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How have we improved the Greenland heat flow map?
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How have we improved the Greenland heat flow map?
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How did we convert point observations into a map?
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12 geophysical datasets to predict
heat flow through machine learning




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

45" -

008’

“Cold Greenland”

model
(seamless)

Model Min Mean Max

MWm—2] [mWm2] [mWm 2]
This study (without NGRIP) 28 44 76
This study (with NGRIP) 29 48 102
Rezvanbehbahani et al. (2017) 20 54 124
Artemieva (2019) 40 58 108
Martos et al. (2018) 50 60 8
Greve (2019) 32 62 130
Lucazeau (2019) 46 64 83




Which geothermal heat flow map to use for ISMIP7?

This Study Artemieva 2018 Greve 2019 Lucazeau 2019 Martos et al. 2018 Rezvanbehbahani et al. 2017

Several choices for the
iIce-sheet basal
boundary condition!
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Which geothermal heat flow map to use for ISMIP7?

Model Number of Greenland heat Number of  Interpolation

flow measurements geophysical datasets method

Onshore Offshore

Subglacial ~ Subaerial

This study 2 77 317 12 Machine learning
Rezvanbehbahani et al. (2017) d -+ 0 20  Machine learning
Artemieva (2019) 1 60 229 8  Thermal isostasy model
Martos et al. (2018) 6 2 0 5 Forward model
Greve (2019) > 3 0 3  Paleoclimate and ice flow model
Lucazeau (2019) 4 62 248 14  Geostatistical model

Different approaches, geophysical
data, and training data




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

The Cryosphere, 18, 387402, 2024
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How do the current generation of heat flow maps influence simulations?
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How do the current generation of heat flow maps influence simulations?
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How do the current generation of heat flow maps influence simulations?
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How do the current generation of heat flow maps influence simulations?
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What is the heat flow influence on ice-sheet sensitivity?

Name Reference Case 1l Case?2
C2022 Colgan et al. (2022) 21.8% 33.5%
R2017 Rezvanbehbahani et al. (2017) 43.0% 48.0%
SR2004  Shapiro and Ritzwoller (2004) 355% 443 %
A2019 Artemieva (2019) 502% 52.8%
M2018 Martos et al. (2018) 544% 60.0%
G2019 Greve (2019) 536% 574 %
L2019 Lucazeau (2019) 525% 59.7 %

Temperate fraction
of ice-bed interface
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What is the heat flow influence on ice-sheet sensitivity?

Case 1 (nudged)

318 4

316

Colgan2022
Shapiro2004
Artemieva2018
Martos2018
Rezvanbehbahani2017
Lucazeau2019
Greve2019

2000 4000
year

60I00

8000 10000

total calving flux (Gt yr 1)

420 -

400 -+

380 -

360 -

340

320 -+

300 -

280 -

Case 2 (transient)

(b)

2000 4000

year

6000 8000 10000

Differences in
iIceberg calving




“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.”
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How did geothermal heat flow map influence ISMIP6?
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“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.”
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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.”

This Study Artemieva 2018 Greve 2019 Lucazeau 2019 Martos et al. 2018 Rezvanbehbahani et al. 2017
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Antarctica too!
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Which geothermal heat flow map to use for ISMIP7?
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“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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An2015 is too cold.

Temperature profiles
more dependent on
parameterization of

vertical advection
(accumulation and
basal melt rates).
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