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Carbon emissions of North American 
forest fires

Or: estimated values of carbon consumption in selected 
ecoregions of Alaska, Canada, and the Western US

By: Luz Silverio



Fires contribute to the carbon cycle

� But how much?

� Carbon Emission values are calculated using the Basic Emissions 
model:

– Ct = A(Cg � g + Ca � a)
• A = area of fire
• Cg = Carbon component belowground
• Bg = Biomass consumption belowground
• Ca = Carbon component aboveground
• Ba = Biomass consumption aboveground

� For accessible fires, these numbers are measurable via fieldwork

� For more remote fires, it is important to have estimates of the 
combined � and C values (A being distinguishable via satellite).



Project goal

� Nancy French obtained a NASA grant to study:
– Biomass consumption variability in forest fires

• Statistical analysis of pre-existing data on forest fire carbon emissions 

• Create a base value for several North American ecoregions with an 
indicated variability

� Contiguous United States limitations
– Less densely forested areas with less frequent fires are studied less

– Very few estimates of biomass consumption/carbon emission exist

– New primary goal:
• Create accurate/semi-accurate estimates of carbon emission values from 

forest fires in ecoregions lying in the contiguous United States.



Overview

� Vegetation coverage of North America
– Ultimate product: 

• vegetation percent coverage per ecoregion

� Location of previous biomass consumption research
– Ultimate products:

• Source database
• Biomass consumption estimate for major vegetation types

� Ecoregion modification
– Ultimate product:

• A hierarchical grouping of ecoregions that highlights the regions of interest

� Rough estimate of metric tons of Carbon/hectare burned

� Fieldwork in the Alaskan Interior



Vegetation coverage

� Obtained vegetation 
coverages

– Pixel resolution is 1km/pixel
– USA map from USDA (United 

States Department of Agriculture)
– Canada map from CCRS (Canada 

Centre of Remote Sensing)
– Alaska map from USGS (United 

States Geological Service



Vegetation coverage

� In ERDAS,
– AOIs created to 

overlay ecoregions of 
interest.

– Statistics run 
selectively by AOIs on 
raster images to 
determine vegetation 
coverage per 
ecoregion.

– Aggregated similar 
vegetation classes 
within each raster 
image.

Ecoregion 3.1
3.6 % wetlands
4.8 % low density spruce
15.6 % high density mixed forest
8.9 % medium density spruce
9.4 % medium density mixed forest
3.7 % fire/gravel bars
51.0 % low vegetation
3.0 % other



Vegetation reference

� Information provided:
– Domain type
– Bailey Ecocode

– EPA Ecocode

– Vegetation types

– Division, Province, and section



Previous biomass consumption research

� Used papers, reports, and research notes to create an 
estimate for belowground percent biomass consumption in a 
given vegetation type

� Forest floor consumption values were created using their data 
and fieldwork
– Methodology was aligned 
as well as possible 
following the procedures 
outlined in “Carbon 
Release from Fires in 
the North American 
Boreal Forest” (Kasischke 
et. Al.).

Ct = A(Cg � g + Ca � a)

For example, the � g for Douglas
fir was estimated to be .5861 (biomass
consumed/previous biomass)
using information from Kauffman,
et. Al. and Robichaud, et. Al.



Source database

� Easily accessible 
geodatabase

� Information provided
– Classic citation information
– Research notes

– Vegetation type



Source database

� Allows researchers to select sampling sites to best diversify 
the consumption estimates

– Especially important for ecoregions
• Vegetation type, thickness, fire prevalence and severity, etc. can vary dramatically 

within one ecoregion
• Multiple sampling is imperative for accurate fire severity estimates.

� Used in conjunction with vegetation reference, general 
research areas can be picked based on the following 
criteria:

– Vegetation type

– Previous research
– Ecoregion locale (both Bailey’s and CEC)



Ecoregion coverage

Alaska Boreal InteriorAlaska Boreal Interior

Boreal Shield EastBoreal Shield EastBoreal Shield WestBoreal Shield West

Taiga Shield WestTaiga Shield West

Taiga Shield EastTaiga Shield East

Taiga PlainTaiga Plain

Taiga CordilleraTaiga Cordillera

Boreal CordilleraBoreal Cordillera

Western CordilleraWestern Cordillera

Western Interior Basins and RangesWestern Interior Basins and Ranges

Western Sierra Madre PiedmontWestern Sierra Madre Piedmont

Hudson PlainHudson Plain

Upper Gila MountainsUpper Gila Mountains

Boreal PlainBoreal Plain



Ecoregion coverage

� Area specialization
– Is it wooded heavily?
– Is it mountainous?

• Modification of ecoregion coverages was performed in order to best fit the 
formats information was provided in

� Used the ecoregions provided by the CEC (Commision 
for Environmental Cooperation) with additional heavy 
modifications



Ecoregion coverage modification

� Coverage sections were merged
– Orange and yellow ecoregions

� Naming conventions were changed to correlate with Canadian naming 
conventions

– Red ecoregion

� Areas with little or no research were removed from proposed study area
– Mexican portion of southernmost ecoregion

original edited



The “Back of the Envelope” estimate

� Basic emissions model: 

– Used to estimate the approximate tons of carbon consumed per vegetation type 
under the occurance of fire.

� Sum(Carbon consumption/vegetation type * percent vegetation 
coverage/ecoregion) = Carbon consumption/ecoregion

Ct = A(Cg � g + Ca � a)

Estimated 25% of trees consumed

Calculated from papers

Provided by Birdsey



� In comparing these values to those for specific fires in 
literature, our calculated values have been found to be 
significantly lower
– Alaska Boreal Interior

• Kasischke found the actual value for a fire in the Alaska Boreal Interior to be 
21.4 t/ha carbon consumed

Ecoregion Number Metric Tons Carbon/Hectare Burned
Alaska Boreal Interior 3.1 7.753622
Taiga Cordillera 3.2 3.244483
Taiga Plain 3.3 8.623036
Taiga Shield East 3.4e 6.925913
Taiga Sheild West 3.4w 7.300149
Hudson Plain 4.1 6.216784
Boreal Shield East 5.1e 13.5378
Boreal Shield West 5.1w 13.10366
Boreal Cordillera 6.1 5.756761
Western Cordillera 6.2 19.94398
Western Interior Basins 10.1 3.261333
and Ranges
Western Sierra Madre 12.1 1.401058
Piedmont
Upper Gila Mountains 13.1 11.8398

The “Back of the Envelope” estimate

Our calculated value is 7.75



Estimate evaluation

� Problems
– Fire frequency

• Assumption: fires happen just as frequently on ice and water as they do in a forest
• Fact: fires do not happen just as frequently on ice and water as they do in a forest

– scarcity of source material
• Only one or two sources were immediately usable to find the � g value for a given 

vegetation type
– Sources often mentioned that applicable measurements were taken but did not provide the 

actual data

� Solutions
– Fire frequency can be researched and applied as a weighted average to the 

vegetation type:
• Sum(Carbon consumption/vegetation *vegetation coverage/ecoregion*fires in 

vegetation/total fires) = more accurate estimate

– Authors of other papers can be contacted and data can be requested



Fieldwork in the Alaskan Interior

� Worked in the field under Eric Kasischke and Nancy French
– Measurements made

• Soil consumption

• Tree consumption

• Fire severity

Eric Kasischke and Gordon Shetler working the field



Fieldwork in the Alaskan Interior

� Learned a lot of boreal fire ecology
– Example: The two pictures below are of the same site

• Left: taken in early July

• Right: taken in early August

– Fireweed, a disturbance plant, thrives on the mineral soil that is exposed 
when severe fires burn all of the organic layer from the forest floor.



Improvements

� Scientific analysis methods
– Fieldwork
– Meta-analysis

� Advanced skills
– ERDAS

• AOI usage

– ARC GIS
• Projections

• Arcedit

• Command line
• AOI usage

– Data interpretation and extrapolation



Thank you!


