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Greenland Mass Balance, 2002-2014

T e T e I | 70% of total mass loss from
400 f o 200-_ 200 1 the SE (40%) and the NW
200 100 UL 150 (30%)

ot
—200¢

Mass [Gt]

88% of total acceleration
from SW (54%) and NW (34%)

—100¢}

=400

—200¢r

33+ 11 Gtjyr

= L - =+
B0y <o =ice D 2 -3.5+ 0.5 Gt/yr? -15+ 9 Gt/yr
-8.7 = 2.1 Gt/yr —150F 5
-800 ~300004 2006 2008 2010 2012 2014 . Surf M Bal SMB
2004 2006 2008 2010 2012 2014 ~200 urface Mass Balance ( )

2004 2006 2008 2010 2012 2014

accounts for 68% of mass loss
n  se| and79% of acceleration in
- | Greenland, 2002-2014

300

800

200} 600

100} 400

200

Velicogna I, T.C. Sutterley, M. van
den Broeke. ‘Spatially varying ice
mass acceleration of the polarice
sheets from GRACE'. Geophys.
Res. Lett., 41 (22), 8130-8137

—100}

=200}
=200

-400}

-34 + 12 Gtfyr
-13.7 + 0.8 Gtiyr’

=300

=600

[110+ 21 Guyr|

—400

—800

2004 2006 2008 2010 2012 2014

2004 2006 2008 2010 2012 2014
Time [Yr

Time [¥r]



Ice Lenses at KAN-U, SW Greenland 2012
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KAN-U, Spring 2012




Summer 2012 Runoff Reaches KAN-U

LandSat-7: July 16", 2012
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Runoff had not previou een witnessed this high in southwest Greenland
(up to 1900+ m a.s.l.)







Watson River in early May




Watson River in July 2012
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9+3% of 2012 Watson River
area runoff came from
“perched layer” zones

Machguth H., M. MacFerrin, D. van As, J. Box,
C. Charalampidis, W. Colgan, R. Fausto.
“Succession of melt events is key to

abrupt Greenland ice sheet surface mass
loss”. Nature (in review). 2015



Mapping thick ice lenses with radar
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Ground radar =2 IceBridge radar
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Perched Ice Layers across 1+
Greenland

e Extensive “perched” ice layers 21.5 meters (~5 feet) . ” ,
atop porous firn ‘ i

e Perched layer zone spans B
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KAN-U Albedo, 2012
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July 2012 albedo at KAN-U reduced from
0.78 - 0.68

30% more solar radiation absorbed in
2012 (213 MJ m2)

Charalampidis C., D. van As, H. Machguth,
M. MacFerrin, C. Smeets, M van den Broeke,
J. Box. “Changing surface-atmosphere-
energy exchange and refreezing capacity of
the lower accumulation zone”. AGU Fall
Meeting, 2014.




KAN-U Runoff, 2012

97% of all 2009-2011
e " e accumulation was lost
B - — e to runoff in 2012
(1039 kg m2)
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surface-atmosphere-energy exchange
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Meeting, 2014.




MAR (Mode

Greenland Surface Mass Balance (SMB) Anomalies

e Atmosphérigue Régional)

Data (MAR v 3.2+) freely distributed by

Gigatons/Year v MAR Explorer at CCNY

500 (www.cryocity.org/mar-explorer.html)
400 Runoffk v ACADIS (www.aoncadis.org)
300 v' Xavier Fettweis (via ftp)
200 . e Open source code (available at CCNY or Xavier
100 A h Fettweis)
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Conclusions

* Surface Mass Balance is a major driver of current and future Greenland mass
loss

* SMB feedbacks can rapidly reduce albedo and enhance runoff

* To accurately constrain and predict future Greenland mass loss, SMB feedbacks
must be accurately handled

* Current RCMs—specifically geared toward SMB simiulations—are working to
constrain these processes in both Greenland and Antarctica, may be useful for
GCM simulations



Questions?
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