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Total Relative Sea Level Changes since 1950 in Different Total Relative Sea Level Changes since 1950 in Different 
Regions of the World OceanRegions of the World Ocean
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Sea level does not rise uniformly!Sea level does not rise uniformly!

Sea level trend from altimetry over 1993-2012 (the global mean trend of 3.1 mm/yr has been removed).

+14 mm/yr-14 mm/yr

Spatial trend patterns in sea level fluctuate with time and space Spatial trend patterns in sea level fluctuate with time and space 

AltimetryAltimetry

AltimetryAltimetry1993-2011

Thermal Thermal 

Sea level rise is not uniform. It is mostly due to 
non uniform thermal expansion

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

The regional variability oscillate in space 
and time in response to natural climatic 
modes (ENSO, NAO, …)

Thermal Thermal 
expansionexpansion

1993-2011

Global mean trend removed

1955-2011 Thermal Thermal 
expansionexpansion

What was the sea level variability over the last 60 years? What was the sea level variability over the last 60 years? 

?

Spatial trend patterns of reconstructed sea level over 1950-2003 from OPA/ORCA simulation and 
99 tide gauge records (from Llovel et al. 2009 and Meyssignac et al., 2012)

?

What was the sea level variability over the last 60 years? What was the sea level variability over the last 60 years? 

??

Geographical distribution and length of the PSMSL tide gauge records (from Mitchum et al., 2010).

Model vs Model

Sea level from ocean models and reanalysis?Sea level from ocean models and reanalysis?

Sea level trends over 1958-2007 from:

DRAKKAR/NEMO 
ocean model (B83)

Model vs Tide gauge records

Interannual variability of 
ORAS4 (ECMWF ocean reanalysis) vs TG records

SODA reanalysis 
(version 2.0.2)

Differences of
sea level trends
(DRAKKAR - SODA)

mm/yr +5-5

correlation coefficient 
between TG time series and ORAS4 closest points

over 1950-2010 

0.950.05 0.50
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gridded  sea level data from satellite altimetry or OGCMs
Tide Gauge location (1950-2010)

Satellite Altimetry (1993-2009) Ocean General Circulation Models
(ex. OPA; DRAKKAR, SODA …)
(1958-2007)

The reconstruction methodThe reconstruction method

Chambers et al. 2002a, b
Church et al. 2004 
Berge-Nguyen et al. 2008
Llovel et al. 2009
Church and White 2011
Calafat et al. 2010
Meyssignac et al. 2011, 2012
Ray and Douglas 2011, 
Hamlington et al. 2011

Reconstructed sea level grids (1950-2010)

Example of 3 different 2Example of 3 different 2--D sea level reconstructionsD sea level reconstructions

91 tide gauge records from the PSMSL

Spatial patterns used for 3 individual
reconstructions:

1) Altimetry from AVISO
1993-2009

2) DRAKKAR model
no data assimilation 

1958-2007
(Penduff et al. 2010)

3) SODA reanalysis
T,S data assimilation 

1958-2007
(Carton et al. 2008)

Reconstruction results:Reconstruction results:
Reconstructions vs ReconstructionsReconstructions vs Reconstructions

Reconstruction
based on DRAKKAR

Reconstruction
based on SODA

Reconstruction
based on Altimetry

Reconstructed spatial trend patterns over 1950-2010

Differences in reconstructed sea level trends (1950-
2009)(DRAKKAR based recons minus SODA based

recons)

DRAKKAR based reconstruction
SODA based reconstruction
Altimetry based reconstruction

Reconstructed global sea level

Reconstruction results:Reconstruction results:
Reconstructions vs independent Tide gauge recordsReconstructions vs independent Tide gauge records

DRAKKAR based
reconstruction

SODA based
reconstruction

Altimetry based
reconstruction

Correlation between each reconstruction and the 91 independent tide gauge records
over 1950-2010

N
b 

of
 T

G

Ensemble Mean Reconstruction Ensemble Mean Reconstruction 

Trends of the Mean reconstruction
over 1950-2009 

RMS of the trends of the 3 reconstruction
= Mean reconstruction uncertainty

Global mean trend removed (1.76 mm/yr)

Meyssignac et al., Survey in Geophysics, 2012

The reconstruction data is available on:
ftp://ftp.legos.obs-mip.fr/pub/2D_sealevel_reconstruction

Regional sea level over the past decades in vulnerable areas  Regional sea level over the past decades in vulnerable areas  

from Nicholls et Cazenave 2010.
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Total Total Local relative Local relative seasea levellevel riserise ==

••Global Global meanmean seasea levellevel riserise ((humanhuman--inducedinduced global global warmingwarming))
++

••RegionalRegional variabilityvariability ((naturalnatural variabilityvariability of the of the oceanocean
+ large+ large--scalescale deformationsdeformations of of oceanocean basins)basins)

++
••Vertical Vertical crustalcrustal motions motions ((groundground water/water/oiloil extraction,extraction,

sedimentsediment loadload, , tectonictectonic, , volcanismvolcanism...)...)

RegionalRegional variabilityvariability
in in seasea levellevel ratesrates

1993-2010

SeaSea LevelLevel rates over rates over differentdifferent time time spansspans

+14 mm/yr-4 mm/yr

1993-2010
Global mean rise = 3.3 mm/yr

in in seasea levellevel ratesrates
not constant not constant withwith time!time!

1950-2010

+5 mm/yr-3 mm/yr

1950-2010
Global mean rise = 1.8 mm/yr

15

ClimateClimate--related sea Level riserelated sea Level rise sea level trend (1950sea level trend (1950--2009)2009)

Funafuti (Tuvalu)

Becker et al., 2012

> 5 mm/yr

Total relative rate of sea level  rise (1950Total relative rate of sea level  rise (1950--2010)2010)

Global mean rise
(1.8 mm/yr)

Funafuti (Tuvalu)

+ 30 cm  sea level elevation+ 30 cm  sea level elevation
since 1950!since 1950!

Becker et al., 2012

CLIMATE-RELATED SEA LEVEL RISE 1950-2009

N SEA
SOUTH CHINA SEA

Sea level trends over 1950 -2009 

Indian OceanIndian Ocean
Long term sea level trends at individual stationsLong term sea level trends at individual stations

Spatial trend patterns (1950-2009)

INDIA

Palanisamy et al.submitted
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Caribbean SeaCaribbean Sea
Long term sea level trends at individual stationsLong term sea level trends at individual stations

Sea level trends over 1950 -2009 

Spatial trend patterns (1950-2009)

Palanisamy et al., JGS, 2012

South China SeaSouth China Sea
Long term sea level trends at individual stationsLong term sea level trends at individual stations

Spatial trend patterns (1950-2009)

sea level trend at individual tide gauge sites
(1950-2009)

Peng et al., submitted

•• Improve the reconstructions Improve the reconstructions 
with more tide gauges to better constrain the Kaplan with more tide gauges to better constrain the Kaplan 
optimal interpolationoptimal interpolation
Perform 2Perform 2--D reconstructions with an ensemble of       D reconstructions with an ensemble of       
Input spatial grids to construct an Input spatial grids to construct an ‘‘ ensemble meanensemble mean’’
reconstruction by averaging the different reconstructionsreconstruction by averaging the different reconstructions
Use of other function basis ( CUse of other function basis ( C--EOFS? cf Hamlington et al. EOFS? cf Hamlington et al. 
2011)2011)

Conclusions and PerspectivesConclusions and Perspectives

))

•• Produce regional reconstructions where it is needed Produce regional reconstructions where it is needed 
(Mediterranean sea, Arctic sea, Gulf of Mexico…) (Mediterranean sea, Arctic sea, Gulf of Mexico…) 

•• Use of more GPS/Doris estimates of the vertical crustal motion to  Use of more GPS/Doris estimates of the vertical crustal motion to  
estimate the total relative se alevel rise in vulnerable places (China, estimate the total relative se alevel rise in vulnerable places (China, 
India)India)


