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Topex/Poseidon
(1992 - 2006)

Jason- 1
(2001 - )
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Global mean sea level change between 1993 and 2009
(Topex/Poseidon and Jason - 1/2 satellites)
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Global mean sea level trend: error budget L
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Regional variability v in sea level trends:

Observed!' spatial/trend patterns < from: satellitec altimetry
1993'--2008
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Ocean temperature- and salinity, measurements
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Ocean thermal expansionn since 1955
(based on data -0 to 700m-from: Levitus etal 2009)
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GMSL (mm)

Global mean sea level
1993 -2008

Altimetry -based sea level
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Contribution of glacier melting
to sea level rise

Rate of ice mass loss by glacier melting (Gt/year )
From Meier et al.(2007)
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Radar and Laser Altimetry

lceSat

‘ Change In ice elevation



GRACE space gravimetry mission (2002 - ) A mass change
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Greenland ice mass loss
from GRACE

Average rate of loss (2002 - 2009 ):

230 +/- 33 Gtlyr
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(+0.64 mm/yr ESL)
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Radar
Interferometry

Rate of mass loss - GREENLAND

Mass balance of the Greenland Ice Sheet

Gigatonnes peryear  Riqnot et al. 2008
50

~ 0.7 mm/yr
Sea level ris
@ Observations

=== |_inear reconstruction

1958 1966 1974 1982 1990 1998 2007




Mass balance of West Antarctica
after Rignot et al. 2008

Mass balance of the West Antarctic Ice Sheet
Gigatonnes per year
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Ice mass change (Gt/year )

EastAntarctica:>

<eo!1om1uv1se/v\

-100 7

-150 7

-200

-250

300

250

200

150 -

100 -

50

O_

-50 7

-300

Cazenave et al.
Chen et al.
Davis et al.

Ramillien et al.
Rignot et al.
Thomas et al.
Velicogna & Wahr

Antarctica Ice Sheet

Rate of mass change
(GV yr)

I

1992 1994 1996 1998 2000 2002 2004 2006 2008

Velicogna, 2009



Sea Level budget::
Comparison between: observed sea level

and sum of climate: contributions <
(thermal expansion & land ' ice)
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Sea Level Budget 1993 -2003
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Sea Level budget::
Comparison between observed sea level

and sum of climate: contributions <
(thermal expansion & land ' ice)
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Sea Level Budget 1993 -2008

(Land ice plus thermal expansion)
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Sea Level budget::
Comparison between: observed sea level

and sum of climate: contributions <
(thermal expansion,land . ice, land waters): )
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GMSL (mm)
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Mass balance of Greenland and West Antarctica
after Rignot et al. 2008a,b

Mass balance of the Greenland Ice Sheet
Gigatonnes per year Mass balance of the West Antarctic Ice Sheet
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Sea Level since 2003
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Sea level budget
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Global land water storage
change
from GRACE
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GRACE based water storage trend 2002 - 2009 (km?3/yr)

GRACE waler starage trend 2002-2000
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Interannual variability in observed sea level

(corrected for thermal expansion)
and
GRACE based land water storage (expressed in equivalent sea level)
Curves are detrended
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Spatial sea level trend patterns (1993 - 2008)
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(uniform trend removed)
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Comparison between, spatial patternsrin
altimetry and

estimated by the NEMO ocean circulation model (no assimilation)

Observed by satellite
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