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Comparison of solutions from different centers:  

Antarctic Mass
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 Overall different solutions agree within the error bars 
 
 Main difference with CNES-GRGS are determined by C20  
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Impact of truncation and smoothing total mass loss  
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Input signal :  
	


λ/2: ~50 km 
 
 -263 Gt 
 
 
 
 
 
 

lmax = 60   
  
λ/2: ~330 km 
 
Smoothing R=250 
 
-153 Gt  
 loss ~42% 
 
 
 

lmax = 150    
	



λ/2: ~130 km 
 
Smoothing R=0 
 
-211 Gt  
Loss ~20% 
 
 
 

lmax = 60  
  
λ/2: ~330 km 
  
Smoothing R=0 
 
-180 Gt  
 loss ~32% 
 
 

Velicogna and Wahr, GRL Frontier 2013 
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Abstract

Glacial Isostatic Adjustment (GIA) is a large source of uncertainty for ice mass balance estimates by GRACE. Here we use GRACE measurements of time-variable gravity, InSAR
measurements of ice motion, IceBridge measurements of ice thickness, surface mass balance from the latest RACMO regional atmospheric climate model, and time series of surface
elevation change from ICESat, pre-IceBridge ATM and IceBridge evaluate several modern GIA models. We compare the spatial patterns in ice mass change between these independent
techniques to identify discrepancies caused by errors in the modeled GIA signal in Greenland and Antarctica. With the increased spatial recovery of the new GRACE Release-5 data,
finer scale GIA discrepancies are identified. In Antarctica, we find that a thinner ice sheet at the last glacial maximum may be required in East Antarctica and the Ross Sea area. In
Greenland, we find that most modern GIA models are in relatively good agreement as for the total magnitude of ice sheet mass change. GIA rates from the Wu (2010) global inversion
method show incompatibility with measurements of surface elevation change, and modeled rates of surface mass balance.

Comparison of GRACE RL04 and GRACE RL05 (2003–2012)

� RL05 has improvements to Level-1 data, background models and processing

� RL05 accuracy improvements: less smoothing required for signal recovery

� Increased recovery of spatial structure of ice mass change

� Improved agreement with measurements of surface elevation changeComparison of GRACE RL04 and RL05 (Jan. 2003− Jan. 2012)
CSR GRACE RL04

Lmax=60, SMTH=(r250km)

CSR GRACE RL05
Lmax=60, SMTH=(r150km)
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Figures corrected for GIA using Simpson–Milne (2009)

Comparing Observations of the Greenland Ice Sheet

Effects of Glacial Isostatic Adjustment on GRACE in Greenland

� Geruo: Update to Paulson (2007) model with ICE-5G deglaciation history, PREM
compressibility parameters, and approximate Peltier VM2 mantle viscosity profile.

� Simpson, et al. (2009): Ice history calculated from thermomechanical ice sheet model
calibrated using both relative sea level data and geomorphological constraints on ice extent

� Wu, et al. (2010): Global inversion method using terrestrial and space geodetic data, and
modeled ocean bottom pressure outputs

GRACE–GIA–SMB = Discharge + Errors

Why study GRACE–GIA–SMB?

� Removing the SMB signal shows the strength of the ice dynamics signal and errors

Northeast (NE) basin:

� Wu (2010) corrected GRACE–SMB trends show large mass increases
� GRACE signal is approximately –600% of the SMB signal from 2003-2010

� Simpson et al. (2009) is in agreement within the error of GRACE and SMB

� Ice discharge effectively showed no change over 2003–2008, (van den Broeke, 2009)

� Glacier velocities either very low or with erratic behavior over 2000–2010, (Moon, 2012)

RACMO2/GRN SMB Uncertainty:

� Errors in the SMB model average 9% over Greenland, (Ettema, 2009)

� Uncertainty due to the reference period chosen for calculating SMB anomalies is ±8%,
(van den Broeke, 2009)

Conclusions:

� Wu, et al. (2010) correction is incompatible with independent measurements

� Simpson, et al. (2009) shows the best agreement and is within the error

AGU - Fall Meeting 2012 [G21A: Geodetic Observations of GIA] email: tsutterl@uci.edu

GRACE ice mass trend 2003-2012 
 
 
 



RACMO2/GRN11 Outputs (Oct. 2003−Oct. 2009), Lmax=60, SMTH=(r150km)

SMB Precipitation Runoff
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GREENLAND SMB 



GREENLAND ICE MASS LOSS FROM GRACE 

 RL05 
 
Trend  Jan 2003-Jul2013:  
          -258±33 Gt/yr  
  
GIA: Simpson 2009 
     
ACCELERATION: -31 ±8 Gt/yr2 
 

R2
adj(quadratic)=0.99 
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Ice mass Trend (Jan 2003-Jul 2013)  
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ANTARCTICA 

 RL05 
 
Trend  Jan 2003-Jul2013:  
          -83±49 Gt/yr  
  
GIA: IJ05-R2 
     
ACCELERATION: -10 ±8 Gt/yr2 
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Ice mass Trend (Jan 2003-Jul 2013)  
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Acceleration (Jan 03-Jul 13) 
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Antarctica Spherical Cap 
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CONCLUSIONS 
  

We made progress in estimating error budget for GRACE ice mass balance 
estimates. 
 

We are now getting regional detail in ice mass losses using the mascon approach. 
 

We find excellent agreement between different center solutions. 
CNES-GRGS C20 generates differences for the GRGS estimates 
 

It is very important to interpret our GRACE results in light of observations of the 
critical processes such as ice discharge and surface mass balance, and of 
independent observations. 
 

We are able to detect statistically significant areas of acceleration in mass change, 
e.g. Pine Island Glacier, Queen Maud Land, NW Greenland, SW Greenland error on 
those estimates will decrease with longer time series. 
 

In Antarctica, we detect ongoing, increasing dynamic losses in the Amundsen Sea, 
enhanced SMB in Queen Maud Land, and a temporal variability in SMB in Cook Ice 
Shelf area. and in the Totten region 
 


