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Modelling future relative sea 
level rise
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Projections AR4
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Excluding the effect of recent dynamical changes in ice sheets

Local Variability

Antarctica

*Climate Change variable

*Mass Change gravitational effect
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Greenland Mountain Glaciers

1 means local is eustatic

Mitrovica et al. 2000

Gravitational effect
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Ice

Ocean

2200 km
6700 km

Gravitational effect

• Model includes
• Gravitational effect
• Rotational effect
• Elastic deformation

• For all exchange of water mass
• Land ice
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• Terrestrial exchange (Figure from Mound & Mitrovica, 1998)

Main contributing processes

• Land ice melt (ice sheets and glaciers)
• Terrestrial water storage
• Glacial Isostatic Adjustment
• Ocean density & dynamics
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Questions: 
• How do these processes cause regional changes? 
• Can we model this?
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Glacier contribution

Volume Area model

Global climate models
Temperature, Precipitation

Glacier data
Location, Volume, Area
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Volume-Area model
Location, Volume change, Area change

Terrestrial water storage

• Climate driven
• Snowpack
• Permafrost
• Lakes

• Human-induced
• Dam/reservoir building   
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= mean sea-level fall
• Groundwater extraction 

= mean sea-level rise

(Figures from NASA)

Glacial isostatic adjustment (‘GIA’)

• Earth’s viscous response to 
surface (un)loading

Introduction   Methodology Past   Future   Discussion   Conclusions

Ocean density & dynamics (‘Steric/dynamic’)

• Density changes due to variations in 
• Temperature
• Salinity

• Closely linked to ocean circulation 
changes 
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How to calculate SLC?
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Regional Attribution 

Blue = Tide gauges
Red = Modelled
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Good agreement
No agreement
Opposite signs
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Projected contributions (by 2100) RCP4.5
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Glaciers, Ice caps & Ice sheet SMB (RCP4.5)

Steric/Dynamic & Atm.loading (RCP4.5)

Ice sheet dynamics

GIA

(Figures by Marc Carson)
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Groundwater extraction(A1B)

Projected contributions (by 2100) -uncertainties
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Glaciers & Ice caps (RCP4.5)

Steric/Dynamic (RCP4.5) Ice sheet dynamics

Ice sheet SMB (RCP4.5)
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Total projection (by 2100)
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Contribution Global mean (m)

Glaciers and ice caps 0.15 ± 0.03

Ice sheets -SMB -0.06 ± 0.03 (AIS)
0 03 ± 0 03 (GIS)

Summed projection

0.03 ± 0.03 (GIS)

Ice sheets - dynamics 0.09 ± 0.06 (AIS)
0.06 ± 0.05 (GIS)

Steric/dynamic 0.18 ± 0.05

Groundwater 0.07 ± 0.02

Total 0.52 ± 0.18

(Figures by Marc Carson)

90% confidence level values

Deviation from the global mean
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(Figure by Marc Carson)

Legend:
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Compare new results vs IPCC AR4

Contribution Current 
(RCP4.5) [m]

IPCC AR4
(A1B) [m]

Steric/dyn 0.18 ± 0.05 0.19 ± 0.08 

Glaciers 0.15 ± 0.03 0.15 ± 0.04 

I  h t SMB 0 03 0 06 0 02 0 05
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Ice sheet SMB -0.03 ± 0.06 0.02 ± 0.05

Ice sheet Dynamics 0.15 ± 0.11 0.07 ± 0.02

Groundwater 0.07 ± 0.02 -

Sum 0.52 ± 0.18 0.43 ± 0.10 

Ocean surface 3.31*1014 m2 2.92*1014 m2

(Figures by Marc Carson)

Steric uncertainty smaller
Better resolution land-ocean mask
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Coastal locations (by 2100)

Steric Land ice GIA

S.

Preliminary Conclusions

• Past
• Tide gauge observations can partly be explained by combining models & 

observations of the different contributions to sea-level change

• MORE WORK NEEDS TO BE DONE ON ATTRIBUTION
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• Future
• Combine models to show regional patterns of sea-level change
• Each contribution can dominate sea-level change locally
• Therefore: improving/constraining estimates of all contributions is important

• Using most recent data & models we find local deviations of -50% to +30%

Predictions NL versus global

RCP8.5

Median

NL +10%

Dutch Genes

1st of February 1953

Dutch Minister

Dutch Moral:

Dutch forgot what it is to live below sea level. 
Water is an underestimated political subject. 

“The single storm which may occur once every ten thousand years 
can be the one form tomorrow”.

Water Law

In terms of 
Probability

1:10000

~ 4  !
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Uncertainties in ice dynamical discharge

Deterministic approach (ICEDYN)

Gaussian distribution IPCC AR5

Stochastical scaling (ICEDYN)

Skewed distribution Siddall et al. in prep

Expert assessment (SMB+ ICEDYN)

Skewed distribution Bamber and Aspinall 2013

Ice sheet contribution probability density function

Bamber and Aspinall 2013

Data based (Siddall et al.)

Blue circles: GIS 
(Bamber et al. 2012)

Blue cross: Ant
(Rignot et al. 2008)

Cyan: small glaciers
(Slangen et al 2012)

A: WAIS at 0.5 m/100yrs

Sidall in prep.

Effect on ends of the frequency distributions

Expert assessment + CMIP5 model RCP8.5

Surge and return periods

Provisional Conclusions

We can calculate regional patterns

All processes can be dominant on regional scale

Attribution issue at regional level not satisfactory closedAttribution issue at regional level not satisfactory closed

Political statements need a revision because
-ensemble climate model results
-skewed ice dynamical contribution

-issues for Return Period: independency of different ice sheets
same forcing, different processes


