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Introduction

Totten Glacier

Å 3.85m SLRe

Å 71.4 2.6 Gt/yr, largest
icedischargein the EAIS

Å Most of bedrock below SL
deepestnearly2000 m 
upstream of the GL 

(Greenbaumet al., 2015)
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Grounded ice observations
Å Changesin surface elevation: 

continuous thinning near the GL

(Li et al., 2016)

surface elevation trend 
(Flamentet al., 2012)

Å Glacier dynamics may be 
strongly sensitive to ocean 
temperature

Ice velocity

subsurface ocean potential temperature
(450ς600 m depth) 

ÅThe average ice mass 
loss is dominated by 
ice dynamics (73%)

(Li et al., 2016)
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Grounding line observations
Å Retreats 1 to 3 km in 1996 ς2013

Southern lobe retreat 1.1 to 2.6 km
Northern lobe retreat 0.4 to 1.3 km

Å Far greater than 60 m, the maximum 
grounding line migration due to tides

(Li and Rignotet al., 2015)

2013 GL
1996 GL
10 m thinning 
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(Greenbaumet al., 2015)

Intrusions of mCDW
Å There are entrances to the ice-shelf 

cavity below depths of 400 to 500 m
Å Ice shelf thinning mainly caused by 

ocean forcing 

Overall,in recentyearsthe TottenGlacierhasexperienceda processof icethinningand
continuedretreat of the groundingline causedby icedynamicsandrelated to the sub-
shelfmeltingandoceanforcing.



GL position over 500 yrs
(McCormack et al., 2021)

Model simulations

McCormack et al. (2021) couple ISSM 
to PICOP
Å As the background temperatures 

increase, the melt rates and 
discharge generally increase and 
the GLs retreat more.

Introduction

melt rates increase with background temperatures 

(McCormack et al., 2021)
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Pelleet al.(2021) couple ISSM to 
MITgcmvia MATLAB
Å SSP585 & SSA & Budd friction 

law results in SLReloss of 
4.2mm by 2100.

GL position in 2100
(Pelleet al., 2021)

Overall, oceanforcingvariabilityand changesin ice shelf basalmelt ratesare decisive
for TottenGlacierdynamics,with the positionof the groundingline beingverysensitive
to oceantemperature.

Model simulations

McCormack et al. (2021) couple ISSM 
to PICOP
Å As the background temperatures 

increase, the melt rates and 
discharge generally increase and 
the GLs retreat more.



Introduction

1. Howsensitivearedynamicprocessesto the sub-iceshelfmelt rates?

2. Are dynamicprocessessensitiveto different slidinglawswhichapply
to the bottom of groundedice?



Methodology
surface 

relaxation
drag coeff. 
conversion 

mesh generation 
& optimization 

basal drag  
inversion

viscosity 
inversion

sensitivity 
test


