted map can be considered as the
Dome A topographic reference map for the 2004/2005 austral summer. Because of the lo-
gistical restraint, only about 70 km? area was accomplished in 2005, the larger area is ex-
pected to be mapped in the next Chinese Dome A expedition.

Besides the kinematic GPS survey, the ground-based ice penetrating radar measure-
ment was also deployed at the summit area of Dome A. As ice flow is related not only to the
ice properties but also to ice thickness and bedrock slope, the precise surface morphology is
important to detect the ice divide and the main ice-flow. Precise surface topography, bed-
rock morphology and internal layering geometry are all important for the future selection of
the best site for deep drilling at Dome A. The GPS data and precise topography at Dome A



92

Zhang Shengkai et al.

will provide ground truth for the satellite mission such as ICESat, GRACE and Cryosat etc.
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