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Introduction

This poster present the results from an integration of 3 NASA funded studies
(NNGO4GD25G,NNGO4GR24G, and NNX08A179G and research funded by
USGS, USFS, and CFS. The focus of the study was to improve approaches to
estimate carbon emissions from boreal forests through integration of field-based
research with moderate-resolution satellite remote sensing information on
vegetation type and patterns of burning. Our study focused on fires in Alaska that
occurred during the 2004 fire season. We selected 41 large fire events for analysis
that represented 95% of the area burned during this fire season (2004 was the
largest fire season on record for Alaska. These fires started in mid-june and
several continued well into September.

Variations in burned area and carbon emissions by vegetation type

Fraction of bured area

Within the perimeters of all fires examined in this study, 67% of the burned area was either white or black spruce, with black
spruce comprising 60% of all vegetation cover that burned (left chart). In terms of carbon emissions, 92% of all emissions
came from the burning of black spruce forests (center chart), while across all vegetation types, 93% of carbon emissions came
from the burning of surface organic material

Adaptation of the BORFIRE Emissions Model

Fire Emissions Estimation in the Alaskan Boreal Forest
Our modeling approach was based on an adaptation of the Landsat
Canadian Forest Service’s BORFIRE model (de Groot et al. 2007). ':>.-
This apporach uses Landsat TM to generate maps of pre-fire
vegetation cover and identify burned vs. unburned vegetation within ﬂ
fire perimeters. It uses a DEM to divide vegetation types by Desision Rules for
p . SFC in Black Spruce|
topography, in particular upland and lowland black spruce. It uses Forests
MODIS hotspots to identify the date when each pixel burned. ﬂ
Algorithms within BORFIRE estimate fuel consumption based on fuel
loads and fire weather indices on the date of burning. During our
study, we modified BORFIRE to estimate fuel consumption of
surface organic layers in black spruce forests based on analysis of 2
field data (see below). Our studies showed that black spruce forests
represent 60% of all burned area during the 2004 fires, and 78% of
forests burned.

Burning of surface organic layers in black spruce forests

From 2005-2007, we carried out field and lab studies to better
quantify patterns of burning of surface organic layers (SOLs) in
black spruce forests. As part of our study, we integrated field
observations collected during other years by USFS and USGS
researchers. We developed an experimental design that allowed
us to examine what factors control burning of SOLs. We found
three factors to be the primary controllers: (1) site drainage
determined by topographic factors; (2) seasonal thawing of
permafrost; and (3) inter-annual variations in climate that affect
SOL moisture at the time of burning. Our study found that the
average carbon emissions from burming of SOLs in black spruce
forests was 30t C/ha.
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Comparisons with results from other studies

Several recent studies have estimated the amounts of total C emissions and/or carbon s
monoxide (CO) emissions from the 2004 Alaska fires. In the top graph, we compare
total C emissions from our study to those produced using our previous modeling
approach (BWEM; Kasischke et al. 2005) and from the GFED model (van der Werf et al.
2006). Our estimates are considerably higher than BWEM owing to the higher levels of
organic layer consumption used for our BORFIRE-AK model. There may be three =

reasons are results are higher than the GFED estimates: (a) the area burned estimates =« oD e O
derived from Landsat TM data are about 10% greater than those estimated by van der i wgemT

Werf and used in GFED; (b) the MODIS vegetation cover map used for GFED ..

significantly underestimates the amount of black spruce forest in interior Alaska; (c) the
estimates of ground layer burning in GFED are lower than in BORFIRE-AK. As with
total C, the estimates of CO emissions are significantly higher than those generated by
other studies (Pfister et al. 2005; Turquety et al. 2007). Of particular note is the
difference with the Pfister top-down approach that was based on CO column
measurements obtained from MOPITT. The under-estimation by MOPITT may be due
to the fact that the majority of the emissions from the 2004 Alaskan fires came through
smoldering combustion of ground-layer carbon, which may not be lofted above the
boundary-layer, and therefore is not present for detection by MOPITT.

Total and seasonal patterns of carbon emissions Daily estimates of burned area and C emissions

Accounting for areas outside of the 41 fires used for this study, we
estimated that 71.0 Tg C were emitted from the 2004 Alaskan fires. 125 1
The seasonal patterns of carbon consumption and emission were
pronounced, with four large fire/femission events in early and mid-
July mid to late-August (at right). During these large events, carbon
consumption/emissions reached levels as high as 2-3 Tg C per day.
Over the 2.5 month period when the 2004 fires were active, an
average of 0.9 Tg C per day were released. This level of emission
is a significant fraction of the amount of C released from
anthropogenic sources in the U.S. For example, C emissions for the
transportation sector average about 1.7 Tg C per day. The 2004
Alaskan emissions represent ~17% of all C emissions from
anthropogenic sources during this time period.
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Our data processing approaches allows for examination of carbon emission on very fire spatial and temporal scales. Here we
present plots of carbon emissions as a function of fuel type (ground-layer, crown layer, and dead wood debris) for black
spruce forests within the 200,000 ha Boundary fire. We divided the consumption estimates into early season (pre 20 July) and
late season (post 20 July) burning. This single fire event released 5 Tg C to the atmosphere.
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