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1. Current work with Martina Schäfer 
(slides provided by Martina) 



Martina Schäfer ς IASC 2013, 
slide 4 

U surface DEM from NPI maps (1990) 

U bedrock from different radar data (Petterson et al 2011/Thorben Dunse) 

U surface velocity data from different SAR images 

U surface temperature from various AWS 

U temperature from boreholes 

 

courtesy T.Strozzi 
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2008 m/yr 

2011 m/yr 

Research context 



Martina Schäfer ς IASC 2013, 
slide 5 

Basic modeling (1) 

ÅFull Stokes model Elmer 

ïfinite elements model (CSC, Finland) 

Å inverse procedure starting from known surface velocities to 
solve for basal drag coefficient 

ïǳǎŜǎ έƴƻǊƳŀƭέ ŦƻǊǿŀǊŘ bŀǾƛŜǊ-Stokes solver with Dirichlet 
(velocity), Neumann (stress) and Robin (lin.combination of both) 
boundary conditions [R.J.Arthern and G.H. Gudmundsson (JoG 2010), Elmer: 

Variegated glacier TC 2011, Greenland TC 2012, VSF 2012] 

Å inhomogenous mesh, adapted to velocities (95) 

Åbasal drag from different velocity datasets used in the 
sliding law in forward simulations 

 

1995 2011 

basal drag, log.scale 



Martina Schäfer ς IASC 2013, 
slide 6 

Basic modeling (2) 
Å study of different heat sources 

ï strain heat is mostly neglectable 

ï friction heat is in most outlets crucial to obtain pressure melting point at the 
basis 

ï firn heating (latent heat through refreezing) essential to explain measured 
temperature profiles in central part 

ÅŎƘŀƴƎŜǎ ƛƴ Ŧƭƻǿ ǊŜƎƛƳŜ ŎŀƴΩǘ ōŜ ŎŀǇǘǳǊŜŘ ƻƴƭȅ ōȅ ǘŜƳǇŜǊŀǘǳǊŜ 
ï Franklinbreen/B3 are at pmp and still accelerate 

ï whole area of outlets is at pmp, but basal drag coefficient is not constant 

ï need of hyrdrology and sediment model to explain 
accelerations/decelerations/surges 
Å literature suggests interaction between basal water pressure and till yield strength 

is crucial 

Åplan to incorporate sediment behavior, and sediment-hydrology interactions 
(similar to Clarke [1987] and van der Wel [2013] with Darcian water flow and till 
yield strength) 

basal temperature 



2. Sediment modelling 



±ŀƎǳŜ ǘƘƻǳƎƘǘǎΧ 

Å Deformable sediment probably underlies Austfonna glaciers (and many 
ƻǘƘŜǊǎΣ ōǳǘ LΩƳ ŎǳǊǊŜƴǘƭȅ ǿƻǊƪƛƴƎ ƻƴ !ǳǎǘŦƻƴƴŀύΦ 

Å ²Ŝ ŘƻƴΩǘ ŎǳǊǊŜƴǘƭȅ ƘŀǾŜ ŀ ƳƻŘŜƭ ŦƻǊ ŘŜŦƻǊƳŀōƭŜ ǎŜŘƛƳŜƴǘ ƛƴ 9ƭƳŜǊκLŎŜΦ 
Å Sediment yield strength has a strong dependence on pore water pressure, 

therefore we need a hydrology model also. 
Å Basile de Fleurian has done some development in this area (Olivier to talk 

about this later on?). 
Å Garry Clarke provides a physical description including dependence of 

sediment yield strength on porosity as well as pore water pressure 
(important for a compressible sediment). 

Å Our plans for moving forward are not definite yet, but both myself and 
Dorothée Vallot are interested in sediment model development for 
Elmer/Ice, and application to Nordaustlandet icecaps. 

Å Watch this space, and let me know if you are interested in being involved. 
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Plug 

ÅI have a talk on this work today! 

ÅάLƳǇƻǊǘŀƴŎŜ of basal processes in simulations 
of a surging Svalbard outlet ƎƭŀŎƛŜǊέ 

ÅSession: άSubglacial Environments of Ice 
Sheets and DƭŀŎƛŜǊǎέ 

Å16:45 in room G3 



3. Ice ς ocean interactions 



 



Å I will couple the Regional Ocean Modelling System (ROMS, developed to 
include sub shelf processes by Ben Galton-Fenzi) to either Elmer/Ice or 
BISICLES (block structured adaptive mesh model, good for longer 
timescales). 

Å BUT we (i.e. The ice dynamic modelling community) would like multiple 
options for ice-ocean coupling to allow to switch between different ice 
dynamic models and different ocean models. 

Å ¢ƘŜǊŜŦƻǊŜΧ ǿŜ ƴŜŜŘ ǘƻ ǘƘƛƴƪ ŀōƻǳǘ ŀ ǿŜƭƭ ŘŜŦƛƴŜŘ ŎƻǳǇƭƛƴƎ ŦǊŀƳŜǿƻǊƪΣ 
potentially involving third party coupling toolkits (e.g. MCT, cpl7, ESMF) 
and or application programming interfaces (APIs, Thomas has written one 
for Elmer/Ice). 

Å Need to work with different groups to come up with a suitable framework.  
In the first instance at least Steph Cornford (Mr BISICLES, at least on this 
side of the Atlantic) and Thomas or Olivier (the high lords of Elmer/Ice). 

Å We may also want to consider PISM, CISM, Sicopolis etc... 

Flexibility in ice-ocean coupling 



Some basic layouts for parallel coupled models 

Figure from Larson et al. 2005, International Journal of High Performance Computing Applications 



Single executable 
concurrent coupling 
involving the Regional 
Ocean Modelling 
System (ROMS) 

Figure from Warner et al., 2008, Environmental Modelling and Software 



An Elmer/Ice API 
already exists, 
though current 
functionality is 
limited to steady 
state simulatons 

Figure from Zwinger 2009 EGU poster 
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