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CSQ-20 Summary
Question Knowledge Advancement Geophysical Observables Measurement Tools & Models Policies / Benefits
Objectives Requirements
What is the | Measure the change in the ® Glacier area change and volume | Global record of EO satellite datasets. Climate change
mass balance of | mass balance of all components change mass loss across all adaptation and
the cryosphere of the cryosphere system, e Ice sheet mass balance parts of the Auxiliary data mitigation policy.
. .. | including ice sheets and ice cryosphere. including bed
and how is it . . ® |ce shelf mass balance . .
. shelves, glaciers and ice caps, ) ) topography under all Delivering on Paris
changing  over sea ice, permafrost and snow ® Seaice thickness and extent Continuous record of | land ice, and regional | agreement and IPCC
time? cover. ® Permafrost volume change change required climate model data monitoring.
® Snow mass on land throughout the full | estimating surface
30-40-year satellite mass balance Improve future
record. component. projections of ice
mass loss, which
Monthly or finer remain the greatest
temporal resolution uncertainty in future
measurement sea level rise
frequency for all projections.
observational
components.
Medium (1 km)
spatial resolution for
all components.
Multi measurement
type observational
capability.
Measure the regional pattern of | As above. High (100 m) spatial | As above.
variability in ice mass loss. resolution
measurements

required, at the
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glacier or basin

scale.
Provide near real time As above. NRT raw satellite As above.
monitoring of ice mass change data access and

automated

processing chains.
Online portal to
deliver service
through.

Weekly
measurements of all
components.
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CSQ-20 Narrative

Fluctuations in Earths ice mass have occurred in almost all regions of the cryosphere, in response to
change in environmental forcing mechanisms and as a longer-term response to climate change.
Satellite observations have shown that the mass balance of the Antarctic and Greenland Ice Sheets has
changed dramatically over the last 40-years, with ice loss increasing by six times over this period,
increasing global sea levels by 17.8 mm (The IMBIE team, 2018). While in Greenland surface melt
driven lubrication drives the majority of ice mass loss, in Antarctica the dominant process is warm
ocean water driven melt, demonstrating that the dominant physical process is different in the North
and South Hemispheres. While the ice sheets contribute one third of the total sea level rise budget,
ice loss is also occurring on mountain glaciers and ice caps. Observations have shown that glacier mass
loss has increased from -120 Gt per year in the 1970 to -327 Gt per year between 2010 and 2019. In
mountain glacier regions the dominant cause of ice loss is increasing air temperatures (Slater et al.,
2021). While Arctic sea ice cover has been decreasing for the last 40-years, Antarctic sea ice extent
remained stable through to the 2020’s. In recent years we have seen a dramatic reduction in Antarctic
sea ice extent, impacting the energy balance of the region and causing devastating impacts on emperor
penguin breeding cycles who are reliant on sea ice floes. Overall, the rate of ice loss on earth has
increased by 57 % since the 1990’s, increasing the cryosphere’s contribution to global sea level rise. As
yet, snow on land and permafrost volume are not included in global cryosphere mass budget
assessments, however this will be possible in the future. Studies should quantify the regional
variability in the change in ice mass of different elements of the cryosphere, and understand the
physical mechanisms driving this change.
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Fig. 1: Average rate of ice thickness change in the (a) Southern Hemisphere and (b) Northern
Hemisphere. Changes in Antarctic (1992— 2017) and Greenland ice sheet (1992-2018) thickness
were estimated using repeat satellite altimetry following the methods of Shepherd et al. (2019). Sea
ice thickness trends between 1990 and 2019 are determined from numerical sea ice and ocean
modelling (Zhang and Rothrock, 2003), as well as the average minimum of sea ice extent in February
(Antarctic) and September (Arctic) (purple lines) for each decade during the same period. Glacier
thickness change between 1992 and 2018 for glacier regions defined in the Randolph Glacier
Inventory (RGI Consortium, 2017) (black boundaries) are from mass change estimates (Braun et al.,
2019; Foresta et al., 2016; Jakob et al., 2020; Tepes et al., 2021; Wouters et al., 2019; Zemp et al.,
2019b) which have been converted to a thickness change assuming an ice density of 850 kg m-3.
From Slater et al., 2021.
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