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Key policy-relevant messages
from Arctic sea ice

• Arctic summer and multi-year sea ice loss inevitable, even with very 
low emissions (SSP1), likely before 2050

2022: Decades-centuries to recover – depending on peak temperature

Decreasing Sea Ice with Rising CO2…

Notz and Stroeve, Science, 2016

….and Temperature:

Notz and Stroeve, 2018

Arctic Sea Ice



Mid-Latitude Glaciers Substantial Remnants at 1.5°C, 
Nearly All Lost with Even 2°C Overshoot

Many Centuries to Recover (even at 1.5°C)

Figures based on Marzeion et al (2012)



Permafrost Thaw
2022: first observed increase methane; fires increasing thaw

• Size of emissions depends on peak temperature

• Emissions continue for centuries after initial thaw

Carbon budget estimate (2100)

Reduced carbon budget to
account for permafrost

Data sources: IPCC SR15, Gasser et al (2018), Turetsky et al (2019)

Scale of emissions depends 
on peak temperature:
1.5°C ~= India (2.5 Gt/yr)
2.0°C ~= EU  (3.5Gt/yr)
3-4°C ~= China or US (5-10 Gt/yr)

By 2100 Multi-centuries



Greenland”zombie ice”:  Box et al, Aug. 2022
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East Antarctica vulnerable >1.8°C: Stokes et al, Aug.2022

Smith et al. (2020: Science) Stokes et al. (2022), modified from Morlighem et al. (2020: 
Nat. Geosci.)
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Ice Sheets and Sea-level Rise:
Paleoclimate records and models converging on committed SLR

Moosonee - 3m SLR



Moosonee: 6m SLR



Moosonee: 10m SLR



Moosonee: 10m SLR



Nile Delta: 10m SLR



Polar Ocean Acidification

2022: Observations: faster than previously forecast; sea ice loss speeds

• Permanence on human timescales (50k-70k years)

• Population crash (snow crabs): multiple stressors

Shell Damage from Acidification:
Damage observed today in polar oceans

Ocean Acidification: CO2 → Carbonic acid 
SRM Allows Continued Rise

High emissions world (3-4°C) 
year 2100; CO2 above 650

Low emissions world (1.5°C) 
year 2100; CO2 ≈450



Global CO2 Emissions
Pathways limiting warming to 1.5°C and 450ppm 
with no or limited overshoot (less than 0.1°C): 

- Robust declines in next decade (50%) 
- Net-zero CO2 around mid-century
- Varying levels of carbon-dioxide removal (CDR), 

but less reliance and earlier (<2060)
- NO/MINIMAL OVERSHOOT

a.

b.

c.

Source: IPCC SR15 SPM 3.A

Cryosphere Science Means Firm 1.5°C Limit:

Joeri Rogelj – London Climate Action Week – 3 July 2019 – Pathways to 1.5 Degrees


