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The Approach

satellite altimetry

+ high spatial resolution
+ (a few kilometres)

− assumptions about volume-to-mass conversion

− errors due to sampling and signal penetration

satellite gravimetry

+ ultimately sensitive to
+ mass changes

− low spatial resolution
− (a few hundred kilometres)

− errors due to GIA correction
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Mass Changes from 2011-01 to 2023-12
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far-field mass changes
• GIA outside Antarctica
• Greenland Ice Sheet
• Glaciers
• Hydrology

INVERSION METHOD
(Willen et al., 2024)

- global framework
(no regional constraints)

- allows to co-estimate GIA
- incorporate error-covariances 
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Summary
• reconciled ice mass changes at 50 km spatial 

and monthly temporal resolution

• AIS mass balance (2011-01 to 2020-12)
• (−144 ± 27) Gt a−1 (co-estimating GIA)

• (−133 ± 27) Gt a−1 (using GIA correction IJ05R2)

Mass change time series of three example regions 
obtained using the data combination approach 
(Combination, blue), and compared to the ESA CCI 
product from TU Dresden (GRACE-only, yellow) as 
well as to mass changes from a simple „altimetry 
minus firn-air-content change“ approach (Altimetry 
minus FAC, red). The mass differences refer to the 
2019 mean. The same GIA-correction is applied for 
Combination and GRACE-only.

Outlook
• further increase of the spatial resolution and 

improved uncertainty characterization

• budgeting the contributions to the mass balance

• we expect a major advance in data quality with 
future observations from MAGIC and CRISTAL 

Discussion
• highest differences in regions where it is 

challenging to asses the ice mass changes from 
individual satellite data (e.g. Antarctic Peninsula)

• weighting crucially depends on available error-
covariance information of the input data
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