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Global mean land + ocean surface 
temperature: 1999‐2015



Global mean land + ocean surface 
temperature: 1850‐2015



A much warmer Arctic
Low scenario

Mid scenario

High scenario



New equilibrium for a frozen landscape

State of the Earth’s cryosphere at the beginning of the 21st century–Glaciers
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Sea‐ice decline
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Glacier Mass Loss
(losses > gains)

W. Tad Pfeffer
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Riva, et al., 2010

Sea level change “fingerprint”



Millimeters matter
Current + 1 m + 2 m



How do we determine 
how much changes in 
land ice contribute to 

sea level rise?
E. Berthier





This image cannot currently be displayed.

The Ice Sheets

Greenland 
Ice Sheet

Gardner et al., 2013

Antarctic
Ice Sheet



And many others

Fraction of total 
Sea Level Rise
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−290 ± 50 Gt year−1 = 1 mm/yr
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What’s a Gigaton?

Alex Gardner



What’s going on with the other 1% of glacier ice?
This image cannot currently be displayed.

Gardner et al., 2013

area volume

ice sheets
glaciers



What’s going on with the other 1% of glacier ice?
This image cannot currently be displayed.

Gardner et al., 2013
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If the fraction of sea 
level rise is 

proportional to area
area volume

ice sheets
glaciers



A reconciled estimate: 2003 to 2009

For all 17 glacier regions



The Canadian Arctic

Gardner et al., 2011
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The Canadian Arctic

Gardner et al., 2011

This image cannot currently be displayed.

‐60  ± 8 Gt yr‐1



Alaska

:

Arendt et al., 2013

This image cannot currently be displayed.



Alaska

:

Arendt et al., 2013

‐56 ± 10 Gt yr‐1

This image cannot currently be displayed.



Redoubt Eruption (credit: GeoEye) Arendt et al., 2013
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Patagonia

Willis, et al. 2012Elevation Change
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Patagonia

Willis, et al. 2012Elevation Change

‐29  ± 10 Gt yr‐1

This image cannot currently be displayed.



High Mountain Asia
This image cannot currently be displayed.

Gardner et al., 2013



High Mountain Asia

Gardner et al., 2013

‐29  ± 13 Gt yr‐1

This image cannot currently be displayed.



Peripheral Glaciers

Gardner et al., 2013

This image cannot currently be displayed.



Peripheral Glaciers

Gardner et al., 2013

‐6  ± 10 Gt yr‐1 ‐38 ± 7 Gt yr‐1

This image cannot currently be displayed.



Global glacier loss: ‐259 ± 28 Gt yr‐1

Gardner et al., 2013

2003 to 2009



Ice 
other
thermal expansion
terrestrial water

glaciers

Global Sea 
Level Rise

Glacier + ice sheet losses 
accounted for two thirds of 
the observed sea level rise 
between 2003 and 2009

Gardner et al., 2013



But if ice loss is accelerating… way 
haven’t we observed an acceleration 

in sea level rise?
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Short‐term increase in 
terrestrial water storage

Terrestrial water storage anomaly [Gt/yr]



Sea Level Budget: 2002‐2014



Sea Level Budget: 2002‐2014

temporary



What to expect going forward?

worst case

best case

Your are here



What to expect going forward?
• Losses from glacier and ice sheets will 
accelerate as the atmosphere and ocean 
warm over the next century and beyond

• The big unknown is how much and how 
quickly



Thank you 




