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Supraglacial Lakes and Melt Water Infiltration 

Increase Surface Melting… 

results in increase melt infiltration… 

Localized uplift and enhanced sliding,” 

Increase Velocity from 1996 
summer of 32.8±0.002 cm/day to  
1997 summer of 40.1 cm/day 

Zwally et. al, 2002, Science 

Alley et al., 2005; Van der Veen, 
2007; Krawczynski et al., 2009; 
Tsai and Rice, 2010 

Spatial/Temporal Variability of Supraglacial Lakes 



Most lakes outside the margins of outlet glaciers and ice 
streams 

 
streams tend to lead to crevasse fields and shear 

margins. 
 

magnitude of clustering has revealed patterns due to 
surface melt water routing and infiltration, 

Lampkin, D.L. (2011) SUPRA-GLACIAL LAKE 
SPATIAL STRUCTURE OVER WESTERN 

GREENLAND DURING THE 2007 ABLATION 
SEASON , JGR EARTH SURFACE  

 
 



Jakobshavn Shear Margins: Saturated Crevasses 



Jakobshavn Shear Margins: Characterizing Saturated Crevasses 

Larger saturated crevasse 
systems inundate peripheral 
basins within shear margins 
where sharp inflections occur in 
ice stream  

DATA 

-Elevation Data from SPOT 40m DTM 

-Ice Thickness (ht) Data from CRESIS 
Multichannel Coherent Radar Depth Sounder 
(MCoRDS) [Gogineni et al., 2001] 

-Surface Velocity Data from  CRESIS 
RADARSAT interferpmetric pairs 

-Basal Topography (Hb) estimated as (Hs – ht) 



Jakobshavn Shear Margins: Characterizing Saturated Crevasse Systems 

Saturated regions associated with depressions in surface elevation (Hs) and 
basal topography (Hb),  along shear margins  



Jakobshavn Shear Margins: Characterizing Saturated Crevasse Systems 



Characterizing Saturated Crevasse Systems: Spatio-Temporal Variability 

Peak extent reached in early July 
followed by sharp decreases 
systematically across all features 

CV1, 2 and 3 appear early in 
the melt season (June 6) 
having a total area of 0.15 
km2.  CV3 has the largest 
area at 0.08 km2  

CV1, 4, 5, and 6 become 
inundated sometime 
between June6 and June 22 

Meteorological Data: GCNET Stations 



Characterizing Saturated Crevasse Systems: Drainage 

Using ETM+ image time series (June 6-Aug 9) to 
estimate strain rate based on technique [Nye, 
1959b;]Bindschadler and Scambos, 1991; Whillans 
and Tseng, 1995; Price and Whillans, 2001 Hooke, 
2005]:  

Longitudinal  

Strain Rate: 

Based on relative 
displacement of 
crevasse features over 
a given time interval 

t1 

t2 t3 

x1 

x2 

𝜖  = 𝛿𝑢/𝛿𝑥  

Given an estimate of 
surface velocity (u) 

 

𝛿𝑥/𝛿𝑡  



crevasse filling rate ( 𝜔 ) was calculated by 
the change in area between the first image 
date (June 6) and the maximum or peak area 
achieved during the analysis period 

Characterizing Saturated Crevasse Systems: Filling rate 

Mean elevation for each saturated crevasse 
group (<Zs>)  

1-filling rates increase with elevation across most saturated crevasse systems 

2-lower elevation systems experience higher melt rates and greater runoff-likely connected to well-
developed englacial plumbing through moulins and crevasse fields [e.g., Parizek et al., 2010]. 

3-Colgan et al. [2011] showed that crevasse area extent (crevasses > 2m) and density (average of ~12 
moulins/km2)  has increased by ~13% over the 24-year period from 1985 to 2009 within the study 
region, following the migration of the equilibrium line altitude [Phillips et al, 2011] 



Characterizing Saturated Crevasse Systems: Drain rate 

Drainage rate ( Ψ ) was calculated as the 
difference in area at peak extent (Apeak) 
and area measured on the last image 
date for each crevasse group 



Jakobshavn Shear Margins: Estimating Drainage Volume 

CV2 system : 

the largest saturated crevasse system and is located 
at a crucial location along the margins  

DEPTH ESTIMATION: 

Minimum Depth Estimate:  Optical Attenuation 

Bouguer-Lambert-Beer law describing attenuation of optical 
radiation through a water column [Sneed and Hamilton, 2007]. 

Maximum Depth Estimate:  Modified-Nye Approximation 

Estimate based on the balance between longitudinal tensile strain 
rate and creep closure due to ice overburden pressure 



Saturated Crevasse System Depth Estimates: Modified Nye Appproach 

Modified-Nye Approximation 

where  𝜀↓∗  = 𝜀 − 𝜀 ↓𝑐𝑟𝑖𝑡  , A and n are flow-law 
parameters, ρi and ρw are density of ice and 
water, and g is acceleration due to gravity 

Input Variable                           Symbol           Parameter Value 
Longitudinal strain rate (s-1)†            �̇�                      __                         

Gravitational acceleration (m s-2)     g             9.81 

Ice density (kg m-3)                           ρi             917, 600 

Water density (kg m-3)                      ρw             1000 

Flow-law rate factor (Pa-3s-1)            A                                 3.48 x 10-25   
[Cuffey and Paterson, 2010, pg. 74]                                               

Flow-law exponent                            n                                               3 

	  1	  



Jakobshavn Shear Margins: Saturated Crevasse System Depth Estimates 



Jakobshavn Shear Margins: CV2 Volume Estimate 

CV2 system : 

Largest magnitude of drainage from CV2 between July 8 and 24  

 

Total Potential Drainage Volume change in 16-days  =  

Lower Bound Estimate (Based on Optical Attenuation Depths): ~9.23 x 10-3 km3 ± 2.15 x 10-8 km3 

Upper Bound Estimate (Based on Modified-Nye Depths): ~0.0492 km3 ± 3.58 x 10-8 km3 



Drainage from Saturated Crevasses: Implications 

IMPACT ON TRIBUTARY ICE DISCHARGE 

Increase Drainage within shear 
margins can enhance ice 
discharge from upstream and 
ice flow into the main trunk… 

EFFECTIVELY DILATING 
CATCHMENT AREA 

HOW 

FEEDBACK: Increase upstream 
discharge  

causes thinning, reducing 
surface slopes longitudinal 
gradients and basal melt  



Drainage from Saturated Crevasses: Implications 

CONTROL SPEEDUP in MAIN TRUNK 

Since basal and lateral drag are the primary 
“brakes” on Jakobshavn where driving 
stresses get dissipated, then Van der Veen 
[2011] have recently argued that 
Jakobshavn speed up is attributed to 
weakened lateral drag through changes in 
ice properties in upper part of ice column in 
shear margins  

This analysis supports the idea that warming of ice in 
shear margins can reduce lateral drag  

Flow in Main 
Trunk 

High Driving Stress D
\dissipated by lateral 
drag 

Warming in Shear Margins: 

-Melt water  refreeze [Paterson, 1994]  

-Cry-hydrologic warming [Philips et al., 2010] 

-Hydraulic weakening [De La Chapelle et al., 
1999] 



Jakobshavn Shear Margins: Modeling impact of drainage from CV2 

Treatment of Drainage: 

FLOWLINE MODEL: A higher-order flowline model. 
[Parizek et. al., 2010; Parizek and Walker, 2010]. A 2-D 
finite element model: 

 

-Power law rheology (Glenn’s Flow Law) 

 

 

 

 

 

B= ice hardness parameter, u = horizontal velocity 

η = effective viscosity 

ε* = effective strain rate 

 

-Width-averaged, horizontal momentum balance for sheet 
and stream flow [MacAyeal, 1989; Pattyn, 2002; Parizek et 
al., 2010] and accounts for vertical shear stress, longitudinal 
stress, and lateral drag in momentum balance. 

-assume constant flux of ice from upstream  

 

Das et al. [2008] reported 3x νelocity for 
0.044 ± 0.01 km3 of infiltrated lake drainage 

deviatoric stress strain rate 

We infiltrate 9.23 x 10-3 km3 of melt 
from CV2 near the end of the flowline 

Assume basal drag results from 
deformation of a linear-viscous substrate 
(τb=Bb u(b), where Bb is the basal friction 
coefficient and u(b) is the sliding velocity 

Drainage results in local speed 
up of ~ 8% 



Jakobshavn Shear Margins: Model  Setup and Scenarios 
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Shear margins 

Jakobshavn Main Trunk 

20 km 

4 km 

Constant Basal Friction along 
flowline (Bb = 1.75e9 Pa s/m) 
accept last 1 km where 
temporally adjusted based on 
CV2 drainage 

CV2 

Boundaries conditions: 
Basal topo fit with 6-degree 
polynomial, elevation from 
SPOT 

SPINUP: ~210 yr until steady 
state, total simulation time 500 
yrs 

SCENARIOS: 

1-  One 6-month pulse 

2-  Annual 6-month pulse 

3-  Annual 1-month pulse 

4-  Drain, then perpetual lubrication 

 



Jakobshavn Shear Margins: Model Results 

New steady ice volume discharge 
achieved for longer period of 
drainage occurrence and residence. 

Integrating each scenario after drainage for 
varying lubrication length (LB) for water 
depth of ~30 cm over 7km to ~3m over 1km 


