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OUTLINE

� Overview of (some) past global sea level

reconstructions

� New additional corrections and method

� New global sea level reconstruction



Satellite altimetry observations

since 1992

Credits: ESA



Global mean sea level during the altimetry period



Before the

altimetry era…





SEA LEVEL RECONSTRUCTIONS
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SEA LEVEL RECONSTRUCTIONS

1- Relatively large spread in pre-Altimetry GMSL estimates, especially before 1960s

Hay et al (2015)
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SEA LEVEL RECONSTRUCTIONS

1- Relatively large spread in pre-Altimetry GMSL estimates, especially before 1960s

2- Partly inconsistent with recent historical CMIP5 models

3- Larger values than the sum of individual independent contributors

IPCC AR5 budget



NEW IMPROVEMENTS IN RECONSTRUCTIONS

Vertical land motion at tide gauges

Geoid variations at tide gauges

Tide gauges regional averaging



NEW CORRECTIONS   IN RECONSTRUCTIONS

Vertical land motion at tide gauges

Geoid variations at tide gauges

Tide gauges regional averaging



NEW APPROACH     IN RECONSTRUCTIONS

Vertical land motion at tide gauges

Geoid variations at tide gauges

Tide gauges regional averaging



Vertical land motion at tide gauges

Wöppelmann & Marcos (2016)



Availability of GPS at tide gauge stations

ULR6 (University of La Rochelle data centre) 

For sea level applications → 391 stations

Distance < 15 km from a tide gauge → 322 stations

www.sonel.org



U=N-S

Vertical land motion at tide gauges

First published by Cazenave et al. (1999)

Many more:

- Nerem & Mitchum 2002 (Global)

- Ray et al. 2010 (Global)

- Braitenberg et al. 2011 (Southern Italy)

- Trisirisatayawong et al. 2011 (Gulf of Thailand)

- Fenoglio-Marc et al. 2012  (Adriatic Sea)

- Wöppelmann & Marcos 2012 (Mediterranean Sea)

- Ostanciaux et al. 2012 (Global)

-…-…

Wöppelmann & Marcos (2016)



485 VLM-corrected tide gauge stations

Vertical land motion at tide gauges

Trends Trends uncertainties

Wöppelmann & Marcos (2016)



� 316 tide gauges 

corrected for VLM 

(error <0.7 mm/yr) 

Vertical land motion and  geoid changes at tide gauges

� Also for geoid 
Veit and Conrad (2016)
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Dangendorf et al (under review)

� Also for geoid 

changes due to 

terrestrial water 

storage (TWS) 

(including 

groundwater 

depletion (GWD) and 

water behind dams 

(WBD)) and glacier 

melting

Fiedler and Conrad (2016)
Frederikse et al (2016)



Tide gauges regional averaging

� Use of coherent ocean regions
(Thompson and Merrifield, 2014)

� Tide gauge averaging approach based

on Jevrejeva et al (2006) – “virtual 

After Thompson and Merrifield (2014)

on Jevrejeva et al (2006) – “virtual 

station” technique (distance-weighted

tide gauge averages within a region) 

modified



Tide gauges regional averaging

SODA/AOGCM SSH

Carton & Giese (2008)

Averaging differenced tide

gauge records 

vs.
using a common datum



Global Mean Sea Level Reconstruction

Dangendorf et al (under review)



Global Mean Sea Level Reconstruction

The impact of VLM correction

~ -0,2 mm/yr

By contrast Hamlington et al (2016) -> +0,2 mm/yr

? Use of differenced tide gauge records

? GPS formal uncertainties

Dangendorf et al (under review)

? GPS formal uncertainties

� Impact of VLM uncertainties < 0,1 mm/yr (if

errors spatially uncorrelated)

� Impact of TG-GPS distance -> negligible at 

average separation distances of less than 

15 km

Santamaría-Gómez et al (in preparation)



CONCLUSIONS

� New approach to reconstruct 20th century GMSL – easy to implement and 

computationally efficient

� The new GMSL curve shows significantly smaller trends before 1990 (~1.1 

mm/yr), which is more consistent with the value proposed by Hay et al. (2015)

The new GMSL curve is now more consistent with the historical CMIP5 � The new GMSL curve is now more consistent with the historical CMIP5 

modelling attempts especially between the 1930s and 1970s

� Acceleration in GMSL is stronger than in any other reconstruction. Recent rates 

of GMSL are higher than earlier recorded periods.


