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Global mean land + ocean surface
temperature: 1999-2015
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Global mean land + ocean surface
temperature: 1850-2015
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A much warmer Arctic
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New equilibrium for a frozen landscape

Sea Ice Land Ice
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Arctic sea ice extent :
(Sept. minimum in millions of km?) &%
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Mass Loss
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Sea level rise

TOPEX

Jason-1

Jason-2

60-day smoothed
—— Trend: 3.3 £ 0.4 mm/yr
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Sea level change “fingerprint”
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how much changes in &8

land ice contributeto =

sea level rise?




c
L
et
3
=
o
=
&)
T
[
=
o R
1]
Q
£
=
<

,,

uonesodeaz || *

uonendivard |

Circulation




The Ice Sheets

Greenland
Ice Sheet

Antarctic
Ice Sheet




The Ice Sheets

A Reconciled Estimate of Ice-Sheet ,
Mass Balance Fraction of total

Andrew Shepherd,™* Erik R. lvins,>* Geruo A, Valentina R. Barletta,® Mike ]. Bentley,® S L I R :
And many others ea eve |Se

www.sciencemag.org SCIENCE VOL 338 30 NOVEMBER 2012
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Antarctica & Greenland

[ Antarctica

—-290 + 50 Gt year1=1 mm/yr




What’s a Gigaton?




- What'’s going on with the other 1% of glacier ice?




- What'’s going on with the other 1% of glacier ice?

Gardner et al., 2013




A reconciled estimate: 2003 to 2009

Melting Glacfer ‘
Stoking Sea-Level Rise '

Players. These glaciers (foreground)

are far smaller than the Greenlandice .

sheet (background) but they are wast=
ing away relatively fast.

s, Not Justi

E

or might even be gain-
ing a bit, but all 19 glacierized
regions lost ice between 2003 and
2009 at a global rate of 259 billion
plus or minus 28 billion tonnes per
year. That’s enough water to raise
sea level around the world about
0.7 millimeters per year, an amount
roughly equal to the contribution
from the shrinking Greenland and
Antarctic ice sheets

“We think this is a very strong
result confirmed by three inde-
pendent methods,” Gardner says.
The study also showed that field
geologists had gotten the shrink-
age right for the glaciers they had
monitored but that the other gla-
ciers in the same regions were not
losing ice as fast.

Spacc-based geophysicist
Erik Ivins of NASA’s Jet Pro-
pulsion Laborator;
Californi
that the multidis

‘remarkable™
linary team




The Canadian Arctic




The Canadian Arctic
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Arendt et al




Air temperature anomaly (K)
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Redoubt Eruption (credit: GeoEye




Patagonia
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H|h Mountain Asia
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High Mountain Asia
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Global glacier loss: -259 + 28 Gt yr!

Area [km?]
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95 % confidence
interval




Global Sea
Level Rise

Glacier + ice sheet losses

| accounted for two thirds of
the observed sea level rise
glaciers 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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NASA Study Concludes Global Warming Is
Actually Slowing Sea Level Rise

=1 MICHAEL BASTASCH
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Short-term increase in
terrestrial water storage

Science...

Terrestrial water storage anomaly [Gt/yr]



Sea Level Budget: 2002-2014
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Sea Level Budget: 2002-2014

temporary
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What to expect going forward?

Global average surface temperature change

T - - -~ T . - - -
} . worst case
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Your are here




What to expect going forward?

e 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




Jet Propulsion Laboratory
California Institute of Technology
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