
EFFECT OF EMISSION REDUCTIONS
ON FUTURE GRIS MELT
AS SIMULATED BY CESM2-CISM2
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Historical & high warming 
scenario 1850-2100

(Muntjewerf et al,  GRL, 2020)
•5.4 K warming and strong NAMOC weakening
by 2100 in SSP5-8.5 w.r.t. preindustrial
•23 mm GMSLR by 2050 and 109 mm by 2100
•Contribution of northern basins largely
increases during the second half of the 21st 
century



CESM2-CISM2 (Muntjewerf 
et al, model description, 
JAMES, 2021)
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Added value of 
coupled modelling
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Mass loss in Gt/yr (360 Gt yr-1= 1 mm SLR yr-1)

MB=SMB-ID
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Multi-century evolution under 1% 4xCO2 

• In this scenario, 4xCO2 is 
reached at year 140 
Ø in SSP5-8.5, at year 2100

• Large increase in mass loss rate 
& ablation area expansion 
~year 120 

• Maximum mass loss rate at 
year 500 (8 mm SLR yr-1)

• GrIS is lost in 1,700 years 



Elevation change
(a) (b)  



Precipitation



Melt and refreezing evolution



Albedo



Melt



Feedbacks and reversibility (Thirsza Feenstra)

• Topographic change effect on 
GrIS climate and mass balance

• GrIS effect of -5% from 4xCO2 
to 1xCO2  



Mitigating Greenland melt
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Mass loss in Gt/yr (360 Gt yr-1= 1 mm SLR yr-1)

MB=SMB-ID • Mass loss acceleration 
around year 120 is 
avoided with capping at 
3xCO2

• Mass loss rates by year 
500 are reduced by 
almost 2/3
Ø Non-linear effect of 

emission reduction
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Mitigating Greenland melt
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CISM year 

Global warming NAMOC



Mass loss increases with NAMOC recovery 

• SMB declines at the time of the NAMOC recovery
• Ice discharge declines in time

MB=SMB-Ice Discharge



Melt 

Snowfall 

Refreezing

SMB

Rain

Gt per year
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• Before NAMOC recovery: SMB 
reduced to half of PI due to melt 
increase and snowfall decrease, 
refreezing increases 

• After NAMOC recovery: large 
increase in melt, small  increase in 
snowfall, decline in refreezing 
capacity (as % of melt+rain)



Surface mass balance 
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ELA
• Ablation area expands in the first 70 years 

and following NAMOC recovery



Conclusions 

• NAMOC collapses is all scenarios
• Bifurcation fast collapse for 2.5xCO2

• Warming relatively linear with CO2
• Melt is not linear with CO2 (albedo and elevation

feedbacks, and coupling with ocean change)



Tipping: follow-up  
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Simulation of Last Glacial
Maximum (21-18 ka BP) climate of 
northern hemisphere ice sheets 
(Bradley et al, Clim Past, 2024)
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