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Melting of the Antarctic Ice Sheets

Ice - ocean interaction and consequences for sea-level rise

e Sea Level rise - Why do we care?
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Sea-Level — Why Do We Care?
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What Causes the Sea Level to Change?

Terrestrial water storage,
extraction of groundwater,
building of reservoirs,
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Present Day Sea-Level Rise

Sea level rise over the last century

Centimeters Currently ~1.8 mm/y
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Present Day Sea-Level Rise

Sea level rise over the last century

Centimeters

—— Annual sea level change
— 5-year running mean

Currently ~1.8 mm/y
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Observed revision
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Antarctic melting
0.3 mm
Greenland
0.12mm
2007
accounting
1.1 mm
0.14 mm > Glaciers and
ice caps
0.05mm > 0.67 mm
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Thermal
expansion
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Terrestial
storage
-0.11 mm

Filling of large
dams on the
continents
counteracted
some sea-level
rise since the
1970s.

Jones, 2013



TOTAL SEA LEVEL RISE (m)

Future Sea-Level Predictions: Large Uncertainties!

1.4
www.AntarcticGlaciers.org
Modified from the IPCC Assessment Report 4 (AR4) and using estimates from
Bamber and Aspinall 2013 (Nature Climate Change). A
Adapted from IPCC figure from Wikimedia Commons.
wheE — - - - - - - - - - — — —
Bamber and Aspinall median
sea level rise estimate (0.62 m)
o Questions:
Bamber and Aspinl ange e How much will sea-level rise?
L33-1. m
/|1 * How fast will this happen?
8- - - — — — ' = = = — — Pl
Potential additional ,’/
ice-sheet contribution Need to understand the processes
o6 |- — — — — — — — f = — — = — =
IPCC outer range of all scenarios
- —— = — — = — =
IPCC projection .
from thermal expansion arid
small glacier melt__ <=
02 |— — = = = = —
0 | | 1 | | 1 | 1 | |
1990 2010 2030 2050 2070 2090 2100
YEAR

www.AntarcticGlaciers.org modified from IPCC report 4



Comparison With Past Climate and Sea-Level

Temperature relative to preindustrial
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Years before present

In the past: similar CO2 — higher temperatures — much higher sea level

Dutton et al. 2015 (Science)



Antarctic Ice Sheet
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Large Areas Of Antarctica are Below Sea Level
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Monitoring Ice Sheets From Space

Measuring changes in height (altimetry)




Changes of the Antarctic Ice Sheet

A Some areas are thinning
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Ice Moves along Ice Streams
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Ice Types and Ice Movement

Snow

Ica stream
within ice sheet

lce shell
' Iceberg
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Ice Flow and Ice Loss

% accumulation
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Snow accumulation minus flow across grounding line = mass balance

www.hko.gov.hk



Mass Loss of Antarctica

Mass balance (Gt/yr)
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Iceberg Calving from Pine Island Glacier
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Examples of Icebergs




Ice Loss Through Calving and Melting

Melt rate (m/yr)
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Ice Shelf Melting By Warm Ocean Water

Wind from east helps
to drive flow onto shelf
_ from open ocean

Wind from west drives
upwelling and blocks
circulation across shelf

lce sheet

Ice shelf &= Calved ice}{Seaice |

Circumpolar deep water

Basal cavit
Y Antarctic shelf bottom water

Melting I
: e Continental shelf  Shelf break

Land

Gille 2014 (Science)




Marine Expeditions to Study Ocean-Ice
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Multibeam - Seafloor Mapping

e  Mulitbeam
- Identifying troughs
on the continental shelf



Swath Bathymetry Coverage in the Amundsen Sea
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Interpolated Bathymetry Reveals Deep Troughs
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Change of Ice Flow Directions




Iceberg Scours on the Seafloor
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Troughs are Created by Grounded Ice
During Last Glacial
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Oceanographic Measurements - CTD
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CTD Operations




CTD Stations in the Amundsen Sea
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Examples of Profiles
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Warm Water in Pine Island Bay
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“Robots” - UAV Measure Conditions under the Ice Shelf




“Robots” - UAV Measure Conditions under the Ice Shelf

Autosub tracks

Elevation (m)

Temperature profiles
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Jenkins et al. 2010, Nat Geo



Warm Water Enhances Basal Melting

www.AntarcticGlaciers.org

Pine Island Glacier

_______ Floating ice shelf
-------- Ice flow

— —
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-----

. Thinning
\ and recession

\* Melting

1.Early 1970s. Pine Island Glacier is grounded at a bedrock ridge.
2.Warm, inflowing Circumpolar Deep Water melts the base of the glacier. The glacier steepens and

accelerates.
3.Present day, observed by a remotely operated vehicle (ROV).Glacier is thinning and receding.



Glacier

Amundsen Sea

100 km

Change in Velocity from 1996 to 2008
(kilometers per year)

<15 -0 -0.01 0.0 0.1 >1.5

Source: NSIDC/NASA



This Could Indicate “Runaway” Retreat

Atmosphere

After retreat over ridge
=> Faster retreat

+—— Faster flow

Source: NSIDC/NASA



This Could Indicate “Runaway” Retreat

W, Previous profile Sunding

s o . Previous edge
Thinning . ~_  ofice sheet of ice shelf

Ice front

Iceberg
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Ocean currents

Source: NSIDC/NASA



Large Areas Of Antarctica are Below Sea Level
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What Does This Mean For Future Sea Level?

(c) 100 yr (d) 500 yr
' : 4000
15‘. “"’___ N 3500
A ‘\ \ 3000

* |ce Sheet Collapse would happen over 100s to 1000s of years

* But uncertainty remains
Pollard et al. 2015 (EPSL)



Rapid Sea-Level Rise related to Melting Ice Sheets
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