
UC Irvine Earth system scientists
discover missing piece in climate
models
Their update accounts for the effects of overlooked physical properties in ice.
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Photo-like satellite image of southern Greenland on the afternoon of September 4,
2022. Bare, dirty ice at the margin of the ice sheet appears gray. Snow-covered ice
is bright white. Pale blue ribbons and circles are lakes, rivers and ponds of melt
water. 
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Irvine, Calif., July 15, 2024 — As the planet continues to warm due to human-
driven climate change, accurate computer climate models will be key in helping
illuminate exactly how the climate will continue to be altered in the years ahead.

In a study published in the Journal of Geophysical Research: Atmospheres, a team
led by researchers from the UC Irvine Department of Earth System Science and the
University of Michigan Department of Climate and Space Sciences and Engineering
reveal how a climate model commonly used by geoscientists currently
overestimates a key physical property of Earth’s climate system called albedo,
which is the degree to which ice reflects planet-warming sunlight into space.

“We found that with old model versions, the ice is too reflective by about five
percent,” said Chloe Clarke, a project scientist in UC Irvine professor Charlie
Zender’s group. “Ice reflectivity was much too high.”

The amount of sunlight the planet receives and reflects is important for estimating
just how much the planet will warm in the coming years. Previous versions of the
model, called the Energy Exascale Earth System Model (E3SM), overestimated
albedo because they did not account for what Clarke described as the microphysical
properties of ice in a warming world.

Those properties include the effects things like algae and dust have on albedo. Dark-
colored algae and dust can make snow and ice less reflective and less able to reflect
sunlight.

To do the analysis, Clarke and her team studied satellite data to track the albedo of
the Greenland Ice Sheet. They found that E3SM reflectivity overestimates the
reflectivity of the ice sheet, “meaning the model estimates less melt than what
would be expected from the ice microphysical properties,” said Clarke.

But with the new ice reflectivity incorporated into the model, the Greenland Ice
Sheet is melting at a rate of about six gigatons more than in older model versions.
This is based on albedo measurements that are more consistent with satellite
observations.

Clarke hopes her team’s study stresses the importance of the seemingly minuscule
properties that can have far-reaching consequences for the overall climate. “I think

https://doi.org/10.1029/2023JD040241
https://e3sm.org/


our work is going to help models do a much better job of helping us capture snow
and ice-related climate feedbacks,” she said.

Next, Clarke wants to study different icy parts of the planet to gauge how
widespread the albedo discrepancy is in E3SM. “Our next steps are to get it so it is
functional globally and not just valid over Greenland,” said Clarke, who also intends
to compare the new Greenland Ice Sheet melt rates to observations to measure how
much more accurate the new ice albedo is. “It would be useful to apply it to glaciers
in places like the Andes and Alaska.” 

Additional authors include Raf Antwerpen (Lamont-Doherty Earth Observatory), Mark
G. Flanner (University of Michigan), Adam Schneider (National Oceanic and
Atmospheric Administration), Marco Tedesco (Lamont-Doherty Earth Observatory)
and Charlie S. Zender (UC Irvine). Funding information is listed in the study.

UCI’s Brilliant Future campaign: Publicly launched on Oct. 4, 2019, the Brilliant
Future campaign aims to raise awareness and support for the university. By
engaging 75,000 alumni and garnering $2 billion in philanthropic investment, UCI
seeks to reach new heights of excellence in student success, health and wellness,
research and more. The School of Physical Sciences plays a vital role in the success
of the campaign. Learn more at https://brilliantfuture.uci.edu/uci-school-of-physical-
sciences/.

About the University of California, Irvine: Founded in 1965, UCI is a member of
the prestigious Association of American Universities and is ranked among the
nation’s top 10 public universities by U.S. News & World Report. The campus has
produced five Nobel laureates and is known for its academic achievement, premier
research, innovation and anteater mascot. Led by Chancellor Howard Gillman, UCI
has more than 36,000 students and offers 224 degree programs. It’s located in one
of the world’s safest and most economically vibrant communities and is Orange
County’s second-largest employer, contributing $7 billion annually to the local
economy and $8 billion statewide. For more on UCI, visit www.uci.edu.

Media access: Radio programs/stations may, for a fee, use an on-campus studio
with a Comrex IP audio codec to interview UC Irvine faculty and experts, subject to
availability and university approval. For more UC Irvine news, visit news.uci.edu.
Additional resources for journalists may be found at https://news.uci.edu/media-
resources.
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