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Six-fold increase in polar ice losses since the 1990’s
*with images, animation and short film*
Greenland and Antarctica are losing ice six times faster than in the 1990’s and are both
tracking the Intergovernmental Panel on Climate Change’s worst-case climate warming
scenario. Left unchecked, this will lead to an extra 17 centimetres of sea level rise by 2100.
A team of 89 polar scientists from 50 international organisations have produced the most
complete picture of polar ice sheet loss to date. The Ice Sheet Mass Balance
Intercomparison Exercise (IMBIE) Team combined 26 separate surveys to compute changes
in the mass of the Greenland and Antarctic ice sheets between 1992 and 2018. Altogether,
data from 11 different satellite missions were used, including measurements of the ice
sheets’ changing volume, flow and gravity.
The findings, published in two companion articles in Nature, show that Greenland and
Antarctica lost 6.4 trillion tonnes of ice between 1992 and 2017 – pushing global sea levels
up by 17.8 millimetres. Of the total sea level rise, 10.6 millimetres (60%) was due to
Greenland ice losses and 7.2 millimetres (40%) was due to Antarctica.
The combined rate of ice loss has risen by a factor six in just three decades, up from 81
billion tonnes per year in the 1990’s to 475 billion tonnes per year in the 2010’s. This means
that the polar ice sheets are now responsible for a third of all sea level rise.
The assessment, led by Professor Andrew Shepherd at the University of Leeds and Dr Erik
Ivins at NASA’s Jet Propulsion Laboratory in California, was supported by the European
Space Agency (ESA) and the US National Aeronautics and Space Administration (NASA).
In their Fifth Assessment Report, the Intergovernmental Panel on Climate Change (IPCC)
predicted that global sea levels will rise 53 centimetres by 2100, and it’s estimated that this
would put 360 million people at risk of annual coastal flooding. But the IMBIE Team’s studies
shows that ice losses from both Antarctica and Greenland are rising faster than expected,
tracking the IPCC’s worst-case (“high-end”) climate warming scenario.
Professor Shepherd said:
“Every centimetre of sea level rise leads to coastal flooding and coastal erosion,
disrupting people’s lives around the planet.
“If Antarctica and Greenland continue to track the worst-case climate warming
scenario, they will cause an extra 17 centimetres of sea level rise by the end of the
century.
“This would mean 400 million people are at risk of annual coastal flooding by 2100.
“These are not unlikely events with small impacts; they are already underway and will
be devastating for coastal communities.”
Almost all of the ice lost from Antarctica - and half of that lost from Greenland - has been
triggered by oceans melting their outlet glaciers, which causes them to speed up. The

remainder of Greenland’s ice losses are due rising air temperature, which has melted the ice
sheet at its surface.
Combined losses from both ice sheets peaked at 552 billion tonnes per year in 2010 and
averaged 475 billion tonnes per year for the remainder of the decade. The peak loss
coincided with several years of intense surface melting in Greenland, and last summer’s
Arctic heatwave means that 2019 should set a new record for polar ice sheet loss. Antarctica
and Greenland are now losing ice five and seven times faster than they were in the 1990’s,
respectively.
Dr Ivins said: “Satellite observations of polar ice are essential for monitoring and
predicting how climate change could affect ice losses and sea level rise.
“While computer simulation allows us to make projections from climate change
scenarios, the satellite measurements provide prima facie, rather irrefutable,
evidence.
“Our project is a great example of the importance of international collaboration to
tackle problems that are global in scale.
Guðfinna Aðalgeirsdóttir, Professor of Glaciology at the University of Iceland and lead author
of the Intergovernmental Panel on Climate Change’s sixth assessment report, who was not
involved in the study, said:
“The IMBIE Team’s reconciled estimate of Greenland and Antarctic ice loss is timely
for the IPCC. Their satellite observations show that both melting and ice discharge
from Greenland have increased since observations started.
“The ice caps in Iceland had similar reduction in ice loss in the last two years of their
record, but summer 2019 was very warm in this region which resulted in higher mass
loss. I would expect a similar increase in Greenland mass loss for 2019.
“It is very important to keep monitoring the big ice sheets to know how much they
raise sea level every year.”
ESA’s Director of Earth Observation Programmes, Josef Aschbacher, comments:
“The findings reported by IMBIE demonstrate the fundamental importance of using
satellites to monitor the evolution of ice sheets, and for evaluating models used to
predict the effects of climate change.”
Further information
Professor Andrew Shepherd can be contacted via email at a.shepherd@leeds.ac.uk or
through the University of Leeds Media Relations office via +44 (0)113 343 4031 or
a.harrison@leeds.ac.uk
A media package including the papers, short films, animations, and photographs are
available at http://imbie.org/news/press/media-pack-2020/
The paper ‘Mass balance of the Greenland Ice Sheet from 1992-2018’ by the IMBIE Team,
is published in Nature on 11th March 2020 and can be read at https://rdcu.be/b2pCG
This paper reflects the most up to date findings of Greenland ice loses from the Ice Sheet
Mass Balance Intercomparison Exercise (IMBIE) Team

The companion paper ‘Mass balance of the Antarctic Ice Sheet from 1992-2017’ by the
IMBIE Team, was published in Nature on 13th June 2018 and can be read at https://rdcu.be/
97CE
Content of the press release and papers is embargoed until 16:00 London time / 12:00 US
Eastern Time on Wednesday 11th March 2020.
Notes to editors:
1) These studies are an outcome of the Ice Sheet Mass Balance Inter-Comparison
Exercise (IMBIE) supported by the ESA Climate Change Initiative and the NASA
Cryosphere Program. Professor Shepherd was additionally supported by a Royal
Society Wolfson Research Merit Award and by the UK Natural Environment
Research Council Centre for Polar Observation and Modelling.
2) The satellite missions used are the European Space Agency’s ERS-1, ERS-2,
Envisat, and CryoSat-2, the European Union's Sentinel-1 and Sentinel-2, the Japan
Aerospace Exploration Agency Advanced Land Observatory System, the Canadian
Space Agency RADARSAT-1 and RADARSAT-2, the NASA Ice, Cloud, and land
Elevation Satellite, the NASA / German Aerospace Center Gravity Recovery and
Climate Experiment, the Italian Space Agency COSMO-SkyMed, and the German
Aerospace Center TerraSAR-X.
3) 360 billion tonnes of ice equates to 1 millimetre of global sea level rise.
4) Global sea level rise was 3.2 mm/yr in the 1990’s and 4.1 mm/yr in the 2010’s
(https://climate.nasa.gov/vital-signs/sea-level/).
5) The IPCC predict sea level will rise 53 centimetres between 2007 and 2100 under
the mid-range of Recommended Concentration Pathway 4.5 (RCP4.5) (Church et al.,
2013).
6) It is estimated that 360 million people will be exposed to annual coastal flooding by
2100 under RCP4.5 (Kulp and Strauss, 2019).
References Cited
Church, J. A. et al. Sea Level Change. in Climate Change 2013: The Physical Science
Basis. Contribution of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (eds. Stocker, T. F. et al.) 1137–1216
(Cambridge University Press, 2013). doi:10.1017/CBO9781107415324.026.
Kulp, S.A., Strauss, B.H. New elevation data triple estimates of global vulnerability to sealevel rise and coastal flooding. Nature Communications 10, 4844 (2019)
doi:10.1038/s41467-019-12808-z.
University of Leeds
The University of Leeds is one of the largest higher education institutions in the UK, with
more than 38,000 students from more than 150 different countries, and a member of the
Russell Group of research-intensive universities. The University plays a significant role in the
Turing, Rosalind Franklin and Royce Institutes.

We are a top ten university for research and impact power in the UK, according to the 2014
Research Excellence Framework, and are in the top 100 of the QS World University
Rankings 2020.
The University was awarded a Gold rating by the Government’s Teaching Excellence
Framework in 2017, recognising its ‘consistently outstanding’ teaching and learning
provision. Twenty-six of our academics have been awarded National Teaching Fellowships –
more than any other institution in England, Northern Ireland and Wales – reflecting the
excellence of our teaching. www.leeds.ac.uk
Follow University of Leeds or tag us in to coverage: Twitter Facebook LinkedIn Instagram

