
Ginny Catania, Institute for Geophysics, University of Texas at Austin  

On the use of ôphysicalõ models to 

understand glacier and ice sheets dynamics  



Ginny Catania, Institute for Geophysics, University of Texas at Austin  

On the use of ôphysicalõ models to 

understand glacier and ice sheets dynamics  

meager 



ice  

snow  

Z 

X 

Glacier Fundamentals  



ice  

snow  

Z 

X 

accumulation (snowfall)  

Glacier Fundamentals  



ice  

snow  

Z 

X 

ablation (melt)  

Glacier Fundamentals  



ice  

snow  

Z 

X 

Net mass balance = accumulation - ablation  
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In the absence of flow, glaciers would steepen  
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Glacier flow conveys mass from high to low elevations  
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Glacier flow mechanisms:  

Internal (viscous) deformation:  

ud  = ud(r,g,sinq,h,A,n ) 

ud  

H 

q 

Glacier Fundamentals  



ice  

snow  

Z 

X 

Glacier flow mechanisms:  

Internal (viscous) deformation:  

ud  = ud(r,g,sinq,h,A,n ) 

Basal sliding / till deformation  

ub = ub(tb,Pw) 

ud  + ub 

Glacier Fundamentals  



R. Braithwaite  

Hock (2005)  

Glacier Fundamentals: basal sliding  

Á glacier -fed streams show seasonal -daily variations in 

water discharge related to variations in solar radiation 

causing melt  



ablation region  accumulation region  

Janot  Lamberton  

Á variations in melt supply are routed through glaciers via moulins which deliver water to the bed  

Glacier Fundamentals: basal sliding  

Catania et al. ( 2010) 



Á changes in water discharge are well -correlated to changes in ice flow speed  

Á what is the physical mechanism ? 

Anderson et al. (2004)  

Glacier Fundamentals: basal sliding  



Á distributed drainage system of linked cavities that form 

on the lee side of bed protrusions  

 

Á system operates at a higher water pressure because 

the drainage of water is inefficient  

 

Á cavities grow with increasing water pressure and 

sliding speed  
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Á changes in water discharge are well -correlated to changes in ice flow speed  

Á physical mechanism: drowning of bed obstacles  

Anderson et al. (2004)  

Glacier Fundamentals: basal sliding  



Á as water supply increases channels cut up, into the ice 

and enlarge through melt  

 

Á channels operate at lower pressures and grow at the 

expense of smaller ones   

 

Á channels can efficiently transport water whereas cavities 

require high pressures to transport the same flux 
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Á changes in water discharge are well -correlated to changes in ice flow speed  

Á physical mechanism: drowning of bed obstacles  

Anderson et al. (2004)  
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from Das et al. (2008)  

Glacier Fundamentals: basal sliding  



Physical Model: discharge variability  



Á polydimethyl -siloxane  (PDMS) used in tectonics experiments  

Á non -Newtonian at strain rates larger than 10 -2 s-1 

Á Newtonian at strain rates used in experiments (10 -4 s-1) 

Á scale geometry , density , time and rheology  

Quantity  Model  Ice  

Thickness (m) ~0.1  ~1000 

Width ( m) ~1 ~100000 

Density kg/m 3 970  910 

Viscosity  (Pa s) 5 x 104 1011-1017 

 e (s-1) 10-4 ~10-9 

Geometry:  

Hm 

Wm 

= 0.1 
Hi 

Wi 

= 0.1 

Marshall (2005)  

ice viscosity  
Density:  

rm 

rw 
= 0.97 

ri 

rw 
= 0.91 

. 

Rheology : 

hi hm = 
ri 

rm 

Hi 

Hm 

em 

. 

ei 
. ~ 1014 Pa s 

Rheology : 

Rei = hi 

ri v i Hi 

Rem = hm 

rm vm Hm 
~ 10-12 -10-15 

~10-9 

Time: 

tm 
hm ri Hi 

= 
hi rm Hm 

t i 
for t i = 1 day, t m ~7min  

(small, laminar)  

Physical Model: discharge variability  



acoustic sensor: surface elevation  

flow meter: water discharge  

camera: horizontal surface 

velocity  

distributed discharge valves vary 

water input  

pressure tank: keeps water 

pressure high and uniform across 

width  

Physical Model: discharge variability  



4 ft 

6 ft 

Á polymer is loaded to achieve a ~10 cm thick layer of polymer  

Á held in place temporarily with plexiglas  wall  

Á no slope  

Physical Model: discharge variability  



lubricated area  

Á lubricant is applied over the plexiglas  box before polymer is loaded  

Á reduces friction at the polymer/box interface  

Á lack of lubricant at edges provides a water -tight seal on flume edges  

Physical Model: discharge variability  



round, red 

stickers on 

surface  

10 cm  

Á stickers are placed on the surface in a 10 cm grid to measure surface horizontal velocity field  

Physical Model: discharge variability  
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