
Simulating Antarctic subglacial hydrology 
processes beneath Pine Island Glacier, using 

GlaDS in Elmer/Ice 

Ice dynamics, basal hydrology, Antarctica, GlaDS, Elmer/ice, PIG

PhD student
Email: 201831490020@mail.bnu.edu.cn 

John  Moore1 2  Mike Wolovick1  Rupert Gladstone2

 Thomas Zinger3 Xiaoran Guo1 



Why important to study (simulate) subglacial 
hydrology system?

• Subglacial drainage system influences 
basal sliding

• Contribute to SLR and have an impact on 
SLR prediction

• Previous work on ice dynamics involves 
little hydrology feedback

• Difficult to directly observe sub-
environment

• Couple hydrology model to ice dynamics 
may give more specific SLR   



GlaDS model in Elmer/Ice

• Conduit model (Rothlisberger et al., 1972)
• Box model (Clarke et al., 1996)
• Flow-line model (Flowers et al., 2004)
• 2D network model  (Schoof et al., 2012; Shugar et al., 2017)
• GlaDS, coupled distributed and continuous drainage model (Werder et al., 

2013; Dow et al., 2016; Dow et al., 2020)

• Oliver Gagliardini, Mauro A. Werder., 2018
• de Fleurian et al., SHMIP project, 2017

Hydrology model developments

My research work focus on applying GlaDS in Elmer/Ice to a marine-
terminating glacier, Pine Island Glacier, West Antarctica, to reveal 
realistic hydrology system and test centurial timescale evolution under 
climate senarios. 



 

Reason of choosing Pine Island Glacier, West Antarcitca 
• One of the biggest mass loss and contribution to SLR.

• One of the fatest retreated glacier, 4000 m s-1



Domain & Topography
trough in the center of PIG



Domain & Topography
ice f loating shelf,  contact to ocean  



Unstructed triangle mesh; Different density
from Rupert Gladstone. 



Bodys and Boundary Condition  

• including 3 bodys, one shared body 
• BC, set on lower surface, inland
• Direchelet BC: HP,N,Pw = 0
• Run 2000 days (over 4 years), output every 50 days
• waterinput1:　Constant Water Input = 0.01m a-1 

Bc 1 is floating line boundary . 

Bc1 

Parameters  Water Input２　from　ｉｎｖｅｒｓｉｏｎ　ｍｏｄｅｌ



Results

Hydraulic potential

Water Pressure

• When water pressure increases, the 
gradient of hydraulic potential 
increases.

• Strong correspondence in regions of 
faster sliding velocity with high water 
pressure. (along the troughs)



Results

Effective Pressure

Sheet thickness

• Agreement of high water pressure 
with presnece of sheet thickness.

• Water pressure is basiclly the same 
with ice overburden pressure.



Results
c a v i t y  o p e n i n g  r a t e 
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Results
Sheet thickness 
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h  [0.001,0.1] m
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Results
c a v i t y  c l o s u r e  r a t e 

NNhNh n 1),(v 

[-200,1.5]m s-1 [-2,2]m s-1

not reasonable due to 
water input 

sticky points where 
shear heating 
accumulates.

ｗａｔｅｒ　ｉｎｐｕｔ2



Results
Sheet thickness 
channel evoving

h  [0.001,0.1] m
S  [0,5] m2
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• High water pressure consistent 
with more sheet discharge.

qx

qy



• Need further realistic water input to drive Glads from inversion model 

• Need more results analysis and sensitivity tests

• Couple model with ice dynamics, give more realistic and detailed results.

• Couple to ocean model to simulate ocean circulation. 
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