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The Greenland ice sheet will continue to lose mass throughout this 
century under all emissions scenarios (virtually certain)

The contribution until 2100 will
likely be: 

0.01-0.10 m under SSP1-2.6, 

(0.03-0.11 m under RCP2.6 in AR5 
and SROCC)

up to 

0.09-0.18 m under SSP5-8.5

(0.08-0.27 m under RCP8.5 in AR5 
and SROCC).

The observed mass loss was driven by discharge and surface melt, 
with the latter becoming the dominating component with high 
interannual variability in the last decade. 

The largest observed mass loss occurred in the Northwest and 
Southeast.

Slightly narrower projected range cf
AR5 and SROCC, but median ~same. 



What is behind these AR6 projections? A zoo of ice 
sheet models…

Goelzer et al. (2020) Table A1



What is behind these AR6 projections? A zoo of ice 
sheet models forced by selected CMIP models…
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Figure 1. GMSLR contribution from the GrIS to 2100. (a) Time series of contribution be-

tween 2015 and 2100 (in mm) for whole ice sheet as a function of ice sheet model (symbol) and

experiment (see legend) and (b) contribution at 2100. Symbols refer to ice sheet models and are

given in Table ??. Boxes in panel (b) refers to ranges from equivalent CMIP5-forced experiments

(see ? (?)).
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Figure 1. GMSLR contribution from the GrIS to 2100. (a) Time series of contribution be-

tween 2015 and 2100 (in mm) for whole ice sheet as a function of ice sheet model (symbol) and

experiment (see legend) and (b) contribution at 2100. Symbols refer to ice sheet models and are

given in Table ??. Boxes in panel (b) refers to ranges from equivalent CMIP5-forced experiments

(see ? (?)).
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*these projections are relative to control experiment with constant climate forcing. 
ISMIP6 generated ~ 250 simulations for the Greenland ice sheet

Payne et al., 2021Goelzer et al., 2020



What is behind these AR6 projections? A zoo of ice 
sheet models forced by CMIP models and emulated…

Edwards et al., 2021

The numbers*:
3 cm under SSP1-26 
13 cm under SSP5-85
*Median projections 

for 2015-2100



What is behind these AR6 projections? Also coupled ice-
sheet-climate model simulations and more…

CESM2.1-CISM2.1 
(Muntjewerf et al., 2020)

Study in AR6 
Tables 9.2 and 9.8

Projected SL to  
2100

Notes

Leclec’h et al., 2019 7.9cm RCP8.5 Coupled MAR-GRISLI

Van Breedam et al., 2020 7.3cm RCP8.5 Coupled LOVECLIM-AGISM

Muntjewerf et al., 2020 10.9cm SSP5-85 Coupled CESM2.1-CISM2.1

Chap 9 11cm SSP5-85 ISMIP6 CMIP5+CMIP6+ hist dynamic

Chap 9 14cm SSP5-85 ISMIP6 with AR5 parametric fit 

Edwards et al., 2021 11cm SSP5-85 Emulated ISMIP6, no hist dynamic

AR6 Assessment for 2100 13cm SSP5-85 Emulated ISMIP6, with hist dynamic

Bamber et al., 2019 23cm SSP5-85 Expert Elicitation (SEJ)

AR5 & SROCC 13cm SSP5-85 Median multiple studies

“These projections (as well as those of AR5 and SROCC) are lower than the study of 
Aschwanden et al. (2019) … or the range from SEJ (Bamber et al., 2019) contributing 
to the deep uncertainty in projected sea level (Box 9.4)” AR6 Sect 9.4.1.3



What are the challenges? Reproducing historical…

Goelzer et al., 2020

Area and Volume at 
the end of historical

ISM are much better at capturing
“present-day”, but…



What are the challenges? Reproducing historical…

Goelzer et al., 2020

Error estimate at 
the end of historical

How would you assign weights?



What are the challenges? Historical climate forcing…

Goelzer et al., 2020
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MB = SMB - D

Mean SMB over 1980-2012: 3 out of 13 models, mean and spread



Nowicki et al. (2020), Barthel et al. (2020), Slater et al. (2019, 2020)

What are the challenges? Future 
atmospheric and ocean forcing, 
calving etc…



Challenges & research priorities
• Reproducing historical ISM:
• Older observational datasets
• Improved climatic forcing

• Assign weights or calibrated 
projections? How best to do that?
• Improving polar climate in ESM is key:
• Inputs to RCMs, but beyond 2100, really 

need to have evolving ice sheets
• RCMs include another layer of 

uncertainty, so can we by-pass RCMs?

• How to make progress with respect to 
“deep uncertainty”?
• …

How much is the committed sea level, that 
needs to be added back to ISMIP6 
simulations? From large ensemble and 
GRACE calibration (Nias et al. in prep):

~ 6 mm due to dynamics

~ 35 mm due to 
Dynamics + SMB trends




