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Source : USGS 
Ocean : 97%  of the total volume of water on Earth (1340  billion  km3) 
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Since 2-3 decades,  
the ocean is also observed from space 





Source: NOAA 







Les"alizés"

Source: C. Cassou 



Deser et al., 2010 
Averaged SST oscillations through time 

Blue = La Nina 



Les alizés 

SST anomalies on 13 Nov. 1997 

El Niño 

La Niña 

SST anomalies on  15 Oct. 2007 
Source: C. Cassou 





Deser et al., 2010 

PDO index 

Averaged SST oscillation through  time  

PDO >0 
! Warmer tropical Pacific   
 Cooler northwest Pacific 



North Atlantic Oscillation (NAO) 
 (Combined fluctuation of the Island depression and Azores anticyclon) 





Mean sea surface salinity 
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Durack et al., 2012 
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Evolution of the waveform after reflection on the sea surface 
(returned waveform) 

        altimeter range hs estimated at the midpoint   
on the leading edge of the returned waveform 

Slope of the leading edge of the waveform 
!  significant waveheight 

thermal noise 

Power of the 
returned waveform 
 (backscaterring 
 coefficient)  

Source : CNES 
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Sea surface height uncertainty 



Seamount 



Source : CLS 



Seafloor topography mapped by satellite altimetry 

Source:: ESA 
& LEGOS  



                 Topex/Poseidon (1992) Jason-1 (2001) 
Jason-2 (2008) 

ERS-1/2 (1991/1995) 
Envisat (2002) 

Saral/AltiKa (2013) 







Source: B. Voituriez 





45 

0      10    20   30   40   50   60   70   80   90  100 110 120 130 140 150 160 170   cm 

60° 

30° 

0° 

-30° 

-60° 

Source: CLS/AVISO 



46 



Source: AVISO & ESA 



El Niño et La Niña vus par TOPEX/POSEIDON 









La Nina 

El Nino 

Source: Legos-CLS 





Source: P. Bonnefond 



Orbit error !!!!!!!!!!!!~0.25 
Wet troposphere correction 
(instrumental drift of onboard 
radiometers) 

!!!!!!!!!!!!~0.3 

Intrumental altimeter bias 
(Topex A-Topex B) 

!!!!!!!!!!!!~0.25 

Dry troposphere correction 
(uncertainty of atm. surface 
pressure data) 

!!!!!!!!!!!!~0.1 

Sea state bias correction !!!!!!!!!!!!~0.1 
Total error !!!!!!!!!!!!~0.4 

Tide gauge calibration (e.g. 
Mitchum et al., 2010) 

!!!!!!!!!!!!~0.4 





mm/yr 
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