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Sea Level Rise is evident in measurement data
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Contributors to global sea level change

Thermal Expansion + 
Mountain Glaciers + 

GSL = Greenland Ice Sheet + 
Antarctic Ice Sheet +
Land Water Storage

Nilsen et al., 2012



But ”all sea level is local”

Local effects of weather, tides and topography are large

Melet et al., 2018



20th century global Sea Level Rise

Total rise 1900-2010:
~16 cm

Rate of rise 1901-1990:
1.2 ± 0.2 mm/yr

Rate of rise 1993-2010:
3.0 ± 0.7 mm/yr

Four different reconstructions of tide gauge and satellite measurement series.
Shading is 90% CI. Hay et al., 2015.



Sea Level Rise in the modern era

Acceleration: 0.08 ± 0.03 mm/yr2

Extrapolated to 2100 -> 65 ± 12 cm - in line with RCP8.5 of IPCC AR5

Underestimation if rapid changes in ice sheet dynamics occur

GMSL from satellite altimetry. Green is corrected for ENSO and 
Pinatubo, fitted with black line. Nerem et al., 2018.

Components of SLR:

Thermal expansion 55 %
Greenland Ice Sheet 22 %
Mountain Glaciers 17 %
Antarctic Ice Sheet 6 %



Credit: Don Blankenship

WAIS: 4.3 m

Future potential Sea Level Rise
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Warm water melts ice from below

Accelerated melting (Marine Ice
Shelf Instability)

1000 km 

Cross-section of ocean, ice and bedrock

0 °E



Thwaites Glacier - undergoing the largest changes of any ice-
ocean system in Antarctica (Scambos et al., 2017)

Data: Landsat 8 satellite

Color: surface ice flow speed
(m/yr) between 2013 and 2016

Now contributing ~0.1 mm/year to sea level rise, 
a rate double its mid-1990s value

Complete retreat of the Thwaites Glacier basin 
would raise global sea level by 3+ meters

Large uncertainties, but this scenario could
occur over the next few centuries



Multi-millenial commitment to Sea Level Rise due to slow response of the ocean

Levermann et al., 2015

SLR after 2000 years per degree of warming

Mo Glaciers

Antarctic Ice Sheet

Mountain Glaciers

Greenland Ice Sheet

Thermal Expansion

Total: 2.3 m SLR per °C of warming
(above preindustrial)



SLR projections to 2100

1990       1995        2001       2007        2014        2014       2016 

Evolution of projections (AR = IPCC Assesment Report)

Global SLR for high emission scenarios (~RCP 8.5), 5-95% ranges. 
(3) is Kopp et al., (4) is Mengel et al. 
Figure from Oppenheiemer and Alley, 2016. 



DeConto and Pollard 2016: 
New model physics ->
1 m SLR from Antarctica in 2100 is possible

SLR projections to 2100 continued

Projections for RCP 8.5 and RCP 2.6 from Kopp et al., 2014, shaded areas 
are 5-95th percentiles. H++ is extreme scenario from Sweet et al., 2017, 
consistent with rapid Antarctic ice sheet mass loss. Figure from Griggs et 
al., 2017. 



Most important SLR statements from IPCC Special Report 15

- Sea level will rise long time even if we limit warming to 1.5°C

- Irreversible ice sheet mass loss and multi-meter SLR could start at 1.5-2°C

Grave consequences for society: 

Current poulation living on lands exposed to permanent flooding
in 2100, local SLR projections for different warming.
Rasmussen et al., 2018. 
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Extra slides



Marine ice sheet instability – unstable retreat of grounding line

Hanna et al., 2013



DeConto and Pollard 2016: Contribution of Antarctica to
past and future sea-level rise

New model physics – atmospheric warming leading to hydrofracturing
and collapse of marine terminating ice cliffs

Marine Ice Cliff Instability

Time



Reconstructions of the global mean sea level (GMSL) during past warm climate intervals

Pliocene 3 Mio yr ago 400 ppm CO2, +2 - 3 degC, GMSL +10 - 30 m
Last Interglacial 130-115 k yr ago 280 ppm CO2, +0 - 2 degC, GMSL +6 - 9 m

-> implying sea-level contribution from Antarctica of 5 -20 m and 3.5 – 7.5 m      
respectively. Very hard to achieve with “old” ice-sheet models

Max melt Last Interglacial

”New” ”Old”
Pliocene target of 10–20 m GMSL, LIG target of 3.6–7.4 m

Antarctic contributions to GMSL

“…should be viewed as expanding scientific understanding of the space of the
physically coherent, rather than as offering firm projections of what will be.”



Wise et al., 2017:  Observational paleo evidence of Marine Ice Cliff Instability
(DeConto and Pollard, 2016). 



Southern Ocean influence on
Global Overturning Circulation

Lumpkin et al., 2007

Orsi et al.,1995

Antarctic Circumpolar Current (ACC)
173 Sv (million m3/s)

ACC strongest current in the world, driven
by fierce westerly winds.

Clockwise winds isolate continent and
maintains huge ice sheet

93% of warming since 1955 absorbed
by the oceans. 50% of this in the
Southern Ocean.



Araon (Korea), 2013-2014 and 2011-2012 Oden (Sweden), 2010-2011 and 2008-2009
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Gliders - autonomous underwater 
vehicles (AUV) giving continuous, high 
resolution measurements

Uses small changes in buoyancy and
wings to achieve forward motion. 

Section Dotson trough, looking south towards ice shelf

Outflow is concentrated in narrow plume,
hard to detect with ship CTD 

Miles et al., 2016

CTD

Glider



Fimbul ice shelf

Bathymetry of ice shelf underside from
Autonomous Underwater Vehicle (AUV)
(Credit: Keith Nicholls)

Under-ice going AUV 
(with propulsion), 
at UGOT next year?



Irreversible collapse of some glaciers may already be underway: 

Rignot et al., 2014. InSAR remote sensing
Joughin et al., 2014. Model study

Basal melt floating part of Thwaites

Modeled response to 1992
forcing repeatedly for 50 years.

Seroussi et al., 2016: 

Coupling of ice sheet and ocean models for the 
first time in a non-idealized ice-ocean system

-> more conservative results, but sustained 
mass loss



A challenging area to study

A wide range of temporal and spatial scales.

The most variable atmospheric circulation on earth.

Also Amundsen Sea Low, Southern Annular Mode, El Niño.

Credit: Craig Lee, MIZ project



But knowledge of ice shelves far from complete.
New findings on surface hydrology:
Bell et al. and Kingslake et al. (Nature 2017)

A 130 m-wide waterfall atop the Nansen Ice Shelf, Ross Sea. (Robert 
Fletcher)

Extensive network of lakes and rivers 
transporting liquid meltwater across the 
continent’s ice shelves.

Models assume pooling, but drainage 
systems  can carry meltwater from ice 
sheet onto the ice shelves.

- Additional meltwater brought onto shelves, extra stress 
via melt ponds (Larsen B collapse)

+   Stabilization if meltwater is released into ocean



under-ice going AUV

Multi-disciplinary missions


