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Principles of ice-penetrating radar

ice: ε1, σ1

bed material: ε2, σ2

Ice is nearly transparent to radio waves in the MHz range

Same transect
acquired  in :

- July 2014

- July 2015

bed: ε2, σ2
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Stationary radar system design: receiving unit

� Based on 
previously 
developed roving 
radar (Mingo, 
Flowers, 2010)

� Compact, light
� ~ 7W operating
� ~ 4mW sleeping

1st Deployment:
� No sat com
� No Micro-UPS
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Stationary radar system design: transmitting unit
200g, ~ 2W power draw (active)
15mW sleeping (*)

Adjustable pulse rate frequency (PRF): 512 Hz to 32 Hz
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Stationary System 

Radar Transmit Radar Receive

Rx antenna

Tx antenna

Tx drive via FO Link

Sleeve
Anchor

Sat Link
(Arctic 
only)

Photo : Graham Clark

Dual input at 125 MS/s,  1024 Stacks, 
Meas. Interval  4hrs (2014);  3hrs (2015), 24 Hrs (2015-16)

Software for autonomous operation:
 Adaptive trigger level 
 Auto-shutdown, and boot sequences
 Deployment and health check

� No user interface
� Satellite telemetry (*)
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2014 - 2015 Application to Terrestrial Glaciers

 Detection of englacial / subglacial temporal changes 
 Pilot 1: Autonomous operation: 26 July – 7 Sept. 2014
 Pilot 2: Autonomous operation: 15 Jul – 1 Sept. 2015

Kaskawulsh Glacier

Photo: Flavien Beaud

Stationary 
Radar system

Submerged pressure 
transducer

Mt. Vancouver (4812m)

Time Lapse Camera
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Application to Terrestrial  Glaciers - 

~ 80m

~24 hrs
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2014 Deployment results – Temporal Radargram – Kaskawulsh Gl.

100m 
(ice)

� Zone with strong englacial reflectors
� Zone with “chaotic” reflectors
� Zone with weak englacial reflectors
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• Strong internal reflectors before drainage consistent with englacial water storage
• Transition from strong to weak  englacial reflectors consistent with de-watering

2014 Deployment results – Temporal Radargram – Kaskawulsh Gl.
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Interpretation: englacial porosity?
Decreasing englacial saturation during flood expressed as upturn in reflectors?
Changes in wavespeed propagation used to estimate bulk porosity:   

Change in 
englacial 
porosity (dφ): 
0.9% - 1.4% 

dt

Looyenga (1965)

Glacier 
base

30-50% of 
typical φ 
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Interpretation

Before

After

Signals (radar traces) Power spectra

Spectral peaks correspond to 
water-filled void apertures of 
~0.4 to 0.6 m (Jacobel and 
Raymond, 1984)

Peaks at ~13, 14, 
16, 18 MHz 

Power spectraSignals (radar traces)

ice

ice

water If  dx ~ odd* λ/2...

...Constructive interference

��
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2015 – 2016 Application to ice / ocean interactions: Ice Islands 

Photo : Gabriel Joyal
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Ice islands deterioration modeling project: 
addressing science questions as well as risks to 
infrastructure and shipping lines posed by drifting 
ice masses.  

 Detection of ice/ocean interface and temporal changes  
 Autonomous radar operation
 2015-2016 year-long deployment  Oct 2015 – Sept 2016

Stationary Radar system Surface AWS + Time lapse cam.
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Radar Acquisition and Satellite Telemetry

Photo : Graham Clark
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Stationary Radar  -  Petermann II – A- 1-f data set: Oct 2015 - Sept 2016
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Winter basal melt

Enhanced basal + 
surface melt

Enhanced 
basal melt

Surface melt
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Summary

Future development paths:
� Pursue application to ice-islands with duplex telemetry 
� Apply a lower freq. version to subglacial geothermal areas
� Phase sensitive radar.  Other ideas ?

Acknowledgments: F. Beaud , J. Crompton (retrieval of radar system, pressure sensor); A. Pulwicki (2015 setup); C. Rada, C. Schoof  (time lapse 
imagery); AINA;  Kluane Lake Research Station (field support); Kluane First Nation, Parks Canada, Yukon Territorial Government (access);  Luke 
Copland, Abby Dalton, Jonathan Gagnon and Thomas Desmeules (ice island deployment).

 Successful operation of stationary radar over 3 field deployments
 First jökulhlaup event captured with autonomous radar system 
 Long term tracking of ice/ocean interface and melt rates on ice island achieved   

Photo : Graham Clark
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