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Abstract  

We describe tests of a spaceborne, radar-system concept envisioned to measure the spatial reflectivity and the 3-
dimensional surface and basal topography of terrestrial ice sheets and to determine the physical properties of the 
glacier bed.  We conducted experiments during May 2006 over northwestern Greenland using a 150 MHz radar 
operated from a Twin Otter aircraft.  We conducted more extensive experiments in September 2007 over north-
ern and central Greenland when we operated 150 and 450 MHz radars installed on the NASA P-3 aircraft.  Here 
we compare 150 and 450 MHz data and show an example of interferometrically derived basal topography.   
 

1.0  Introduction 

We conducted airborne radar experiments during 
the spring of 2006 and again during the fall of 2007 
in Greenland to test our Global Ice Sheet Mapping 
Orbiter concept (GISMO) [1].  Our primary techni-
cal objectives were to acquire data at 150 and 450 
MHz, which are the operating frequencies in our 
conceptual design, and over a variety of glacial re-
gimes.  Further, we sought to collect data with up to 
8 receiving antennas and as few as 2 transmitting 
antennas so as to enable formation of interferomet-
ric SAR image pairs with variable baselines, to ac-
quire tomographic data, and to acquire data for 
multi-aperture beam formation investigations.  All 
of the experimental configurations where designed 
to test the effectiveness of different clutter rejection 
schemes.  The experiments were also designed to 
characterize surface and volume clutter across dif-
ferent glacial regimes (such as the dry northern in-
terior ice sheet, the seasonally melted central and 
south ice sheet, and crevassed zones) and to try and 
estimate total radar attenuation through the ice 
sheet by incorporating calibration measurements 
over the ocean.  Our long range science goals are to 
perform pole-to-pole measurements of glacier and 
ice sheet thickness, basal topography, and physical 
properties of the glacier bed that will help to an-
swer three fundamental questions:  What is the im-
pact of changing ice sheets on global sea level 
rise?;  Can we predict changes in ice sheet volume 

and hence changes in global sea level as global 
climate changes?;  Can scientific and technical les-
sons learned about Earth’s ice cover be carried 
over to solving problems about icy bodies in the 
outer solar system? 

2.0  Greenland Field Experiments 

Measurements were conducted with two radars op-
erating sequentially at 150 and 450 MHz (described 
in this volume [2]).  Only one frequency could be 
used during a flight.  Eight and ten, half wave di-
pole antennas were mounted beneath the wings of 
the NASA P-3 and Twin Otter aircraft respectively.  
The dipoles were manually tuned to the resonance 
frequency by adding or removing a metal exten-
sion.  In the ping-pong configurations, the two in-
board antennas were alternately used to transmit 
and the outboard antennas were used to receive 
signals.  In the P-3 bistatic mode, 4-transmitting 
elements were driven with two power amplifiers.  
4-elements on the opposite side of the aircraft were 
used to receive signals.  During 2007, we transmit-
ted 3 and 10 us chirps with bandwidths of 20 and 
30 MHz for the 150 and 450 MHz radars respec-
tively.  Both aircraft were equipped with global po-
sitioning systems and inertial navigation systems to 
provide detailed motion data [2]. 



The Twin otter operated at a maximum altitude of 
about 3000 m above sea level.  The P-3 aircraft was 
flown at altitudes as high as 6770 m above the el-
lipsoid and as low as 500 m above the ice sheet sur-
face.  Flight lines are shown in figure 1.  The most 
northerly flight line (thin red line in figure 1) was 
designed to capture surface clutter conditions 
across outlet glaciers discharging into the Arctic 
Ocean, down the length of the floating portion of 
Peterman glacier, and to cross the dry snow zone 
including an over flight of the proposed NEEM 
deep drilling site. Measurements were also made 
along a ‘race-track’ where successive ovals of the 
race-track were displaced by 25 m.  These race-
track data will be used for radar tomography. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1  Flights completed during September 
2007 to test the GISMO concept.  The yellow 
line in the upper third of the map intercepts the 
North East Ice Stream on the eastern side (ap-
proximately 75.7 o N latitude, 36o W longitude).  
It also follows the short path of our May 2006 
experiment (thick red line) 

 
The second northerly leg (yellow in figure 1) again 
intercepted the dry snow zone and passed over the 
NGRIP deep drilling site.  The eastern portion of 
the flight repeatedly crossed the North East Ice 
Stream which is suspected of being underlain in 
parts by water.  We acquired data down the Harold 
Moltke Glacier located near Thule on the return 
portion of the flight.  As the experiment unfolded, 
we decided to concentrate several flights over the 
North East Ice Stream as it provided good baseline 
data.  We over flew this segment 4 times.  We first 
operated at high altitude, at 450 MHz and in ping-
pong mode.  We next operated at lower altitudes in 
bistatic mode (4 transmitting and 4 receiving an-
tennas).  We then operated at 150 MHz in ping 
pong mode at high elevation.  Finally we flew the 
line outbound at 150 MHz in ping pong mode and 
then configured the radar for the inbound leg in 

bistatic mode.  The different combinations allowed 
us to look at clutter problems using different fre-
quencies, different operating altitudes and different 
transmit and receive configurations.   
 
Additional lines were flown to collect data over 
other glacier regimes in central and southern 
Greenland where clutter issues are compounded by 
significant crevasses and/or substantial surface melt 
and refreezing of the upper firn layers.  The long 
orange line in figure 1 parallels the ice margin in-
tercepting several outlet glaciers before continuing 
along and across the heavily fractured surface of 
Jacobshavn Glacier.  The green line proceeds along 
several strain rate clusters first installed by Ian 
Whillans of The Ohio State University in 1980.  
Surface elevation and bottom topography data were 
acquired in 1981 and surface elevation measure-
ments were made along these lines as recently as 
2004.  The wealth of historical data makes the clus-
ters a good site for assessing our system perform-
ance. 

3.0  Observations 

Figures 2, 3 and 4 show range compressed intensity 
modulated displays of 150 and 450 MHz data col-
lected across the North East Ice Stream where the 
ice is about 2500 m thick.  Only a single receiving 
channel is displayed.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Section of 150 MHz data across the 
North East Ice Stream.  Sensor was operated in 
ping-pong mode and flown at 500 m above the 
ice sheet surface.  The pulse length is 3 µs.  The 
relative intensity is in dB.  Interference signals 
appear as vertical dashes. 

Each along track record consists of 32 presummed 
waveforms.  At 500 m above the ice sheet surface, 
there is minimal surface clutter and a strong basal 
echo at 150 MHz (figure 2) and a weaker echo at 
450 MHz (figure 3).  Distinct internal reflecting 
layers evident in the 150 MHz low elevation data 



are absent in the 450 MHz data as well as the 150 
MHz high elevation data (figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Section of 450 MHz data across the 
North East Ice Stream.  Sensor was operated in 
bistatic mode.  Data from 4 transmitting ele-
ments and one receiving element are used here.  
The sensor flew at 500 m above the ice sheet sur-
face.  The pulse length is 3 µs.  The relative in-
tensity is in dB. 

Figure 4 shows the same section using the 150 
MHz radar but flown at an altitude of 6770 m 
above the ellipsoid (about 4200 m above the ice 
sheet surface).  Notice the increase in sur-
face/volume clutter which is beginning to obscure 
the bottom echo.   
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.  Section of 150 MHz data across the 
North East Ice Stream.  The sensor was flown 
about 4200 m above the ice sheet surface. 

 
We also collected data at 450 MHz in ping pong 
mode at an altitude of 6770 m above the ellipsoid.  
We were unable to confidently identify any return 
from the basal interface.  
 
Maximum echo amplitudes at two elevations and at 
150 MHz are compared in figure 5. The waveform 
shape and the relative amplitude of the basal reflec-
tion to the local background suggest that there is 

about 8 dB of clutter adding to the high elevation 
data.  Comparison with ocean reflections suggests 
that the attenuation through the ice is similar to that 
reported by Paden and others [3].   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  150 MHz echo amplitudes where bed 
is likely to be wet.  High elevation (upper) low 
elevation (lower).  Upper display is offset 20 dB. 

 
We observed weaker signals during low elevation, 
450 MHz experiments (figure 6) even though we 
transmitted twice the power compared to 150 MHz.  
We were unable to observe basal echoes in this lo-
cation at high elevation at 450 MHz.  This is ex-
plainable partly by the increase in elevation and the 
likely addition of at least 9 dB clutter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.  Low elevation, 450 MHz waveform 
with bistatic antenna configuration. 



4.0  Interferometric Processing 

We have successfully processed multiple channels 
to form interferometric pairs similar to earlier sur-
face based experiments [4].  Because each image is 
formed using a single, dipole receiving antenna, the 
interferograms contain contributions from the left 
and right hand sides of the aircraft.  We use an in-
terferogram filtering scheme to separate signals 
from the left and right side of the aircraft [5].  The 
combined and separated interferograms are shown 
in figure 7.  After unwrapping and correcting for 
refraction, the interferograms can be used to com-
pute basal topography across, in the case shown, a 
swath about 3 km wide (figure 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Combined interferogram (center).  
Separated interferograms of signals from the left 
and right side of the aircraft. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.  Basal topography measured along a 
25 km flight line and across a 3 km swath over 
the western Greenland Ice Sheet in May 2006.  
The 150 MHz data were processed to simultane-
ously image the left and right sides of the air-
craft.   

5.0  Summary   

We successfully operated 150 and 450 MHz ice 
sounding radars during aircraft deployments to 
Greenland during May 2006 and September 2007.  
We obtained satisfactory signal levels at 150 MHz 
at low elevation.  Signal levels were weaker at 450 
MHz but were usable when the radar was config-
ured in a bistatic mode.  At higher elevations, signal 
to background levels were much smaller presuma-
bly because of the addition of off nadir clutter [6].  
We were able to use the low elevation data to pro-
duce interferometric pairs from which we derived 
topography across a swath.   
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