
Lower GRACE estimates of 
Antarctic sea-level contribution 

Matt King1,2, Rory Bingham1, Philip Moore1,  
Pippa Whitehouse3,  Mike Bentley3, Glenn Milne4  
1Newcastle University, 2University of Tasmania,  
3Durham University, 4University of Ottawa. 



Quantifying ice-mass change using GRACE 
data 

Observed mass rate of change (GRACE 
observations 2003-2006) 

Chen et al. 
(2008) 

Image courtesy of GRACE mission 

~220km 

• Area integrated sum ~0 Gt/yr 
• Until very recently models suggested that the Glacial 

Isostatic Adjustment (GIA) signal is +100 to +200 
Gt/yr ⇒ ice mass balance is -100 to -200 Gt/yr 



Observed mass rate of change (GRACE 
observations 2003-2006) 

Predicted secular mass rate due to 
GIA (IJ05 model) 

Chen et al. 
(2008) 

Chen et al. 
(2008) 

GIA: glacial isostatic 
adjustment 

Quantifying ice-mass change using GRACE 
data 



Recent GIA models & 
empirical uplift estimates 

Conventional GIA models 

Empirical GIA uplift estimate 

ICE-5Gv1.2 (VM2) 
(Peltier, 2004) 

IJ05 (‘average mantle’) 
(Ivins and James, 2005) Riva et al., 2009 

Thomas et al. 
(2011) 



This systematic uncertainty contributed to the 
variation in estimates of present-day ice mass balance 

Courtesy of Jonathan Bamber 
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 Allowed us to look at the spatial patterns of change from GRACE, 
using rigorous error bounds, based on a new model of GIA (W12a) 

 W12a 
 based on new ice history that seeks to fit glacial geology 
 revised Earth model tuned to near-field relative sea level curves 
 validated against independent GPS uplift rates 
 

 



IMBIE 
Shepherd et al., 
Science, 2012 

 



20 ka BP 15 ka BP 

10 ka BP 5 ka BP 

Ice thickness change 20 ka BP 
to present ⇒ ~8m ESL rise 

Comparing model output to 
observations of past ice extent 

Whitehouse et al., QSR, 2012 

Ice sheet reconstruction: results and 
uncertainty 

 



W12/W12a 
 



Summary: new 
GIA model 

wrms: 
grey = East Antarctica 

magenta = West Antarctica 
black = all Antarctica Whitehouse et al., GJI, 2012 



Lower and upper bounds for W12a GIA 
uplift rates 

difference from ‘best’ solution (mm/yr) difference from ‘best’ solution (mm/yr) 

Lower bound Upper bound 

Uncertainty due 
to post-LGM ice 
history and 
Earth structure 



Solve for present-day ice-mass change using 
GRACE (RL04) 

We follow the forward modelling 
approach of Wouters et al. (2008, 
GRL): 

 
“What ice mass change would be 
required to reproduce the GIA-
corrected GRACE data?” 
 
Requires assumptions on spatial 
distribution of mass change within 
each basin – errors results in leakage 
to other basins.  
 
We examine 3 scenarios – a best 
estimate and a pair of end members 
 

King et al., Nature, 2012 



GIA model explains 
Weddell Sea mass gain 
observed in raw GRACE 
data 

Application of GIA model 
over Ross Ice Shelf 

implies ice-mass loss ⇒ 
GIA model incorrect? 

without GIA 
correction 
 
with GIA 
correction 
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Mass change 
time series 

King et al., Nature, 2012 



Random errors 
Associated with fitting linear trend and 
acceleration rate to time series for each 
basin 
 
Systematic errors 
Associated with uncertainty in the GIA 
correction 

Present-day ice-mass 
change – best estimate 

Rate @ 2006.9 
 

Accel 
 

2σ uncertainties King et al., Nature, 2012 



Range due to systematic errors 
All Antarctica     [-126,-29] Gt/a 
West Antarctica [-128,-103] Gt/a 
East Antarctica  [+7,+89] Gt/a 

King et al., Nature, 2012 

Basin bounds = GIA bounds + 
leakage bounds 

Present-day ice-mass 
change – best estimate 



Regional mass trends 
after correcting for GIA 
using the W12a model Linear rates and accelerations quoted 

with 2σ uncertainty 

• Pre-2012 estimates of linear mass 
 change rates range from -31 to -246 
Gt/a  - our estimates lie towards the 
upper  (less negative) end of this range 

• We find negligible basin-total mass gain 
in West Antarctica outside the 
Amundsen Sea basins 

• East Antarctic accumulation event in 
2009 (Boening et al., 2012; Shepherd et 
al., 2012) did not noticeably change 
overall trend suggesting a spatial 
concentration of accumulation rather 
than new mass 

King et al., Nature, 2012 



East Antarctica remains the key area of 
uncertainty 
 Size matters – 

larger 
maxima/minima in 
inter-model 
differences in West 
Ant., but total East 
Ant. uncertainty 
range is much 
larger 



East Antarctica remains the key area of 
uncertainty, and not just GRACE 

Shepherd et al., Science, 2012 

 2-sigma range is 405 Gt/yr, equivalent to 1.1 mm/yr of 
sea-level change  



Conclusions 
 W12a GIA model represents factor 2 improvement over 

previous GIA models 
 Antarctica losing (2006.9) ~69±18 Gt/yr based on 

GRACE+W12a  [-126,-29] Gt/yr 
 IMBIE present 2003-2008 reconciled mass change of -72±43 Gt/yr (1 

sigma) 
 Accelerations [not sensitive to GIA] in mass loss in this 

analysis limited to Pine Is glacier basin  
 Significant uncertainty remains in GRACE secular rates due to 

uncertainty in GIA in East Antarctica 
 East Antarctica  [+7,+89] Gt/a 
 Need new data on paleo accum & ocean temps, paleo ice extent, RSL 

curves & present-day uplift rates (GPS); Earth structure and 
rheology; better ice sheet and 3d GIA models 

 Late Holocene (last 5 ka) really matters everywhere, especially 
West Antarctica/Peninsula, but little known almost everywhere 

 Lack of Siple Coast GIA signal yet to be explained 
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