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Outline
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1. Model- versus reanalysis-derived sensitivity of Greenland to atmospheric 
circulation

2. Wind-nudging experiments with CESM2

3. Wind-driven SLR contribution from Greenland

4. Possible sources of model sensitivity issues



Atmospheric circulation impact on the ice sheet
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Hanna et al, in prep
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How to quantify sensitivity of GrIS to large-scale 
circulation including tropical forcing? 

Atmospheric circulation impact on the ice sheet



Quantifing sensitivity of GrIS to large-scale circulation
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Topál and Ding, in review

Quantifing sensitivity of GrIS to large-scale circulation

Annual means, 1979-2020
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Quantifing sensitivity of GrIS to large-scale circulation

Annual means, 1979-2020

Models underestimate atmospheric forcing impact on 
GrIS.

To quantify this mismatch:

• using ERA5 winds to impose in CESM2 + CISM2
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CESM2 + CISM2 experiments with ERA5 winds nudged

• ERA5 horizontal winds (u,v) are 
imposed in the CESM2

• external forcing is kept constant

Topál and Ding (in review)
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CESM2 + CISM2 experiments with ERA5 winds nudged

We may use the GSI to estimate atmospheric forcing impact on barystatic 
sea-level rise from Greenland
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Atmospheric contribution to sea-level rise through the GrIS

• ~45% of the acceleration between 1990-2012 is explained by GSI

Topál et al. (2022) Nat Commun 13, 6833
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Sources of differences between observed and modelled sensitivity
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Sources of differences between observed and modelled sensitivity

• CMIP6 models underestimate 
low-frequency SST variability 
relative to the total variance

• Would we expect better 
representation of GrIS circulations 
from TOGA, or Pacific SST 
pacemaker simulations?
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Sources of differences between observed and modelled sensitivity

For summer only
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Summary

Findings

• Summer and annual mean SAT response to atmospheric 
forcing over the GrIS is ~30-50% underestimated in CMIP6

• Nudging experiments to quantify the SMB response too to 
winds

Potential causes

• Low-frequency SST variability
• The forced response in atmospheric circulation can also be 

biased

Potential consequences

• e.g., projected SLR uncertainties from Greenland

More details in


