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EXPERT COMMENT: Antarctic study
proves glacier has undergone irreversible
retreat – highlighting potential for
widespread ice loss

In an article written for The Conversation*, both from Northumbria University,
Hilmar Gudmundsson, Professor of Glaciology and Dr Brad Reed, Research
Fellow in the Department of Geography and Environmental Sciences,
alongside Mattias Green, Professor in Physical Oceanography at Bangor
University discuss their research into the activity of the Pine Island glacier in



the west Antarctic ice sheet.

Pine Island glacier is one of the fastest flowing outlets of ice from the west
Antarctic ice sheet, draining an area three-quarters the size of the UK. In
recent decades, the glacier has been retreating rapidly and losing ice,
contributing more to global sea level rise than any other Antarctic glacier.

The speed of the glacier’s retreat and the rate that is has been losing ice has
led to concerns about how stable the region is. Model results show that this
region of west Antarctica could collapse in the future. If it does, then it could
raise global mean sea level by several metres.

There have been periods of rapid global sea-level rise in the past (by
1cm–2cm per year). This probably happened because glaciers were losing
mass at an accelerated rate. One of the key mechanisms responsible for this
is known as “marine ice sheet instability”.

When glaciers, like those in west Antarctica, experience a small retreat due to
some change in the climate, they can continue retreating even if the change
is reversed. Essentially, the glacier gets pushed beyond a tipping point,
whereby it experiences rapid mass loss until it reaches a new state.

This kind of retreat is irreversible because the change in climate needed for
the glacier to recover its original position is much greater than what initially
caused it to retreat. This instability mechanism is well understood in theory,
and models show it could happen in west Antarctica in the future. But until
now there has been no proof that it had happened in the past.

In a new study, we found that Pine Island Glacier experienced irreversible
mass loss and retreat, starting in the 1940s. Our model suggests that a
temporary increase in melting under its floating ice shelf was enough to push
the glacier past a tipping point.

This phase of accelerated retreat had finished by the 1990s. But, in a separate
study where we used the same model, we found that the glacier will cross
future tipping points unless global warming is kept within safe limits.

https://www.antarcticglaciers.org/antarctica-2/west-antarctic-ice-sheet-2/pine-island-glacier/
https://www.pnas.org/doi/abs/10.1073/pnas.1812883116
https://tc.copernicus.org/articles/17/3761/2023/
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2011RG000371
https://www.antarcticglaciers.org/antarctica-2/west-antarctic-ice-sheet-2/marine-ice-sheets/
https://www.nature.com/articles/s41558-023-01887-y
https://tc.copernicus.org/articles/15/1501/2021/
https://tc.copernicus.org/articles/15/1501/2021/


If it collapses, the west Antarctic ice sheet could raise global mean sea level by several
metres. Hilmar Gudmundsson

What happened?
Before the 1940s, Pine Island Glacier extended further than it does today. Its
grounding line – the point at which glacial ice begins to float in the ocean
rather than being in contact with the ground – was situated 40km further
downstream on a shallow ridge on the seabed. This ridge provided a stable
position for the glacier, keeping it in place, possibly for at least 5,000 to
10,000 years.

Recent observations show that ocean conditions beneath the floating ice
shelf change from year to year. Every so often, warmer waters come into
contact with the floating underside of the ice, causing a lot of melting from
below. In the 1940s, a climate anomaly in west Antarctica, which has been
linked to a large El Niño event, possibly triggered a temporary change in
ocean conditions.

We found that an increase in melting due to changed ocean conditions
beneath the ice shelf would have led to the thinning of its grounded ice
further upstream. This caused a gap to open between the grounded glacier
and seabed, allowing warmer ocean waters to flow beyond the ridge. These
results are supported by evidence recovered from the sediments under the
present-day ice shelf.

Once warmer waters circulate beneath the newly exposed ice, it triggers
further melting and thinning, at an even faster rate. Our model shows that
this sparked rapid retreat and accelerated ice flow over the following two to
three decades, culminating with the detachment of the ice shelf from the
ridge between the late 1970s and the early 1980s. The pattern and timescale
of retreat shown in our model is consistent with observations of changes in
the glacier.

Pine Island Glacier spawning new icebergs in February 2020. LWM/NASA/LANDSAT / Alamy
Stock Photo

Irreversible change
After the ice shelf detached from the ridge, there was a slowdown in ice flow
and a more gradual retreat. This retreat only stopped when the grounding
line reached a shallow section of bedrock in the early 1990s.

https://www.science.org/doi/full/10.1126/science.1244341
https://www.pnas.org/doi/abs/10.1073/pnas.0803627105
https://www.nature.com/articles/nature20136
https://www.nature.com/articles/ngeo890


Our analysis shows that the phase of rapid retreat between the 1940s and
1970s was irreversible. If ocean conditions cooled and there was lower
melting beneath the shelf during that period, then this would have been
unable to stop the ongoing mass loss.

These results show us that if there is a significant increase in melting at the
base of a glacier’s floating ice shelf, it can retreat past a tipping point. This
means that even if conditions cool down, the loss of ice mass may be
irreversible.

The future implications of this are clear. What occurred before could happen
again. If we cross future ice sheet tipping points, simply reverting back to the
previous climate conditions might not be enough to fix the damage.

*This article was originally published by The Conversation. Please see here
for republishing guidelines.
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