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Spatially-explicit climate forcings from wildfire across the ABoVE domain
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Wildfires in the boreal forests and peatlands of the ABoVE domain are a natural disturbance 
agent, but are increasing in frequency and severity. Boreal forest fires impart relatively large 
forcings on the climate system as a result of (i) typically high severity fires that emit large
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Existing burned area products across the ABoVE domain were not fully adequate for our 
purposes, mainly because (i) of their binary nature that neglects small water bodies and 
other non-vegetated cover that is prevalent in western boreal North America, and (ii) because 
global products are not optimized for the region and hence tend to contain substantial 
omissions. We therefore developed our own product based on Landsat and MODIS.

Post-fire albedo can be a dominant climate forcing 
from wildfires in the ABoVE domain due to near-
complete tree mortality and the exposure of 
underlying snow in the winter and spring months. 
We derived a blue sky albedo product for the 
domain and used it to model long-term post-fire 
albedo under historical and future climate 
scenarios. Results suggest climate change will 
reduce the cooling effect from post-fire albedo by 
15-28% due to earlier snowmelt in the spring 
(Potter et al., in prep).

Our ultimate science goals are to determine the net 
climate forcings form wildfire in the ABoVE domain, 
understand the spatial and temporal patterns, and 
quantify the major drivers. To do so, we have 
developed a framework to estimate the greenhouse 
gas and aerosol forcings from fire carbon emissions, 
accounting for ecosystem regrowth, using a variety of 
approaches. Preliminary findings indicate that multi-
decadal forcings from greenhouse gasses and 
aerosols are positive, and dominated by CO2 (right). 
When combined with albedo forcings, the spatial 
patterns of net forcings are heterogeneous but still 
mostly positive (below).

Several burned area 
products for a 2014 fire in 
the Taiga Shield, Northwest 
Territories (Walker et al., 
2018). Existing products 
across the ABoVE domain 
tend to neglect small water 
bodies and contain 
omissions (top panels). Our 
product is based on 
Landsat, using MODIS 
when necessary, and 
represents fractional 
burned pixels at MODIS 
resolution, accounting for 
non-vegetated fractions 
(bottom panels).
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Relationships between observed lightning strikes, fire ignitions, and burned area in 
the Northwest Territories and Alaska (Veraverbeke et al., 2017).
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An initial version of our burned area product was used to illustrate the relationships between 
lightning and burned area in the ABoVE domain, showing that lightning is one of the primary 
drivers of large fire years.

amounts of carbon, (ii) snow cover that amplifies albedo 
effects, and (iii) the long-term nature of forest regrowth. 
The pathways by which these fires affect climate are 
spatially heterogeneous and may change with future 
climate. Understanding the complex spatial and temporal 
patterns is important for scientists, fire managers, and 
their governing bodies.

Here we present a framework to quantify, map, and 
predict the dominant climate forcings from wildfires 
across the ABoVE domain at 500 m. Our work includes a 
new burned area product, models of monthly albedo 
trajectories and their climate forcings, and models of fire 
carbon emissions and their greenhouse gas and aerosol 
forcings.
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Burned area within the ABoVE
domain based on the Alaskan and 
Canadian National Fire Databases.

Mean modeled post-fire albedo and radiative forcings across the domain

Greenhouse gas and aerosol emissions are one of the major climate forcings from wildfires in 
the ABoVE domain. To address data and knowledge gaps of fire carbon emissions, we 

conducted a field campaign in the 
relatively under-sampled southern 
Canadian boreal (Saskatchewan). 
Forests in this region are generally 
more productive, experience higher 
fire frequency, and are subject to 
more land use (harvest) than 
northern boreal forests. 

Our field observations were combined with others into a combustion synthesis database, 
sponsored by the ABoVE Fire Disturbance Working Group (Mack lead). Using this database 
and machine learning models, we are estimating fire carbon emissions across the domain.

Saskatchewan study domain (left) and estimated combustion (right) (Dieleman et al., in prep.)

Field sites included in the combustion synthesis (left) and predictive model performance (right).
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Mean blue sky albedo for the month of 
April (Solvik et al., in review).

Conclusions

Cumulative greenhouse gas and aerosol 
forcings from 2004 fires in Alaska.

Climate forcings from albedo, greenhouse gasses and aerosols, and net forcings for 2004 Alaska.
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Our research is aimed at informing evolving fire management priorities and strategies. Working 
with colleagues from the Union of Concerned Scientists, the Alaska Fire Science Consortium, 
and the fire management communities, we are assessing how fire management could be used as 
a climate mitigation strategy.

Fire management zones in Alaska (left) and their influence on mean fire size (right)
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The intensification of wildfire regimes in the ABoVE domain has substantial impacts on the climate 
system. Here we developed a remote sensing-based modeling system to quantify and predict 
these impacts. Preliminary results indicate that net climate forcings are mostly positive. Moreover, 
although negative forcings from post-fire albedo are projected to decrease in magnitude with 
climate change, positive forcings from greenhouse gasses and aerosols will not be significantly 
altered due to the contrasting effects of CO2 forcing efficiency and atmospheric lifetime. Future 
work should explore the costs and benefits of altered fire management from a climate perspective.
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