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Why Greenland Surface Density Matters
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(IMBIE, 2020)

Densities facilitate converting 

radar altimetry volume changes 

to a mass balance

Future sea-level rise projections 

rely on ice sheet evolution 

models that predict a subsurface 

density structure
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Approach
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ESA SMOS

ESA CryoSat-2

ISRO/CNES 

SARAL

+ +

in situ data for calibration and 

validation

passive microwave forward 

modelling (SMRT)

(Picard, 2018)
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Results
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Distinct contrast 

between the 

interior and margin 

of the ice sheet

Large misfits in S 

and SW 

Greenland

E/W zonation of 

smallest misfits

Spatially Temporally

2013/2014 through 

2018/2019 sees 

prolonged period of 

firn rehabilitation 

(8.2% to 19.2%)

Low misfits 

disappear 

across 2019 & 

2021 summers

High misfit 

classifications 

expand and increase

More homogeneous More heterogeneous
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Main Conclusions

• Misfit between simulations and observations correlates with vertical density heterogeneity 

– Greater vertical density variability (e.g., layering)→ greater misfit

• 11-year, pan-ice sheet implementation reveals long-term trends in GrIS surface conditions

– Prolonged firn recovery post-2012

– Increased heterogeneity in firn conditions after extreme melt events (e.g., 2019, 2021)

– Spatial patterns agree well with other datasets (e.g., Operation IceBridge)

• Novel dataset for understanding the long-term evolution of pan-GrIS firn

– Firn rehabilitation/heterogenization > relevant for internal meltwater storage vs runoff

• Direct relevance for future ESA missions such as CRISTAL and CIMR
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