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Cryospheric Sciences at the U.S. Geological Survey

Introduction

The cryosphere is the collective parts of the Earth where
water is in its frozen state and includes snow, glaciers, ice
sheets, ice shelves, freshwater ice, sea ice, and permafrost. The
cryosphere is a climate indicator and climate regulator. Surface
cryosphere features, such as glaciers, snow, and sea ice, store
freshwater and make the surface of the Earth bright white, which
affects how much energy from the sun is absorbed or reflected by
the planet. The subsurface cryosphere, such as permafrost (fig. 1)
and ground ice, stores water and other materials, including carbon,
nutrients, heavy metals, and viruses. Carbon storage in permafrost
is one way the cryosphere regulates the Earth's climate. Changes
to the cryosphere indicate the state of the Earth's climate. The
cryosphere spans many regions of the Earth, from subtropical
regions of the Himalayas to polar regions of the Arctic and
Antarctica, and intersects many of the Earth's spheres, including
the lithosphere, biosphere, atmosphere, and hydrosphere.

U.S. Geological Survey Cryospheric Sciences
Expertise

The cryosphere is rapidly changing, which results in a
cascade of consequences for various stakeholders. Stakeholders
rely on U.S. Geological Survey (USGS) cryospheric research as it
pertains to water resources, ecosystems (fig. 2), global sea level,
global climate feedback, and hazards such as snow avalanches
(fig. 3), flooding, drought, landslides, and coastal erosion.

Figure 2. Photograph of Sperry Glacier in Glacier National
Park, Montana. Mountain glaciers provide cold freshwater to alpine
ecosystems. Photograph by Adam Clark, U.S. Geological Survey.

Figure 1. Photograph of thawing permafrost, which affects coastal
erosion. Photograph by Brandt Meixell, U.S. Geological Survey.

Figure 3. Photograph of a wet slab avalanche debris deposit in Glacier
National Park, Montana. Photograph from U.S. Geological Survey.
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Stakeholders and Effects of U.S. Geological Survey
Cryospheric Sciences

The USGS is tackling problems in the cryosphere to deliver
unbiased data and cross-disciplinary scientific information to a
variety of stakeholders.

Validation

Ground validation data are vital for various National
Aeronautics and Space Administration (NASA) Earth satellite
and airborne missions (for example, Carlowicz [2024] and the
NASA Ice, Cloud, and Land Elevation Satellite-2 [ICESat-2;
https://icesat-2.gsfc.nasa.gov/]).

Security

Sea ice (fig. 4), permafrost (fig. 5), and snow (fig. 6)
assessments for transportation corridors and various
geopolitical and national security considerations are essential
to the U.S. Department of Defense and U.S. Department of
Transportation (for example, the USGS Snow and Avalanche
Project [https://www.usgs.gov/programs/climate-research-
and-development-program/science/usgs-snow-and-avalanche-
project] and USGS Arctic Ocean sea ice research [https://www.
usgs.gov/programs/climate-research-and-development-program/
science/science-topics/sea-ice]).

Policy

Policymakers rely on USGS cryospheric research that
informs key climate summary documents (for example, the
U.S. Global Change Research Program “Fifth National Climate
Assessment” [https://nca2023.globalchange.gov/] and the
Intergovernmental Panel on Climate Change [IPCC] “Special
Report on the Ocean and Cryosphere in a Changing Climate”
[https://www.ipcc.ch/srocc/]).

Land Management

Federal, Tribal, and State land and resource managers need
to know the current and future status of snow, ice, and permafrost
for hazard-related and water resource issues (for example, the
USGS permafrost research [https://www.usgs.gov/programs/
climate-research-and-development-program/science/science-
topics/permafrost], the USGS Next Generation Water Observing
System [https://www.usgs.gov/mission-areas/water-resources/
science/next-generation-water-observing-system-ngwos], a
USGS project generating a high-resolution snow dataset for
Glacier National Park, the “Crown of the Continent Snowpack
Project” [Barnhart and others, 2023], the USGS Benchmark
Glacier Project [https://www.usgs.gov/programs/climate-
research-and-development-program/science/usgs-benchmark-
glacier-project], and the USGS From Snow to Flow web page
[https://labs.waterdata.usgs.gov/visualizations/snow-to-flow/
index.html#/]).

Figure 4. Photograph of the sunset over sea ice along the Arctic
Ocean. Photograph by Jessica Robertson, U.S. Geological Survey.

Figure 5. Photograph of USGS researchers collecting a perma-
frost core. Photograph by Miriam Jones, U.S. Geological Survey.
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Coastal Effects

The National Oceanic and Atmospheric Administration
(NOAA) needs projections of glacier and ice sheet
contributions to global sea level (for example, the NOAA
2022 technical report “Global and Regional Sea Level Rise
Scenarios for the United States” [https://sealevel.globalc
hange.gov/resources/2022-sea-level-rise-technical-report/]
and USGS observations to quantify mountain glacier change
[USGS, 2015]).

Animals and Habitat

The U.S. Fish and Wildlife Service relies on information
about how the changing cryosphere affects ecosystems and
endangers biological species to inform the U.S. Fish and Wildlife
Environmental Conservation Online System species profiles
(for example, Muhlfeld and others [2020] and a U.S. Fish and
Wildlife Service species profile for Zapada glacier [western
glacier stonefly; https://ecos.fws.gov/ecp/species/9133]).

Local Communities

Local communities need information on the changing
cryosphere for subsistence harvest, food storage, hazards,
and effects to infrastructure. USGS research on snow
avalanches informs forecasting and hazard mitigation that keep
recreationists and commerce corridors safe (USGS, 2024).

Conclusion

Cryospheric sciences at the U.S. Geological Survey
advance the understanding of snow, glaciers, permafrost, and sea
ice. This research empowers stakeholders with insight into how
the cryosphere regulates and responds to Earth's climate, and the
mechanisms that link the cryosphere to people, plants, animals,
and the many Earth systems it effects.

Importance of the Cryosphere

The Earth’s cryosphere is important for a variety of
reasons. Snow, glaciers, sea ice, and permafrost affect people
and places around the world.

* Snow—Approximately 50 percent of the runoff in the
Western United States is derived from snowmelt (Li and
others, 2017). On average, 27 people die in snow avalanches
every year (Colorado Avalanche Information Center, 2024).

* Glaciers—The melting of ice sheets and glaciers,
combined with thermal expansion of ocean water, or
the volume of ocean water increasing due to rising
temperatures, is expected to cause sea level to rise by at
least 43 centimeters by 2100 (IPCC, 2019). Hundreds of
millions of people living in coastal communities will likely
be directly affected by sea level rise before 2100, and even
more people may feel the effects of displacement and
migration it forces (Hauer and others, 2020).

e Sea ice—September sea ice, or the annual minimum
extent of the Northern Hemisphere sea ice, in the Arctic
is shrinking by 12.2 percent every year (NASA, undated),
opening new maritime trade routes, changing the way
storms make landfall, and imperiling wildlife that rely on
sea ice as a habitat. The Earth has not had a seasonally
ice-free Arctic Ocean since more than 100,000 years ago
(Vermassen and others, 2023).

e Permafrost—Permafrost contains two times the amount
of carbon that is in the atmosphere (Schuur and others,
2022). USGS researchers are working with the global
scientific community to constrain permafrost carbon cycle
feedback to Earth’s climate.

Figure 6. Photograph of the Garden Wall weather station, which
is an upper elevation climate and weather monitoring station in
Glacier National Park, Montana. Photograph by Erich Peitzsch,
U.S. Geological Survey.
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