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International Terrestrial Reference System:
���
���
����

Pole Motion wrt the Earth surface (crust)

Geocenter (center of mass) motion 
wrt the center of figure 



International Terrestrial Reference Frame uncertainty:

Sea level trend generated by an uncertainty in the ITRF geocenter of (-1.5,-2.2,-2.1) mm/yr 
between 2000 and 2006 (ITRF2000 – IGS ppp). 0.4 mm/yr in GMSL 

mm/yr

From Plag 2006



What is in the sea level signal?
SSH = geoid+MDT+SLA



What is in the sea level signal: 
SSH-geoid = MDT+SLA
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Updated from Lambeck et al., 2002
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Topex-Poseidon(1992-2006)
GFO (1998-2008)

Jason-1 (2001-2013)
Jason-2 (2008)

ERS-1/2 (1991-2000/1995-2011)
Envisat (2002-2012)

Cryosat(2010)
HY2A(2011)

Saral-Altikaa(2013)
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Rate of sea level rise (1993-2012)

3.2 +/- 0.4 mm/yr
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Source Trend error
(mm/yr)

Orbit (Beckley et al., Ablain et al.) 0.25

Wet atmos. (TMR/JMR 
drift) (Ablain et al.)

0.3

Topex A-Topex B 
(Ablain et al.)

0.25

Dry atmos. (pressure 
fields) (Ablain et al.)

0.1

Sea state bias (Ablain et al.) 0.1

Quadratic sum 0.44

Tide gauge calibration
(Micthum and Nerem; Beckley et al.;
Ablain et al.)

0.4

Global mean sea level trend: error budget 
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Annual Ice mass loss by glacier melting (Gt/year )
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Rate of sea level rise (1993-2012)

3.2 +/- 0.4 mm/yr
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Canonical Climate Forcing
+2% SO or 2xCO2

Case 1.Black Body ��� � + 1.2°C 

Case 2. Fast Feedbacks ��� � + 3°C
H2O, Sea Ice, Clouds, Aerosols

Case 3. Fast Feedbacks + Slow 
Surface Changes ��� � + 6°C

Ice Sheets, Vegetation
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What counts is the TOTAL ‘relative’ sea level !!!
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