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Introduction

Black spruce foathermoss forest
‘Organic layer = 16 - 28 om

NAS5-03113, NNXOBAF85G), the Joint Fire Science Program, and the Bonanza Creek Long-term Ecological research
program. Our research is focused on understanding how recent warming and changes to the fire regime in the Alaskan boreal
forest interact to control post-fire tree recruitment, growth and succession in black spruce ecosystems, the dominant forest type
in this region and across the North American boreal forest. The research consists of three inter-related set of activities: (a)
Collection and analysis of field data to understand processes regulating patterns of post-fire recovery in black spruce forests;
(b) Collection of field data and analysis of geospatial data to understand the factors that contribute to the vulnerability of black
spruce forests; and (c) Development of approaches to use satellite remote sensing data to monitor and assess patterns of post-
fire regeneration.

Field-based studies - Patterns of tree recruitment and forest regeneration

Our field studies are focused on understanding the processes that regulate patterns of tree
seedling recruitment and growth in burned black spruce forests. The results to date show
that:

(a) Depth of the residual organic layer remaining after a fire limits recruitments of deciduous
tree seedlings, with little or no recruitment occurring when this depth is > 5 cm

(b) Patterns of seedling growth and succession are controlled by the residual organic layer
depth and soil moisture (see below)
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(c) Rates of tree growth may be limited by nitrogen cycling between
soils and seedlings. In organic soils found in black spruce stands,
organic nitrogen is the most widely available form of nitrogen
available to tree seedlings (left figure). Since deciduous tree species
do not have the capacity for uptake of organic nitrogen (right figure),
nitrogen availability may be the limiting factor for deciduous seedling
growth in sites with deep organic layers.

Controls on burning at landscape and region scales

Several theories have been developed in terms of factors that control patterns of burning across landscapes. Variations in fuel
type and fuel quantity are thought to control fire spread between different forestivegetation types and between stands of
different ages. The limits of vegetation are thought to less important when weather conditions result in the dry, windy conditions
that allow for large fire years to occur.

To evaluate controls on patterns of buring in the Alaskan boreal forest region, we integrated
geospatial data sets that contained information on (a) vegetation cover (Landsat TM); (b) burned
unburned areas within fire perimeters (Landsat TM); (c) elevation and aspect (DEM); and (d) day
of burning (MODIS hotspot). We compiled and analyzed data from 41 fire events that occurred
during the 2004 fire season. These fires represented 95% of the fire impacted area during this
year. By integrating these data, we determined for each pixel: (a) vegetation type; (b) topographic
position (upland vs. lowland); (c) whether the pixel was burmed or unburned; and (d) day of year
when the pixel was exposed to fire. We also compiled fire weather indices calculated using the
Canadian Forest Fire Danger Rating System (CFFDRS) that were developed from daily weather
data collected from 37 stations throughout the region where the 2004 fires occurred.

The results of this study showed that fraction of area burned within

fire perimeters varied as a function of vegetation type and

topographic position (left plot). In particular, coniferous forests were

more likely to burn than other forest types, and upland sites were

much more likely to burn than lowland sites. We also found that

across the entire fire season, that fraction of area burned was

strongly correlated to the Initial Spread Index generated by the

CFFDRS (right plot). The IS| is calculated using temperature,

precipitation, and wind speed data.

Field-based studies - burning of surface organic soils

We have collected and compiled surface organic depth data from
plots located in both burmed and unburmed black spruce stands.
Plots established in 36 different fire events or stands adjacent to
fires (284 unburned plots, 465 burned plots) resulted in 8,447
depths for unbumed stands and 10,140 in burned stands. The
analysis of these data showed that a combination of topography,
weather at the time of the fire, and seasonal thawing of permafrost
controlled the occurrence of deep burning fires.

Using remotely-sensed data products to study fire-impacted landscapes
Mapping of fire severity

Over the past several years, much research has been carried out
investigating approaches to map fire severity through processing
of Landsat TM data. One popular approach has been to use the
correlation between field observations of fire severity developed
from the composite burn index (CBI) with the normalized burn ratio
as a means to map fire severity. This approach was used by the
National Park Service for fires in Alaska, where correlations
between CBI and dNBR (upper left plot) were used to generate a
g map of fire severity (right figure). Using data from fires that
occurred during a different year, however, demonstrated that this
approach may have limitations. In particular, when the equation
describing the relationship between CBI and dNBR were applied to
data collected from another year, it was found that dNBR
significantly under-estimated CBI (lower left plot.

Modeling burn depth from remotely sensed and ancillary data

Detection of variations in organic layer depth reduction using spectral data faces multiple challenges. Estimates of burn
severity can be improved through the incorporation of ancillary (non-spectral) data on site-level characteristics, fire
seasonality, and fire weather conditions.

Independent variables such as topographic
position, fire weather indices, and spectral
information were used in a regression tree
algorithm to predict both absolute and relative
burn depth. The R2 for models of relative and
absolute depth reduction were comparable to
that achieved using spectral data alone (0.55
and 0.60, respectively

The predictive power of the
model increased to 0.79 and
080 when a gradient
boosting  technique  was
applied, using the regression
trees as base learners.
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