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Denman Glacier is located in East 

Antarc�ca where its grounding 

line has retreated by 5.4 km since 

19963. It has the highest ice shelf 

mel�ng rate in the region of 116 

m/a near the grounding line4. 

Denman drains an area of 1.5 m 

of sea level equivalent and lies on 

a deep subglacial trough 

extending more than 3.5 km 

below sea level5. Retrograde bed 

slopes lying below sea level can 

be found in the Denman/Sco� 

Catchment.  

Fig. 1: Denman-Sco� catchment. 
(a) Bed eleva�on above sea level 
(m); (b) Ice surface speed (m/a). 
Black lines - ISSM domain and 
catchment outline; Red line- the 
grounding line;  Yellow line- the 
GlaDS domain. 

Fig. 4: Effec�ve pressures from: (a) the GlaDS simula�on, (b) the proposed empirical parameteriza�on (NE), (c) typically 

prescribed (NO), and (d) Brondex (NO with                     above sea level)8. (e) The satura�on curve and the physically equivalent 

sca�er for NG. (f) The difference between the proposed empirical parameteriza�on (NE) and NG as a frac�on of overburden. 

-Fric�on laws have “basal fric�on coefficients” which 

capture unknowns or uncertain�es in the fric�on law. 

-Basal fric�on coefficients that vary significantly from 

constant may indicate that there are processes not 

well captured by the fric�on law.

Goal: Test the sensi�vity of the Budd and Schoof fric�on laws by inver�ng for fric�on coefficients while using a hydrology 

model output effec�ve pressure and a typically prescribed effec�ve pressure.

 

Models: Ice-Sheet and Sea-Level System Model (ISSM)6 running stressbalance with SSA for inversion of fric�on coefficients, 

Glacier Drainage System (GlaDS)7 for effec�ve pressure output. 
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Results

-The Schoof fric�on law produced a fric�on coefficient with smaller gradients than the Budd fric�on law. 

-The GlaDS output effec�ve pressure (NG) produced a fric�on coefficient with less local variability than the 

fric�on coefficient produced using the typically prescribed effec�ve pressure (N
O equal to the ice overburden 

pressure minus the gravita�onal poten�al energy of water, with                                        ).

Fig. 2: GlaDS simula�on results. (a) Channel discharge (m3/s); (b) effec�ve pressure (MPa); (c) frac�on of 
flota�on (i.e. water pressure divided by overburden pressure); and (d) water sheet thickness (m).  

Fig. 3: Ice dynamics outputs. (a), (c), (e), (g) are fric�on coefficients, (b), (d), (f), (h) is the difference between the 
simulated and observed velocity (m/a). (a) and (b) show outputs from the Schoof law with NG; (c) and (d) are 

from the Schoof law with NO; (e) and (f) are from the Budd law with NG; and (g) and (h) are from the Budd law 

with NO. 

-Sizeable channels formed in the Denman and Sco� troughs  (max discharge = 15.8 m3/s). 

-Two subglacial lakes formed upglacier of the Denman and Sco� troughs. 

-Large areas of low effec�ve pressure, and some areas where effec�ve pressure becomes nega�ve. 

-The prescribed effec�ve pressure used is actually the overburden hydraulic poten�al, this produces nega�ve water pressure 

for beds above sea level and it implies a hydraulic poten�al equal to zero everywhere.

-The empirical effec�ve pressure lacks complete hydrological connec�vity to the ocean but produces physically realizable 

water pressures and allows for a non stagnant hydrology system. 

-On Denman Glacier a Schoof fric�on law with effec�ve pressure from a subglacial hydrology model is best suited to model 

basal condi�ons. 

-In the absence of a subglacial hydrology model, we propose a new empirical parameteriza�on. 

-Coupling of a subglacial hydrology model to an ice dynamics model is the next step towards more accurately including basal 

condi�ons in transient models. 
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Basal hydrology plays an important role in basal fric�on/slipperiness, and hence the overall flow of ice sheets and glaciers1. 
Hydrological processes are o�en represented in basal fric�on/sliding laws via the effec�ve pressure N (ice overburden 
minus water pressure). However, in the absence of subglacial hydrology model outputs, N is unknown, and this may impact 
the basal fric�on coefficient field when calculated using inverse methods. We inves�gate the impact of basal hydrology on 
the basal fric�on coefficients of the Budd2 and Schoof1 fric�on laws at Denman Glacier, East Antarc�ca. We produce an 
empirical parameteriza�on of effec�ve pressure to use in the abscence of a hydrology model.


