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1. Les mesures du niveau de la mer 
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Sum of climatic contributions 

to sea level rise: ~0.7mm/yr Analyses of tide gauge 

records ~1.5mm/yr 

 2. The “Sea level enigma” 

A stimulating enigma over the past decade 

 
→ Where does the missing observed rise 

come from? (MWP 1a…?) 

 

→ How to predict the future,  

if the recent past cannot be explained? 

 

... 

 

“Sea-level enigma” (Munk 2002) 

Scripps Institute, La Jolla, 

San Diego, California 



 2. The “Sea level enigma”: Updated contributions 

 Antarctic (0.2±0.4 mm/yr)  

    & Greenland ice sheets (0.1±0.1 mm/yr) 

 Glaciers & small Ice Caps (0.5±0.2 mm/yr) 

 0-700 m Thermosteric sea-level (0.5±0.1 mm/yr)  

 Deep Thermosteric sea-level (0.2±0.1 mm/yr) 

 Terrestrial storage (...) 

 Sum of contributions: 1.5  0.4 mm/yr 

 Thermosteric contribution (Domingues et al. 2008) 

 Terrestrial water storage (Pokhrel et al. 2012) 
 

 contributed a sea level rise of about 0.77 mm/yr 

 Sum of contributions: ~1.9 mm/yr 

(1.5+0.77) ~2.3 mm/yr 

IPCC (2007) 

1.1 mm/yr 

1.8 mm/yr 



Mechanical Gauge 

3. Spatial variability in sea level trends 

1.7 ± 0.2 mm/yr  

(1900-2009) 

The evidence for sea level change over multi-decadal 

to century timescales comes from tide gauge records 

IPCC (2013) 

1.7 ± 0.2 mm/yr  

(1900-2009) 
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Evidence for spatial variability in the rates 

of sea level change from satellite altimetry 



3. Evidence for fingerprints of land-ice melting ? 

Tamisiea et al. (2014)  



 Station selection criteria: 
→ Tide gauge records > 50yr from 1900 

→ 70% of valid data 

→ Regional grouping based on 

correlation coefficients 

4. Searching for fingerprints… 

www.psmsl.org 

Main repository of TG data: 



 Station selection criteria: 
→ Tide gauge records > 50yr from 1900 
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→ Regional grouping based on 

correlation coefficients 

4. Searching for fingerprints… 

www.psmsl.org 

Main repository of TG data: 

Local land motion are the most likely 

source of this spatial variability 

Douglas (2001)  



 Challenges 

→ Rates of sea-level change: ~2 mm/yr 

→ Standard errors: one order of magnitude less 

to be useful in long term sea level studies! 

(Glacial isostatic adjustment) 

(Co-seismic displacement) 

(Groundwater extraction) 

(Sedimentation) 

(No evidence of land motion) 

Source PSMSL: http://www.psmsl.org/train_and_info/geo_signals/ 

Sea Surface 

Tide Gauge Station 

Bedrock crust 

Land movements 

Climate contributions 

 Determination 

→ Modeling: Only Glacial Isostatic Adjustment 

 Uncertainties (viscosity profiles, 

lithosphere thickness, ice retreat) 

 Other processes? 

→ Monitoring: Space Geodesy 

4. Vertical land motion 

Pressure gauge Acoustic & radar 



 Review of Geodetic Techniques 
Carter et al. (1989; 1993) 

 Campaign versus Continuous GPS 
 

 Regional versus Global GPS Processing 
 

 International infrastructure (IGS) 

 

 Cumulative GPS processing versus 
Homogenous GPS reprocessing 
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Time computation reduced from 

1 year processing 10 years of 

data (300 stations) to 3 weeks 

 

Satellite Laser Ranging (SLR) VLBI DORIS Absolute Gravimetry 

Campaign mode Continuous mode 

4. Measure (if one can): The GPS solution 



4. GPS vertical velocities from the ULR consortium  

Solution available at www.sonel.org 

Calculation of uncertainties on velocities taking 

into account time-correlated noise 

326 GPS velocities in the ITRF2008, from which 

201 co-located at or near a tide gauge (<15km) 

Median=0.3 mm/yr 



 Station selection criteria: 
→ Tide gauge records > 50yr from 1900 

→ 70% of valid data 

→ Regional grouping based on 

correlation coefficients 

76 records  

 

grouped into 17 regions 

following Jevrejeva el al. (2006) 

for  regional reconstructions 

4. Searching for fingerprints - Data and methods 

www.psmsl.org 

Main repository of TG data: 

Douglas (2001)  

→ Nearest robust GPS velocity estimate 

→ Same land (Islands) 

→ GIA gradient of TG-GPS stations 

< 0.4 mm/yr 

→ Active tectonic areas : co-

location or redundant GPS data 

 

Local land motion are the most 

likely source of this spatial variability 



4. GPS velocities at TG...      How well do they work? 



4. GPS velocities at TG...      How well do they work? 

Douglas (2001) 

Dispersion has reduced to 0.5 mm/yr 



4. Spatial Patterns of Sea Level Change 



4. Spatial Patterns of Sea Level Change 

2.0 mm/yr 

1.1 mm/yr 



 Impact on the vertical velocities 

it08 
it00  

using: Tz   0.5 mm/yr 

 d  0.3 mm/yr 

 

 

 Impact on the GSL change 

(Collilieux & Wöppelmann, 2011) 

Collilieux et al. (2014)  

5. Causes? 

Reference frame origin? X 

Tide gauge distribution? X 

Fingerprints of land ice melting? X 

Thermo-steric effect? (Ocean 

temperature)  

X 

ULR5 →  ~ 0.5 mm/yr 

ANY OTHER IDEAS OR SUGGESTIONS? 



 5. Reconcile past estimates (a recent review) 
Spada & Galassi (2012) 



5. Hemispheric Sea Level Change 



GLOSS dedicated GPS@TG Data Assembly Centre (www.sonel.org)) 

5. GPS Limitations: Data access & Assumptions 
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 Working hypotheses 

1. GPS antenna vertical movement  Tide gauge land movement 

2. Land movements are linear over the tide gauge records length  



5. De l’importance d’observer… 

~210 km  

Douglas (2001; 2008)  

 Origine des écarts ? Processus physique 

ou question métrologique ? 

 Erreur systématique ou anomalie ?  

  Principaux attributs de l’observation : 

  Pérennité, Continuité, Accès, Qualité 

 des financements… 
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ou question métrologique ? 

 Erreur systématique ou anomalie ?  

 

~970 km  

Douglas (2008) 

 Principaux attributs de l’observation : 

  Pérennité, Continuité, Accès, Qualité 

 des financements… 



 5. Other suspect: Tide gauge distribution 

SODA ocean climate model (CMIP5) 

1871-2008 Assimilation Run 

(Carton & Giese) 

Area-weighted 

TG locations 


