
11/16/24, 6:26 PMGlacial Knowledge Gaps Impede Resilience to Sea Level Rise - Eos

Page 1 of 11https://eos.org/opinions/glacial-knowledge-gaps-impede-resilience-to-sea-level-rise

A weather station collects data above LeConte Glacier, near Petersburg, Alaska. Credit: Twila Moon, NSIDC/Flickr, CC BY 2.0

Glacial Knowledge Gaps Impede Resilience to Sea Level
Rise
Changes to the support, culture, and community organization of U.S. glaciology are needed to
advance understanding of glacial change and better predict rising seas and other ice loss
impacts.
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The Career
Issue

Earth’s ice sheets and glaciers are
responding rapidly to climate change. In the
years and decades ahead, sea level rise,
driven in part by melting ice, will affect
millions of people in U.S. coastal
communities and hundreds of millions more
around the world. The cost of adaptation to
sea level change along U.S. coastlines alone
is expected to exceed $1 trillion by 2100
[Neumann et al., 2015].

Our ability to accurately and actionably
project ice loss and its contributions to sea
level rise requires glaciological knowledge
and research coordination, as well as effective knowledge dissemination to decisionmakers,
that are still unrealized. Current ad hoc efforts to meet these needs are inadequate, delaying
the benefits of scientific research for many communities already grappling with increased
coastal flooding and other impacts [Wing et al., 2022]. Through more coordinated planning
and funding efforts, we can better serve these communities.

In addition to improving sea level projections relevant for coastal mitigation and adaptation
responses, expanding our knowledge of glacial processes (including those influencing
mountain glaciers) improves our understanding of how climate change affects agriculture,
hydropower, drinking water, fisheries, and ecosystems. For example, research has revealed
that mountain glacier retreat along the North American West Coast opens new habitat for
Pacific salmon, affecting billion-dollar-per-year fisheries [Pitman et al., 2021]. It has also
shown that the worldwide annual net loss of 240 billion metric tons of ice from mountain
glaciers is comparable to 30% of annual water withdrawals used for industry and 63% of
water withdrawals for domestic uses [Huss et al., 2017].

A great deal of glaciological knowledge has come about from a boom in glaciological
research during the 2000s, which drew many new researchers to the field. Many of them are
asking urgent questions prompted by the discovery that Earth’s ice sheets respond to

The Career Issue:
Change Is the
Only Constant

Glacial Knowl-
edge Gaps Im-
pede Resilience
to Sea Level Rise

The Career Issue: OK, But Explain “Anything”

https://eos.org/wp-content/uploads/2022/07/Aug22.pdf
https://eos.org/special-reports#careers-2022
https://doi.org/10.1007/s10584-014-1304-z
https://eos.org/opinions/quit-worrying-about-uncertainty-in-sea-level-projections
https://doi.org/10.1038/s41558-021-01265-6
https://eos.org/features/adapting-to-receding-glaciers-in-the-tropical-andes
https://doi.org/10.1038/s41467-021-26897-2
https://doi.org/10.1002/2016EF000514
https://doi.org/10.1002/2016EF000514
https://doi.org/10.1002/2016EF000514
https://eos.org/features/change-is-the-only-constant
https://eos.org/opinions/glacial-knowledge-gaps-impede-resilience-to-sea-level-rise
https://eos.org/agu-news/ok-but-explain-anything


11/16/24, 6:26 PMGlacial Knowledge Gaps Impede Resilience to Sea Level Rise - Eos

Page 3 of 11https://eos.org/opinions/glacial-knowledge-gaps-impede-resilience-to-sea-level-rise

environmental forcing on much shorter timescales than previously thought.

Critically, decades of glaciological research have provided huge advances toward improved
prediction of sea level change. However, major gaps in glaciological understanding,
observational data, and technical capacity persist and impede efforts to produce actionable
predictions of ice loss directly linked to societal consequences (Figure 1). For example, we
have only sparse observations from ice sheet boundaries, including the edges of marine-
terminating glaciers and ice sheets where ocean currents influence ice loss. We lack a basic
understanding of what happens between glacier ice and the underlying land, where
topography, sediments, and subglacial water influence ice motion. We also lack sufficient
long-term monitoring of climate conditions that are forcing ice sheet change, including ocean
heat content, which was recently recognized as critically important to both the Greenland and
Antarctic ice sheets.

Fig. 1. Gaps in our understanding of glacier and ice sheet systems, including basal sliding, freshwater export, and meltwater infiltration, are

represented by dotted lines and occur where di!erent Earth systems intersect and interact. Credit: Caitlyn Florentine, adapted from a

webinar given by NSF’s Interagency Arctic Research Policy Committee, Glaciers and Sea Level Collaboration Team

Despite the serious implications of coastal inundation and other ice loss impacts, research on
Earth’s glaciers and ice sheets remains a low funding priority in the U.S. scientific enterprise
(Figure 2) [Aschwanden et al., 2021]. This low standing is not for a lack of identifying
critical scientific problems or their societal relevance. Indeed, the knowledge gaps noted
above have been identified in numerous published studies and are well known to the
scientific community [e.g., Catania et al., 2020; Hock et al., 2017; Noble et al., 2020;
Straneo et al., 2019], federal and international funding agencies, and scientific organizations.
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Instead, we perceive other shortcomings that stymie innovation in glaciology and its
contributions to accurate projections of ice loss and, by extension, U.S. resilience to sea level.

Fig. 2. The global mean sea level (blue curve), according to data from NASA, has risen steadily in recent decades. For comparison, the NSF

O#ce of Polar Programs’ funding as a percentage of the total NSF budget (green solid curve) and NASA’s Earth Science program budget,

which funds cryosphere studies, as a percentage of NASA’s total budget (green dashed curve) have dropped in recent years. NSF funding

increases in 2007–2009 reflect investments during the International Polar Year (2007–2008) and during the American Recovery and

Reinvestment Act in 2009. The total number of publications appearing in Google Scholar that mention both “ice sheets” and “sea level” (red

curve) is also shown. Increases in 2011–2012 may reflect the preceding funding increases; the drop in publications in 2021 may reflect

impacts on research productivity from the COVID-19 pandemic.

Culture, Curriculum, Organization, and Funding

Glaciology suffers cultural shortcomings
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common across the geosciences [Bernard
and Cooperdock, 2018; Dutt, 2020],
specifically a historic and ongoing lack of
gender, ethnic, and racial diversity that
makes the discipline inequitable. Part of this
problem arises because popular conceptions
of glaciology are rooted in hero-glorifying
expeditions led by a small number of
individuals, while the contributions of many
others in the field go underrecognized. This
conceptualization narrows the range of visible role models, reduces chances for diversity
benefits within our field, creates a tone of elitism and exclusivity, and is unethical.

This culture makes it difficult for minoritized researchers (demographic groups relegated to a
subordinate status, regardless of their actual numbers) to enter the field, contribute
productively, and be valued and evaluated fairly, resulting in the near-complete exclusion of
these researchers from glaciology. The lack of diversity also means that decisionmaking and
organization within the scientific community are not inclusive, making community consensus
on research priorities more difficult. The glaciology community must actively participate in
emerging initiatives that are promoting equity in the geosciences, such as URGE (Unlearning
Racism in Geoscience) and Polar Impact, and institutions and funders should reinforce the
necessity of self-education about cultural issues in science across career levels, including for
established scientists.

There has been a hiring boom in glaciology within the past half decade in the United
States, indicating that academia recognizes the field as an important research area. However,
this hiring boom is concentrated in a relatively small number of institutions, with many U.S.
universities still lacking research on the cryosphere entirely. Further, an emphasis on the
cryosphere has not yet been integrated into undergraduate geoscience curricula uniformly,
obscuring the discipline’s importance for many emerging scientists. Together with a lack of
diversity, this lack of exposure translates into fewer students pursuing cryosphere science
than are needed, inequitable representation in the research workforce, and generally less
understanding of the importance of Earth’s cryosphere among the public.

Glaciology su!ers cultural shortcomings
common across the geosciences,
specifically a historic and ongoing lack of
gender, ethnic, and racial diversity.
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Progress in glaciology also suffers from insufficient funding from federal science agencies.
Federal funding for non-defense-related research and development overall dropped from
5.8% of the federal budget in 1966 to 1.5% in 2019. And no U.S. science agency funds
long-term (5+ years) glacier or ice sheet investigations except the U.S. Geological Survey
(USGS), via its Benchmark Glacier Project, which has been funded by a patchwork of
USGS grants since 1958.

Within the National Science Foundation
(NSF), glaciology has no home outside of
the Office of Polar Programs (OPP), in
contrast to other fields like atmospheric
sciences, oceanography, and Earth sciences
that are supported by OPP and other
programs. NSF therefore lacks the capacity
to fund science on midlatitude and tropical
glaciers that lie between 60°N and 60°S
latitude. Furthermore, in the past 5 years,
funding for OPP has dipped to less than

6% (<$500 million) of the total NSF research budget (Figure 2), and only one third of the
OPP budget goes to research because of the high costs of supporting polar logistics. This
limited amount is then spread across all 10 disciplines working in the polar regions.
Assuming an equal split across all 10, the maximum annual amount that glaciology could
receive is approximately $10 million, about 10% of the average cost of a U.S. blockbuster
movie. Available funding data from NASA are more limited, yet there has been a
proportional decrease there as well: Funding for Earth science research, which includes
cryosphere studies, dropped from nearly 10% of the total NASA budget in 2017 to 8.5% in
2021.

The shortage of funding for glaciology hurts the United States’ ability to prepare adequately
for coming changes in water availability for hydropower and general use from vital western
U.S. and Alaska glaciers. Further, there is no coordinating federal body with a sufficient
budget, schedule, or scope to focus glaciological research on reducing uncertainty in future
sea level projections. The only federally funded program dedicated to studying sea level is

There is no coordinating federal body with
a su"cient budget, schedule, or scope to
focus glaciological research on reducing
uncertainty in future sea level projections.
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NASA’s Sea Level Change Team, which means that scientific problems outside NASA’s
domain of expertise are researched ad hoc. Such investigations are driven and prioritized by
the interest and funding of individual principal investigators rather than by needs identified
through research coordination.

Working Together to Build Resilience

The study of our changing glaciers and ice sheets is a critical part of the tapestry of
geoscience solutions needed to address 21st century problems like sea level change.
Unfortunately, social and organizational shortcomings, along with the low prioritization of
funding for glaciology in the United States, have left enormous knowledge gaps, making it
much more difficult for scientists to provide the best possible projections of ice loss and
local-scale impacts to decisionmakers responsible for planning responses to these problems.

We envision improved cross-agency organization and funding leading to a more
comprehensive understanding of glacial processes and ice loss across the entire globe.
Although cryosphere researchers gather to present research at many annual venues, we rarely
meet to discuss future research priorities. Given the current funding landscape, we propose
holding regular, open discussions to facilitate deeper reflection on the critical research
needed. Within these meetings, glaciologists must debate, decide on, and then disseminate
near- and long-term research priorities for funding that focus on vital observational,
knowledge, and modeling gaps. These priorities should include long-term programs to
monitor the climate conditions affecting ice sheets, observational programs aimed at
improving our understanding of outlet glacier terminus and basal processes, and intensified
ice sheet model development to integrate these observational efforts.

We also argue for additional funding for glaciological research. Purposeful, successful
investments in such work, scaled to match the high stakes of rising sea levels and other
consequences of ice loss, are possible. NASA’s recently completed airborne mission
Operation IceBridge is one example of how such investment can yield significant results.
IceBridge spanned the observational gap between the ICESat (2003–2009) and ICESat-2
(launched in 2018) satellite missions to survey Earth’s rapidly changing icescapes across the
Arctic and Antarctic [MacGregor et al.,

https://sealevel.nasa.gov/science-team/overview
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2021]. New data collected during IceBridge
revolutionized how researchers understand
ice sheet behavior and provided necessary
data on ice volume loss. Another example is
the International Thwaites Glacier
Collaboration, which has provided
collaborative international funding and
logistical support to investigate one of the
most difficult to study and highly
changeable parts of Antarctica.

Reducing resource scarcity and improving
cross-agency organization can accelerate a shift from competitive, isolationist tendencies to
collaborative work that promotes rapid progress toward filling glaciological knowledge gaps.
Glaciologists are largely siloed within their universities, and the current funding environment
incentivizes them to remain siloed to protect their research and gain an edge in the
hypercompetitive grant proposal arena. More funding opportunities would reduce this
competition and the incentives to operate alone. Cross-agency funding initiatives—involving
NASA, NSF, NOAA, USGS, the Army Corps of Engineers, and the Department of Defense
—focused on sea level science are needed to

motivate collaboration among glaciologists and between glaciologists and researchers in
other disciplines
provide critical support for observational studies, monitoring, and modeling of ice sheets
and coastal change
support coordination between sea level scientists and policy specialists and others in
government, nongovernment, and industry organizations who are knowledgeable about
how to apply sea level science for societal concerns [Ultee et al., 2018]

Glaciologists dedicate their careers to advancing understanding of the physical processes
controlling glaciers and ice sheets—work that vitally informs projections of sea level as well
as other potential impacts of ice loss on ecosystems and human well-being. With improved

Reducing resource scarcity and improving
cross-agency organization can accelerate
a shift from competitive, isolationist
tendencies to collaborative work that
promotes rapid progress toward filling
glaciological knowledge gaps.

“
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organization and increased financial resources, current research and monitoring can seed
expanded efforts that will help the United States fill significant gaps in scientific
understanding and build resilience to the consequences of ice loss for the entire world.
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