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AB: Recent satellite observations indicate that several outlet glaciers in the southern part of the Greenland ice sheet have speeded up considerably over the last few years. Also, parts of the West Antarctic Ice Sheet are reported to be thinning significantly over this same time period. A key factor in understanding these rapid changes in both Greenland and West Antarctic is an improved knowledge of the basal conditions. Conventional radar sounders are not suitable for unambiguous determination of basal conditions. A Synthetic Aperture Radar (SAR) that images the ice-bed interface with fine resolution both in the cross- and along-track directions can be used for accurate determination of basal conditions. We designed and developed a wideband VHF radar that operates over the frequency range 120-300 MHz that can image the ice-bed interface over a swath of 1000 m or more on either side of the radar-carrying platform, measure ice thickness, and map layers along the platform track simultaneously. We used the VHF radar to collect data over a 6-km swath along a distance of about 30 km between GISP and GRIP core sites at Summit Camp, Greenland during July 2005. We also operated on the same platform an ultra wideband radar that works over the frequency range 500-2000 MHz to map near-surface internal layers. The results from these experiments showed, for the firs time, that we could image ice-bed interface through more than 3-km thick ice. In this paper, we provide a brief description of the system and the experiments, and show sample results from data collected with our prototype radar. 
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AB: The mission of Glaciers and Ice Sheets Mapping Orbiter (GISMO) radar is to measure ice thickness and map basal conditions (Jezek et al., 2006). Parts of West Antarctica and Greenland ice sheets are undergoing rapid changes. Many outlet glaciers in the southern part of the Greenland ice sheet have speeded up considerably over the last few years. One key to understanding the reason for observed changes is basal conditions. Surface clutter presents a major challenge in sounding of ice sheets and mapping of bed conditions from space. GISMO proposes to use interferometric phase filtering techniques to reduce surface clutter. The proposed radar will operate at incidence angles less than about 10 degrees for imaging the ice-bed interface from space. We are designing airborne radar for collecting data over the Greenland ice sheet to develop and test phase filtering algorithms. The radar will operate at two center frequencies; 450 MHz (P-Band) with a bandwidth of 50 MHz and 150 MHz (VHF-Band) with a bandwidth of 20 MHz. The radar consists of two transmitters and eight receivers that operate in both bands from a platform height of 10 km and an interferometric baseline between 20 m and 30 m. The 150-MHz radar operates with a peak transmit power of 800 W and 450-MHz works with 2 kW of peak power. We are upgrading the existing VHF (150 MHz) radar antenna array for operation at the center frequency of 450 MHz with a Voltage Standing Wave Ratio (VSWR) of less than 2 over a bandwidth of 50 MHz. We plan to conduct two field experiments in Greenland and Antarctica during the field seasons of 2006-2008. The radar system will be mounted on a P-3 Orion or similar aircraft. Our work will be conducted within the time frame of the International Polar Year. We would also like to explore the application of this polar sounder in the Earth System Science Partnership (ESSP), Jupiter Icy Moon Orbiter (JIMO), Mars and Lunar Sounders. In this poster we will present the hardware design and end-to-end radar system simulation results, and show a few sample results from data collected with our 150-MHz system during the 2006 field season. Jezek, K; Rodgriquez, E; Gogineni, P; Freeman, A; Curlander, J; Wu, X; Paden, J; Allen, C; Glaciers and ice sheets mapping orbiter concept, Journal of Geophysical Research, 111, E06S20, doi:10.1029/2005JE002572, 2006. 
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AB: Conditions beneath polar ice are important factors in ice dynamics. Obtaining information on subsurface structures that may be under several km of ice requires use of low frequency electromagnetic sensors. Such measurements have been demonstrated from both ground and airborne platforms in recent experimental campaigns. For larger scale measurements, the Global Ice Sheet Mapping Orbiter (GISMO) mission has been proposed. This NASA Instrument Incubator Program project is a collaboration between Ohio State University, the University of Kansas, Vexcel Corporation and NASA. The GISMO design utilizes an INSAR strategy in which ice sheet reflected signals received by a dual-antenna system are used to produce an interference pattern. The resulting interferogram can be used to filter out surface clutter so as to reveal the signals scattered from the base of the ice sheet. Current simulations of GISMO performance and interpretability are limited by a lack of knowledge of possible electromagnetic scattering interactions at the ice base, including the influence of the base topographical structure and the presence or absence of any water layers. An improved electromagnetic wave scattering model is therefore needed in order to describe the possible range of scattering effects at the basal layered rough surface, and to include these effects in GISMO simulations. This presentation will discuss three distinct electromagnetic models for scattering from a layered rough surface: the Small Perturbation Method (SPM), the Kirchhoff approximation (also know as physical optics (PO)) and the associated geometrical optics method, and numerical methods based on exact simulations of the electromagnetic boundary value problem. The formulation of each of these approaches will be reviewed, as well as the associated advantages and limitations of each. Sample scattering results from the three models for a one-dimensional surface profile will be illustrated for varying assumed base-layers in order to illustrate the range of scattering phenomena to be expected. Planned future application of the models in studies of GISMO performance will also be described. 
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