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Experts calculate future ice loss and sea-level
contributions of Greenland and Antarctica

September 17 2020
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Ice-sheet models are an essential tool in making predictions regarding
the future of the Greenland and Antarctic Ice Sheets. Nevertheless, these
models still have a number of weaknesses. In an international model
comparison, 14 research groups fed their ice-sheet models the same
atmospheric and ocean data, and calculated what additional amounts of
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sea-level rise Greenland and the Antarctic would contribute by the year
2100. For Greenland, the results are consistent: if greenhouse-gas
emissions levels remain just as high, the island will eventually lose so
much ice that it will add 9 centimeters to global sea-level rise. When it
comes to the Antarctic, however, the models' results vary considerably.
Some predict an additional sea-level rise of up to 30 centimeters; others
call for the rise to be significantly less. The outcomes of the comparison
will be published today in a special issue of the online journal The
Cryosphere.

Today, in many scientific and industrial sectors, computer simulations
are a standard research tool. However, compared to fluid mechanics
specialists or mechanical engineers, ice-sheet modelers have a
particularly hard time developing realistic computer models of their
research subject, for two reasons. For one thing, if they need to measure
or confirm important parameters using an actual ice sheet, they naturally
can't reproduce any of the processes represented in their computer
simulations in the lab. For another, certain key parameters are still
missing. For instance, we still know virtually nothing about how the land
surface in Greenland and the Antarctic affects the sliding and flowing of
ice masses, or how warm the water under the floating ice tongues in the
Antarctic is. If ice-sheet modelers need to check the quality of their
model, their only option is to directly compare it with other models.

Six years ago, experts from 36 research institutes began an extensive
comparison of their simulations for the Greenland and Antarctic Ice
Sheets, and calculated (for two different climate scenarios) the extent to
which melting on the sheets would affect global sea-level rise from 2015
to 2100. The ice-sheet models were supplied with atmospheric and ocean
data produced by selected climate models from the Coupled Model
Intercomparison Project Phase 5 (CMIPS), namely, those climate
models used to prepare the IPCC's Sth Assessment Report.
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Greenland models underestimate the effects of
climate change

When it comes to the future of the Greenland Ice Sheet, all models
agree: It will continue to lose mass, contributing to global sea-level rise.
If the world grows 4.3 degrees Celsius warmer by 2100 (RCP8.5
scenario), these ice-sheet models project an additional sea-level rise of
ca. 9 centimeters. If the warming is less severe (RCP2.6 scenario), the
additional rise will be ca. 3.2 centimeters.

"The 14 ice-sheet models compared match our latest observations, which
indicate that the Greenland Ice Sheet is increasingly losing ice, especially
at the margins," says Dr. Martin Riickamp, a glaciologist and ice-sheet
modeler from the Alfred Wegener Institute, Helmholtz Center for Polar
and Marine Research (AWI) in Bremerhaven who participated in the
study. "But viewed more broadly, the losses of mass predicted by the
models for the timeframe from 2015 to the present lie far below the
actually observed losses. To put it simply: the ice-sheet models for
Greenland underestimate the current changes in the ice sheet due to
climate change."

In a warmer world, the ice masses in East Antarctica
will grow

With regard to the Antarctic, the models' results are much more varied.
If greenhouse-gas emissions remain consistently high (RCP8.5), they
predict that the Antarctic will contribute anywhere from -7.8 to 30.0
centimeters to global sea-level rise. What the minus symbol indicates:
some models predict a significant decline in the Antarctic's contribution
to sea-level rise, even if the area and volume of ice in the Antarctic
shrink. "These simulations show that, in a warmer world, there would be
so much snowfall in East Antarctica that the new ice formed there would
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outweigh the ice lost to the warming seawater in West Antarctica,"
explains AWI ice-sheet modeler Dr. Thomas Kleiner, who also
participated in the study.

For West Antarctica, the models predict ice losses that would produce an
additional sea-level rise of up to 18.0 centimeters by 2100. However, if
we succeeded in reaching the goals of the Paris Agreement and limiting
global warming to well below 2 degrees Celsius (RCP2.6), the ice losses
in the Antarctic would be significantly less, producing an additional sea-
level rise of between -1.4 and 15.5 centimeters.

How should these results be interpreted? "For the past 40 years, we've
observed a clear downward trend in the Antarctic. The ice sheet is losing
more and more ice, especially in West Antarctica, where our models also
predicted major losses of ice. That being said, the acceleration of the
glaciers simulated in the models was much less pronounced than what we
actually observed," says Prof Angelika Humbert, a co-author of the
study and Head of the AWT's Ice Modelling group. Moreover, the
experts see indications that the models overestimate future ice growth in
East Antarctica. "If our suspicions prove to be true, it will also mean that
the models underestimate how much Antarctica as a whole will
contribute to future sea-level rise," she underscores.

More confidence, but uncertainties remain

In comparison to past studies, the ISMIP6 project has made significant
headway. "The spectrum of results produced by the models is now
smaller. As a result, we can have more confidence in their projections,"
says Thomas Kleiner. At the same time, however, the comparison
revealed certain conceptual weaknesses. One example: for the Antarctic
simulations, the ocean's effects on the ice shelves and glaciers weren't
represented using complex approaches for each ice tongue. Instead, the
models relied on massively simplified formulas, which introduced
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considerable uncertainty. "As a result, the models weren't able to reflect
the different melting rates on the underside of the ice shelves, or to
simulate the actually observed acceleration of the glaciers, which I
personally find quite troubling," says Angelika Humbert.

A further shortcoming found in the Antarctic simulations: how
precipitation was represented. For precise projections, this aspect should
have been calculated using a high-resolution regional climate model. But
in the interest of feasibility, comparatively low-resolution atmospheric
data from global models was used. In the next round of comparisons, all
of these weaknesses are to be done away with. According to Angelika
Humbert: "Our goal will then be to produce simulations of the ice sheets'
development that are as realistic as possible. To do so, simulation
timeframes need to be selected that will allow the models' results to be
compared to actual observational data." Under these conditions, the ice
modelers could then pursue the same approach as fluid mechanics
specialists and use real-world monitoring data to validate their computer
simulations.

More information: Heiko Goelzer et al. The future sea-level
contribution of the Greenland ice sheet: a multi-model ensemble study
of ISMIP6, The Cryosphere (2020). DOI: 10.5194/tc-2019-319

Helene Seroussi et al. ISMIP6 Antarctica: a multi-model ensemble of the
Antarctic ice sheet evolution over the 21 century, The Cryosphere
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