
Basal motion of ice sheets represents a large uncertainty in ice-flow models, as it dependends on the roughness and material of 
the subglacial bed and the occurrence of water. It is the part of the total flow speed that can change most rapidly and can 
therefore facilitate rapid variations in the dynamic behaviour of ice sheets. In this study we investigate the subglacial properties of 
the East Antarctic Ice Sheet by statistically analyzing the roughness of the bed topography, which is inferred from radio-echo 
sounding measurements. The roughness analysis with two roughness parameters enables a classification of the subglacial 
landscapes below the ice sheet. The roughness parameters are correlated with the flow speed of the ice and modeled basal 
temperatures. The observed relationships lead to the conclusion that one of the roughness parameters might indicate the thermal 
condition at the base of the ice sheet. If confirmed by further studies, this could be used as an additional method for predicting 
the basal thermal regime.
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While it was recognized during World War II that radar waves could be used to penetrate ice, the first scientific airborne 
deployments were made in the 1970s by the TUD–SPRI–NSF collaboration. Following these continentalâ€“scale surveys in 
Antarctica and Greenland that sought primarily ice thickness information, the next decades saw more dedicated surveys at sites 
chosen for their glaciological significance, with radar often acquired together with other airborne geophysical data. More recently 
synthetic aperture recording and processing, together with more sophisticated pulse-compression techniques, have led to radars 
with greater resolution and dynamic range, allowing not only ice thickness but basal properties to be explored. Also improved 
depiction of internal reflection horizons with greater fidelity and at greater depth has enabled these to be used in siting ice cores 
and to study ice dynamics and ice-sheet evolution based on their deformation. Recently the attenuation of radar waves with depth 
has been used to infer ice-sheet internal temperature. Parallel efforts with impulse radars designed to operate at lower 
frequencies to circumvent the problem of scattering losses from water inclusions were first made in surface-based surveys in the 
1980s, allowing penetration of temperate ice in mountain-glacier environments. Later improvements with folded dipole antenna 
designs have resulted in highly portable and commercially available impulse radars at higher frequencies that have been useful in 
firn and shallow-ice studies. Both high- and low-frequency surface-based impulse radars have been used effectively for tracing 
internal layers with high precision to study ice dynamics and ice-sheet evolution on smaller spatial scales. A more recent 
development for surface-based studies has been phase-sensitive radar (ApRES) to make very precise range measurements and 
monitor their changes over time. These have been used, for example, to measure ice-shelf basal melt rates and vertical strain 
rates in ice sheets, but their utility is just becoming recognized. Beyond the ice on earth, surface-penetrating radars have been 
deployed to sound the subsurface of the moon and more recently to explore the polar caps of Mars. Missions to the Jovian planets 
and their icy satellites are in the planning stages. Clearly, the last 50 years have brought remarkable progress and results, and it is 
exciting to contemplate the science questions that will be addressed in the future.
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The first Russian multidisciplinary investigations in the area of Mac. Robertson and Princess Elizabeth lands (East Antarctica) were 
conducted during 1971–74 (Operation ‘Aimery’). They included airborne radio-echo sounding (RES) and seismic reflection on the 
Amery Ice Shelf. The first theories about the glacier structure and subglacial morphology were formed. After a short interruption 
airborne RES investigations were resumed in 1985 and since 1986 this type of study has been carried out with a 5 km distance 
between profiles. In the period 2004–14 ground-based RES was carried out in the region of the Mirny–Vostok and Progress–Vostok 
logistic traverse routes. Data were provided by geodetic and glaciological observations. Ground-based RES data, as the most 
reliable, complemented the aerogeophysical dataset. The collected data helped to reveal the main features of the ice-sheet 
structure and the bedrock topography of the extensive coastal area of East Antarctica, including Mac. Robertson, Princess 
Elizabeth and Wilhelm II lands, and inland about 500 km. In addition, the research revealed a system of subglacial reservoirs in the 
area of the abandoned Russian station Pionerskaya. Ice-thickness and bedrock-topography maps, which were created during the 
research, are demonstrated in the presentation.
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