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How have we improved the Greenland heat flow map?



290 existing IHFC 

129 new 

 88 submarine

 24 subglacial 

 17 subaerial 

How have we improved the Greenland heat flow map?



12 geophysical datasets to predict 

heat flow through machine learning

How did we convert point observations into a map?



“Cold Greenland” 

model

(seamless)

What does our new model of Greenland heat flow look like?



Which geothermal heat flow map to use for ISMIP7?

Several choices for the 

ice-sheet basal 

boundary condition!



Which geothermal heat flow map to use for ISMIP7?

Different approaches, geophysical 

data, and training data



How do the current generation of heat flow maps influence simulations?



Case 1: Nudged ISMIP6 spin-up

How do we 

keep North 

Greenland 

frozen?

How do the current generation of heat flow maps influence simulations?



Case 1: Surface velocity differences

How do the current generation of heat flow maps influence simulations?



Case 2: Transient (ISMIP7?) spin-up

How do the current generation of heat flow maps influence simulations?



Case 2: Ice thickness differences

How do the current generation of heat flow maps influence simulations?



What is the heat flow influence on ice-sheet sensitivity?

Temperate fraction 

of ice-bed interface



Differences in 

iceberg calving

Case 1 (nudged) Case 2 (transient)

What is the heat flow influence on ice-sheet sensitivity?



How did geothermal heat flow map influence ISMIP6?

MacGregor et al., 2022, The Cryosphere

“Of the 21 Greenland model 

submissions to ISMIP6, 12 

prescribed geothermal heat flow 

from a 20-year-old global heat 

flow product that had limited 

evaluation data and a known 

warm bias in South Greenland.”



“Of the 21 Greenland model 

submissions to ISMIP6, 12 

prescribed geothermal heat flow 

from a 20-year-old global heat 

flow product that had limited 

evaluation data and a known 

warm bias in South Greenland.”

How did geothermal heat flow map influence ISMIP6?



Looking ahead to ISMIP7

“We suggest that ISMIP7 should only employ newer and better 

validated geothermal heat-flow maps, namely those exhibiting high 

agreement against comprehensive observation datasets. 

Similar to climatic forcing, ISMIP7 should explore the influence of 

geothermal heat flow forcing on simulated thermal state and ice flow.”

64 mW/m244 mW/m2



Antarctica too!



Which geothermal heat flow map to use for ISMIP7?

Absolute 

magnitude of 

differences can 

be larger than 

Greenland.



An2015 is too cold.

Temperature profiles 

more dependent on 

parameterization of 

vertical advection 

(accumulation and 

basal melt rates).

“We find that the impact 

of using different GHF 

fields has only a modest 

influence on the ice 

temperature field and 

the total grounded ice 

basal melting volume.” 
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