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Why do sea level  
predictions  
vary so much? 

  
“Predicting sea-level rise in a warming world is one 
of science’s great challenges……(In the twenty-first 
century,) the 145 million people living within a metre 
of the present sea level risk losing their land and 
their homes.” 
Clark, P.U. and Huybers, P. (2009) ‘Interglacial and future sea level rise’, Nature, vol. 462, pp. 856-857 
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Component Potential GMSL change(m) 

Snow on land  

(northern hemisphere) 

0.001-0.01 

Sea ice ~0 

Glaciers and small ice caps  

(range of estimates) 

0.15-0.37 

Ice shelves ~0 

Ice sheets: 

   Greenland (GIS) 

   East Antarctica (EAIS) 

   West Antarctica (WAIS) 

  

7.3 

52 

4.0 (Lythe et al., 2001) 

3.3 (Bamber et al., 2009) 

Seasonally frozen ground  

(northern hemisphere) 

~0 

Permafrost  

(northern hemisphere) 

0.03-0.10 

Thermal expansion 1.0-3.0 m for 5oC rise in global Tav  

Total indicative maximum potential 

GMSL rise 

~65 m plus thermal expansion 

How large could  
sea level rise be? 

GMSL = 
Global Mean Sea Level 
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Fig.2: A summary of 
potential sources 
of GMSL change 
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Fig. 3: GMSL (blue) and GMSL rate-of change (red) over the last glacial cycle.  
Red arrows mark peak rates of change >12m per thousand years.  

GMSL rates of change for the last 150,000 years 

GMSL 
(m) 

Rate of change 
of GMSL 

(m/1000y) 

Thousands of years BP 

Slide 3 

Eemian 
interglacial 

Holocene 
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Current rates of change 

 
 
Fig.4.1: GRACE data for  
2003-2012 showing  
rate of ice sheet mass  
loss 
 
 
 
 
 
Fig. 4.2: Total ice loss 
and sea level equivalent. 
Note uncertainties. 

Glacier melt and ocean  
thermal expansion have  
dominated in the 20th 
century. 
Ice-sheet melt will  
dominate in the 21st  
century and beyond. 

Greenland is currently  
losing mass faster 
than West Antarctica. 
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Fig.5.1: Paleo sea level data (purple),  
tide gauge data (blue, red and green),  
altimeter data (light blue), and  
GMSL projections for RCP 2.6  
(blue) and RCP 8.5 (red).  
 
RCP 2.6: ~450ppm at 2100 
RCP 8.5: ~1300ppm at 2100 
 
Future GHG emissions have  
a large impact on GMSL change. 

GMSL projections to 2100 
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Fig.6.2: Ice thickness Fig.6.3: Bedrock structure Fig. 6.1:Ice sheet structure  

Beyond 2100 – Complex ice sheet structures - Greenland :  
Greenland will probably decline gracefully over ~1000 years. 
KEY RISK: AMOC decline due to freshwater ingress => Northern  Hemisphere cooling. 
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Earle, S., Vancouver Island University, https://web.viu.ca/earle/geol305/The%20Greenland%20Ice%20Sheet.pdf accessed 10 April 2017 

https://web.viu.ca/earle/geol305/The Greenland Ice Sheet.pdf


Fig.7.3: Bedrock structure Fig.7.1: Ice sheet structure Fig.7.2: Ice thickness 

WAIS EAIS 

Beyond 2100 – Complex ice sheet structures - Antarctica:  
EAIS is stable in most scenarios except in the case of ‘business as usual’ GHG emissions. 
KEY RISKS:  Subsea ice melt, grounding line erosion and inland deepening; ice stream 
acceleration due to ice-shelf break-up; WAIS collapse. 
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Vulnerability of the West Antarctic Ice Sheet 

Fig.8.2: …however, grounding lines  
can be unstable if the inland  
seafloor is deepening, as in  
the WAIS (Thwaites Glacier) 

Fig.8.1: Grounding line migration  
is affected by glacial-isostatic  
adjustment, which may act as  
negative feedback….. 

Loss of ice mass 
causes isostatic rebound 
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Fig.9.1: Gradual merger of the 
Amundsen, Ross and Weddell Seas 
over the next few thousand years, 
contributing ~3m to GMSL. 
 
The timescales are based on current 
mass loss rates and are therefore 
optimistically slow. 
 
A – now 
B – 3000 years 
C – 6000 years 
D – 15000 years     

The future of the West Antarctic Ice Sheet 

Ross Sea 

Weddell  
Sea 

Amundsen 
Sea 
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Moderate GHGs, GIS melts in 1000 years,  
WAIS melts in 10000 years 

WAIS+GIS  collapse within 1000 years,  
EAIS stable 

Strong and early GHG controls.  
GIS melts more slowly, WAIS stabilises 

No GHG controls, EAIS shrinks How far, how fast? 
The next 10000 years 

Zone of 
most  
likely 
outcome? 

Maintaining GMSL  
in this zone may require 
geoengineering to keep 

CO2 levels low 

Unrestrained 
GHG 

emissions 



GHG emission 
uncertainties  
(e.g. IPCC RCPs) 

Some sources of modelling uncertainty 
• Ice surface erosion mechanisms 
• Subsea erosion of ice shelves 
• Basal friction variability 
• Climate feedback effects 
• Modelling resolution (grid size) 
• Crustal visco-elasticity 
• Simplifying assumptions 
• Non-linearities 

Complex modelling with 
numerous uncertainties 
and difficulties, e.g. rate 
of Arctic warming 

Some critical factors 
• Bedrock topography 
• Ice depth 
• Isostatic rebound/altitude 
• Grounding line location/size 
• Air and ocean temperatures 
• Precipitation 
• Ice albedo (dust, algae) 
• Sublimation  
• Melting (inc. subsea) 
• Runoff  
• Cloud cover 
• Ice shelf back pressure 
• Calving and hydro-fracturing 

Radiative 
forcing  
uncertainty 

Some critical factors 
Vertical mixing 
Thermocline depth 
Latitudinal mixing 
AMOC current 
Air/ocean heat transfer 

GMSL rate of change uncertainty 

Integrated GMSL  rate of change => predicted future GMSL uncertainty 

Cumulative time-step  
integration errors Tipping points: If WAIS collapse or AMOC 

stoppage occur, they will create model 
discontinuities. 

Ocean heat uptake rate and 
thermal expansion rate uncertainty 

Glacier mass loss 
rate uncertainty  

Antarctic ice sheet  
mass loss rate 
uncertainty 

Greenland ice sheet  
mass loss rate 
uncertainty 

Ocean 
modelling 
uncertainty 

Atmosphere 
modelling 
uncertainty 

Coupled  
modelling 
necessary 

UNCERTAINTIES 
IN GMSL  
MODELLING 
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CONCLUSIONS 
 
The desired outcome is to determine accurately the future rate of GMSL change: 
 
Major uncertainties affect both the rate and the extent of change. These include: 
• Future GHG emissions  
• Subsea erosion rate of WAIS and its potential collapse 
• AMOC slowdown leading to northern high latitude cooling 

 
Modelling difficulties include in particular: 
• Ice-stream basal friction and the need for detailed bedrock topography modelling 
• Ice shelf collapse causing ice-stream acceleration 
• Complex interactions and feedbacks with the atmosphere and oceans 
 
The endpoint of current warming is likely to be complete melting of Greenland and west Antarctica over a few 
thousand years. 
• GIS within ~1000 years  
• WAIS within ~10000 years 
 
 

Very complex models are fundamentally unverifiable. Uncertainty is inevitable. 
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