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Arising problems: 

• Low penetration depth 

• Damping due to water 

• Directionality of antennas
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F U L L  S PA C E A N A LY T I C A L  S O L U T I O N  F O R  I C E

https://www.youtube.com/watch?v=Fp26Bjm99VI

Halfspace with 

infinitesimal dipole 

 on interface

Solution after Engheta and Papas (1982)

air
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D I P O L E  R A D I AT I O N  PAT T E R N

A G M  2 0 1 7 0 3 . 0 2 . 2 0 1 7

H-Plane

E-Plane



A G M  2 0 1 7 0 3 . 0 2 . 2 0 1 7

F I E L D  S I T E

O T E M M A  G L A C I E R ,  S W I T Z E R L A N D 15 MHz

25 MHz

50 MHz
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A C R O S S  P R O F I L E S
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L O N G I T U D I N A L  P R O F I L E S
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N U M E R I C A L  S T U D Y

Numerical solution with gprMax (Giannopoulos, 2005)

20 MHz
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TA K E  H O M E  M E S S A G E
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• directional dependence is independent of frequency or system 

• antenna orientation and bedrock topography primary factors  

• Multicomponent GPR systems are preferable 
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Partners

The ice penetrating radar consists of a
control unit and four 25 MHz antennas
(two pairs of transmitters and receivers)
which are mounted in a cross orientated
fashion on a wooden frame (Fig. 2). This
allows to simultaneously collect radar data

3 Showcase Glacier de la Plaine Morte and Glacier de Zinal

Fig. 3. Radar survey flown on the Glacier de la Plaine Morte. Transects are 
marked blue, number 2 and 14 are highlighted red.

1 Introduction

Accurate measurements of alpine glacier
beds and an improved estimation of the
ice volume present in the Swiss glaciers is
important, especially for runoff projections.
Figure 1 shows all glacierized regions in
Switzerland and where ice thickness maps
are available or not.

2 The instrument

Towards an ice thickness inventory 

of the glaciers in Switzerland
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Fig. 4. Radar survey flown on the Glacier de Zinal. Transects are marked blue, 
number 1 and 9 are highlighted red.

Fig. 5. Radargrams of transects 2 (a & b) and 14 (c & d) polarized across 
(channel 1, a & c) and along (channel 2, b & d) the flight direction.

Fig. 6. Radargrams of transects 1 (a & b) and 9 (c & d) polarized across 
(channel 1, a & c) and along (channel 2, b & d) the flight direction.

Fig. 7. Ice thickness estimation of the Glacier de la Plaine Morte based on 
Radar data. Red lines show the parts of the transects where the glacier bed 
could be identified in the radar data with high probability.

Fig. 8. Ice thickness estimation of the Glacier de Zinal based on Radar data. 
Red lines show the parts of the transects where the glacier bed could be 
identified in the radar data with high probability.

Measurements with the radar system were taken on several glaciers in the Valais. Two glaciers are
shown here exemplarily. The Glacier de la Plaine Morte (Figs. 3, 5 & 7) is rather flat and wide (esier to
measure) whereas the Glacier de Zinal (Figs. 4, 6 & 8) is steep and narrow (more typical in
Switzerland).
Figure 5 shows exemplarily two transects where in one case the glacier bed is better deducible in the
axial polarized radar data (Fig. 5a) and in the other case in the transverse polarized data (Fig. 5d).
In Figure 6a and b, the helicopter flies parallel to a rock face (Fig 4, transect 1). Its reflection is visible
in the deeper part, especially in the radargram that is polarized across the flight direction (Fig. 6a). It is
not possible to distinguish between this reflection and a reflection from the ground. However, in the
cross transect (Fig 4, transect 9), the reflection from the ground can be identified (Fig 6d).

Conclusion

Using antennas which are mounted in a cross orientated fashion (Fig. 2) and measuring along as well
as across the glacier flow (Fig. 3 & 4) allows deducing the ice thickness for the most part of the glaciers
(Figs. 7 & 8).

The radar system is town by a helicopter
allowing the acquisition of a large amount
of measurements in limited time (Fig. 2).

Fig. 2. Radar system attached to a helicopter.

polarized in axial
(Fig. 2, red) and
transverse (Fig. 2,
green) orientation
relative to the flight
direction, or glacier
flow respectively
(Figs. 5 & 6).

Fig. 1. Areas where ice thickness maps are available (green), not 
available (red) and areas where measurements were acquired but not 
yet completely processed (light blue).


