4 LR

Rising-Séa ""Le'vel
Observa tmns and Ca uses

F




Sea Level budget:
'ison between obse r“/ad sea level
ot JJm&r contributions
(|

m
| expansion, land ice, land waters)

Compar

ar
and sur
(therma

. 1993-2003: IPCC AR4
‘2003-2008 New



Global mean sea level rise during the 20™ century
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Global mean sea level between 1993 and 2008
(Topex/Poseidon and Jason-1 satellites)
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Global mean sea level trend: error budget
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Global (60S—60N) Annual Mean Thermosteric SL
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Contribution of glacier melting
to sea level rise

Ice mass loss by glacier melting (Gt/year)

— @ -Kaser etal. (2006) .
- =[l - - Dyurgerov and Meier (2005)
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Contribution to sea level :
0.77 +/- 0.1 mm/yr (1993-2003) Meier et al.(2007)




Greenland and Antarctica mass balance

Ice mass loss (61/year)

Greenland contribution
to sea level rise

(1993-2003) :

0.21 +/-0.04 mm/yr
(IPCC AR4)
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Antarctica contribution
to sea level rise
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Ice mass loss measured by remote sensing technigues
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Regional distribution
of sea level trends
1993-2008

\

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

observed by satellite altimetry and

estimated by the ORCA ocean circulation model (no assimilation)

(1993-2001)
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Global (60S—60N) Annual Mean Thermosteric SL

0-700m Temp., err: 1o

Ishii and Kimoto (2008)
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Observed and thermosteric sea level (2003-2008)
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Global mean sea level between 1993 and 2008

(Topex/Poseidon and Jason-1 satellites)

22.12.2008 : cycle 599
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Trend = 3.35 mm/yr
60— uncertainty ~0.4 mm/yr
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Sea Level Rise since 2003
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Sea Level Rise since 2003
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Contribution of glacier melting
to sea level rise (recent years)

-Glaciers (2001-2004): 1.0 +/- 0.19 mm/yr
Kaser et al. (2006)

-Glaciers (2001-2005): 1.1-1.4 mm/yr
Cogley (2009)

-Glaciers (2006): 1.1 +/- 0.24 mm/yr
Meier et al. (2007)




Space gravity mission GRACE (2002- )
> Longer mass balance time series
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Land waters
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Change in land v ‘orage from GRACE

. St March 2003

| Red: water excess
Blue : water deficit
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KmE/yr GRACE-based change in land water storage (2002-2007 )
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Sea Level Budget 2003-2008

sea level Land ice, water and steric contributions

rate
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Steric Sea Level (2003-2008)

(sum of ocean temperature and salinity)

mm
20
15 Altimetry minus GRACE Ocean mass: Trend : 0.4 +/- 0.15 mm/yr
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Steric Sea Level (2003-2008):
contribution of each ocean
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Concluding remarks
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Sea level is still rising but causes™are different:
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