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Abstract:

This is the final report for the project titled “Measurement of Thickness of the Greenland Ice
Sheet and Investigation of Scattering Properties of Glacial Ice.” The primary objectives of this
project were to determine ice thickness and bottom topography using an airborne radar depth
sounder and to improve interpretation of satellite synthetic aperture radar data over glacial ice.
We developed two coherent radar depth sounders operating at 150 MHz and installed and
operated these radars on the NASA P-3B aircraft. We collected a large volume of ice thickness
data as a part of NASA’s initiative for determining the mass of balance of the Greenland ice
sheet. We obtained good ice thickness information over 90% of the flight lines flown as a part of
the PARCA initiative. We published a number of technical reports with raw echograms and
derived thickness data from these experiments. Also we performed microwave scattering
measurements, in collaboration with the Byrd Polar Research Center at the Ohio State
University, aimed at understanding the physics of scattering from glacial ice and using this

information to interpret satellite radar data better.



1.0. Introduction

In 1991, NASA started a polar research initiative for determining the mass balance of the
Greenland ice sheet. It consisted of coordinated surface, airborne and spaceborne measurements
for determining the mass balance of the ice sheet. The initial program consisted of a laser
altimeter and a Ku-band radar altimeter for measuring surface elevation of the ice sheet along
selected flight lines from a low-flying aircraft. In 1993, the airborne instrumentation suite was
expanded to include a radar depth sounder to collect ice thickness data along the same flight lines
because ice thickness is a key variable in the time-dependent equation of continuity and is

essential to any study of ice-sheet dynamics.

Raju, Xin and Moore [1990] developed a coherent radar sounder for measurements in the
Antarctic. During the 1993 field season, we used this system to collect ice thickness data.
Although we collected good quality data in the northern and central parts of the ice sheet, we
could not measure ice thickness in temperate areas of the ice sheet with thick, warm ice in
southern Greenland. To overcome system limitations and improve its performance, we
developed two new systems—one using connectorized components and the other using Radio
Frequency Integrated Circuits (RFICs). The transmitter and receiver prototypes for the system
using RFICs were developed by senior undergraduate students as part of a capstone design
project. We used these prototypes to develop an operational system that was used to collect
much of the data starting in 1996. Both radar systems operate at the center frequency of 150
MHz with a chirped pulse of 1.6 ps duration and peak transmit power of about 200 W.

We installed these radars on the NASA P-3B aircraft and collected a large volume of data. We
processed these data to obtain good ice thickness information over 90% of the flight lines flown
as a part of the PARCA initiative. The areas over which we obtained good ice thickness data
included the interior of the ice sheet, ice sheet margins, outlet glaciers and a few areas containing
warm ice in southern Greenland. We supplied these data to the scientific community in a timely
manner and several papers using the ice thickness data obtained through this project were

published (see publication list in Appendix I). In collaboration with The Ohio State University,



we also performed microwave backscatter measurements using ranging radars at 5.3 and 13

GHz, and we analyzed and reported results of these measurements [Jezek et al., 1994],

In summary we have met or exceeded all project objectives. We developed two coherent radars
that can be used for routine ice thickness measurements, we collected and processed radar depth
sounder data from over the Greenland ice sheet, and supplied these data to the scientific
community in a timely manner; and we measured high-resolution backscatter data and analyzed

these to determine the primary scattering mechanism for glacial ice in the percolation zone.

2.0. Radar System Description

The coherent radar depth sounder we used for measuring ice thickness on this mission was an
improved version [Gogineni et al., 1998; Akins, 1998] of the original system described in Raju,
Xin and Moore [1990]. The system was operated from a NASA P-3 aircraft that was also
equipped with precision laser altimeter systems, Global Positioning System (GPS) receivers, and
a nadir-looking video camera. This provided accurate registration of the depth sounder data with
precise location information and independent ice surface elevation data. A detailed description
of the system is given in an earlier report [Chuah, 1997] and journal paper [Gogineni, et al.,

1998]; therefore, only a brief summary is provided here.

The transmitter generates a pulse that is frequency modulated (chirped) over a bandwidth of 17
MHz at 150 MHz with a duration of 1.6 ps and a peak power of 200 W. The radar uses separate
transmit and receive antennas that are mounted under the wings. Each antenna is a four-element,
half-wavelength dipole array. The receiver is protected during transmit events with a limiter and
a blanking switch. It amplifies and compresses the received signal in a weighted SAW
compressor to obtain a compressed pulse length of about 60 ns. This gives a depth resolution of
5 min ice (n = 1.78). The end-to-end receiver gain is about 95 dB. The compressed signal is
coherently detected, providing in-phase and quadrature (I and Q) analog outputs. Two 12-bit
A/D converters digitize these analog signals at a sampling rate of 18.75 mega-samples/s (MSPS).

Coherent integration is then performed by summing the complex data vectors from 256




























































