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GroundGround--penetrating radarpenetrating 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, Relative dielectric constant,   rr

• Ice: 4-8

• Water: 81

• Granite: 5-7

• Air: 1



Radar equipmentRadar equipment

• AM equipment
– Pulse radar

– Low frequency

– Cheap



Tektronix THS720 Scope
IBM X41 laptop



Radar equipmentRadar equipment

• FM equipment
– FMCW

– SFCW (SF-FMCW)

– Broader spectrum

– Expensive



HP 8753ET Network Analyzer
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Snow thicknessSnow thickness





PolythermalPolythermal glaciersglaciers

• 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



Polythermal valley glaciersPolythermal 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?



ImportanceImportance of extent and of extent and changeschanges of of 
coldcold surfacesurface layerlayer

• Inhibits vertical water movement
• Important for ice dynamics and modelling of 

polythermal glaciers
• Erosion of the substratum
• Potential climate proxy data



ConceptualConceptual modelmodel
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Cold Cold surfacesurface layerlayer
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Experimental setupExperimental setup















1989 vs. 20011989 vs. 2001



Accuracy of radar measurementsAccuracy of radar measurements





Migration Migration raterate and water and water contentcontent at CTSat CTS

cts
cts ,p

m
Cd W aLdz

κθ =

1-dimensional transition condition at CTS

ma m w= − m = Downward movement of CTS
w = Vertical velocity at CTS 

ctsd
dz
θ

= Temperature gradient

Wcts = Water content
� = Thermal diffusivity
Cp = Heat Capacity
L         = Heat of Fusion



Migration Migration raterate and water and water contentcontent at CTSat CTS

am = 1.04 m a-1

Wcts = 0.8 %

Oct 2002

Oct 2001



NetNet massmass balancebalance
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IceIce velocityvelocity and and strainstrain ratesrates
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SummarySummary

• 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
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