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Permafrost

1.5 trillion tonnes carbon stored in permafrost soils



Boreal carbon sink is on par with the tropics!

Tagesson et al. (2020) Nature Ecol. Evol.

Watts et al. (2023) Global Change Biology





The Permafrost Region is At Risk – Warming >3x 
Faster Than Elsewhere on Earth 

Arctic-thaw.org



Climate Change is 
Increasing Wildfires

● Burn area has doubled since 1960s

● Observations confirm more severe 
and frequent fires in the region 

Map from Woodwell’s Boreal Fire team: Brendan Rogers, Greg Fiske, et al. 

Photo: Scotty Creek fire, NWT, Canada

(Oliver Sonnentag)







Wildfire Sources

▪ Reduced snowpack

▪ Drier/warmer conditions 

▪ Increased lightning strikes 



Consequences of Wildfire
▪ Public health/smoke inhalation
▪ Loss of property/infrastructure
▪ Impacts to local economy and 

transportation
▪ Impacts to wildlife and habitat
▪ Impacts to subsistence living
▪ Black carbon melting ice
▪ …Worsening climate conditions (via 

forest loss & increased GHG emissions)



CO2 CH4



Map: Greg Fiske, Woodwell Climate; Data: Virkkala et al. (2024) In Press @ Nature Climate Change 

Fire Impacts to Permafrost Region C Budgets
2001-2020 CO2 Budget

Net sink of >500 TgC yr-1

(without fire emissions)

Including fire reduces 

total sink by ~ 40%



Wildfire GHG Emissions
▪ Canada (2023): 3x the emissions of all 

other sectors in Canada combined

▪ Alaska + Canada (2021-2050) estimates:  
Yearly emissions from 2.6 billion cars

▪ Circumpolar (CO2 & CH4): 

▪ 5 - 10% reduction in 1.5°C and 2°C global 
carbon budget (fires directly) *

▪ 10-25% reduction when also including GHG 
from permafrost thaw *

*likely severely underestimating emissions from Russia

Canada Boreal Permafrost Region (2023)

Photo: Independent News; Cockburn (2020) Wildfires devastate forests in Siberia



Wildfire and wildfire-
permafrost emissions 
are underrepresented in 
global carbon budgets. 



▪ Most global climate models do not adequately represent permafrost-region wildfire emissions, 
nor permafrost-wildfire interactions.

▪ Funding for Arctic fire research and emergency response is not proportional to the climate costs.

▪ Fire management decisions have not prioritized protecting carbon or permafrost, human health 
and other values increasingly at risk.

▪ Arctic Indigenous Knowledge-holders are not adequately centered in decision-making.

Key Limitations to Current Decision Making:
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