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ÅWhy study frozen debris lobes (FDLs)? 

ÅWhich methods are best to determine their rates 

and characteristics of movement? 



ÅWhy study frozen debris lobes (FDLs)? 

FDL-A 

Dalton Highway 

(Trans Alaska Pipeline System (TAPS) beyond bottom of photograph) 
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20 m 
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ÅWhy study frozen debris lobes (FDLs)? 

(Photograph courtesy of T. Paris) 

Å>5 m per year 

ÅAt Dalton Highway by 2023 

Å47,000 tons of debris per year 



ÅWhy study frozen debris lobes (FDLs)? 

ÅWhich methods are best to determine their rates 

and characteristics of movement? 
 

ÅDGPS measurements in the field 

ÅAnalysis of historic images 

ÅInSAR analysis 

ÅComparison of LiDAR data sets (2011 and 2015) 

ÅUnmanned aerial systems (UAS) analysis 
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DGPS measurements in the field 

(Photographs courtesy of T. Paris) 
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DGPS measurements in the field 

Å To determine current 

movement rates 

+ Accurate +/- 5 cm 

+ Demonstrates spatial and 

temporal variation in movement 

rates 

ī Spatially and temporally limited 

V Ongoing measurements 



Analysis of historic images 

Å To characterize long-term movement of 

FDLs 

ÅCollected data sets from 1955 to 2014 

+ Determined long-term rates; basis for 

comparison to other methods 

ī Different resolution, cloud cover, 

smoke, shadows 

V Completed analysis 

 

(Alaska High-Altitude Photography, 1979) 



(Base maps 2011 LiDAR) 

Analysis of historic images 



(Base map 2011 LiDAR) 

Analysis of historic images 



Movement direction 

InSAR analysis (Synthetic Aperture Radar 

Interferometry) 

Å To determine seasonal flow dynamics of FDLs  

Å ERS1/2 tandem data pairs (1995-1996) 

Å PALSAR-1 one-repeat-cycle pairs (2006-2010) 

+ High spatial resolution, seasonal deformation, spatial 

deformation 

+ L-Band can penetrate snow/clouds, regular          

return interval 

ī Must convert LOS to downslope movement 

ī May lose coherence for fastest moving FDLs 

V Evaluate TerraSAR-X data, Sentinel 1 (if available) 

V Evaluate other techniques (speckle tracking) 1st acquisition at 

t1  

R1 

R2 

2nd  acquisition 

at t2 



InSAR analysis 

Å Example:  PALSAR L-band wrapped 

interferogram (2010-12-15 to 2011-01-30)  

Å All movement on slopes are FDL features 
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InSAR analysis 

Å Example:  heterogeneous deformation within lobes, ERS Tandem pairs 

Å Downslope deformation (1995/10/04-1995/10/05), measured maximum motion 

ÅDownslope deformation (1996/02/20-1996/02/21), measured minimum motion 
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FDL-A 

FDL-C 

FDL-B 

InSAR analysis 

Å Example:  seasonal variation motion velocity of FDL-A 

Å ERS Tandem pairs, 1995-1996; downslope mm/day 
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