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Why is this important?Why is this important?



•Satellite and in situ tide gauge observations indicate that 
sea level is currently rising 

• Sea level will continue to rise in the future 
decades/centuries

• But how much? We don’t know…..

•Climate models are still unable to provide reliable sea level 
projections

•Sea level responds to change of ALLALL
 

components of the 
climate system (ocean, atmosphere, cryosphere, 
hydrosphere) and to their interactions 

•Coastal impacts of sea level rise are among the most 
threatened consequences of global warming

Sea Level RiseSea Level Rise……....



Adverse effects of sea level rise in coastal regions

•Permanent inundation 
•Recurrent flooding associated with storm surges
•Shoreline erosion
•Wetland loss
•Saltwater intrusion in aquifers
•Rising water tables

Amplify other natural & anthropogenic negative factors

•Ground subsidence due to water withdrawal, hydrocarbon extraction, 
natural processes

•Decreased fluvial sediment deposition in river deltas (dam building)

•Change in coastal currents
…..

Coastal ImpactsCoastal Impacts



How much is sea level rising? How much is sea level rising? 



Coupled climate 
models 

IPCC, 2007

Global mean sea level evolution since 1870

Historical tide gauges data
(Church & White, 2006)

Rate:1.7  (+/- 0.3)  mm/yr

Satellite altimetry era (since 1993)
Rate: 3 .3 ( +/- 0.4) mm/yr

TodayToday
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High-precision altimetry

Envisat

Jason-1

Jason-2

Topex

Seasat Geosat

ERS-1/2

Monitoring sea level rise by satellite altimetryMonitoring sea level rise by satellite altimetry



Global mean sea level Global mean sea level 
from satellite altimetry from satellite altimetry (1993(1993--2010) 2010) 

Rate of sea level rise: 3.3 mm/yrRate of sea level rise: 3.3 mm/yr
(uncertainty :~ 0.4 mm/yr(uncertainty :~ 0.4 mm/yr))

1992 2012



Is sea level rise accelerating?Is sea level rise accelerating?

YES!YES!

Sea level evolution since 1970Sea level evolution since 1970

Tide GaugesTide Gauges

SatelliteSatellite
AltimetryAltimetry



IPCC 
projections

Is present-day sea level rise unusual
compared to previous centuries/millenia?

YES!

Historical tide gauge data 
Rate:1.7 mm/yr

Satellite altimetry era (since 1993)
Rate: 3 .3 ( +/- 0.4) mm/yr

TodayToday

6 cm

Last 2000 years: 
max rate of 
global mean

sea level 


0.5-0.7 mm/yr



Can we explain presentCan we explain present--dayday
 sea level rise?sea level rise?

YES!YES!

--
 

Ocean is warmingOcean is warming
--

 
World glaciers are meltingWorld glaciers are melting

--
 

Greenland and Antarctica are loosing Greenland and Antarctica are loosing 
iceice
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(Velicogna, 2009)

Greenland ice mass loss from space gravimetry

Average rate of loss
(2002-2009):

-230 +/-

 

33  Gt/yr
+0.64 mm/yr 
sea level rise

GRACE space gravimetry mission
(2002- )

Greenland massGreenland mass
as a function of timeas a function of time
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Observed rates of annual ice mass loss –
 

Greenland-

1993-2003: ~ 0.2 mm/yr sea level rise
2003-2009: ~ 0.6 mm/yr sea level rise
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Different processes
at work

Ice sheets 
dynamical instabilities

+

Grounding line



Sea Level Budget Sea Level Budget 19931993--20102010

Glaciers

Ice 
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1 mm/yr

Land 
Waters

Thermal
expansion

Total 
Climatic 

contributions

Observed rate
sea level rise
by altimeter satellites

3 mm/yr

2 mm/yr

Sea level
rate

~ 0.8 mm:yr

~1 mm/yr ~1.1 mm/yr
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Observations

Projections

Will sea level continue to rise?Will sea level continue to rise?

YES!YES!

?
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riserise
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not not uniformuniform!!
(observations (observations fromfrom

 
satellite satellite altimetryaltimetry

 
over 1993over 1993--2010)2010)



AccurateAccurate
 

monitoring of monitoring of seasea
 

levellevel
 

change change 
((globallyglobally

 
and and regionallyregionally) ) 

by (multiby (multi--missions) satellite missions) satellite altimetryaltimetry
isis

 
a a highhigh--prioritypriority

 
objectiveobjective


--

 
AccelerationAcceleration??

--
 

DetectionDetection
 

of the of the anthropogenicanthropogenic
 warmingwarming

 
signature?signature?

--
 

ConstraintsConstraints
 

on on climateclimate
 

modelsmodels



«« SeaSea LevelLevel »» CCI Project :CCI Project : 
ObjectiveObjective

ProvideProvide
 

accurateaccurate
 

««
 

SeaSea
 

levellevel
 

»»
 

observations : observations : 
••

 
Global Global meanmean

 
time time seriesseries

••
 

GriddedGridded
 

time time seriesseries
••

 
Spatial trend pattern Spatial trend pattern gridsgrids

••
 

Multi mission satellite Multi mission satellite altimetryaltimetry
••

 
Time Time spanspan: 1991: 1991--2010 (+ 2010 (+ regularregular

 
updates)updates)

••
 

WeeklyWeekly
 

intervalinterval

Important contribution to Important contribution to climateclimate researchresearch



ThanksThanks  for attentionfor attention
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