Ground-penetrating Radar in
Glaciology

Peter Jansson
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Ground-penetrating radar

- Low frequency (5-50 MHz)

— Ice thickness
- Medium frequency (>100 MHz)

— Polythermal structure, internal layering
 High frequency (Ghz range)

— Snow thickness



Relative dielectric constant,
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— Pulse radar
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— Low frequency /N e

— Cheap

Radar equipment

transmitter : trigger recorder ! (computer)
I




Tektronix THS720 Scope
IBM X41 laptop




Radar equipment

- FM equipment
- FMCW
— SFCW (SF-FMCW)
— Broader spectrum

— Expensive
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Polythermal glaciers

Consist of both cold and
temperate ice

Typically formed under
continental climate

Degree of continentality
creates different forms

Cold surface layer typical
for the ablation area

[ ] Tem perate ice

[ ]Cold ice




Polythermal valley glaciers

. Polythermal glaciers “Svalbard-type™ glaciers
— temperate accumulation areas
— cold surface layer in ablation area
— what is required to maintain a cold surface layer?

— how are cold surface layers affected by climate change?



Importance of extent and changes of
cold surface layer

Inhibits vertical water movement

Important for ice dynamics and modelling of
polythermal glaciers

Erosion of the substratum
Potential climate proxy data



Conceptual model

Net balance

T te | i
emperate ice Freezing of \éertlcgl Horisontal
temperate ice advection advection
Migration rate  Ice Velocity Ice velocity Strain rates

Mass balance



Cold surface layer
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Storglaciaren 10 Oct 2000

67°N, 18°E, 1300-1900 m a.s.l.












Experimental setup

— Surface elevation contours (20 m)
----- Approx. location of equilibrium line
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Depth (m)
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Scattering efficiency (dimensionless)
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Storglaciaren 10 Oct 2000
67°N, 18°E, 1300-1900 m a.s.l.
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Difference in cold surface layer thickness [m]

Cold surface layer thickness [m]
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Accuracy of radar measurements

Temperature ['C]
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Midration rate and water content at CTS

1-dimensional transition condition at CTS

d HC'ES

——= = Temperature gradient
dz

d Hcts KC P — W .. a W, = Water content
dz L cts™m: k = Thermal diffusivity
C, =HeatCapacity
L  =Heatof Fusion
9 =m-—Ww m = Downward movement of CTS

w = Vertical velocity at CTS



Migdration rate and water content at CTS
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Ice velocity and strain rates




Summary

. Considerable thinning of cold surface layer over 12
years

. Vertical advection and Ablation is important for the
pattern of the cold surface layer

- Downward migration rate (i.e. water content,
temperature gradient) is important for the rate of
change



Velacity data: lan Joughin,
Applied Physics Laboratory,
University of Washington

Base map: MODIS imagery.

Haran, T. J. Bohlander, T. Scambos, and
M. Fahnestock compilers. 2005,
MODIS mosaic of Antarctica (MOA)
image map. Boulder, CO, USA:
National Snow and |ce Data Center.
Digital media,
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