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“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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How large could
sea level rise be?

Fig.2: A summary of
potential sources
of GMSL change
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Thermal expansion

Total indicative maximum potential
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GMSL rates of change for the last 150,000 years
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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.

Grant, K.M., Rohling, E.J., Bar-Matthews, M., Ayalon, A., Mdeina-Elizalde, M., Brock Ramsay, C., Satow, C., and Roberts, A.P. (2012) | . d
‘Rapid coupling between ice volume and polar temperature over the past 150000 years’, Nature, vol.491, pp.744-747. doi:10.1038/nature11593 S I e 3



Current rates of change

Fig.4.1: GRACE data for *
2003-2012 showing
rate of ice sheet mass
loss
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Technical Summary. In: Climate Change 2013: The Physical Science Basis. Contribution
of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung,
Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA.

Greenland is currently
losing mass faster
than West Antarctica.

Glacier melt and ocean
thermal expansion have
dominated in the 20t
century.

lce-sheet melt will
dominate in the 21t

century and beyond.
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GMSL projections to 2100

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.

Stocker, T.F., D. Qin, G.-K. Plattner, L.V. Alexander, S.K. Allen, N.L. Bindoff, F.-M. Bréon,
J.A. Church, U. Cubasch, S. Emori, P. Forster, P. Friedlingstein, N. Gillett, J.M. Gregory,
D.L. Hartmann, E. Jansen, B. Kirtman, R. Knutti, K. Krishna Kumar, P. Lemke, J. Marotzke,
V. Masson-Delmotte, G.A. Meehl, I.I. Mokhov, S. Piao, V. Ramaswamy, D.Randall,

M. Rhein, M. Rojas, C. Sabine, D. Shindell, L.D. Talley, D.G. Vaughan and S.-P. Xie (2013).
Technical Summary. In: Climate Change 2013: The Physical Science Basis. Contribution
of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung,
Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge,
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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.

Earle, S., Vancouver Island University, https://web.viu.ca/earle/geol305/The%20Greenland%20Ice%20Sheet.pdf accessed 10 April 2017

Fig. 6.1:Ice sheet structure
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https://web.viu.ca/earle/geol305/The Greenland Ice Sheet.pdf

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.

Earle, S., Vancouver Island University, https://web.viu.ca/earle/geol305/The%20Greenland%20Ice%20Sheet.pdf accessed 10 April 2017.
Lythe, M.B., Vaughan, D.G., and the BEDMAP Consortium (2001) ‘BEDMAP: A new ice thickness and subglacial topographic model of Antarctica’, J Geophys. Res., vol.106, B6, pp.11335-11351.

Fig.7.1: Ice sheet structure Fig.7.2: Ice thickness Fig.7.3: Bedrock structure
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https://web.viu.ca/earle/geol305/The Greenland Ice Sheet.pdf

Vulnerability of the West Antarctic Ice Sheet

de Boer, B., Stocchi, P., Whitehouse, P.L., van de Wal, R.S.W. (2017) ‘Current state and futu
Hulbe, C. (2017), https://www.carbonbrief.org/guest-post-collapse-west-antarctic-ice-shee

e perspectives or

coupled ice-sheet - sea-level modelling’, Quatern.Sci.Rev., vol.169, pp.13-28. doi.org/10.1016/j.quascirev.2017.05.013

-inevitable accesped 11 July 2017

Loss of ice mass

causes isostatic rebound
Ice sheet

Fig.8.1: Grounding line migration
is affected by glacial-isostatic
adjustment, which may act as
negative feedback.....
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Fig.8.2: ...however, grounding lines
can be unstable if the inland
seafloor is deepening, as in

the WAIS (Thwaites Glacier) Slide &
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The future of the West Antarctic Ice Sheet

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

Feldmann, J. and Levermann, A. (2015) ‘Collapse of the West Antarctic Ice Sheet after local destabilization
of the Amundsen Basin’, PNAS, vol. 112, pp. 14191-14196. doi/10.1073/pnas.1512482112
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Integrated GMSL rate of change => predicted future GMSL uncertainty

Tipping points: If WAIS collapse or AMOC
stoppage occur, they will create model

discontinuities.

UNCERTAINTIES
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Thermocline depth
Latitudinal mixing
AMOC current
Air/ocean heat transfer

GHG erhiésion
uncertainties
(e.g. IPCC RCPs)

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

Some sources of modelling uncertainty
* |ce 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

2

Some critical factors

* Bedrock topography

* Ice depth

* [sostatic rebound/altitude

* Grounding line location/size
* Airand ocean temperatures
* Precipitation

* Ice albedo (dust, algae)

* Sublimation

* Melting (inc. subsea)

*  Runoff

Cloud cover
Ice shelf back pressure
Calving and hydro-fracturing




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.

e GIS within ~1000 years

e  WAIS within ~10000 years

Very complex models are fundamentally unverifiable. Uncertainty is inevitable,



