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Today 125,000 years ago 

The last time the Arctic was 3 to 5°C warmer than present, 
global sea level was 4 to 6 meters higher than present 

Image from Bette Otto-Bliesner, National Center for Atmospheric Research 
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Model forced by ERA40 Model vs GRACE
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Can this guy lower the seas ? 

“I am absolutely certain that generations from now, we will be able to look 
back and tell our children that this was the moment when the rise of the 

oceans began to slow and our planet began to heal.“ 
- Barack Obama, June 3, 2008 



Why not? This guy did…. 



3.2 ± 0.4 mm/year
3.5 ± 0.4 mm/year with GIA correction









Detrended Global Mean Sea Level (T/P+Jason‐1) 
      minus steric effects (Argo) 

Total land water storage from GRACE & alHmetry 
(32 largest river basins + Caspian & Aral seas) 

[Cazenave et al., 2009]









Global mean time series with first and second CSEOF modes removed.



Total Sea Level (Altimetry) Thermosteric Sea Level (XBTs, Argo, etc.) 



[Huang et al., 1998]
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Using combined EMD/EOF method, rate of global mean sea level rise is determined to be 
2.6 mm/yr. 

[Hamlington et al., 2009]



Global mean sea level acceleration was found to be 0.01 mm/yr2.

[Hamlington et al., 2009]



[Woodworth et al., 2009; based on Church and White, 2006]



[Hamlington et al., 2009]

We classify each gridpoint into one of four categories: 1) positive rate, acceleration; 2) 
positive rate, deceleration; 3) negative rate, acceleration; 4) negative rate, deceleration. 42.8% 
of the ocean has a positive rate and acceleration, while only 8.4% has a negative rate and 
deceleration. In total, 83% of the ocean is undergoing a positive rate of sea level rise based 
on our results, while 51.5% of the ocean is undergoing an acceleration of sea level rise. 



+ = 

Total Sea Level Rise 

(roughly) 

Addition of Freshwater Addition of Heat 



[Leuliette and Miller, 2008]



[Famiglietti et al., in review, 2009]

Monthly storage anomalies as equivalent mean sea level
ΔSOCEAN + ΔSLAND + ΔSICE + ΔSATM = ΔSGLOBAL = 0

Trends (mm/yr):

Ocean = 1.2 ± 0.4

Land = 0.2 ± 0.5

Greenland = -0.6 ± 0.1

Antarctica = -0.4 ± 0.2



[Famiglietti et al., in review, 2009]

1.2 ± 0.4 mm/yr 0.2 ± 0.5 mm/yr

-0.6 ± 0.1 mm/yr -0.4 ± 0.2 mm/yr



[Wahr, 2009]

GIA Model
Removed



Rate of mass change:
All Greenland:  -235 Gton/yr  
South Greenland: -169 Gton/yr
North Greenland:    -65 Gton/yr

Total Greenland ice volumeRate of mass change 
during April, 2002 – 
February, 2009

-235 Gton/yr = 0.65 mm/yr sea level rise [Wahr, 2009]



Best-fitting linear trend  Best-fitting linear and quadratic terms

[Wahr, 2009]



Rate of mass change after 
removing ICE5G rebound 
model:
All Antarctica:   -169 Gton/yr

West Antarctica:  -128 Gton/yr
East Antarctica:     -36 Gton/yr

Uncertainty of post-glacial 
rebound  correction:

All Antarctica:      ± 75 km3/yr

West Antarctica:    ± 20 km3/yr

East Antarctica:     ± 50 km3/yr

-169 Gton/yr = 0.47 mm/yr sea level rise

Total Antarctic ice volume. 
April, 2002 – February, 2009

Amundsen Sea glaciers

[Wahr, 2009]



Rate of mass change from GRACE between April, 2002 and February, 2009

Rate of ice volume change:
 -51 gton/yr = 0.15 mm/yr sea level rise

.

[Wahr, 2009]





[Rahmstorf et al., 2007]

Tide Gauge Observations 

Satellite Observations 

Climate Model Predictions 
(IPCC 3rd Assessment, 2001) 



[Rahmstorf, 2007]

1.4°

5.8°“We find that a total sea-level rise of about 2 meters by 2100 could 
occur under physically possible glaciological conditions but only if 
all variables are quickly accelerated to extremely high limits. More 
plausible but still accelerated conditions lead to total sea-level rise 
by 2100 of about 0.8 meter. These roughly constrained scenarios 
provide a "most likely" starting point for refinements in sea-level 
forecasts that include ice flow dynamics”. [Pfeffer et al., 2008]



Antarctica: 25 cm Greenland: 30 cm 

Glaciers: 25 cm Steric: 20 cm 



Steric: 20 cm       Glaciers: 25 cm       Greenland: 30 cm       Antarctica: 25 cm  
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