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Mean rate of rise :

: 3.15+/- 0.4 mm/yr

Sea level rise from Topex/Poseidon and Jason-1 
satellite altimetry (1993-2007)

CLS-LEGOS

Global mean sea level



Causes of sea level rise….

- Thermal expansion of sea water
due to ocean warming

- Ocean mass increase due to:
· land ice melt
· terrestrial water storage
change

Causes of Causes of seasea levellevel riserise……..

-- Thermal expansion of Thermal expansion of seasea waterwater
due to due to oceanocean warmingwarming

-- OceanOcean mass mass increaseincrease due to:due to:
·· land land iceice meltmelt
·· terrestrialterrestrial water water storagestorage
changechange



Sea Level Budget
----------------

Recent Years

SeaSea LevelLevel BudgetBudget
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SEA LEVEL BUDGET (SEA LEVEL BUDGET (recentrecent yearsyears))

mm/yr4.3.2.1.0.-1.

Thermal expansion

Land ice

Thermal expansion
+ land ice

Observed rate of
sea level rise

1.6 mm/yr

1.2 mm/yr

2.8 mm/yr

3.1 mm/yr

IPCC, 2007



Contribution 
of

Land water storage?

Contribution Contribution 
ofof

Land water Land water storagestorage??



Land waters : two components

1.Surface waters
2. Soil + ground waters

• Satellite altimetry     Surface water change 
• GRACE       Total (surface + soil + ground)   

water mass change

Land waters : Land waters : two two componentscomponents

1.1.Surface watersSurface waters
2.2. Soil Soil + + ground ground waterswaters

•• Satellite Satellite altimetry     altimetry     Surface Surface water water change change 
•• GRACE       Total (surface + GRACE       Total (surface + soil soil + + groundground)    )    

water water mass changemass change



Summary of recent GRACE 
results

Summary Summary of of recent recent GRACE GRACE 
resultsresults



Basin-scale water mass change from GRACE
(2002-2006)

Mississippi Congo MekongMac Kenzie

Time (yr)

Equivalent water
height (mm)

Ramillien et al., 2007
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((largest largest river basin contributions)river basin contributions)

On average, land water mass decrease (over 2002-2006): ~ -60 km3/yr
….. Corresponds to + 0.2 mm/yr sea level rise
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Contribution of surface 
waters based on satellite 

altimetry

Contribution Contribution ofof surface surface 
waters waters basedbased on satellite on satellite 

altimetryaltimetry



.

100 lakes,
50 reservoirs,

250 sites on rivers, 
several sites 
on wetlands,

30 largest river 
basins

HYDROWEB 
data base: 

Altimetry-based
water levelswww.legos.obs-mip.fr/en/soa/hydrologie/hydroweb/

LEGOS
JF Cretaux/MC Gennero



•82 largest lakes/reservoirs

•Lake level variations over   
1993-2006

•Multi satellite altimetry
(Topex/Poseidon, Jason-1, 
Envisat, GFO)

••82 82 largest lakes/reservoirslargest lakes/reservoirs

••Lake level Lake level variations variations over   over   
19931993--20062006

••Multi satellite Multi satellite altimetryaltimetry
((Topex/PoseidonTopex/Poseidon, Jason, Jason--1, 1, 
EnvisatEnvisat, GFO), GFO)



Examples of lake level time series (1993-2006)



Examples of lake level time series (1993-2006)
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Trends of lake volume (1993-2006)Lake volume trends (1993-2006)

Caspian

Aral

Huron Michigan

Nasser

Kariba

16 largest contributions



Total contribution of lakes
to sea level rise
(1993-2006):

+0.11 +/- 0.04 mm/yr

Total contribution Total contribution ofof lakeslakes
to to seasea levellevel riserise
(1993(1993--2006):2006):

+0.11 +0.11 +/+/-- 0.040.04 mm/mm/yryr



Over 2002-2006
lakes contribution

~ 0.1 mm/yr ?
i.e., about 50% of total land water 
storage trend estimated from GRACE 
over the same time span (Ramillien et al., 
2007, GPC, in press)

Over Over 20022002--20062006
lakes lakes contributioncontribution

~ 0.1 ~ 0.1 mm/yr mm/yr ??
i.e., about 50% of total land i.e., about 50% of total land water water 
storage storage trend trend estimated from estimated from GRACE GRACE 
over the same over the same time time span span ((Ramillien Ramillien et al., et al., 
2007, GPC, in 2007, GPC, in presspress))



SEA LEVEL BUDGET (SEA LEVEL BUDGET (recentrecent yearsyears))

mm/yr4.3.2.1.0.-1.

Thermal expansion

Land ice

Thermal expansion
+ land ice
+ land waters

Observed rate of
sea level rise

1.6 mm/yr

1.2 mm/yr

~3.0 mm/yr

3.1 mm/yr
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