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Rhone Glacier (Swiss Alps) 





Source :LEGOS 



IPCC AR5, 2013 

Mean rate of rise : 1.7 +/- 0.3 mm/yr  

Tide gauge distribution 
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SARAL/AltiKa 
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satellite altimetry 
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Since about  2003 ! ‘Argo’ profiling floats  
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      Ice sheet 

Since 2002 
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Rhone Glacier (Swiss Alps) 



IPCC AR5 



Source: J. Wahr 



Antarctica + Greenland 
Antarctica 
Greenland 

Shepherd et al., 2012 
IPCC AR5 



Ice sheet mass balance = 
 surface mass balance (accumulation/ablation) 

 + ice loss through calving of icebergs (dynamical change)  
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Land water storage change due to natural sources  
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Satellite altimetry  Steric sea level trends 

Source: LEGOS 



-14 mm/yr + 14 mm/yr 
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Observed by satellite altimetry 

Sea level reconstruction  



Altimetry)based)sea)level)trend)pattern)(global)mean)removed))

!!!PDO!
•  Zhang!and!Church,!2012))
•  Han!et!al.,!2013,)
•  Hamlington!et!al.,!2013)
•  England!et!al.,!2014!

! ENSO!!
•  Stammer!et!al.,!2013)
•  Timmermann!et!al.,!2010!
•  MerriBield!,!2011,2012)
•  McGregor!et!al.,!2012)
•  Nidheesh!et!al.,!2013!



Altimetry)based)and)steric)sea)level)trend)1993<2012))

Altimetry)based)sea)level)trend) Steric)(0<700m))sea)level)trend)



Mechanism)causing)sea)level)variations)in)tropical)PaciCic):)the)
role)of)thermocline)

Sea)level)variations)
•  Wyrtki'and'Kendall,"1967;"
•  Chaen'and'Wyrtki,"1981;""
•  Rebert'et'al.,"1985;""
•  McGregor'et'al.,"2012"

(using)model)data))

In)our)study,)we)use)Ishii)
and)Kimoto,)2009)
observation)based)

Temperature)and)Salinity)
data)
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Thermocline)slope),)dH/dx)

• In#the#equatorial#band#(5°N45°S),#
! zonally)averaged)wind)stress)

• #5°N415°N#and#5°S415°S#
)!Ekman)pumping)(wind)stress)

curl,)zonal)wind)stress))

Kessler,#1990,#McGregor+et+al.,#2012)

Mechanism)causing)vertical)thermocline)movement):))
the)role)of)wind)stress)

Warm!upper!layer!

Cold!deeper!layer!

Ther
moc

line)

Longitude!



Mechanism)of)sea)level)variations)in)tropical)PaciCic)

Deepening!of!the!thermocline!
!(Surface!–D20(t))"

Zonal!wind!stress!trend!

Altimetry!based!sea!level!trend"



Sea)level)trends)without))PDO)1993<2012)

Thermocline)attributed)steric)
sea)level)trend)without)PDO)

Altimetry<based)observed)sea)level)
trend)without)PDO)

!"The)mechanism)causing)sea)level)variations)in)the)tropical)PaciCic)cannot)also)
be)completely)explained)by)the)internal)climate)variability)(assuming)that)ENSO)
and)the)PDO)remain)unaffected)by)the)anthropogenic)forcing)during)our)study)

period))











optimistic pessimitic 
Mean temperature increase : 4°C 







Pessimistic  
scenario (RCP 8.5) 

Optimistic 
 scenario (RCP  2.6) 
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metres 



 In addition to steric effects, there are other  sources of regional variability  
! large-scale water mass redistributions due to land ice melt  
! Deformations of ocean basins (because the Earth mantle is viscous  
    and the crust is elastic ) + changes in mutual gravitational attraction  
    of water & ice masses 
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+ 

Deglaciation history Models of  
Earth’s viscosity structure 
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Amplification of the rate of sea level rise in the tropics by 20%-30% 
IPCC AR5 









Thanks for your attention 


