
Contemporary Sea Level Change
at Global and Regional Scales

Anny Cazenave
LEGOS- CNES

Toulouse
France

Sea lLevel Rise and Coastal Flooding
NTSLF - Challenger Symposium

November 2009



Mean sea level from tide gauges
20 th century

Church et al. (2006)
Jevrejeva et al. (2006)

Mean rise : 1.8 +/ - 0.4 mm/yr



Satellite altimetry

Jason- 2 (2008 - )

Topex/Poseidon
(1992 - 2006) Jason- 1

(2001 - )



Global mean sea level change between 1993 and 2009 
(Topex/Poseidon and Jason - 1/2 satellites)

Average rate of rise: 3. 3 mm/yr
(GIA corrected)

Uncertainty : ~ 0. 4 mm/yr
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Recent estimates of altimetry - based sea level rise (1993 - 2008)
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Regional variability in sea level trends

Observed spatial trend patterns from satellite altimetry
1993 - 2008

With uniform mean trend 
(3.3 mm/yr)

Without uniform mean trend
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What have we learned
in the recent years

on the causes 
of sea level rise

at global & regional scale?



Ocean temperature and salinity measurements

Until ~ 2003

Since ~ 2003 : Argo

Figure 5.A.1



Ocean thermal expansion since 1955
(based on data - 0 to 700 m- from Levitus et al. 2009 )

Thermosteric 

sea level (mm)



Thermal expansion
mean trend : 1. +/ - 0.3 mm/yr

Altimetry -based sea level

Observed sea level
minus 

thermal expansion
= Ocean mass change

Global mean sea level
1993 - 2008

Levitus et al., 2009
Ishii & Kimoto, 2009

Mean residual trend: 
~ 2.3  mm/yr

Rate : 3.3 +/ - 0.4 mm/yr

(XbT and Argo bias corrected)
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Land 
Ice
Loss

Columbia glacier (Alaska )

Greenland

Antarctica



Contribution of glacier melting

to sea level rise

Rate of ice mass loss by glacier melting (Gt/year )

1900

From Meier et al.(2007)

Sea level equivalent

Å1993-2003: 0. 8 +/- 0.11 mm/yr

(IPCC AR4)

Å2001-2004 : 1. +/- 0.2 mm/yr 

(Kaser et al. , 2006)

Å2001-2005: 1.1-1.4 mm/yr

(Cogley, 2009)

Å2006: 1.1 +/- 0.24 mm/yr

Meier et al. (2007)

300 Gt/yr ice loss = 0. 85 mm/yr  sea level rise



Ice sheets 

Greenland

Antarctica



Radar and Laser Altimetry

Change in ice elevation

IceSat



GRACE space gravimetry mission (2002 - )  Ą mass change



Source:  I. Velicogna  (GRL, 2009)

Greenland ice mass loss 
from GRACE

Average rate of loss ( 2002 - 2009 ):

- 230 +/ - 33 Gt/yr

(+0. 64 mm/yr ESL)



Radar 
Interferometry

~ 0.7 mm/yr

Sea level rise

Rignot et al. 2008

Rate of mass loss - GREENLAND



Mass  balance of West Antarctica
after Rignot et al. 2008

0.55 mm/yr

Sea level rise

1996 : 0. 38 mm/yr (sea level)
2006 : 0. 55 mm/yr

Ice mass loss

Rate of mass loss



Greenland Ice sheet

Rate of mass loss
(Gt/ yr )

Cazenave et al. 
Chen et al.
Krabill et al. 
Lutchke et al. 
Meier et al.
Ramillien et al. 
Rignot & Kana.
Slobe et al. 
Velicogna & Wahr 
Wouters et al.
Zwally et al. 
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Cazenave et al. 
Chen et al.
Davis et al. 
Meier et al. 
Ramillien et al. 
Rignot et al.
Thomas et al.
Velicogna & Wahr 
Zwally et al. 
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Sea Level budget:
Comparison between observed sea level

and sum of climate contributions
(thermal expansion & land ice) 

Å1993 - 2003 : IPCC AR 4



Sea Level Budget 1993 - 2003
(IPCC AR4 results ) 

Glaciers

Ice 

sheets

1 mm/yr

Land 

Waters

?

Thermal

expansion

Total 

climatic Observed

sea level rise
3 mm/yr

2 mm/yr

Sea level
rate

Land 

ice loss



Sea Level budget:
Comparison between observed sea level

and sum of climate contributions
(thermal expansion & land ice) 

Å1993 - 2008



Sea Level Budget 1993 - 2008
(Land ice plus thermal expansion) 

Glaciers

Ice 

sheets

1 mm/yr

Land 

Waters

?

Thermal

expansion

Total 

climatic Observed

sea level rise
3 mm/yr

2 mm/yr

Sea level
rate

Land ice loss



Sea Level budget:
Comparison between observed sea level

and sum of climate contributions
(thermal expansion, land ice, land waters) 

2003 - 2008 Some surprises! 



Thermal expansion

Altimetry -based sea level

Observed sea level
minus 

thermal expansion
= Ocean mass change

Global mean sea level
1993 - 2008

Levitus et al., 2009
Ishii & Kimoto, 2009

Mean residual trend: 
~ 2.3  mm/yr

Rate : 3.3 +/ - 0.4 mm/yr

(XbT and Argo bias corrected)



Mass  balance of Greenland and West Antarctica
after Rignot et al. 2008a,b



Altimetry - based 
sea level

Ocean mass change 
from GRACE

Total land land ice

Comparaison 
Niveau mer observé et

Contributions climatiques

Composante stérique 
(expansion thermique + salinité)

Sea Level since 2003



Sea level budget
2003 - 2008

Glaciers
1 mm/an

GIA=

-1 mm/yr

Land 

waters

Total 

mass + steric

Observed

sea level rise
3 mm/an

2 mm/an

G+A

Compilation 

of

published 

results of 

land ice loss

GIA =

-2 mm/yr

Ocean mass 

from GRACE

Steric (Argo)

Mean of

3  recent

estimates



Global land water storage 
change

from GRACE



GRACE- based water storage trend 2002 - 2009 (km3/yr)

Net trend : + 80 +/ - 27 km3/yr

Sea level equivalent : - 0. 2 +/ - 0. 1 mm/yr

Water loss

Water
gain



Interannual variability in observed sea level
(corrected for thermal expansion)

and 
GRACE- based land water storage (expressed in equivalent sea level)

Curves are detrended
Unit : mm

Observed sea level minus steric effects

Land waters

LEGOS



Causes 

of  the 

regional variability



Spatial sea level trend patterns (1993 - 2008)

Observed 
by 

satellite altimetry
(uniform trend removed)

Thermal expansion
(data from Levitus et al. 2009 )



Temperature

Salinity

Comparison between spatial patterns in sea level trends: 
Observed by satellite altimetry and 

estimated by the NEMO ocean circulation model (no assimilation) 
(1993 - 2001)

Observed sea level trends
by satellite altimetry

Model trends

Wunsch et al. 2007; Kohl & Stammer 2008;  Lombard et al. 2009


