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Background for RFA Themes

Fuel Treatments

Improved metrics for evaluating fuel treatment effectiveness

» Address modeling or measurement of inadequately covered fuel descriptors (e.g., fuel moisture
dynamics, live fuel flammability, needle drape, ladders, piles, masticated beds)

» Link to combustion significance

e Include measurements during and after wildfires

Effectiveness of various fuel treatments (as related to hazard reduction) over time

» Fuel hazard dynamics as affected by type, frequency, timing, sequencing, intensity, and seasonality of
individual and combined treatments

e Determination of treatment longevity

» Prescriptions and effects for initial and maintenance treatments

Note: The above two themes were developed primarily from the FT-LOW workshop in Tucson during
February 2010, with contributions by the 15 researchers and managers in attendance from the western US.
Background for this RFA, including previous JFSP and non-JFSP work, is summarized in the following
narrative.

Metrics for evaluating fuel treatment effectiveness

The primary objective of any fuel treatment is to mitigate wildfire hazard and assessing whether this
objective was met would seem the most fundamental of fuel treatment inquiries. But of the 564 projects
so far funded by The Joint Fire Science Program we could find only 87 that present original data
addressing this question to some degree. While scientific inquiry on the topic of fuel treatment
effectiveness has certainly been conducted under other auspices, our comprehensive search for
documentation of treatment performance in wildfires (see meta-analysis) suggests that the JFSP is
responsible for nearly one-third of the extant fuel treatment literature and nearly 50% of the product since
its inception.

While the volume of information on fuel treatments has greatly increased over the last decade (more than
250% by our estimate), there remain critical gaps in our understanding of treatment effectiveness for
mitigating wildfire hazard. An ideal evaluation of fuel treatment effectiveness would include
measurement of all fuelbed components that contribute to flammability, compare potential fire behavior
in treated and untreated fuelbeds with predictive models, and compare model predictions to observations
from experimental fires or serendipitous wildfire events. However, the vast majority of fuel treatment
studies attempt only the first or the last of these, and rarely well.

Half (44) of the 87 JFSP projects that include evaluation of fuel treatment effectiveness did so by indirect
measurement (e.g., planar intercept method after Brown (1974)) of one or more fuel bed components and
left any implication for fire hazard to assumption. Just 25% collected sufficient fuels information to make
fire behavior predictions using currently available models. About 30% report treatment influence on
actual fire behavior, but more than half of these are retrospective evaluations of wildfire severity that
generally have limited capacity to connect observed responses to altered fuel conditions.

Only four projects could be found that included linkage of fuelbed measurements to fire behavior
predictions and observed fire outcomes (Richburg et al 2004, Engle 2007, Knapp et al. 2008, Vaillant et
al. 2009). Engle’s (2007) project involved experimental manipulation of relatively simple grassland fuels,
while the others focused on mastication treatments. Several other projects have proposed linking fuel
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measurements to both predicted and observed fire behavior in fuel treatments, but were either
unsuccessful or have yet to report results (e.g., Fites and Henson 2004, Ryan et al. 2009, Keeley et al.
2009, Kobziar et al. 2009). These projects also focused on masticated fuels, except for Fites and Henson
(2004) who attempted to collect fuels and fire behavior information from various fuel treatments as they
were burned over by wildfire. They were largely unsuccessful, though they did collect information from
one wildfire that had an untreated site with contrasting fuel conditions.

Thus there is a critical need for future fuel treatment investigations to better integrate fuel and fire
measurements with modeling, experiments, and wildfire observations. While masticated fuels have
received recent attention from the JFSP, other fuel situations have been largely or completely ignored in
past fuel treatment studies and are poorly represented in current fire behavior models, including fuel
moisture dynamics, live fuel flammability, ladders, needle drape, and piles. Moreover, metrics are needed
that translate or transform reductions in wildfire severity due to treatment at the stand- or fuel break level
to overall decreases in other fire summary indicators at the incident level (e.g., size, proportionate severity
or damage, etc.).

Effectiveness (for hazard reduction) of various fuel treatments over time

A wide variety of factors interact to influence fuel treatment effectiveness, including treatment type,
intensity, size, frequency, season, age, and site conditions. Most of the 87 projects funded by the JFSP
that address fuel treatment effectiveness sampled multiple treatments and provide information on the
influence of some aspect of treatment regime. These projects have also increased the diversity of sources
for information on this topic, as they are distributed across a wide variety of regions and vegetation types.
While mixed conifer forests west of the Rocky Mountains have received the most attention (34% of
projects), the distribution of studies is rather impressive even though it is evident that many areas are in
need of additional attention. A contingency table that tallies projects by the regions and vegetation types
represented is presented below (note that some projects include sites in multiple regions or vegetation

types):

West East
Coast Interior Plains Midwest Southeast Northeast
Forests
Coniferous
Short-needled 3 2
Long-
needled 10 8 1 12
Mixed
conifer 15 15 2 1
Deciduous 1 3 3 1
Mixed forest 1 1 5
Woodland 2 6 1 1
Shrubland 6 5 1
Grassland 1 1 2

Still, our understanding of how treatment regime influences effectiveness remains superficial, even in the
most well-studied systems and without consideration to the limitations on fuel treatment evaluations that
were outlined above. Treatment type (prescribed burning versus thinning, for example) is by far the most
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commonly assessed variable (60% of JFSP projects) with prescribed fire most often represented (75%).
Silvicultural and mechanical surface treatments are each represented in just over one-third of these
projects, while other types of treatment (chemical, biological, natural disturbances) have received
attention in less than 20%. The influence of treatment intensity, frequency, and season of application
remains little studied, with each factor also represented in less than 20% of the funded projects.
Assessment of treatment size and arrangement in space and time remains a largely theoretical endeavor
(e.g., Finney 2006), though Engle et al. (2007) did conduct field experiments on the effect of treatment
patch arrangement on the spread of grassland fires. Also, Ritchie et al. (2006) documented reductions in
wildfire severity along a distance gradient from treatment edge, implying a minimum effective treatment
size for the conditions that were sampled.

The national Fire and Fire Surrogates project (Mclver et al. 2006, Youngblood et al. 2007) has thus far
been the most systematic attempt to examine the temporal effects of treatment regime across a variety of
site conditions. However, the focus of that project was also on comparing a limited number of treatment
types and only immediate effects have so far been presented. Just one-third of JFSP funded projects
relate treatment effectiveness to treatment age and less than 25% have sampled treatments that are more
than 5 years old, though many are permanently marked and potentially available for re-sampling.

Even fewer projects (16%) have investigated more than two factors of a treatment regime, but two of the
most complex are long-term experiments. Thies et al. (2010) have established a long-term experiment in a
ponderosa pine forest in the Blue Mountains of Oregon that compares spring versus fall burning at 5 and
15 year intervals and the interaction with cattle grazing. Outcalt (2006) collected fuels information from a
long-term experiment in a loblolly pine forest in the Piedmont of Georgia that also varies season and
frequency (2- versus 3-year interval) of burning, along with intensity (heading versus backing fire).
Advancement in our knowledge of fuel treatment effectiveness would be well served by additional long-
term experiments that vary multiple factors of treatment regimes in a variety of ecosystems.
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Background for RFA Themes
Fuel Treatments

Understanding the relationship of fuel bed characteristics and dynamics to fire behavior and effects

(primarily hazard reduction)

»  Fuel bed characteristics across time and space

* Natural and activity fuels

» Effects of variation in firing patterns (ie, ping pong) on fire behavior and effects across fuel beds and
weather scenarios

Note: The above theme was developed primarily from the FT-LOW workshop in Charlotte during
January 2010, with contributions by the 9 researchers and managers in attendance from the South and
Southeastern US. The theme was further refined in the Tucson workshop (attended by 15 researchers and
mangers from the West) during February 2010.

The need for additional investigation into this theme stems from a variety of sources, including
acknowledged shortcomings in current understanding about describing fuel beds, inadequacies in existing
fuel and fire modeling technologies for both natural and activity fuels, and outcomes from previous JFSP
projects. Also, recent management practices such as fuel bed mastication and landscape-scale fuel
treatments have identified important gaps in our understanding of basic combustion science as affected by
fuel bed changes induced by treatments, including changes that occur over spatial and temporal gradients.

This theme may seem similar to another FT-LOW theme related to measuring fuel treatment
effectiveness, but it differs with its explicit emphasis on fuel bed characteristics and dynamics as related
to hazard. Also it is similar, but deals with fuel beds more generally than the FT-LOW theme on
effectiveness of pile burning treatments. Further, participants in the Charlotte workshop suggested the
need for improved information about the impacts of large-scale firing patterns (i.e., by aerial ping-pong
ignitions) on fire behavior/effects.

This summary includes a preamble (Tucson workshop contributors noted below) followed by a discussion
of the extent to which the FT-LOW theme is informed by prior JFSP projects. Bolded passages include
highlighted thoughts from the JFSP database and points of emphasis.

Understanding the relationship of fuel bed characteristics and dynamics to fire behavior and effects
(primarily hazard reduction)

Preamble Contributors: Roger Ottmar, Russell Parsons, Morgan Varner, Morris Johnson, Kent Slaughter,
and Kathy Murphy

Evaluation of the effectiveness of a given fuel treatment requires an accurate characterization of fuel
guantities and characteristics, how the fuel treatment changes those attributes and moisture regimes, and
how those changes in fuels modify fire behavior, fuel consumption, fire brand production and ecological
effects. While numerous aspects of wildland fuelbeds have been described, much of this information
cannot currently be used to its full effect in fire behavior and fuel consumption calculations because the
underlying fire behavior model (Rothermel 1972) and fuel consumption models (Reinhardt et. al 1997,
Prichard et. al 2006) are overly restrictive in their assumptions about fuelbeds. In reality, fuelbeds are
heterogeneous, often discontinuous, and spatially variable; these aspects have tangible effects on fire
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behavior, fuel consumption, and fire brand production and are necessary to assessments of the
effectiveness of fuel treatments.

Tucson workshop participants identified a need for research projects that better measure and model
fuelbed components that are important to evaluating the effectiveness of a variety of fuels treatment
options that can be used for modifying fire behavior, fire brand production and/or reducing potential fire
severity and fuel consumption. Key aspects of fuelbeds that deserve greater attention are spatial and
temporal variability in bulk density, size class distributions and factors affecting flammability of wildland
fuels (both natural and activity fuel beds).

All projects completed under this task statement must address the modeling or measurement of one or
more of the following fuelbed components and link these to fire behavior metrics which are critical for
estimating fire behavior, fire brand production, and fire severity calculations across diverse vegetation

types:
Tree cover/loading/crown heights
Ladder fuel loadings/type
Needle drape loading
Shrub cover/ loading/species/needle drape occurrence/regeneration
Grass cover/loading/regeneration
Small woody fuel cover/loading/depth
Large sound and rotten woody fuel cover/loading/depth
Litter cover/loading/type/ arrangement
Duff loading/type
Pile loadings/density/arrangement/size class distribution
Masticated loadings/depth/woody size class distribution

Across these components, research is needed that addresses the spatial arrangement, moisture dynamics,
and changes in the physical and chemical characteristics of fuels and fuelbeds over time. Proposals that
integrate modeling and field measurement, or which develop new methodologies for fuel characterization
are encouraged. Proposals that add value to existing inventory methodologies (e.g., Photo Series) are also
encouraged. Finally, given the reliance of many fire behavior and fire effects models on fuelbed
component characteristics, JFSP encourages proposals that link to and/or improve current decision
support models. Along this same line, JFSP encourages data that inform or improve fuelbed successional
pathway models (e.g., Forest Vegetation Simulator, Fuel Characteristic Classification System).

Extent to which FT-LOW Fuel Bed Characteristics Needs are Informed by Prior JFSP Projects

Separate searches of prior JFSP projects related to fuel beds (i.e., 8 projects), fuel ladders (3), live fuels
(10), and mastication (20) provide additional context for this topic. Several projects in the JFSP database
provided findings under more than one topic category, i.e., fuel beds and mastication, so are not repeated
here.
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Project 05-2-1-20 Masticated fuel beds: custom fuel models, fire behavior, and fire effects notes that
“following mastification of understory and hardwood trees on conifer sites in northern California and
southern Oregon: 10 hour fuels were the most dominant, followed by 100 hour and then 1 hour fuels.
Mastication equipment, stand structure, fuel type, and equipment operator methods result in a wide range
of activity fuel loads and arrangements; managers wishing for a desired surface fuel load and arrangement
from mastication need to consider existing canopy fuel loads and fuel types, and provide equipment
operators with feedback as to the length of mastication time per fuel.”

Other findings from this same project (05-2-1-20) include observations that:
Head fire flame lengths measured through masticated fuels during prescribed fires were less than
3 ft with rate of spread up to 2.8 chains/hr, yet scorch heights were four times greater than
predicted; BehavePlus is likely oversensitive to fuel bed depth/bulk density and therefore under-
predicts fire behavior through masticated fuel beds.

Moisture content changes of 10 hr masticated manzanita fuels over time were very similar to that
of 10 hr pine dowels despite the higher surface area to volume ratios in masticated fuels; fuel pre-
heating and combustion may be affected by differences in surface area to volume ratios in
masticated versus intact fuels and fire fighters should consider this when encountering masticated
fuel beds.

Among the many findings from another project Fire management options to control woody invasive
plants in the northeastern and the mid-Atlantic (001-2-06): Treatments impact the availability of fuels for
subsequent fires, most notably in the effects they have on consuming (and/or producing) dead fuels,
altering fuel bed depths, and changing the packing ratios of fuel beds.

The above trends in identifying changes in fuel bed characteristics due to treatments is reinforced by
projects such as Managing fuels in Northeastern Barrens (01C-3-1-05). This study specifically identified
depth reductions (via mowing prior to prescribed fire) and loading reductions (via growing season
mowing, burning or in combination). Other projects have noted reductions in residence time due to raking
duff at the base of large diameter pine trees (03-3-2-04); and the large difference in carbon storage due to
mulching treatments where more trees are removed with greater fuel deposition (i.e., in lodgepole pine
and mixed conifer stands of the Rocky Mountains west, see project 06-3-2-26).

The Fire and Fire Surrogate project (99-S-01) found that “Burning reduced mass in most categories of the
surface fuel bed, compared to CONTROL and THIN-only, with effects lasting until 4 years post-fire --
total fuel loads three years after burning for BURN-only and MECHANICAL+BURN treatments were
about 1/3 and 1/2 pretreatment mass respectively; thinning increased slash fuels initially, but mass of
these fuels declined to pre-treatment levels by six years post-thin.

Of the three projects dealing with fuel ladders, only Effectiveness of Pre-Fire Fuel Fuel Treatments (03-2-
1-07) presented definitive findings related to fuel bed characteristics over time:
Recent prescribed fires that treated surface and ladder fuels were the most effective treatment
dampening fire behavior, even without reducing canopy bulk density.
Treatment effectiveness lasted no longer than 10 years.
Treating activity fuels is crucial for making mixed conifer fuel treatments effective, especially
during extreme weather events. “Thin only” treatments had more severe fire behavior than no
treatment.

Few findings of relevance to fuel bed changes over are listed in the JFSP database for projects dealing
with live fuels. The project Fire Hazard Reduction in Chaparral Using Diverse Treatments (00-2-02)
reported higher live fuel (chamise) recovery in areas treated by prescribed fire versus masticated areas,
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regardless of season of treatment. No details are provided relating fuel bed characteristics and dynamics
to fire hazard reduction as a result of treatment.

Other: JFSP Mastication Investigations

Recent JFSP projects examine mastication as a treatment in greater detail. These investigations identified
in the JFSP database take on greater importance with the increase in area treated recently due mostly to
air quality concerns with prescribed burning. Also questions have been raised about the fuel bed effects of
the mastication treatment itself. Arguably, fuel hazards may increase in fuel beds following mastication.
In addition to the projects noted above, several other projects in the JFSP database discuss mastication
impacts on the fuelbed.

One project, entitled Demonstration Plots for Comparing Fuel Complexes and Profile Development in
Untreated Stands versus Stands Treated for the Management of Spruce Beetle Outbreaks and Implications
for Fuels Manipulation (00-2-25) notes that heavily thinned (mastication) treatment areas support the
most fuels. The higher 1-, 10-, and 100-hr fuels, higher depths, and increased mid-flame wind speeds in
heavily-thinned areas contributed to the greatest predicted fire behavior (flame length, rate of spread).

The project Fire Hazard Reduction in Ponderosa Pine Plantations (00-2-30) finds that for reducing
potential fire behavior, mastication has positive effects on stand structure, but negative impacts on fuel
loads and continuity. Further, in both untreated and post-mastication plantation stands, prescribed fire was
the most effective fuels reduction technique; mastication was the least effective.

Moreover, another project (01B-3-3-27) found severe heat effects to overstory trees in masticated
chaparral plots. Brush mastication in mixed oak shrub forests increased fuel quantity by 200-300% and
reduced canopy cover by 50% which lead to drier fuels with higher surface temperatures. During an
experimental Spring burn, fire intensity (measured by flame length and flaming zone depth) was greater
in masticated versus unmasticated plots, with greater fuel consumption.

Project 03-3-2-06 reports mastication substantially increased the amount of coarse woody debris on the
forest floor, but the amounts varied by fuel size class within and among treatments. Fuel depth
significantly increased in all three treatments with an increase of 1-hour fuels and decrease of 1000-hour.
Further, burning significantly reduced 1-hour and 10-hour fuels in all treatments, but the slight reduction
in 10-hour fuels in the fine treatment was not significantly different than pretreatment loading. Burning
also significantly decreased fuel bed depth, litter depth, and duff depth in all post-mastication treatment
units.

While the motivation for mastication may be to reduce fire hazards, Project 05-2-1-20 notes ironically
that high surface fuel loadings can result in substantial mortality when burned. Results from prescribed
burns conducted at 2 sites with masticated shrubby fuels suggest that some fire models may be overly
sensitive to fuel bed depth and density (high in masticated sites) and may underpredict burning. No
analog for masticated fuels currently exists, and published fuel models do not characterize masticated fuel
beds or predict fire behavior through them; using one of the dynamic slash fuel model developed by Scott
and Burgan 2005 would best approximate fire behavior through masticated fuel beds in modeling
software. By contrast Project 06-3-2-26 reports that current surface fire behavior models are inadequate to
predict fire behavior in mulched fuelbeds.

Although surface fuels increased with mastication, Project 05-2-1-30 found that canopy fuels decreased
with mastication. Basal area decreased from 28 to 31 m2/ha to 10 to 23 m2/ha after mastication. Trees
per hectare decreased from 911 - 856 pre-treatment to 208 - 270 trees/ha with mastication. Canopy base
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height increased from 8 to 9 m pre-treatment to 12 to 13 m post-mastication. These results were found in
a 25 year old ponderosa pine plantation in the southern Sierra Nevada.

In pinyon-juniper stands both mastication and thinning-piling-burning treatments created mosaics of tree
and fuel conditions. But Project 05-2-1-98 found that healthy pinyon and juniper trees and regeneration
were left. Post-treatment woody fuels averaged 8.8 tons/acre in mastication plots and 3.8 tons/acre on
thinning plots. Thinning removed more trees and dead and down material than mastication but at more
than twice the cost.

Additional mastication projects funded in 2010 should provide eventual insights. These include 10-1-01-
10 for four ecosystems in Colorado, 10-1-01-16 for southeastern pine systems, 10-1-01-23 for non-
forested vegetation in southern California, 10-1-01-5 for encroached savannas in Texas, and 10-1-01-07
for pinyon-juniper in the Great Basin and Colorado Plateau.

Summary

Tucson workshop participants summarized this topic as follows: “Fuels are inherently variable. At
present, for purposes of evaluating fuel treatments, fuels are characterized with single values (i.e., site-
level fuel loading) that fails to reasonably represent the complexity of real fuel beds. New metrics for
fuels should characterize the distribution of quantities, capturing variability in fuel bulk densities, size
class, and other fundamental characteristics which affect flammability and fire spread over a range of
scales. Fuel variability within trees as well as within stands needs to be captured. New remote sensing
techniques, such as LIDAR, show promise toward meeting this need.”

In sum, JFSP projects to date have reported on some of the information implied in this FT-LOW theme,
i.e., changes in loading primarily, and depth secondarily, but generally incompletely. Overall knowledge
gained so far is restricted in usefulness because of inabilities to translate such effects into meaningful
changes in the fuel bed that can lead to inferences about hazards (and hazard reduction). For example,
allusions to changes in surface-area-to-volume and packing ratios are mentioned in some studies but
rarely quantified. But a more-often overlooked gap is the translation to actual reductions in hazard (or
subsequent wildfire severity) or in other meaningful indicators, such as proportionate area burned at most
damaging severity levels as related to the distribution of fuel treatments within a wildfire perimeter.

Moreover, the recent JFSP attention to mastication as a treatment is merited, not only to clarify its
effectiveness as a treatment, but also because findings so far illustrate some of the gaps in our
understanding of fuel beds, combustion energy transfers and fire spread, and fuel treatment impacts.
Attempts to characterize masticated fuel beds only in terms that relate to current specifications in fuel
models and/or fire behavior inputs may be inadequate.

Further, investigations that rely in part or wholly on predictions from existing fire behavior technologies
are subject to the same restrictions and assumptions of the models themselves, which often-times may not
be realistic and can introduce analytical errors. For example, Cruz and Alexander (2010) critique some of
the short-comings of recent investigations linking crown fire potential to the Rothermel (1972) model and
subsequent derivations.

Thus, the FT-LOW recommendations reflect the need for improved capability to quantitatively describe
fuel beds in terms related to fire behavior predictions that can ultimately be translated into estimates for
fuel hazard, with and without treatment. As with the FT-LOW recommendations for fuel treatment

effectiveness, estimates that can be compared with actual field observation are preferred. Reductions in

10
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hazard resulting from treatments that promote fire management efficiency and/or public safety are also
desirable.
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Background for RFA Themes
Fuel Treatments

Effectiveness of pile burning

» Characteristics of piles created by different specifications and methods and relationship to fuel
consumption.

» How spatial arrangement and pile characteristics affect fire behavior, including fireline intensity,
spread between and among piles, and firebrand production

Note: The theme “Effectiveness of Pile Burning” reflected a unique need expressed by the 15 researchers
and managers participating In the FT-LOW workshop in Tucson during February 2010, perhaps
indicating a greater concern with this practice in the western US. Fuels created by cutting or thinning then
piled create a unique fuel situation whether or not eventually burned, although some of the questions
expressed in the separate FT-LOW theme on fuel bed characteristics and dynamics also apply here. This
summary consists of a preamble (Tucson contributors noted below), followed by a discussion of the
extent to which the FT-LOW theme is informed by prior JFSP projects.

Effectiveness of Pile Burning
Preamble Contributors: Richy Harrod, Kathy Murphy

Managers often pile fuels as a way to mitigate heavy fuel loadings. Jackpot fuels may also be considered
as piles for the purposes of this task. When piles are burned, there is interest in better understanding fuel
consumption, the potential effects on water quality, effects to soils, invasion by non-natives, and effects to
riparian areas. In addition, knowledge is lacking about the effects of piling but not burning and influence
on future wildfire behavior (both before and after piles have been burned).

Tucson workshop participants focused on uncertainties surrounding the effectiveness and/or effects of
pile burning or piling without subsequent burning by raising the following questions:

o What are the characteristics (physical arrangement, composition, loading, bulk density) of piles
generated by different specifications and methods (hand, machine, natural and mechanically
generated jackpots)?

e What are the effects of burning or not burning piles on soils, water quality, and residual overstory
trees (including riparian areas)? To what degree does spatial pattern influence these responses
(i.e. distance to nearest residual tree)?

When piles are burned, what is the duration of any measured effects?

e What are the primary drivers of fuel consumption in piled fuels?

How does the spatial arrangement and distribution of piles, pile shape and size, and interstitial
fuels influence subsequent fire behavior (intensity, spread of fire between/among piles, and
firebrand generation)?

Note: The subtopics above related to ecological effects (i.e., on soils, water quality, etc.) and duration of
measured effects were subsequently removed for consideration under other themes in our FT-LOW
recommendations. Bolded passages include points of emphasis in our inspection of the JFSP database that
linked a project finding to this theme.

Extent to which FT-LOW Pile Effectiveness Need is Informed by Previous JFSP Projects
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This topic area is partially informed by at least four (4) previously funded JFSP projects that compared
several fuel treatments, without specific focus on pile construction and effects. Additional insights are
provided by the Fire/Fire Surrogate study plus an additional JFSP investigation into the 2000 Biscuit Fire.
An additional motivation is provided by anecdotal allegations that unburned piles may have contributed to
crowning activity and subsequent structural losses during the 2007 Angora Fire (T. Sexton, personal
communications).

Project 00-2-4 entitled Integrating Fuel and Forest Management: Developing Prescriptions for the
Central Hardwood Region quantified fuel loading and fire behavior differences between three treatments:
prescribed fire with overstory thinning, prescribed fire alone, and no-burn no-harvest. The study found
that average flame lengths in thinned stands did not accurately reflect the average across the entire stand -
average flame lengths more accurately depicted the areas between slash piles as the thinning influenced
them. Also, there was no significant difference between the prescribed fire-only and thin-prescribed fire
treatments in litter, 1-hour, all fuel <1/4", 1000-hour rotten, litter depth, and duff depth categories
following prescribed fire.

Restoration of Dry, Montane Meadows Through Prescribed Fire, Vegetation, and Fuels Management: A
Program of Research and Adaptive Management in Western Oregon (01C-3-3-10) investigated
prescribed fire as a tool for meadow restoration. Pile burning exposed 10% of the soil surface and
available Nitrogen differed between the center and the edges of impact.

Another project, Fuels Reduction in Oak Woodlands, Shrub Lands and Grasslands of SW Oregon:
Consequences for Native Plants and Invasion by Non-Native Species (03-3-3-36), examined
consequences for native plants in three different treatments: mechanized “slash-busting”, hand-cutting of
brush and small trees followed by piling and burning, and prescribed fire. Oak and chaparral sites
differed between hand cut and pile burn and mechanical mastication immediately post treatment, but 4-7
years later only expected site differences persist: more burn scars on pile and burn sites and higher woody
debris cover on masticated sites.

The above three projects investigated pile burning in terms of fire behavior and effects. A fourth project,
Estimating the biomass of hand-piled fuels for smoke management planning (07-2-1-57) attempts to
identify factors that contribute to differences in smoke production, focusing on relationships between pile
composition, pile size, and pile biomass. This study acknowledges distinctions between pile construction
methods, i.e., large, crane-constructed and tractor-built piles versus hand-piles.

Additionally the Fire and Fire Surrogates Project (99-S-01) provides useful comparisons between burn
vs. mechanical + burn treatments presumably involving pile constructions, at least within the context of
the treatments conducted in the nationwide 12-network sites in dry, mixed-conifer systems. However,
insights into fire behavior in mechanically-treated areas after piling but before fuel jackpots have been
reduced and/or removed by burning were not a major focus of this study.

Separate searches of the JFSP database for projects dealing with combustion (i.e., 10 projects),
consumption (25 projects), and fuel beds (8 projects) likewise revealed little contributory relevance to this
topic, with the possible exception of 03-2-3-09 Ecosystem Effects and Propagation of the Biscuit Fire
Across the Large-Scale Plots of the Long-Term Ecosystem Productivity Experiment. One finding from
that study indicated that “recently added large woody debris contributed little additional combusted
material in the fire. Older larger-diameter woody debris was more important than recently added woody
debris. Greater consumption occurred with wood in a greater stage of decay.” These findings provides
limited insight to jackpot burning in a wildfire, though not explicitly relevant to pile-burning as framed in
this FT-LOW research theme.
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In sum, none of the above studies (considered singly or as a whole) provides the needed focus for
identifying primary contributors to fire behavior/effects in piled areas, duration of effectiveness, and
ecological effects called for in the FT-LOW assessment. In particular, research to date has not provided
insights into the fundamental characteristics of piles, and pile-burned areas including differential burning
characteristics and consequent effects. Knowledge gaps remaining include: pile arrangements and
geometries depending on method of construction; combustion dynamics within and between piles; pile
contributions to crown fire behavior and spread; combustion/effects depending on spatial geometries and
arrangements across a treated area. Finally, current ongoing projects focusing on mastication treatments
may provide additional insights if treatment comparisons include analysis of areas where piles are created
and left.
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Background for RFA Themes
Fuel Treatment Models

Improved high resolution prediction of local winds in complex terrain

»  Assess the ability of existing models to capture wind fields in complex terrain and over landscapes
with complex obstructions, including fuel manipulations.

» Develop a database of field measurements of wind fields and atmospheric conditions over a range of
terrain and landscape characteristics, that can be used to validate current models and expand modeling
capability.

Note: The above theme was developed from the FT-LOW workshop in Tucson during February 2010,
attended by 15 researchers and managers from the western US. While ostensibly a fundamental research
need that could be funded elsewhere, the preamble below (contibutors noted) builds a case for JFSP
consideration.

Improved Predictions of High Resolution Winds
Preamble Contributors: Russ Parsons, Ruddy Mell

Winds are a first-order driver of fire behavior, directly influencing the spread rates and intensity, and the
transport of smoke and firebrands. Accurate predictions of winds are of paramount importance to
firefighter safety. The NOAA (2008), WGA (2008), and OFCM (2007) all have called for improved wind
and fire behavior (fire weather) predictions and measurement support of those predictions. This is
especially critical in complex terrain. Wind fields can be significantly altered by the presence of complex
terrain and surface roughness (from vegetation and communities). There is a need to evaluate the ability
of existing models to capture wind fields in complex terrain and over landscapes with complex
obstructions. This includes large scale weather predictions such as the Weather Research and Forecasting
model (WRF) used by NOAA. The WRF model can be implemented at the required resolution, but is
essentially untested at the spatial scale that many fuel treatments are implemented at. Other fire behavior
modelling approaches were specifically developed to operate at smaller scales (e.g., those based on
WindWizard and WindNinja, as well as more sophisticated fire behavior approaches such as WFDS,
HIGRAD/FIRETEC) but also need to be tested. Such an effort will require a database of field
measurements of wind fields and atmospheric conditions over a range of terrain and landscape
characteristics. Very few databases of this kind currently exist. Wind measurements over a volume from
airborne (e.g., piloted or unpiloted vehicles) and ground based (e.g., towers, SODAR) platforms are
essential. Improvements in our capability to accurately model wind fields will directly result in improved
fire behavior predictions and fire fighter safety.

Extent to which FT-LOW Wind Modeling Needs are Informed by Prior JFSP Research

JFSP has funded four (4) previous projects covering a narrow range of wind forecasting and modeling
needs matched to wildland fire incident and decision support. Two of the projects were unrelated to this
FT-LOW theme. Two other projects were related in that commercial computational fluid dynamics
software was first tested, then proposed for use in a follow-up rapid response project to provide wildland
fire teams with high resolution gridded wind simulations. The latter project (06-1-1-09) is described in a
Fire Science Brief (Brown 2010) comparing the commercial software WindWizard with the WindNinja
model developed in part with JFSP funding.

The intent of this FT-LOW theme is to assess capability of existing models for use in the presence of
complex obstructions, including fuel manipulations. Other wind models may be equally (if not more)
challenging, i.e., winds created by the fire itself, and interactions with the landscape. The two projects
previously funded by JFSP might provide useful precedent for continuing this line of work. Arguably,
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JFSP might be the only agency that could consider a proposal to fund creation of the database of field
measurements (including fuel descriptors understood and used by managers) required for validating
current models and extending modeling capability.
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Background for RFA Themes
Fuel Treatment Models

Wildland-Urban Interface

»  Sources of WUI firebrand production

» Heat fluxes from fuels to structure

» Quantify the hazard reduction benefits to the WUI of treatments outside the WUI

Note: The above theme was developed from the FT-LOW workshop in Tucson during February 2010,
attended by 15 researchers and managers from the western US. This summary consists of a preamble
(workshop contributors noted below), followed by a discussion of the extent to which this theme is
informed by previous JFSP projects.

Fuel Treatment Models for the Wildland Urban Interface
Preamble Contributors: Bradley Washa, Ruddy Mell, Kathy Murphy

There is increased emphasis placed on hazard fuel treatments within the WUI adjacent to communities
following Firewise standards and identified in a Community Wildfire Protection Plan (Presidents FY2011
Proposed Budget). In spite of widespread implementation, limited research has been conducted to
evaluate resulting fire behavior in treated areas, embedded structures, and post-fire outcomes. Workshop
participants identified needs for future research that answers pressing issues related to the following
topics:

o Data from pre and post fire studies are needed to reconstruct fire behavior from unplanned
ignitions. Among these needs are studies that take advantage of fires that intersect fuel treatments
along and within the Interface. The defensive actions within the community and wildlands need
to be accounted for in order to obtain an accurate accounting of fire behavior. Results should be
helpful in determining the effectiveness of fuels treatments in altering the fire behavior, assisting
in the suppression effort, and reducing structure ignitions.

e Additional information is needed on fuels and fire behavior in the WUI. Among these, limited
information exists on heat fluxes from fuels to structures and the production of and ignition by
firebrands.

o Data are needed on the sources of firebrand production (from both vegetation and structures) and
the impacts of ember showers on structure ignition. We encourage approaches that span
laboratory to field approaches, and that link to current and future modeling.

¢ Limited information on heat fluxes (their magnitude and duration) is available over the range of
weather and fuel conditions characteristic of WUI fires. This information is needed to reliably
link laboratory or modeling studies to realistic conditions.

e Great emphasis and high levels of funding have been placed on Community Wildfire Protection
Plans (CWPP) since the inception of the National Fire Plan. Little is known and limited follow-
up has occurred as to actions being taken from recommendations made within such CWPPs.
Further there is limited national standardization in identifying the WUI and Communities at Risk
(CAR).

0 Research on this topic should evaluate the implementation of CWPPs. Studies that
quantifies implementation rates of approved CWPPs and identifies the impediments to
implementation at the regional level.

Note: Following the Tucson workshop the list of research needs under this theme were pared to the list at

the beginning of this document. Some subtopics were removed if not directly relevant or linked to fuel
treatment research; others were omitted if testable hypotheses could not be readily formulated.
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Extent to which FT-LOW WUI Modeling Needs are Informed by previous JFSP projects

Fire hazards and risks in the WUI have been studied for nearly a century, predating JFSP inception. In
order to keep this problem area tractable, FT-LOW recommendations restrict suggested JFSP focus to the
following modeling priorities: Sources of WUI firebrand production; heat fluxes from fuels to structures;
and quantifying the hazard reduction benefits to the WUI of treatments outside the WUI. Additional
subtopics under this theme can be considered, if clearly linked to the general subject area of fuels and fuel
treatments.

To date JFSP has funded at least 32 studies that mention the WUI in either project title, abstract, or
findings. Funded project topics have included decision support (01-1-7-03; 03-4-1-04; 10-1-02-14), a
multitude of different fuel treatments in different geographic areas (98-S-03; 99-1-3-02; 01-3-2-14; 03-3-
3-36; 03-3-3-57; 05-2-1-08; 05-2-1-98; 10-1-01-10; 10-1-01-16; 10-1-01-23), fire behavior/effects models
(03-1-3-06; 07-1-5-01; 07-1-5-08), rapid response (04-1-2-01), historical fire regimes (04-2-1-115),
emissions (04-2-1-80), community wildfire protection plans (04-S-01), social/stakeholder concerns (99-1-
2-08; 99-1-2-10; 05-3-2-04; 05-3-2-05; 05-4-1-08; 06-S-04;07-1-6-04; 07-1-6-12; 10-1-03-2; 10-3-01-15;
10-3-01-33; 10-3-01-7), fire hazard-societal benefit tradeoffs (98-S-03; 99-1-1-05; 07-1-6-11), and
climate change (08-1-1-19).

The specific FT-LOW recommendations included in this report are informed by relatively few previous
studies as follows:

Sources of firebrand production and heat fluxes from fuels to structures

The projects Using a Physics-Based Model to Characterize Spotting Potential for Protection of the
Wildland Urban Interface (07-1-5-01) and Models for fire spread in the wildland-urban interface (07-1-
5-08) are both active as of this writing so no final reports are yet available. HIGRAD/FIRETEC is being
adapted to incorporate physical firebrand models and thus mechanisms to predict spotting locations.
Earlier studies (e.g., Cohen 2004) provide guidance regarding the likelihood of structural ignition but
further study is required regarding the role of firebrand production and propagation mechanisms as related
to fuel conditions.

While this subtopic is of importance for the FT-LOW, additional emphasis can be deferred pending the
completion of the ongoing JFSP projects (07-1-5-01 and 07-1-5-08). Additional insights may be gained
from ongoing research in Forest Service experiment stations.

Quantifying the hazard reduction benefits to the WUI of treatments outside the WUIL.

No previous projects have addressed this concern directly, although two landscape fuel treatment
investigations provide possible useful insights without quantifying hazard reduction benefits explicitly.
Project 04-2-1-84 describes landscape fuel planning efforts for a single watershed (Translating SPLATS
from a theoretical to a real world landscape: The implications of fuel management strategies for Sagehen
Creek Basin, Tahoe National Forest). A JFSP briefing paper on this project (Brown 2009) provides
further details. Additionally, considerable modeling ground-work is described in JFSP project 03-4-1-04
Developing an Analysis and Planning Framework for District-level Fuels Treatment Projects. The
ArcFuels process has been developed for combining GIS and fire modeling capabilities to analyze
different fuel treatment planning alternatives across a landscape (See also the JFSP briefing paper by
Anjozian 2009), although manager opinions vary on the utility of the process (see the accompanying
opinion view on the Anjozian briefing paper by Huston 2009). DOI mandates to focus fuel treatments
only in WUI fuels to protect public safety and communities (i.e., in the FY2011 budget) provides an
additional motivation for further research in this topical area.
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Other projects with pertinent findings include: The project Fuel Consumption and Flammability
Thresholds in Shrub-Dominated Ecosystems (03-1-3-06) investigates controlling mechanisms for fuel
consumption without quantifying hazard reduction benefits accruing to the WUI, per se. The study
concludes that current management policy, based largely on fuel reduction by eliminating older stands of
shrubland vegetation across entire landscapes, needs to be reconsidered with a focus on buffers around
urban centers and encouraging development away from fire prone areas.

Generally, the projects dealing with WUI concerns have focused on fuel treatments within the interface
without considering benefits resulting from fuel modifications external to the WUI. Ecological and
Economic Consequences of the 1998 Florida Wildfires (98-S-03) found that recent fuel treatments,
especially prescribed fires, were effective in protecting homes. This same study also found that focus on
the WUI by wildfire control forces risked larger fire sizes. Also, Integrated Fuels Treatment Assessment:
Ecological, Economic, and Financial Impacts (99-1-1-05) found projects conducted in the wildland-urban
interface (WUI) consistently exhibited higher treatment costs for both prescribed fire and mechanical
fuels treatments. WUI activity costs were estimated to be more than three times as much as for non-WUl
activity costs. However, the benefits accruing to the WUI areas accruing to these external activity costs
apparently could not be addressed conclusively nor quantitatively.

Summary

Clearly, the WUI provides a highly visible and politically-sensitive backdrop for fuel treatment research
needs. This interest will likely increase as interface areas grow and fires continue to burn in partial
response to changing population demographics. The WUI modeling topics identified in this FT-LOW
assessment represent a small, yet important, challenge to the wildland fire research community for
contending with the many dimension of potential WUI research. From the perspective of this FT-LOW
study, JFSP should restrict focus within the WUI to projects that link directly to researchable concerns
related to fuels and fuel treatments.
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Background for Research Themes
Fuel Treatment Models

Analyze the strengths and weaknesses of current models used for prescribing and assessing fuel

treatments

» Develop a standard protocol for model field testing (requires standard set of model outputs);

»  Summarize model assumptions and violation consequences;

» Identify and develop alternatives for sensitive variables that are difficult to measure, as well as
important variables that may be currently ignored.

Note: This theme surfaced in both the Charlotte and Tucson FT-LOW workshops. The nine researchers
and managers participating in the Charlotte FT-LOW workshop during January 2010 expressed general
skepticism with fuel and fire models developed with a bias toward conditions in the western US. The 15
researchers and managers participating in the Tucson FT-LOW workshop during February 2010
approached the problem differently, acknowledging errors and inaccuracies in models currently in use.
Participants in both workshops acknowledged the importance and need for tools for evaluating tradeoffs.
The following preamble synthesizes contributions from two writing groups at the Tucson workshop, one
focusing on ecological models, the other on multidisciplinary tradeoff models. The subsequent discussion
examines the extent to which this theme (as refined by the FT-LOW team) is informed by previous JFSP
projects.

Analyze the strengths and weaknesses of current models used for prescribing and assessing fuel
treatments
Preamble Contributors: Stacey Drury, Bradley Washa, Kathy Murphy

The Joint Fire Science recognizes that fire managers need tools to investigate the ecological benefits and
consequences of fuels treatments. Fire and fuels managers tasked with planning and implementing fuels
treatments require easily understandable metrics to identify the ecological tradeoffs of conducting fuels
treatments. Fuels treatments are commonly intended to lower potential fire behavior and or avoid
undesirable fire effects with the objective of mitigating a recognized hazard to human life and property.
In addition, a common goal of fuels treatments is to move landscapes closer to a desired ecological
condition. However, decision makers tasked with planning fuels treatments currently lack tools, models,
or frameworks that explicitly address the ecological consequences of fuels treatments. Submitted
proposals need to address how to measure the ecological costs and benefits of fuels treatments and how to
link these tools to existing fire behavior and fire effects models.

The broad question is how do we treat the landscape to sustain or restore ecosystems while reducing
potential fire behavior and or adverse fire effects? For this task the JFSP is interested in proposals that
synthesize existing models and data into an easily understandable framework to provide decision makers
with tools to evaluate when fire and fuels management benefits, harms, or is neutral ecologically. Since
ecological systems vary over space and time, successful proposals will likely require assessments that
assess trade-offs among short-term actions and long-term responses, and illustrate how these relationships
vary from the local, stand level to the broader landscape.

In addition, managers often are faced with difficult decisions between implementing fuels treatments to
mitigate wildfire hazard and maintaining other resource values. Lack of information on the effects of fuel
treatments on other resources often results in conflict over management actions which limit or defer
treatment. As a result, resource values have the potential to be negatively impacted following wildfire
events in untreated areas. Tradeoff analysis enables decision makers to consider trade-offs between
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different criteria to evaluate alternative management options. As a general principle, trade-off analysis
shows that for a given set of resources and technology, to obtain more of a specific desirable outcome of a
system, less of another desirable outcome is obtained.

All proposals submitted under this task statement must directly address at least one of the following
statements or questions:

e What models, tools, or techniques exist to evaluate ecological benefits and consequences? How
can these existing tools that measure ecological consequences be linked to existing fire behavior
and fire effects modeling systems?

o Develop methods or models for managers to evaluate the tradeoffs between conducting fuels
treatments to mitigate the risk of unwanted fire behavior and the goals of sustaining ecological
systems.

o Develop methods and models to evaluate how successional trends in vegetation influence the
efficacy and longevity of fuels treatments. What measures can be used to measure how
vegetation change over time could influence the treatment options for decision makers?

o Develop or modify existing fuels treatment planning tools to enable land managers to design fuels
treatments that sustain desired ecological characteristics across scales.

o What are the consequences of applying traditional fuels treatments in long fire return interval or
mixed-severity fire regimes (e.g. lodgepole pine, spruce-fir forests, Wyoming big sagebrush)
where stand replacing fires may be within the natural range of variability?

o Develop tradeoff models that evaluate fuel treatments against other resource objectives.

e Evaluate and adapt existing decision support/trade-off modeling done in support of fuels
treatments

e Evaluate criteria for collected information to determine the most critical to populate models (what
information should be collected, how will it be used, how is it collected, how easy is it to collect
and its relative influence on the models). As a portion of this, develop a national interagency
database to collect, store, and analyze information on fuel treatment effectiveness following
wildfires. The goal would be to use the information to populate tradeoff models.

Note: The above list is ambitious, but is not realistic given current modeling capabilities and budgetary
realities. Even so the list is retained here for possible future consideration if constraints ease. In
recognition of the enormity of effort required to address the above list, including the perceived utility of
existing trade-off analyses or applying previously-constructed ecological models (see the listing below of
modeling efforts supported by JFSP), the FT-LOW team pared and synthesized the above list to focus
more on analyzing strengths and weaknesses of models already in existence that can be used for
prescribing and assessing fuel treatments.

This list of extant models is large and growing. Many of the models were not designed for use in
analyzing fuels or fuel treatments, but have been adapted to answer related questions. As noted in the
Charlotte workshop, these include fire models (including growth, crowning, spotting, etc.), fuel models,
fire danger rating models, live fuel moisture, etc. Examples include BehavePlus, FARSITE, FlamMap,
FSPro, WFDS, FIRETEC, NEXUS, RERAP, CONSUME, FOFEM, FVS-FFE, LANDFIRE, and others.
Some of these have been used to develop decision-support tools (e.g., FMAPIus, Starfire, ARCfuels,
EMDS, IFT-DSS, WFDSS) using spatial and/or remote-sensing technologies. Other simulation examples
include landscape fire models and succession models with fire inputs.

Model evaluation (not validation) should, at minimum, include clear specification of

assumptions/limitations, identification of data needs and collection methods, delineation of appropriate
evaluative criteria, and a listing of standards to be met in judging success. Other issues include field-
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testing protocols, i.e., minimum number of test situations, replications, and decision criteria regarding
outliers.

Extent to which FT-LOW Fuel Treatment Modeling Needs are Informed by Prior JFSP Projects

JFSP has funded at least 46 projects in which investigators developed or made use of then-current models.
Models roughly fell into several classes: fire behavior and effects; decision support; management and
policy simulation. Additional model simulation topics in the JFSP database were not considered, such as
lightning ignitions, emissions, climatic controls on fire, vegetation phenology, geo-spatial hydrology,
among others.

Fire Behavior and Effects

Development of the BehavePlus fire modeling system and the FlamMap fire behavior analysis and
mapping system and supporting technology transfer material was funded in part under JFSP project #98-
1-8-02. Project 05-4-1-23 was used to update to BehavePlus 4.0.0 and FlamMap 3.0.0, including
supporting technology-transfer materials.

The Fire and Fire Surrogate Project (99-S-01) reported using BehavePlus, BURN-only treatments had the
shortest flame heights, slowest rate of spread, and lowest scorch height of all treatments, while THIN-
only and MECHANICAL+BURN treatments increased fire intensity for the first growing season after
treatment; these effects however, are expected to be transient, as logging slash decomposes. At the
landscape level simulated fire behavior demonstrated important effects on fire spread and intensity due to
treatment type, amount and arrangement: the most effective treatment arrangement was Finney's optimal
SPLATS design.

Project 01-1-3-21 reported that strategically placing treatments in the major pathways where fire is most
conducive to spread is the most critical factor to affect how frequent treatments are maintained; for
optimal cumulative benefit at a landscape scale, a combination of implementing new treatments and
maintaining older ones is necessary. Planning optimally placed treatment locations and prescriptions to be
effective during 99th percentile weather conditions will be more effective at tempering large fire behavior
under a wide range of fire weather events than those planned for random placement during more subdued
fire weather events. For optimal cumulative benefit of landscape scale fuel treatments, implementation is
required at a minimum rate of 1 to 2% annually, with individual treatment longevity lasting no more than
1 to 2 decades.

Project 01-1-4-09 used Gradient Nearest Neighbor methods to produce outputs of forest vegetation, fuels,
and associated variables, such as those required in FARSITE and FlamMap applications, though the
highest accuracy is in closed canopy even-aged conifer dominated systems. The Gradient Nearest
Neighbor methods can be used for coarse scale planning and policy decisions of forested environments by
linking common environmental characteristics using vegetation plot data with LANDSAT imagery, and
GIS raster environmental data to meet a variety of objectives; gradient nearest neighbor methods are not
currently appropriate for non-forested vegetation or site-level applications.

Project 03-1-4-09 reported FARSITE simulations through heterogeneous range landscapes showed
feedbacks between landscape patterns, such as heterogeneous grass fuel loads, and ecological
disturbances are scale-dependent.

Project 04-2-1-118 found that the Forest Vegetation Simulator Fire Fuels Extension appears to be
sensitive to fire behavior surface fuel loading inputs; using fire behavior fuel models instead of field
measured inputs may under or over predict fire behavior.
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Project 04-2-1-84 noted that compared to baseline conditions, strategically placed fuel treatments clearly
slowed rates of fire spread on the lee side of modeled treatments during FlamMap simulations using real-
world implementation constraints and constant weather conditions.

Project 5-4-2-18 provided a synthesis of live fuel moisture modeling features. Predicted fire behavior
characteristics are highly sensitive to live fuel moisture but response is fuel model dependent.

As reported under fuel bed research needs, Project 06-3-2-26 reported current surface fire behavior
models are inadequate to predict fire behavior in mulched fuelbeds.

Uncertainties in the use of fuel consumption models, fuel loading maps, and fire reporting systems were
presented in Project 07-2-3-07. A new website (data.semip.org) allowed managers to explore fuel loading
and consumption model variability and learn about model uncertainty.

A demonstration project (00-2-34) used simulations from NEXUS to indicate that pruning treatments
effectively reduce the crown fraction that is burned, the heat per unit area, and fireline intensity,
suggesting that pruning should be considered as part of shaded fuel breaks around settlements.

Decision Support

Project 98-1-7-04 constructed an interactive decision support system for developing optimal or near-
optimal fuel treatment prescriptions in conjunction with ARCINFO and ARC VIEW software systems.

In partial recognition of the proliferation of models during the past decade, since 2008 JFSP and other
federal cooperators have sponsored a software synthesis and integration line of work, leading to
development of an interagency fuel treatment decision support system (IFT-DSS). The goals include
simplification of fuels treatment planning decision support process while improving quality; controlling
long-term costs, encouraging scientific collaboration; reducing agency information technology overload,;
and promoting interagency collaboration within the fire and fuels community (Drury and others, 2009).
The intent is to implement IFT-DSS by 2012.

Management and Policy

The Fire Effects Tradeoff Model (FETM) is a disturbance effects model designed to simulate the
tradeoffs between alternative land management practices over long periods of time (up to 300 years) and
under diverse environmental conditions, natural fire regimes, and fuel and fire management strategies.
FETM version 4.0 was developed under project 98-1-8-1.

Project 98-1-8-06 involved a comparison of predictions from FETM, VDDT, and SIMPPLLE/MAGIS on
10 public forests from Alaska to Florida, using LANDSUM (a model that includes fire spread simulation)
on the Bitterroot landscape. Another Project 98-1-9-06 was used to update new equations into Consume
3.0, while validating consumption equations in Consume 2.0, Burnup, and FOFEM.

Project 99-1-1-01 developed proposed treatment schedules, evaluated costs and benefits associated with
treatment vs. no-treatment options at the state level, focusing on Montana and New Mexico with
expansion possibilities to the national level. Using existing modeling systems with data from a variety of
sources, managers can evaluate forest conditions, create a variety of proposed treatments, estimate
relative treatment costs, and project forest conditions into the future.

Project 99-1-1-04 supported development and expansion of FFE to numerous new areas in the western
us.
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Project 99-1-1-05 examined landscape fuel treatment planning at the landscape scale. Management
objectives that focused on reducing ecosystem risk at a landscape level resulted in positive present net
values and provided the largest percent of change to condition classes. Based upon modeling results using
MAGIS, treatments in the WUI that are targeted at reducing risk to communities generally do not
generate sufficient revenue to cover the costs of operations, nor do they significantly alter the fuel
condition at a broader level.

Project 99-1-3-16 supported development of The Fire Effects Planning Framework. It utilizes readily
available software and data that are already familiar to most fire and fuels managers and widely used in
large incidents; its outputs are useful for a variety of fire, fuels and resource management applications
such as land and resource management, fuels treatment, and appropriate management response planning.

Boreal ALFRESCO was developed in Project 01-1-1-02 for simulating ecosystem dynamics in Alaska.
Once tested by field data, the model outputs were interpreted for policy implications regarding fire
management and climate change.

Project 01-1-1-05 developed the BurnPro program to assess the feasibility of wildland fire use as a
strategy to restore historical fire regimes in wilderness and other unroaded lands.

Project 01-1-2-09 evaluated the economic consequences of fire-related biomass removals from public
lands on public/private timber producers and timber-demanding firms. Approximately 46 million acres in
the West consist of high fire hazard that could be treated to reduce hazard. Fuel treatments need to be
maintained as the average basal area per acre returns to pre-treatment levels within 15 to 25 years even
without limitations to the initial treatment intensity.

In a study of the role of disturbance history and fire spread/severity during the 2002 fire season in western
Colorado, project 03-2-2-01 found that fuel structure before fire was a strong influence on fire severity
post spruce beetle infestation and windthrow. Fire extent was driven by time since last fire.

Project 03-4-1-04 developed tools for landscape analysis of fire and fuels. ArcFuels streamlines the
process for simulating landscape fuel treatments and builds the input files required by FlamMap and links
to other landscape grids to allow for rapid planning

In Project 04-1-04 a tool was developed by modeling the spread and effects of 27 suppressed ignitions in
Yosemite and Sequioa-King Canyon National Parks as if they burned and comparing them to actual
unburned landscape conditions. The simulations showed that allowing the fires to burn would have had a
number of positive effects including: reducing the subsequent fire return interval departure, lowering the
percentage of the landscape with a high fire return interval departure, reducing flame length, the number
of new ignitions and the need for attack resources, and cutting back particulate smoke emissions by an
average of 35%.

Summary

To date, JFSP has provided support for the development of numerous models in the general areas of fire
behavior/ effects, decision-support, and management/policy. Fires burn dynamically, with changes in
behavior over space and time that often defy modeling efforts. As noted in the FT-LOW discussions on
fuel bed changes/dynamics and fuel treatment effectiveness, many studies overlook basic changes in fuel
structure resulting from treatment and rely on modeled fire behavior without verification using
measurements on real fires.
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At this point in time, it seems appropriate for JFSP to take stock of previous support for modeling studies
by analyzing the strengths and weaknesses of current models in use for prescribing and assessing fuel
treatments, and ensuring that such findings are made available for eventual users. Such analyses would
assist managers in carrying out the work flow scenarios supported by IFT-DSS as delineated in Drury and
others (2009). These include data acquisition, identification of high fire hazard areas, implementation of
spatially explicit fuel treatments on a landscape; evaluation of fuels treatment effectiveness over time;
prescribed burn planning; and risk assessment for fuels treatment planning). Also such disclosures would
improve safety by contributing to more realistic understanding of model capabilities. In addition, findings
from such analyses would be helpful in building manager confidence and reliance in the upcoming fuel
treatment decision support system (IFT-DSS).

At the same time, JFSP has an important role in supporting fundamental research and efforts aimed at
improved understanding leading to next —generation fire models. In terms of the FT-LOW this includes
support for improved theoretical understanding of the role of fuels in combustion, specifically as related
to assessing the success of fuel treatments with and without wildfire incidence.
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Background for Research Themes

Treatment Effects

Reintroducing fire into long-unburned forests.

» Identify external (fire and fuel) and internal (structural and physiological) factors influencing
mortality of old trees in the immediate, and short term.

» Establish procedures that can mitigate effects on large trees, including site specific actions, and
multiple treatment design and implementation.

There are millions of acres of forests in the U.S. that formerly burned with a regime of frequent fires.
These fires maintained an open canopy forest dominated by mature conifers, and in a few cases,
hardwoods, particularly oaks. Forests had productive understories of shrubs and/or herbaceous plants,
often with a large grassy component.

Exclusion of fire, harvest practices, and overgrazing have led to significant changes in these forests.
Canopies have closed, more shade tolerant species have increased, sometimes sharing the canopy layer,
loadings of surface fuels and duff have increased, duff mounds have accumulated at the base of trees,
ladder fuels have developed, and shrub and herbaceous layers have greatly reduced productivity, and in
some situations, have disappeared. Competition for resources has made trees more susceptible to insect
attack.

A goal of the JFSP is to provide information and tools that managers can use in planning and
implementing fuel treatments. This cannot be more complex than when treating fuels in many of these
fire excluded forests. Mechanical thinning is sometimes necessary before fire can be reintroduced because
of the risk of crown fire, and because the closed stands cannot be burned until fuels have dried. This is
sometimes not until the start of the fire season, and prescribed fire is deemed too risky. Studies have
shown that treatment of residual fuels is necessary to mitigate wildfire risk. Treatment of residual fuels
has caused undesired canopy mortality.

Research needs include better methods for reducing the forest canopy through mechanical and fire
treatments, removal of fuel ladders, restoration of the surface shrub and herbaceous layer, and perhaps
most problemmatic, minimizing mortality of large, old growth trees. The latter two topics are in the
realm of fuel treatment effects. Effects on shrub and herbaceous plants are discussed within another
section of this document. The focus here will be on reducing mortality of old trees as a result of
restoration treatments.

Although a significant amount of work has been done in recent years to synthesize and gather new
information about the relationship between fire injury of conifers and postfire mortality from insect
attack, our understanding is still very limited on the relationship of post-fire tree mortality to first order
fire injuries, pre-fire fuel loading, and bark beetle attacks. We believe that the highest priority for the
JFSP at this time is to develop more knowledge about how to reduce injury to trees from fuels treatments
in the short term. Mortality can result from damage to the canopy, cambium, and roots, and often from an
interaction of injury to these different parts of a tree.

Two areas of research are proposed:
« ldentifying factors that influence mortality of old trees.

» Establishing procedures that can mitigate effects on old trees.
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Identify external (fire and fuel) and internal (structural and physiological) factors influencing
mortality of old trees in the immediate, and short term.

In order to develop fuel treatments that are most effective in limiting injury, and also in order to predict
mortality from wildfires, it is necessary to understand the processes that contribute to mortality as a result
of fire. The JFSP has funded ten studies that had a major or minor emphasis on factors influencing
mortality of old trees.

A significant contribution has been a comprehensive review (07-S-09, Hood 2010) that summarized the
impact of burning on injury and mortality of large trees that survived frequent low intensity fire regimes.
Pertinent to this topic, the report reviews the literature on tree mortality as it relates to tree physiology,
properties of duff, and historical versus current disturbance regimes.

Field studies in western Oregon (00-2-31) showed higher ponderosa pine overstory mortality from fall
than spring prescribed fires, likely due to drier fuel conditions. Tree mortality increased with decreasing
crown vigor. A study to determine the relationship of fuel treatments to eastern white pine mortality (00-
2-35), concluded that low intensity fires could safely be used in this type. Unacceptably high mortality
observed in earlier treatments may have been the result of thicker than average litter and perhaps duff
layers that had built up at the base of the trees.

At the Sierra Nevada Fire/Fire Surrogates site, the highest tree mortality was due to “fire intensity’ and
was generally in the smallest size class ((S-99-01). The most reliable indicators of short term mortality
was tree diameter and total crown damage. In three burn only treatments, tanoak and black oak had the
highest mortality, and sugar pine and ponderosa pine the lowest.

Tree mortality due to a wildfire in northeast Florida (99-1-4-02) increased with increasing time since the
most recent prescribed fire, with lowest mortality in stands burned 1.5 years before fire and the highest
mortality in plantations without a prescribed fire program (99-1-4-02).

Mastication plus prescribed burning and controls were compared at sites in California and southern
Oregon (05-2-1-20). More residual trees died from crown scorch where there were higher masticated fuel
loadings resulted in up to 30% mortality rate of residual trees from crown scorch compared to 5%
mortality in lower masticated fuel loads.

Root mortality as a factor in mortality was considered in two studies. A southwest Idaho study using
spring prescribed fires (01B-3-2-01) related prescribed fire to loss of fine root biomass and mycorrhizae.
This study also related bark char, ground char, and per cent crown scorch for ponderosa pine and
Douglas-fir to combinations of woody fuel loading, mean litter consumption and mean duff consumption.
A longleaf pine study in Florida showed that tree radial growth significantly decreased with an increased
duration of heating of the mineral soil (01-1-3-11), which they related to a large reduction in postfire
coarse root carbohydrate levels, a possible cause of coarse root mortality and tree mortality. Tree
mortality was related to duff consumption for all treatments in this project, although canopy scorch was
also significant when burning occurred under dry conditions.

Three projects developed models related to tree mortality. One model that can be linked to fire behavior
models (00-1-1-06) predicts mortality of selected tree species from fire induced stem heating. A project
in northeast Oregon (01B-3-3-16) compared the effects of a spring burn and fall burning, with much
greater mortality after fall fires. Models were built correlating tree mortality with measures of crown,
bole and basal damage.
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Project 05-2-1-105 developed a prefire and postfire tree mortality model for 12 western conifer species,
based on thousands of observations of fire injury and tree mortality from multiple fire injury studies. A
prefire model that can be used in prescribed fire planning includes DBH and crown scorch. The postfire
model can be used for creating salvage guidelines, using DBH, crown scorch and beetle attack as
predictive variables. After comparison of this model with that currently used in FOFEM and BEHAVE,
this model was added into FOFEM 5.7 and BehavePlus 4.5. This project also developed for use of bark
char as a surrogate for cambium injury when cambium sampling does not occur.

Summary JFSP research on external and internal factors

Mortality was often related to crown scorch from fires of higher ‘intensity” or that burned under drier
conditions in dry forests in California and Oregon. Burning at a lower intensity could allow prescribed
fire use for fuels management in eastern white pine. The more recent the prescribed fire, the less
mortality was observed from a Florida wildfire, with the greatest mortality in plantations without a
prescribed fire program. Higher residual tree mortality occurred under higher loadings of masticated fuel.
Coarse and fine root mortality was thought to be a contributing factor in tree mortality in Florida and in
Idaho. Two models for predicting tree mortality for 12 species is now used in FOFEM and BEHAVE,
using DBH and crown scorch, with insect attack an additional variable in the second model. A model was
constructed that predicted mortality of selected tree species from stem heating, and a different model
correlated tree mortality with measures of crown, bole and basal damage. The literature review
performed by Hood provides a significant basis for further research in these areas.

Other research

Mortality of fine roots as a potential cause of tree injury and mortality has been considered in other
research, in addition to the studies mentioned above, and may be a critical factor that has mostly been
overlooked. Most fine roots are in the upper portion of the soil where they are very vulnerable to injury
from mechanical and fire treatment (Grier 1989). In a spring prescribed fire in a north central
Washington ponderosa pine forest, Grier noted a 50% increase over a two week period in fine root
biomass in a control plot, while a ‘light fuel” burn plot had no increase, and a heavy fuel plot had a 60%
decline. Swezy and Agee (1991) investigated accelerated mortality of old grown ponderosa pine at Crater
Lake National Park as a result of prescribed fire. Burning reduced fine root dry weight 50 and 75%, 1 and
5 months after burning. Raking and burning reduced fine roots more than burning alone after 1 month,
and were equivalent after 5 months. Early season burns had higher mortality than late season burns,
which may be due to increased feeder root sensitivity at the time of the earlier fires.

A recent paper discussed process modeling for predicting tree injury and mortality (Butler and Dickinson
2010). The most widely used models are based on tree characteristics (e.g. stem diameter, age) and easy
to observe effects such as bole char and crown scorch. Models that simulate the processes that are
occurring are needed to assess impacts on living tissue that contribute to tree mortality. A key need for
developing models that can be related to fire behavior and fuel consumption is an ability to describe the
heat conditions that occur at the surface of roots, stems, or the canopy, i.e. boundary conditions. Issues
are discussed relative to establishing boundary conditions as an element of developing models for
root/soil, stem and canopy heating. Process models could be used to provide predictions of injury and
mortality where there are no field measurements.

Another paper by Kavanagh and others (2010) modeled an additional physiological factor that may be
contributing to tree injury and latent mortality, development of an embolism, or break in the water column
that transports liquid water to various parts of the tree. When heated, open stomata on tree needles
cannot close rapidly enough to prevent a high demand for water (due to excessive evaporation in the hot
dry air in the plume) that exceeds what can be supplied through the tracheids. When the tension on the
water column in the tracheid becomes too great, air is sucked in, causing an embolism, or break in the
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water column. Water can no longer be delivered to the needles and they can die as result. This can occur
at temperatures below what is considered to be lethal temperature. Needles may be dying in the canopy
above the level to which lethal temperatures reach. If this is true, our models for canopy mortality which
currently consider crown scorch, could require significant revision. Further work is suggested to validate
this model, and also determine if embolism formation could be a factor in root and basal stem mortality.

Establish procedures that can mitigate effects on large trees, including site specific actions, and
multiple treatment design and implementation.

The comprehensive literature review funded by JFSP discussed above (07-S-09 ) summarized the impact
of burning on large tree injury and mortality. Pertinent to this research area, the report discusses
information about appropriate treatment options that could limit large diameter tree injury and mortality
in areas with deep duff accumulation and methods for duff manipulation. Nine other JFSP projects had a
primary focus on treatment design to mitigate injury from prescribed fire.

Removal of litter from the base of trees reduced tree mortality in eastern white pine (00-2-35), and
cambium injury from prescribed fires in northern California by limiting basal smoldering (03-3-2-04).
There was no difference in mortality between treated and control trees as a result of low intensity
prescribed fires in Arizona (04-2-1-112).

A study in southwest Idaho specifically investigated the results of four treatments to manage duff mounds
beneath ponderosa pine (00-2-19), using one or two years of snow well burning, mixing duff and soil and
subsequent burning, and delayed burning for two years after harvest. These treatments successfully
managed this material, although the mounds rapidly rebuilt, requiring future prescribed fire use.

Two thinning treatments followed by prescribed fire (00-2-33), and prescribed fire alone were applied in a
mixed conifer forest in northeast Oregon, resulting in significant reductions in overstory canopy and
elimination of a majority of the mid-story layer. Mortality of leave trees from prescribed fire was less
than 1%, although additional mortality is expected.

Based on work in California and southern Oregon (05-2-1-20), it was stated that adjusting firing
techniques and consideration of fuel moistures can mitigate for crown scorch in prescribed fires in
masticated fuel beds if it is desired to save a high percent of residual trees.

On the Gulf Coastal Plain, thinning from below and underburning was the most effective treatment for
longleaf pine restoration (S-99-01), with slash removal before fire reducing residual tree mortality.
Thinning was best for removing mid-story hardwoods, while prescribed fire was most effective for
reducing understory hardwoods.

In the Western Allegheny Plateau Fire/Fire Surrogates site (S-99-01), prescribed burning caused mortality
of overstory red maple and American tulip, and sometimes oak. Sapling and seedling mortality was
greatest in mechanical plus burn treatments.

A riparian restoration project along the Rio Grande River in central New Mexico (01-1-3-19) had one
focus on treatments to reduce cover of exotic trees, while preserving overstory cottonwoods. Treatments
included mechanical removal and herbicide; mechanical removal, herbicide and prescribed fire; and
mechanical removal and revegetation. Fuel treatments resulted in an 84 per cent mortality rate of exotic
woody species (saltcedar, Russian olive, and mulberry), except for Siberian elm.

Summary of projects regarding mortality mitigation
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A comprehensive review was made of literature related to mitigation of tree mortality from fire. Raking
basal duff mounds reduced tree mortality in three studies in Wisconsin, northern California, and Arizona.
A study in southwest Idaho investigated various duff mound treatments. Three projects studied overstory
mortality related to thinning and prescribed fire and fire alone; thinning from below and underburning
with slash removal; and prescribed fire alone. Another project considered mortality related to burning
different loadings of masticated fuels. A riparian restoration project that intended to preserve overstory
cottonwoods investigated various combinations of mechanical treatment, herbicide and prescribed fire.

Recommendations

The Tucson Workshop that was held to obtain input from scientists and practitioners on fuels research
needs developed a list of research topics for reintroducing fire into long unburned forests. The workshop
product on this topic is reproduced here. Note that the list of research needs is derived from Hood (2010).

There are still many unknowns to the multitude of managerial questions on this topic. A literature
search for old or large-diameter tree mortality in fire-dependent U.S. forests yielded 41 studies.
The research is very limited on relating post-fire tree mortality to first order fire injuries, pre-fire
fuel loading, and bark beetle attacks. Many of these studies had primary objectives other than
overstory tree mortality; however, it is clear that there is a need for long-term studies that
document pre-fire forest and fuel conditions, fire and silvicultural treatments, and post-fire
effects.

Abundant room exists for more research on limiting overstory tree mortality from prescribed fire
in long-unburned forests. Research topics could include but are not limited to the following:

*Define the relationship between duration and extent of soil heating to actual root mortality.

*Characterize deep duff moisture-of-extinction limits for all fire-dependent forests.

*Determine the feasibility of and conditions under which consumption of deep duff layers may be
regulated during prescribed burns in order to limit tree mortality.

*Determine critical microsite characteristics and parameters that affect basal duff consumption
and potential cambium injury for fire-dependent species and overstory size classes.

*Determine if season of raking or amount of time between raking and prescribed burning affects
tree mortality (relates to fine root recovery).

Correlate level of cambium injury to insect attack level.

*Determine the horizontal and vertical distribution and abundance of fine roots adjacent to the
tree bole, and the effect of raking on these roots, for a variety of sites and species.

«Conduct long-term studies on the effects of fire on old trees and other ecosystem components.

Research needs also include more inquiry into the causes of root mortality, including the role of
carbohydrate depletion, and injury, mortality, and reduced productivity of fine roots. Understanding root
mortality also requires knowledge of fine root distribution throughout a forest floor, and the phenology of
their production, activity, and sensitivity to fire. Research needs were included in two other research
papers, discussed above, that have been discussed under this topic. The paper by Kavanagh and others
(2010) suggests a new line of research into causes of canopy mortality, the formation of an embolism or
break in the water transport column within needles caused by hot dry air in the plume. They further
suggest this should also be explored as a cause of stem and root mortality.

Research gaps that hinder the application of process-based tree injury and mortality models (Butler and
Dickinson (2010) include “linkage of fire effects models with combustion models (especially coupled
fire-atmosphere models) through the boundary conditions required for simulating tissue heating,
descriptions of live tree thermal and physical characteristics, and better understanding of the physiological
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basis for delayed fire-caused mortality and the interactions between fire injury and second-order causes of
mortality such as diseases and insects.” These authors also note that prediction of tree mortality will
require a duff moisture prediction system, as there is currently no system available for use by U.S. fire
managers.

A major issue is that most predicted models are based on statistical relationships between injury and
mortality. In order to better predict injury and mortality, we need to understand the mechanisms, and
develop models of processes.
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Background for Research Themes

Treatment Effects

Responses of shrubs, forbs, and grasses to fuel treatments in forested and non-forested
environments.

» Determine principles governing mortality and/or post-treatment recovery of individuals from various
plant functional groups, including shrubs, forbs, rhizomatous grasses, and bunchgrasses, both from
resprouting and from seed reproduction.

* Investigate how frequency and seasonality of fuel treatments and treatment combinations affect plant
responses, including redevelopment of live fuel layers.

A wide variety of plant response to fuel treatments has been observed, as well significant differences in
recovery after wildfires. Variations are caused by plant properties, the associated fuels, and the
characteristics of the treatment, including fire. While work has continued on fuels and treatment
application, relatively little research has occurred that addresses plant response, particularly of the forest
understory, or the vegetation that dominates in shrublands and grasslands. Rapidly recovering surface
vegetation is a key factor in protecting watersheds from erosion, capturing nutrients released by
combustion, and providing wildlife habitat. Fuel treatments have the capacity to significantly affect this
vegetation, changing species composition, and plant productivity, and for this reason, a comprehensive
fuel treatment program will consider these effects. Detailed literature reviews on plant response to fire
have been completed and published elsewhere, and will not be reviewed here (Miller 2000; Stefan, Miller
and Dickinson 2010). Expected responses of plants to mechanical treatments can be inferred from the
information in these reviews. The issue is that we know in general what to expect, we cannot predict
responses from fuel treatments because we lack quantitative data on plant - treatment interactions.

Plants can survive fire, although most understory species are at least top killed if exposed to flames.
Plants recover either by developing new shoots from dormant buds or bud primordia, or by establishing
new individuals from seed.

Much of the information on shrub and herbaceous response is anecdotal, or based on post treatment, or
post fire observations. Quantitative relationships between treatment and response have rarely been
established. We propose two areas of research to address this information gap:

» Mechanisms affecting post treatment recovery of shrubs, forbs, and grasses.
» Effects of frequency and seasonality of fuel treatments on plant responses.

It should be noted that the JFSP commissioned a literature review on the effects of fire and thinning
treatments on understory vegetation in U.S. dry forests (07-S-11) (Bartuszevige and Kennedy 2009).
Their conclusion is that “ prescribed fire and mechanical thinning treatments can increase production,
cover, and richness of understory herbaceous species. However, the magnitude of the response may
depend on the treatment; e.g., responses generally are larger in combined treatments than in either
treatment alone (Schwilk et al. 2009). They also note that different species have different responses and
that treatment effects can last for several years. Extensive tables that summarize studies and responses
are provided. Responses are in the form of increase or decrease of a species, or the relative amount of
standing crop or species richness for the different treatments. All results are qualitative, and the only
characteristics of the fire reported is flame length and “fire temperature,” if available. Rarely in the
literature review, and not at all in the tables, is the plant response mechanism given. We conclude that
factors affecting plant response cannot be derived from this report.
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Miller wrote in Stefan et al (2010): The only existing model tailored for predicting understory response
to fire is the Understory Response Model (URM) (Sutherland and Miller 2005). The URM is a species-
specific computer model that qualitatively predicts change in total species biomass based on resprouting
and seedling establishment. The model predicts the response of grasses, forbs, and shrubs after thinning,
prescribed fire, or wildfire one, five, and ten years post-treatment. The model takes into account
individual life history traits and changes in the site caused by thinning and fire. The URM would be
significantly enhanced if it could be coupled with improved models for fuel consumption and subsurface
heat transfer. Since the URM uses FOFEM to estimate mineral soil heating and mineral soil exposure,
mortality of plant structures and seeds within litter and duff layers cannot be described, and mineral soil
exposure is only coarsely estimated. The model outputs are also limited by lack of information on life
history, below ground structural characteristics, and post-fire recovery mechanisms for most plant species.

Determine principles governing mortality and/or posttreatment recovery of individuals within
various plant functional groups, including shrubs, forbs, rhizomatous grasses, and bunchgrasses,
both from resprouting and from seed reproduction.

Resprouting

Vegetative regeneration of on-site species is a rapid means of postfire recovery that can quickly
reestablish a layer of vegetation. The Joint Fire Science Program has sponsored five projects that have
considered postfire sprouting as a means of vegetation recovery, after wildfire and prescribed fire.*
While we understand the basic process, for most species we know little about the regenerative capacity of
different species and structures, e.g. the type of structure from which shoots originate, their heat tolerance,
or number of dormant buds or bud primordia, or the distribution of sprouting structures within litter, duff
and mineral soil. We don’t have a means of predicting lethal temperature penetration within soil organic
layers. We cannot model lethal temperature penetration effects on buds or bud primordia on reproductive
structures. Although JFSP studies have not focused on factors regulating postfire sprouting after fuel
treatments, other work has shown a strong relationship between fuel and duff consumption and soil
heating, and postfire sprouting (See Miller 2000; Stefan et al 2010).

No JFSP project conducted quantitative analyses of relationships between the heat regime of a fire and
postfire resprouting. One study found no effect of canopy severity on postfire vegetative recovery (04-2-
1-118), with similar species composition before and after the fire. The lack of correlation is not
surprising since canopy severity may not be correlated with surface severity, particularly in areas of
mixed severity fire. This study did note that for all of the plant species for which information was
available, 72% have been observed to sprout after severe fire, and only 17% cannot resprout, most of
which are annuals.

The only JFSP study that considered resprouting in any detail found more epicormic sprouting of true
mountainmahogany in low shrub fire severity classes after the Hayman Fire, with more basal sprouting in
moderate and higher fire severity classes (01-1-3-22). This is not unexpected as low severity fire may not
have inadequate heat to harm buds along branch and stem structures, while higher severity fires kill above
ground parts of this species, causing sprouting from root crown buds.

Sprouting density related to prefire shrub density in mountain laurel (05-1-2-02), likely relating to a high
number of dormant buds in the more dense stands. This relationship has been supported by other work
(see Miller 2000). A project in the white pine type in northern Wisconsin (00-2-35) noted re-sprouting of

1 A study that considered plant carbohydrate levels will be discussed in the second research area that considers the effect of seasonality.
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maple, birch and cherry, with the greatest amount after prescribed fire, and less after mechanical-
herbicide treatment. No analysis of possible reasons for these differences was provided.

(00-2-02) After a set of diverse treatment in chaparral in the California North Coast Range, chamise, the
dominant shrub in the study area, had significantly higher regrowth in prescribed fire areas, regardless of
the season of treatment. Within three years after fire, chamise covered approximately 60% of the plot
area, with average heights of .40 meters, compared to 45% of the area in masticated plots, with average
heights of 0.25 m.

In the fire/ fire surrogates study (99-S-01), results from the two study sites in the Appalachian Mountains
indicate the rapid sprouting and growth of undesirable eastern species, and suggest the need for frequently
repeated treatments during the restoration phase. The mechanical plus burn treatments in the southern
Blue Ridge also caused significant sprouting after 2 - 3 years, especially for shade-intolerant plant species
(due to the opening of the canopy).

Summary of sprouting studies

In summary, several JFSP sponsored studies have noted relationships between treatment type and
sprouting. One study related wildfire severity to sprouting of one shrub species, although because this
was a retrospective study, no relationship to fuel or burning conditions is possible.

Seed germination and seedling establishment

Key factors that determine postfire seedling establishment include seed supply and dispersal; seedbank,
both soil and canopy stored; the postfire seed microsite environment; fire stimulated germination; and
seedbed requirements. A comprehensive review of this literature has been completed by Miller (2000),
and others, and no attempt will be made to summarize this information in this report.

Joint Fire Science Program research has conducted twenty one studies that included work on factors
affecting seed germination and seedling establishment. Seven studies occurred in western shrublands and
grasslands, eight in western forests, and six in the southeast. Seven studies considered establishment of
shrubs and/or herbaceous species from seed in non-forested systems, twelve studies had a tree
regeneration focus, and one study considered seedling establishment from both trees and understory
species.

JFSP research assessed results of fuel treatments on seedling establishment, the results of artificial
seeding in shrublands, and post wildfire seedling establishment. There was increased germination and
establishment of shade intolerant tree species after fuel treatment, with the greatest amount of
establishment usually after prescribed fire or mechanical plus fire treatments, relative to control areas.

Several studies looked at establishment with relationship to fire or treatment severity in the canopy,
and/or subsequent overstory mortality. Canopy seed availability was considered in two studies, with one
concluding that the proportion of desired species needed to be increased in the overstory to ensure
adequate establishment of its seedlings (01-3-2-02). The second study, looking at tree regeneration after
wildfires, stated that “mechanisms for long distance seed dispersal are not entirely clear and models for
this process are incomplete” (05-2-1-40).

Two projects funded for work in mountain big sagebrush habitats found differences in survival of some
species relative to microsite conditions. Two of these studies showed typically low establishment of
seeded species (01B-3-3-01; 1C-3-3-13). The latter study found that the physical disturbance associated
with artificial seeding decreased native perennial grass cover, and increased the cover of native annual
forbs, as well as that of several exotic species.
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Changes in postfire density of seedlings of natives and exotics varied with the prefire condition of the
mountain big sagebrush site in northern California (01B-3-3-06). Seedbed conditions and fire severity
were not noted, so it is difficult to make any generalizations about observed responses.

Two studies looked at establishment relative to fuel consumption and the seedbed created by treatment.
One western Oregon study found more tree establishment after a fall fire than a spring fire, and attributed
it to differences in fire severity (00-2-31). Another Oregon project (01C-3-3-10) found higher densities of
conifer seedlings in burned than unburned treatments, and related it to mineral soil exposure. A Fire/Fire
Surrogate project in the southern Appalachians (99-S-01) found that while mechanical treatment had little
effect on seedling density, burning increased density. In southern Appalachian oaks (04-2-1-06), oak
seedling establishment and growth may have been enhanced by fire because it reduced litter depth,
compared to fire excluded treatments. In the Western Allegheny Plateau, a prescribed fire and thinning
project in hardwood forests (99-S-01) found increased seedling densities of shade intolerant species after
burn only treatments, but these increases only persisted in thinned stands.

One study discussed the possible presence of a soil seedbank for mountain big sagebrush (05-2-1-94), as
there was no relationship between seed dispersal distance and sagebrush cover six years after wildfire.
Another study considered the role of a soil seedbank in restoring meadows being lost to conifer
encroachment (01C-3-3-10), and found that there was a limited potential for restoration of meadow
species via buried, viable seed. In blackbrush shrublands of the Mojave Desert, it was noted that
seedbank studies are highly sensitive to environmental vagaries that can differential affect measurements
in different parts of the same landscape (00-2-32).

The most comprehensively studied process with regard to the shrub and herbaceous layer is fire induced
seedling germination, with detailed work conducted for species of California chaparral (for example, see
Keeley 1987; Keeley and Fotheringham 1998; Keeley and Nitzberg 1984; La Fer and Parker 1995).
Whether fire enhanced germination is a key factor in postfire recovery is not known for many plant
species. For some of the species for which fire induced germination is apparent, it is not known whether
the germination cue is heat, exposure to smoke, or water leached through charred materials. No JFSP
study considered the mechanisms causing enhanced seedling germination after fire treatment, caused by
heat, smoke, charate, or some other process. One project noted the presence of eight native species in
burned areas of chamise not present in other treatments (00-2-02), and another noted the presence of a
forb after a wildfire which seeds likely required fire stimulus to germinate (04-2-1-118). One study
collected soil samples for greenhouse studies of seedbank (01C-3-3-10) in mountain meadows and
concluded that there was no seedbank of meadow species, although the possibility of fire enhanced
germination was not tested.

A study of fire hazard reduction in chaparral using diverse treatments (00-2-02) during different seasons
found resulted in the publication of a research paper (Potts and Stephens 2009). Higher seedling densities
were found after fall and winter prescribed fires compared to spring burning and mastication, 3 years after
the treatments, despite very high seedling mortality on burned sites. The strongest influence on seedling
mortality may be the inability of a spring germinating seedling to develop adequate roots before the
occurrence of summer drought.

Two studies noted a potential or actual increase in seed numbers after fire. Seed number and seed mass
increased after treatments on the Western Allegheny Plateau (99-S-01), and number of reproductive grass
culms increased after fire treatments in northeastern California sagebrush (01B-3-3-06 ). Increased
flowering after fire, and one would assume increased seed production, has been noted in many other
studies in the U.S. (see discussion in Miller 2000).

Four projects focused on learning more about the reproductive ecology of rare conifers. These are
included here for information, as they were among the most detailed studies conducted about
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reproduction from seed in response to treatment. A second study on Table Mountain pine (Pinus
pungens) (06-4-1-01) amended conclusions reached in the first (98-1-4-09) after additional data were
collected, suggesting that adequate seed supply and desired opening of the canopy due to tree mortality
occurred after all intensities of fire. Two studies of serotinous cone species in California, California
cypress (Cupressi bakeri Jeps.) (06-2-1-17) and knob cone pine (Pinus attenuata) (03-3-3-57) found that
germination and establishment can only occur after treatments that replicate some of the effects of high
intensity crown fire, by causing cones to open, and preparing seedbed.

Summary of seed studies

To summarize the seed reproduction projects, several studies considered seedling establishment with
respect to fire severity and the creation of bare mineral soil seedbed, and noted more seedling
establishment after fire than mechanical treatment, likely also related to seedbed creation. The potential
for soil seedbanking was noted in two projects, and studied in one, although any potential for fire induced
germination was not investigated. Seedlings of species were noted in burned areas that were not present
before fire, likely because of fire enhanced germination. Increases in potential or actual seed production
were noted after fire. Four studies focused on the relationship between treatment type and conifer
establishment from seed, with more seedlings generally observed after fire. Few of these projects
provided significant insight concerning the factors affecting postfire seed germination and seedling
establishment, particularly information that can be used in a predictive manner. Studies were to a few
species and a few areas.

Investigate how frequency and seasonality of fuel treatments and treatment combinations affect
plant responses, including redevelopment of live fuel layers.

Effects of frequency

Three similar long term demonstration studies have been conducted with JFSP funding in the Southeast to
investigate the effects of prescribed fire frequency on the overstory, the surface live fuel layer, and
midstory hardwoods (01B-3-1-03, 01B-3-1-04, 01B-3-1-05). The first installed treatment plots in
naturally regenerated loblolly pine (Pinus taeda) and longleaf pine (Pinus palustris) in South Carolina; the
second in longleaf pine (Pinus palustris) stand with a southern rough (saw palmetto [Serenoa repens] /
gallberry [llex glabra]) in north Florida; and the last in a representative stand of naturally regenerated 80+
year old loblolly pine (Pinus taeda) in south Georgia. The first two projects considered dormant season
burning only, while the third also conducted growing season burns. Some conclusions were similar. In
these frequentlly burned plots, burning did not affect longevity of the pine overstory. Even infrequent
burning controlled fuel buildup, i.e. growth of the live fuel layer. Burn frequency affects understory
composition and richness, with more herbaceous and fewer woody species with more frequent fires.
Whether burning controlled midstory hardwoods or not depended on the species. Another study on the
East Gulf Coastal Plain found that very frequent or annual burning resulted in the highest species richness
and composition. [Findings were misfiled with a Table Mountain Pine study (98-1-4-09), and may have
come from the Fire/Fire Surrogates site on the East Gulf Coast.]

The effects of 40 years of prescribed fire on regeneration of loblolly pine (Pinus taeda) were studied at the
Santee Experimental forest in South Carolina. Stands naturally regenerated after their destruction by
Hurricane Hugo in 1989. After 12 years without fire, these new stands still sustain many of the
characteristics of their predecessor stands, with the annual burned plots having a grass and sedge
understory with little hardwood invasion. The annual winter burn plots have a shrub and sub-canopy
dominated by sweetgum. It is recommended that on sites where pine savannah is desired, fires should
occur in a 3 to 5 year cycle. Hardwoods would be eliminated within 7 to 9 years, after which up to an 8
year interval between fires could be possible with hardwoods gaining dominance.
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Very frequent to annual growing season burns were deemed to be the most effective means of reducing
palmetto dominance at an East Gulf Coastal Plain Site. Annually burned plots also had the highest
species richness and composition, and the highest grass and forb cover. These findings were listed under
a Table Mountain Pine project (98-1-4-09), and they may actually apply to the Fire/Fire Surrogates study
Gulf Coastal Plain site.

A project with an unusual objective (06-2-1-35) investigated whether annual prescribed fires would
enhance or slow the loss of coastal marshes at Blackwater National Wildlife Refuge because of climate
change. Annual burning increased above and below ground plant production and decreased root zone
collapse, although it cannot be stated unequivocally that annual burning increases the elevation and
sustainability of marshes.

Summary of frequency

Fire frequency effects on vegetation has been studied the most in the southeastern U.S., because of the
rapid rate of regrowth of understory vegetation after fire treatment. As a general conclusion, it can be
said that in southeastern coastal plain pine types, the more frequent the fire, the more likely it is that a
herbaceous understory will be established or maintained. The frequency that causes a shift between
herbaceous and shrub dominance relates to the specific plant community, and previous management of
the site. There is also an interaction between frequency and season of fire, with dormant season fires
sometimes favoring a different understory species dominance than growing season fires.

Effects of season

There are two different aspects of fire seasonality. One is the differences in the ability of a plant to
survive or regenerate because of seasonal variation in the likelihood of injury, and its ability to recover or
regenerate. Some important factors that affect plant survival, recovery and re-establishment include
variation in carbohydrate reserves that support initial regrowth and dormant season respiration, plant
moisture content, and timing of seed dispersal. A difficulty of using the ‘season’ concept to relate to plant
response is that “ “‘season’ is not a quality (of grasslands) but only a rough predictor of the state of
vegetation and the physical condition at the time of the burn, neither of which are easily measured”
(Zedler 2007).

The second aspect of season is seasonally distinct variation in burning conditions. Different parts of the
U.S. have pronounced yearly patterns of temperature and moisture, all of which affect fuel, duff, and soil
moisture. Distinct wet and dry seasons often occur, and the moisture regime and burning conditions vary
accordingly. Because of resultant differences in fire intensity and fire severity, fire effects can vary
considerably because of the significantly different heat regime to which the plants are subjected.

The Fire/Fire Surrogates study (99-S-01) and the JFSP commissioned review of the ecological effect of
prescribed fire season concluded that where strong seasonal differences in fuel consumption exist,
particularly in the western U.S., fire severity overwhelms any effect of plant phenology. Where little
seasonal difference in fuel consumption occurs, especially noted in grasslands, plant phenology is likely
to be a more important factor. Most species nonetheless tend to be resilient to one or a few off-season
prescribed burns. Inadequate documentation of date, burning conditions, weather, fuel, duff and soil
moisture, and plant phenological state make it difficult to interpret or extrapolate observed responses.

Seasonal differences in plant ability to recover
A particular aspect of seasonality is the role of carbohydrate reserves in supporting regrowth. This was

assessed in two JFSP studies. A study on control of exotics in the northeast and mid-Atlantic States
recommended that cutting and/or fire treatments be applied during seasonal periods of low carbohydrate
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reserves, such as after leaf-out, or after some sprout regrowth after a previous disturbance. A second
study on postfire sprouting of true mountainmahogany after a Colorado wildfire, noted no differences in
carbohydrate levels stored in roots of shrubs that resprouted epicormically or basally, and did note that
carbohydrate levels were lower in unburned areas than in burned, one year postfire (01-1-3-22). The
limited amount of work on plant carbohydrate cycles and resprouting reported in the literature supports
this finding, although the number of species studied in relationship to cutting and fire response is limited.
Reviews of carbohydrate relationships to postfire recovery can be found in Miller (2000) and Stefan,
Miller and Dickinson (2010). Additional work is warranted where key species resprout, and control or
enhancement of these are treatment objectives. Some of the differences as a result of treatment observed
in the following studies may be due to differences in seasonal levels of stored carbohydrates.

A JFSP funded publication on best fuels management practices for pine flatwoods and pine rocklands
(05-S-02) included a discussion about fire seasonality. “There is no consensus on the impact of fire
seasonality on desired management outcomes in part because fire season and fire effects are often
decoupled, that is high severity fires can occur at any time of year. The link between plant phenology and
fire seasonality is also poorly understood and no broad patterns have emerged among the plant species
studied. Some species such as wiregrass (Aristida stricta) flower more after spring or summer burns,
while others such as big pine partridge pea (Chamaechrista lineata var keyensis) experience higher
mortality after spring and summer burns.”

For some species, growing season fires affect flowering, both amount and synchronicity. While the effect
of growing season fires on flowering has been little studied elsewhere, it has been noted by Zedler (2007)
in an excellent review of fire effects on grasses. Although all spring fires conducted at four day intervals

in a Wisconsin tall grass prairie resulted in a strong stimulation of flowering in big bluestem (Adropogon

gerardii), the last two fires in May produced a significantly stronger flowering response.

Findings for an East Gulf Coastal Plain site noted that growing season burns were apparently more
effective at reducing palmetto dominance than dormant season burns, and recommended very frequent to
annual burning cycles to maintain control. These findings were misfiled under a Table Mountain Pine
project (98-1-4-09), and it is not known to which study they apply, perhaps to the Fire/Fire Surrogates
study Gulf Coastal Plain site. At the southern Blue Ridge Mountains F/FS site, mechanical plus dormant
season burn treatments on the Fire/Fire Surrogates site (99-S-01) had the greatest impact on understory
plant species richness and cover. At the FFS site on the western Allegheny Plateau in the Ohio Hills,
mechanical treatments and dormant season prescribed fire had modest effects on ecological variables,
perhaps because slash had not dried before the fire. They conclude that hot fires are needed even on xeric
sites to restore oak dominance.

At the Sierra Nevada Fire/Fire Surrogates site (99-S-01), both spring and fall fires causes increases in
understory species richness, with no differences apparent several years post treatment. Expected higher
understory mortality after spring burning because of plant phenological state did not occur because spring
fuel moisture was high enough to mitigate potentially negative effects. Another explanation could be that
a dormant bud bank survived the fire and carbohydrate levels were not limiting for the species present.

Seasonal differences in burning conditions

Three sequential studies were conducted in a ponderosa pine system in northeast Oregon (01B-3-3-16;
04-2-1-85; 06-2-1-10) operated with a long term plan to compare the effects of spring and fall burning at
5 and 15 year intervals with a control. Observed higher mortality of ponderosa pine from fall fires was
attributed to higher fire severity. No treatment differences were found for native perennials, although fall
burns had significantly more exotic, and native annual and biennial species. This was attributed to higher
fire severity, and resource availability rather than to the timing of the fire. Removing cattle significantly
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enhanced the native plant community. There were no negative effects on ponderosa pine growth from
either season or interval of fire.

The effects of season of prescribed fire and grazing was studied in a ponderosa pine forest in central
Oregon (03-3-2-28). The objective was to examine understory response to spring and fall 5-year interval
reburns with and without cattle grazing. All spring plots burned with low severity, fall fires with
moderate severity. The combination of repeat burning and grazing had negative effects on understory
vegetation, especially cover, although grazing alone was more negative than burning. Repeat fall burning
alone favored short lived native species, while spring burning effects were similar to unburned. Fall
burned units had taller grasses and less sedge cover, and native and exotic short lived early successional
species, patterns that were a legacy of fires that occurred 5 years earlier. Spring fires had less sedge and
shorter grasses than fall fires or the control. A combined surface and canopy severity class was assigned
based on bole and ground char, which does not help the reader much in interpreting results.

A study of spring and fall prescribed fires in mountain big sagebrush (01B-3-3-06) compared a high
intensity, high severity June prescribed fire with a low intensity, low severity fire in November.
Germination of cheatgrass and native plants, and short-term decreases in cheatgrass cover observed
within the one-year study were more strongly influenced by annually variable factors and prescribed fire
intensity than by the season of treatment.

An extensive literature review was conducted by Knapp, Estes and Skinner (2009) on the ecological
effects of prescribed fire season (07-S-08), “Ecological effects of prescribed fire season: a synthesis for
managers.” A summary is provided here.

Effects were grouped by three large geographic regions, the western, central and eastern parts of
the U.S. For the most, most studies of differential effects focused on trees. For mature trees,
most research suggests that mortality is related to the damage to the tree, which depends on fuel
loading and the temperature and moisture regime under which the fire occurred, which far
outweighed any effects of season.

In the West, studies on understory vegetation in forests also showed differences that largely
resulted far more from burning conditions, than any effect of season and associated plant
phenology. It should be noted, however, that the potential for manipulating understory vegetation
by burning during the growing season has received little study in the western U.S. For western
chaparral, potential does exist for shifts in the plant community if fires occur outside of the
season in which they typically occurred. This potential is greatest when burning outside of the
normal fire season, on sites where regeneration from the seedbank is important. Seed mortality or
inadequate seed reproduction can result from off season burning because seeds of some species
are fire sensitive if exposed to moist heat, while seed of other species may receive inadequate fire
stimulus and fail to germinate. (Reduced reproduction of fire following annuals may result in a
decrease of seeds these species in the soil seedbank.)

For the western U.S., it can be summarized that fire intensity and resulting severity have a much
greater influence on fire effects on plants than the stage of plant growth. Because of the
exclusion of fire and the amount of fuel now present, fuel consumption in moist spring fires may
be similar to what occurred during a typical historical fire. It is stated that “a single prescribed
burn outside of the historical fire season appears unlikely to have major detrimental impacts.
However, the effect of multiple sequential out-of-season burns remains poorly understood.”

In the Central U.S., effects of phenology can be more important because of the presence of both
warm and cool season grasses, with differing period of peak growth, and because there is less
difference in fuel consumption and fire severity. During the active growing season, fire intensity
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may be reduced and fires may be more patchy because of the presence of actively growing
grasses and forbs, mixed in with the dead grass that is the primary carrier of fire. While plant
communities are generally resilient to fires occurring during any season, some individual species
are affected by their phenological state when fires occur, and changes in community composition
can result from altering the burn season. Summer burns when plants are actively growing result
in more plant diversity than after fires during the dormant season. For each of the major
grassland types, fire effects depends on frequency, the proportion of cool and warm season
species, herbivory, timing with respect to seasonal growth, and climatic conditions. Lack of
documentation of these factors for fire research limits synthesis and generalization of results.

In the East, prescribed fires are generally possible during the growing season in pines, while only
dormant season burns can occur where hardwood forests predominate. In pine stands, although
litter consumption did not seem to vary with season of burn, fires during the driest periods did
result in more duff consumption, with greater detrimental effects on overstory trees. Conifers in
the Southeast flush and develop new needles several times during the growing season, and can
replace dead needles if buds survive. Additional mortality may also result from late season fires
because conifers cannot develop new needles after the last flush of the growing season. In oak
forests, dormant season fires with the highest intensity “did the most to favor oaks over yellow
poplar,” (Brose and Van Lear 1998, 1999; Brose 1999) and this may be true for mixes of oak with
other more shade tolerant hardwoods.

Fires effects on understory vegetation has been most extensively studied in southeast pine forests.
Seasonal differences in phenological state appear to play a more important role in determining
composition of the understory, with growing season burns having a more negative effect on mid-
story hardwoods and shrubs, and having a tendency to favor herbaceous vegetation, which is also
enhanced by reduction of the litter layer. Although enhanced amounts, synchronicity, and timing
of flowering has been reported for several herbaceous species burned during the growing season,
while many other species do not appear to be affected by burn season. A major conclusion for
the southeast is that because understory vegetation grows so rapidly, the frequency of fire has a
much greater effect than the season of fire.

The importance of plant phenology in the eastern region is intermediate between its low
importance in the West and high importance in the central region. For all regions, a
heterogeneous fire regime, both frequency and timing, appears to be the most important for
maintaining biological diversity.

Summary of seasonal effects

Work has shown that undesired woody species in the Northeast and Mid-Atlantic States can be controlled
by treating them during low points in the carbohydrate cycle, with repeated treatments the most effective.
In the Southeast, dormant season burns tend to promote woody species, while growing season burns favor
herbaceous species. The exact timing of a growing season burning caused a greater grass flowering
response in Wisconsin. In California, no seasonal differences in effects on understory species occurred,
attributed to moist spring burning conditions outweighing any potentially negative effects of plant growth
stages during spring fires. Burning appeared to outweigh any effect of season in mountain big sagebrush
communities. More tree mortality occurred in the fall, attributed to higher severity of fire, while on these
plots, the balance of types of herbaceous plants varied, with more annual and biennial plants in the fall. It
is difficult to draw conclusions from many studies for which season can be a factor because research
projects do not document significant factors, such as exact phenological state, the fuel, duff and soil
moisture conditions under which a prescribed fire treatment occurred, or the nature of changes in site
conditions caused by the treatments.
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Recommendation

We recommend that the JFSP sponsor comprehensive studies in several major ecosystem types to
elucidate the factors that control plant recovery after mechanical and prescribed fire treatments. Rather
than trying to derive general principles from a large network of sites such as the Fire/Fire Surrogate
programs, much more specific details can be gleaned from intensive research at representative sites at
particular In particular, experiments in a single vegetation type with replicated prescribed fire treatments
under a range of fuel, duff and soil moistures can help to understand the interrelationships among plants,
treatment, and post-treatment conditions. Plant phenology, season, and treatment frequency can also be
key variables. Data collected from such a study can also be used to develop better models for predicting
fuel and duff consumption and soil heating (discussed under a separate item).

Of the dominant vascular life forms, we know the least about bunchgrasses. The reviews in Stefan and
others (2010); and in particular Zedler (2007) summarize what we know about the principles determining
bunchgrass mortality, regeneration, fire enhanced flowering, and conditions favoring seedling
establishment. Most of the specific studies on response of individual bunchgrass plants have been based
on burn barrel studies, which do not well represent conditions under which a fire burns in natural fuels.
We do not know how fuel, moisture, burning conditions and phenology relate to their survival or
mortality. In arid and semi-arid regions that are susceptible to invasion by exotic annual grasses,
competition provided by a healthy community of recovering bunchgrasses can keep these undesired
species in check. Being able to predict their recovery will allow the development of more effective fuel
treatment prescriptions, as well as allow for better decisions about the need for postfire rehabilitation. For
these reason, we recommend that a specific study on bunchgrass fire ecology and effects be funded.
Proposals need to address this research within a plant functional group context as it relates to: 1)
aboveground regeneration/mortality, e.g. epicormic buds aerial stems and basal crown, and 2)
belowground regeneration/mortality, e.g. from root crowns, rhizomes, bulbs, tubers, and 3) fine and
coarse root regeneration and mortality.

Proposals also need to include consideration for the degree of change in site conditions caused by
different fuel treatments, such as changes in overstory and mid-story density, depth of residual masticated
material, and creation of mineral soil seedbed.

Where prescribed fire is part of the treatment, proposals must consider burning conditions, including
weather, fuel, duff and soil moisture, amount of consumption of coarse woody debris and litter and duff
layers, and soil heating.

Proposals addressing frequency and seasonality must include, in addition to pertinent factors above
(particularly the site moisture regime), date, the proportion of cool and warm season species, herbivory,
exact phenological state of key species (e.g. dormant, buds breaking, initial stem elongation, terminal
buds set; flowering, fruit developing; fruit set). All studies should make note of antecedent and post
treatment climatic conditions and weather, since these factors can have an important effect on
establishment, survival and production of resprouts and seedlings.
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Background for RFA Themes

Treatment Effects

Influence of fuel treatments on nonnative species invasions and persistence in forested and non-

forested vegetation types.

» Determine the plant species characteristics, site factors, and postfire and post treatment conditions
that enhance or inhibit establishment, persistence, and spread of nonnative invasive species.

» Investigate the effects of individual or interacting treatment methods on the control of nonnative
invasives that alter fire regimes.

Invasion of nonnative species is an issue on millions of acres in the U.S. Increased occurrence of these
undesired species has been observed after wildfires. Treatments designed to manipulate wildland fuels
have been observed to increase the presence of nonnative invasives. Other fuel treatments are designed
specifically to control those nonnative invasives that have significantly increased site flammability, and/or
altered the fire regime to the detriment of desired native species.

To better manage nonnative invasives, we need improved understanding for individual invasive species,
and species guilds -- their biology, ecology, and relationship to site conditions, and to past and present
plant communities. Some of the knowledge of principles governing nonnative recovery may come from
studies of native species. However, many invasive species gain dominance because they are uniquely
adapted to conditions created by fire and fuels treatments. The application of treatments for managing
invasives that have altered fire regimes requires that we develop improved knowledge on how different
treatments and treatment combinations affect individual invasive species of concern.

We propose two general areas of inquiry to understand how fuel treatments influence the establishment or
control of nonnative invasive species.

o Determine the plant species characteristics, site factors, and postfire and post treatment
conditions that enhance or inhibit establishment, persistence, and spread of nonnative
invasive species.

o Investigate the effects of individual or interacting treatment methods on the control of
nonnative invasives that alter fire regimes.

In the following text, synthesis work funded by JFSP will be described first. Then each of these two
research areas will be discussed in the context of completed JFSP projects that relate to the topic. JFSP
project numbers are provided in parentheses. The last part of this section of our report provides some
specific research topics.

JFSP funded research synthesis

The Joint Fire Science Program has funded several projects that synthesized knowledge about nonnative
invasive species. Anyone proposing invasive species research should be familiar with this information.

1. The Program has provided funding for updating and addition of summaries for western nonnative
invasive species for the Fire Effects Information System, and a project is currently underway that
addresses eastern species.

2. The Program commissioned a report that summarized JFSP funded invasive species projects as of
2007.

3. The Program underwrote a synthesis of the effects of fire and thinning on understory plants in dry
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forests, which unfortunately is in a format that cannot be readily translated into management
recommendations.

4. JFSP provided funding for the development of a comprehensive volume on nonnative invasive
biology, their relationship to fire, and national invasive issues.

5. A manual was developed to assist fire managers in integrating knowledge of nonnative invasives
into fuels planning.

6. A JFSP funded special session at a conference resulted in a synthesis paper published in
BioScience on the interrelations between fire and invasive plants.

7. JFSP helped to assemble an expert panel of weed scientists and managers that wrote a paper on
the use of fire as a tool for controlling invasive plants.

Review of individual synthesis projects

The Fire Effects Information System program was funded to write summaries for 60 nonnative invasives
(00-1-2-09; 01C-3-3-13). A current project is developing information on nonnative invasives for the
eastern U.S.

An edited volume has been published (Zouhar et al 2008) that summarizes and synthesizes current
knowledge about the ecology and management of invasive plants and fire in the United States (04-4-1-
08). This document includes three sections: (1) overview chapters highlighting the potential for
nonnative species to increase after fire, the effect of these species on fire regimes, and the use of
prescribed fire to control them; (2) analysis of the relationship of fire to invasions and invasible plant
communities in seven regions of the United States; (3) issues of nationwide concern, including knowledge
gaps in relation to fire and invasives, postfire rehabilitation, prescribed fire monitoring, and effects of fire
surrogate treatments on invasive species.

The JFSP commissioned a report (Erickson and White 2007) to summarize the result of invasive plant
studies that sponsored by the Program. Studies have identified factors that can contribute to whether an
ecosystem is vulnerable to invasion, how prescribed fire and fuel treatments might actually increase
invasive species, and some successful mitigation strategies against invasives. (Note that the projects
reviewed in this report are included individually in the following summaries, often with additional
information not provided in the JFSP invasive species document.)

A JFSP project reviewed the effects of fire and fire surrogates on North American non-target botanicals,
and included some invasive exotics plants (07-S-11; Bartuszevige and Kennedy 2009). This project
resulted in a report by “Synthesis of Knowledge on the Effects of Fire and Thinning Treatments on
Understory Vegetation in U.S. Dry Forests.” It synthesizes literature on 1) mechanical thinning on
understory plant species and 2) prescribed burning on rare, threatened, or endangered species. The
functional group and species specific results are presented without sufficient detail to enhance
understanding of the processes and mechanisms of plant recovery. This report is not useful for
developing fuels treatment plans or prescriptions.

A manual was developed with JFSP funding (06-1-2-02), “Fire Management and Invasive Plants.” The
intent is to assist managers in bridging the gap between fire management and invasive plant management.
In particular, it provides fire managers with tools they need to integrate invasive plant management
strategies into the fire planning process. (Document available at:
http://library.fws.gov/firepubs/fire_invasiveplants09.pdf).

A special session at a joint meeting of the Ecological Society of American and the Society for Ecological
Restoration presented summaries describing the interrelationships between invasive plants and fire (02-S-
03). An article published in BioScience (Brooks and others 2004) was published as a final report.

Invasions can change native ecosystems by changing fuel properties, which affects fire behavior and thus
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the fire regime. This change can continue to promote the invasive species, most notably in systems
converted from sagebrush/grass to cheatgrass.

The California Invasive Plant Council convened a 2-day workshop with JFSP funding that was attended
by twenty western states land managers and researchers who are experts on the use of fire to control
invasive weeds. They developed a state-of-the science summaries and recommendations for using fire to
manage invasive weeds (06-S-01). A key principle in controlling invasive plants with fire is to interrupt
the reproductive cycle either by Killing the target plant before it produces viable seeds or by destroying
the seeds before they can germinate or disperse. Species most amenable to control by fire are annual
plants that produce seeds well after the fire season begins, with flowering structures within the fuel bed,
and with short-lived seedbanks. Resprouting perennial species with regenerative tissue that is protected
from fire heat within soil or well above the fuel layer are not generally amenable to control by fire.
Invasive plants that reduce fuel bed flammability make it more difficult to use fire. In most cases, fire
should be integrated with other control mechanisms, and follow-up monitoring should occur. Effects of
treatment on the entire plant community and ecosystem properties should be considered as a part of
treatment planning. A report was published, “Use of Fire as a Tool for Controlling Invasive Plants,”
available through the California Invasive Plant Council web site, http://www.cal-
ipc.org/ip/management/UseofFire.pdf

An active project (08-1-2-04) is updating reviews of eastern nonnative invasive plants already in the Fire
Effects Information System (approximately 30 reviews) and adding new reviews on 40 or more species.
In addition, this project will describe knowledge gaps in the scientific literature regarding hundreds of
eastern invasive species and fire, and it will provide this information on the FEIS website in a form easy
to retrieve and use. Finally, the project will provide information, training materials, and presentations to
increase effective, efficient use of FEIS among fire managers and managers of invasive species in the
eastern states.

Research theme 1:

Determine the plant species characteristics, site factors, and postfire and post treatment conditions
that enhance or inhibit establishment, persistence, and spread of nonnative invasive species.

Summary of JFSP projects

JFSP projects have examined several factors that affect community susceptibility to invasion, as well as
changes induced by treatment or wildfire that improve establishment. Competition from a healthy
residual native plant community is important. Cheatgrass establishment at lower elevations is most
limited by moisture availability, and at higher elevations by temperature. Field surveys showed that soil
characteristics, particularly availability of certain nutrients, differed between invaded and uninvaded
patches and depended on climate.

Postfire seeding in semi-arid environments is often unsuccessful, and the disturbance associated with the
seeding procedure can create microsite favorable for invasive establishment, as well as reduce cover of
residual native perennials. In areas of dry forest, cheatgrass establishment was not favored by raking used
in association with seeding perennial grasses.

Burning or cutting of resprouting woody invasives during periods of active growth, when levels of stored
carbohydrates are lowest had the greatest effect, and repeated treatments during active growth periods are
even more effective. Repeated canopy defoliation by insects also reduces reserves and can cause some
mortality.

Several studies considered the relationship of fire severity and nonnative invasive establishment. These
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studies lost some of the comparative value, however, when severity classes were not defined. In
California chaparral, increased fire frequency reduces the ability of native species to recover, and results
in increased alien cover and species richness. Three different projects found a relationship between high
forest fire severity nonnative species establishment, although the invasives did not have a significant
effect on native species recovery.

One study related postfire invasion to prefire plant community, finding more invasives in communities
that had sparse ground cover before the fire. A community that had species that rapidly resprouted after
fire had the least invasion.

Reduction in canopy cover and the creation of bare mineral soil seedbed explained the most variation in
establishment of a nonnative shrub in the Smoky Mountains. Bare mineral soil on fuel breaks created by
heavy equipment were the most frequent sites for exotic species establishment in southern California.

Thinning treatments in oak and chaparral communities increased cover of nonnative annual grasses and
decreased cover of nonnative annual forbs. On two fire/fire surrogate sites in western Montana and
Oregon, thin and burn treatments had the highest numbers of exotic plants. Mastication treatments led to
the highest amount of exotic invasions in California, while mastication plus burning treatments had the
greatest exotic increase in the Klamath Mountains of California and Oregon.

Responses of vegetation to chipping and mastication could not be generalized across western forest
ecosystems. Increases in nonnatives likely resulted from site changes and disturbances caused by
thinning operations, not just the mulching. At the ecosystem level, masticated areas did have more
nonnative species than untreated areas. Although occurrence was infrequent and abundance low,
continued monitoring was warranted since these species have potential to increase over time.

Factors affecting annual grass invasion

Blackbrush, a dominant species on sites in the Mojave Desert, is considered a hazardous fuel and is often
burned, especially at the wildland-urban interface (00-2-32). Relatively undisturbed blackbrush may be
somewhat resistant to invasion by non-native species. Intact blackbrush communities had about 30 to
50% total cover, and competition from shrub roots allowed little understory vegetation. Native perennial
grasses can be present on deep silty soils where not excessively disturbed by livestock grazing. Where
blackbrush cover has been removed by wildfire, cover of nonnative annual grasses increased.

In a study to examine specific mechanisms of cheatgrass invasion in big sagebrush and pinyon-juniper
ecosystems, it was found that cheatgrass had different patterns of establishment and growth at different
elevations in Nevada and Utah (00-1-1-03). Invasibility appears to most closely relate to temperature at
higher elevations and soil water availability at lower elevations. The risk of invasion by nitrophilic plants
into sagebrush steppe, such as cheatgrass, increases when NOj availability is increased from disturbances
that remove herbaceous vegetation, such as prescribed fire, overgrazing, and herbicide application.
Invasive species that can exploit nutrients during cold months likely have a competitive edge over native
plants.

A project to investigate relationships among fire, soil nutrient availability, and plant invasions included
field surveys across the West and field experiments in sagebrush steppe, ponderosa pine, and the
ponderosa-sagebrush ecotone (00-1-2-04). Field surveys showed that soil characteristics, particularly
availability of certain nutrients, differed between invaded and uninvaded patches and depended on
climate. At Kings Canyon National Park, postfire cheatgrass (Bromus tectorum) dominance is controlled
by its prefire seedbank, soil moisture, fire intensity, soil N, and duration and season of direct sunlight.
Altering burning season to coincide with seed maturation is not likely to control cheatgrass because
sparse fuel loads create fire intensities too low to consume seeds; increasing time between prescribed fires
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increases surface fuels and fire intensity which inhibit cheatgrass by killing a larger amount of the seed
bank.

Postfire seeding of native and a non-native seed mixes to suppress cheatgrass growth and reproduction
was studied in @ mountain big sagebrush/perennial bunchgrass plant community in California (01C-3-3-
13). Cover of seeded species was relatively low the first two post treatment years. However, the physical
disturbance associated with seeding reduced total plant cover by 15%, and native perennial plant cover
(mostly grasses) by about 50% after the first year. In seeded areas, there was increased cover of bulbous
bluegrass, red-stemmed filaree, and native annual forbs, and to a lesser extent cheatgrass.

In ponderosa pine forests in northwest Arizona that formerly had a frequent low intensity surface fire
regime, cheatgrass has become the understory dominant in many areas (05-2-1-17). While artificial
seeding of two native grasses that compete with cheatgrass, squirreltail and blue grama, was unsuccessful,
squirreltail was observed to recover on its own from seeds present in the soil seedbank. Contrary to what
the JFSP Invasives publication said, seedbed preparation did not enhance establishment of seeded species.
Cheatgrass did not increase after fire, perhaps because fire occurred in the fall after cheatgrass had begun
to grow and before it had set seed.

Relationship of carbohydrate reserves resprouting

A project focused on control of woody invasive species in the Northeast and Mid-Atlantic states (00-1-2-
06). Some species, such as black locust (Robinia pseudoacacia L.), common invasive in eastern pitch
pine, are less flammable and may lengthen fire return intervals, while others increase flammability. It
was found that to attain the maximum effect on the depletion of below-ground carbohydrate reserves in
invasive woody species, treatments (cutting and/or prescribed fire) should be timed to periods of low
reserves - immediately after leaf-out or after the growth of sprouts following another disturbance.

A demonstration site was established in northern Nevada to determine how prescribed fire might increase
the mortality of tamarisk that was already weakened by repeated defoliation by an introduced insect.
Defoliation would have reduced plant carbohydrate reserves needed to support initial growth of
resprouting stems (05-2-1-18). Summer fires achieved 94% mortality; and fall fires 52%. A March
wildfire occurred after which all tamarisk plants resprouted. This was attributed to the availability of
more stored carbohydrate than in the summer, although it could also have been due to less root crown
damage because March fires occurred under less severe burning conditions than summer and fall fires.

Relationship to fire severity and seedbed

Fire severity in southern chaparral shrublands is not a major determinant of alien plant invasion (04-1-2-
01). Past fire history, in particular fire frequency, is a critical factor because it reduces the capacity for
the native shrublands to recover, a necessity for inhibiting alien plant invasion. Alien cover and richness
increased with the number of times a site had burned and decreased with time since fire.

Based on a survey of invasives species abundance after 3 large fires in mixed-conifer forests in the Rocky
Mountains (00-1-2-01), fire severity was a consistent predictor of nonnative species cover and was a more
important predictor of nonnative species establishment than other abiotic variables (e.g., elevation, aspect,
soil properties, fuel treatments). Postfire treatments that encourage high vegetative cover, without
introducing new nonnative species in contaminated seed mixes, would best prevent further spread of non-
native species. Hand application of native grass seed mixes may be preferable to broad application of
nonnative grass seed.

A retrospective study on exotic invasion on the Colorado Front Range Hayman fire compared prefire plot
data with postfire data (04-2-1-118). Exotic establishment was positively correlated with fire severity.
Fire severity related to the degree of canopy removal, and it is not known how the severity classification
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used relates to fuel and duff consumption and soil heating. Forest restoration treatments after the
Colorado Front Range Hayman Fire increased exotic richness and cover, and the level of exotic invasion
increased as treatment intensity increased, with increased exotic cover related to higher cover of woody
debris. A paper by Fornwalt and others (2010) based on this work found that although exotics were
stimulated by the Hayman Fire, especially in severely burned areas, their richness and cover remained
low 5 years postfire. Exotics have apparently not interfered with native understory development, and
were not a major ecological threat at that time. Monitoring should continue to evaluate whether exotics
will become a threat in the future.

Managers were very concerned about weed spread in heavily disturbed areas to adjacent forested areas
after the School Fire on the Umatilla National Forest, that burned in mixed conifer forest in northeast
Oregon (06-1-2-03). Severely burned areas were seeded with locally collected native grasses and
sometimes covered with straw or hydro-mulched. Severity classes were based on the amount of crown
scorch, and surface char, ash, and soil exposure. Non-native invasive species occurred on less than 20%
of high burn severity plots, with a maximum cover of 2%. The only invasive species commonly found
were prickly lettuce (Lactuca serriola) and white clover (Trifolium repens). By the fourth postfire year
few non-native species were present in any plots, and they were seldom abundant. Whether seeding
limited invasive plant establishment was not assessed.

Paulownia tomentosa, a nonnative shrub, has recently invaded extensive areas of native forest
communities within Great Smoky Mountains National Park after fires (01-3-3-33). The project included
work on the soil seedbank, seed longevity, the relationship of seedling establishment to canopy cover, and
the effect of seed urial depth, maximum fire temperature and burn season on Paulownia seed germination.
Canopy cover is negatively correlated with Paulownia establishment, and is the most significant predictor
of Paulownia invasion overall. Seed availability is an important factor, as seeds can be dispersed from
off site, and can persist in the soil for up to 15 years. Watershed-level patterns of fire intensity influence
establishment. The only other stand level variable that was a significant predictor of invasion was the
amount of exposed soil.

Relationship to prefire plant community

The most invasible communities after wildfire in Mesa Verde National Park were burned mature, old-
growth pinyon-juniper because they had sparse ground cover of native forbs, and a soil seedbank with
weedy species (01-3-2-12). The least invasible community was mountain shrubland, with species that can
rapid and prolifically resprout after fire. These species take up available space and utilize available
nutrients, limiting the opportunity for nonnatives to become established, even though weed seeds are
present in the soil seedbank and dispersed from off site.

Aspects of fuel treatment that favor nonnative invasive species

Investigating fuel breaks in California across a range of vegetation types (01B-3-2-08), it was found that
invasive plants are favored by removal of canopy cover of native vegetation and exposure of mineral soil.
Nonnative on fuel breaks can invade adjacent areas. Fuel breaks constructed by bulldozers had more
nonnative cover than breaks constructed by other means.

Thinning treatments conducted for fuel reduction in southwest Oregon chaparral and oak communities
increased cover of exotic annual grasses, and decreased cover of exotic annual forbs (03-3-3-36). After
four to seven years, there was still a major component of exotic annual grasses, and no increase in
dominance by native perennial grasses and forbs.

At the Lubrecht Fire/Fire Surrogates project site in western Montana (99-S-01), the response of
understory vegetation, including nonnatives, to thinning, burning, and thinning with burning was studied
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in mixed ponderosa pine/Douglas- fir (Pseudotsuga menziesii (Mirb.) Franco) forests. The thin and burn
treatment had the highest numbers of exotic plants and transformer species, i.e. species thought to alter
ecosystem properties. Invasion may have been enhanced by the reduction in overstory tree cover, and
increase in soil inorganic nitrogen. At an Oregon F/FS site, three invasive grasses were found in areas
that were thinned and burned, although two of these were present before the treatments were implemented
and all had very low levels of abundances (< 4 percent).

In a project comparing mastication and prescribed fire treatments in chaparral (00-2-02), chamise had the
best recovery in prescribed fire areas. Nonnative plants, particularly grasses, had substantially higher
cover after mastication. Nonnative annual grass abundance was 29 times higher after fall mastication and
15 times higher after spring mastication treatment when compared to the spring prescribed fire treatment
(Potts and Stephens 2009).

In the Klamath Mountains of northern California (01B-3-3-27), response of nonnative invasives in shrub
communities dominated by whiteleaf manzanita was studied after mastication, hand cutting with and
without debris removal, prescribed fire, and mastication and spring prescribed fire. The greatest
dominance of several species of invasive plants occurred on the mastication and spring burn treatment,
followed by the mastication only treatment. The establishment of high priority non-native and invasive
species within treated areas supports the theory that the combination of such factors as surface
disturbance, and removal of canopy cover and litter layers, have created conditions favorable to invasion.
No differences among treatments were noted in oak woodlands that were also studied.

A study in the southern Rocky Mountains and Colorado Plateau (06-3-2-26) considered the ecological
effects of chipping and mastication fuels reduction and forest restoration treatments. A key finding was
that responses to these treatments could not be generalized across western forest ecosystems. Nonnative
increase was likely caused by thinning operations (soil disturbance, seed dispersal via equipment,
increased light and nutrient resources), rather than just mulching. Between 4 and 11 nonnative species
were found in masticated areas in ponderosa pine, mixed conifer, and lodgepole pine ecosystems. In
pinyon pine, untreated stands had 6 nonnative species, compared to 16 in masticated areas. Canada thistle
appears to be the most problematic post treatment invader. No ecosystem showed differences in exotic
plant cover among treatments. In the ponderosa ecosystem, however, non-native species richness was
higher in treated stands (p=0.01). At the ecosystem level, exotic species were observed more often in
mulched areas than in untreated areas. These species were relatively infrequent, sometimes occurring on
a small subset of sites and/or plots at a site, and occurred at low abundance on average. However, there
are reasons to be concerned because these species have the potential to increase in abundance with time.

Research theme 2: Investigate the effects of individual or interacting treatment methods on the
control of nonnative invasives that alter fire regimes.

Nonnative invasive species can significantly alter fuel properties, leading to an increase or decrease in
flammability. The most effective treatments of these fuels not only remove the current fuel load, they
also prevent reestablishment of these species. Because of the different fuel and response characteristics of
invasive species, treatments need to be designed to address either specific species, or species with very
similar biology, such as the invasive annual bromes.

Summary of JFSP projects

Three completed JFSP projects directly addressed control of cheatgrass, and there are four active projects
on this topic. Livestock grazing and prescribed fire significantly reduced the cheatgrass seed crop,
although probably not enough to prevent reestablishment of this annual grass. Two projects considered
individual or combinations of mowing, fire, and herbicide use, finding that the longest duration reduction
of cheatgrass occurred with fire treatments followed by herbicide. Four current projects are investigating
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various treatment combinations, the possibility of using a native seed fungus to kill cheatgrass seeds, and
seeding with annual natives to provide competition. A fourth study is assessing native and annual grass
vegetation recovery after repeated fire, and the effectiveness of rehabilitation actions.

Control of perennial grass species has been investigated in three projects. One study considered various
methods to reduce cover of an exotic perennial in Hawaii that has significantly increased fire hazard.
Two North Dakota studies determined that prescribed fire was not an effective way to remove two
nonnative cool season perennial grass species, growing in association with native cool season grasses.

Three projects have been developing ways to remove tamarisk, although one study also targeted other
species. Multiple treatments, including fire and herbicide, have been effective, and single treatments have
not.

Control of annual grass species

The focus of a study in south central Washington state (01B-3-2-07) was use of herbicides to control
cheatgrass. Imazapic2 reduced cheatgrass and increased cover of native grasses two years after treatment.
Fire risk was reduced where native bunchgrasses were restored. (Final report is not available for review.)

A project was conducted in northern Nevada with two ecological objectives: evaluate intensive cattle
grazing as a method for reducing the fire hazard of cheatgrass and crested wheatgrass stands; and evaluate
the effects on the cheatgrass seedbank of intensive cattle grazing while cheatgrass was in the ‘boot’ stage.
Grazing resulted in reduced flame length in both cheatgrass and crested wheatgrass. In the seedbank
study, May grazing was followed by fall prescribed fire, and grazing in May the following year. The
seedbank density decreased the most with the combined treatment, to 485 seeds per square meter, and the
input of new seed was almost the lowest with this treatment, 1000 seeds per square meter. However, this
may be an adequate number of seeds to regenerate a stand of cheatgrass.

The understory of native riparian plant communities in Zion National Park has been replaced by
cheatgrass (Bromus tectorum) and ripgut brome (Bromus diandrus). Project 05-2-1-13 funded
experimentation to determine different treatment effects on fine fuel loads, and on density and biomass of
nonnative bromes and other plant species. Treatments included fall burning and mowing, fall or spring
Imazapic herbicide to control annuals, and seeding of native grasses and shrubs. The greatest overall
reduction in both dead fine fuels and live brome grass fuels was achieved by burning followed by fall
herbicide application. Burning and mowing both reduced cover of native shrubs and perennial forbs, and
increased cover of native perennial grasses and non-native annual forbs, effects that persisted into the
third post treatment year. Burning had a more lasting effect than mowing in reducing fine fuel loads, and
when coupled with fall herbicide treatment, reduction in brome grass density might extend the period
between required maintenance treatments.

A currently active project is testing three different combinations of control treatments for invasive grasses
in riparian areas at Zion National Park (07-1-2-04). They include: biomass reduction by mowing and
fire, herbicide use, and post treatment seeding of early successional grass species to compete with
invasive grasses that established despite the first two treatments. An active study at the Hanford Reserve
in south central Washington (08-1-5-20) is resampling permanent plots to address key questions regarding
the interactions of native vegetation, invasive species, rehabilitation actions, and repeated fires. Another
project (07-1-3-10) is examining the feasibility of using a native fungal seed pathogen (Pyrenophora
semeniperda) as a biocontrol organism to eliminate carryover cheatgrass seeds that if germinated, would
compete with seeded species. Seeding with native annual species is being tested (07-1-3-18) to determine
if competition can be provided to cheatgrass and red brome (Bromus rubens) seedling establishment.

Control of perennial grass species
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The focus of a project on the leeward side of the island of Hawaii (01-3-2-14) was the examination of
techniques for control of nonnative fountain grass (Pennisetum setaceum (Forsk.) Chiov) that replaces
native forests and shrublands, and increase fire hazard. Treatments included prescribed fire, cattle
grazing, grazing and burning, and a control, with herbicide then spread on half of the treatment plots.
Grazing was ineffective in achieving the targeted reduction in grassy fuels. The burn treatment followed
by grazing reduced fountaingrass more than prescribed fire alone. Subsequent glyphosate herbicide use
was even more effective at control.

Control of Kentucky bluegrass and smooth brome was investigated on 4 National Wildlife Refuges in
North Dakota (01-3-2-09), where it had replaced the native needlegrass-wheatgrass plant association.
Managers should not expect to detect significant changes in plant species after less than ten years of
burning. (MM note: All species were cool season species, phenological differences could not be used as
a factor. Because fires were conducted in July and August when these cool season species would be
seasonally ‘dormant’, it is not surprising that fire had no effect.)

Neither fire nor grazing was effective in controlling nonnative invasive grasses and forbs, and native
woody species (01B-3-3-03). It was noted that Canada thistle (Cirsium arvense) establishes after fire and
decreases after establishment, likely because it is outcompeted by the recovering native plant community.

Controlling woody invasives, especially tamarisk

A research project established along 90 miles of the cottonwood dominated riparian area of the Rio
Grande River in New Mexico (01-1-3-19) involved combinations of mechanical removal, herbicides,
prescribed fire, and revegetation to reduce surface fuels and control nonnative woody invasive species,
including saltcedar, Russian olive, mulberry, and Siberian elm. Woody debris was chipped on site or
moved off site for use as firewood. Treatments did reduce fuel loads, and mulch from chipping
treatments reduced regrowth of invasive species. However, it also reduced herbaceous richness and
cover, and could carry fire. Treatments successfully controlled target exotics, with the exception of
Siberian elm.

Experimental burning for saltcedar control was conducted near Roswell, New Mexico in areas burned 5
years previously, and areas unburned for at least 25-30 years (00-2-29). Fires carried readily in the
canopy during all phenological stages in areas not recently burned, while burning 5 year old stands was
largely unsuccessful. Dead fuels in the canopy contributed to the extreme fire behavior often observed,
not the green leaves. One year mortality averaged 30%, with some variation among treatments, and great
variation within a treated area. It was concluded that burning needed to be coupled with another
treatment to prevent saltcedar resprouting.

A demonstration site was established to determine how prescribed fire might increase the mortality of
tamarisk that is already weakened by repeated defoliation by an introduced insect, Diorhabda, the
saltcedar leaf beetle (05-2-1-18). Summer fires produced higher fire intensity and greater tamarisk
mortality than fall fires as a function of higher ambient air temperatures and lower relative humidity,
which facilitated greater biomass removal. Intensities and mortality rates increased with defoliation
intensity, as defoliated plant material is more combustible due to lower fuel moisture, and greater
defoliation stress enhances mortality due to lower, non-structural carbohydrate reserves. Temperatures in
the litter layer and at the soil surface were higher in summer than during fall fires, causing more root-
crown tissue damage, and likely death of dormant buds.

Some specific research topics

This research shows that there is much yet to learn about fuel treatments and invasive species. For
example, how do different forms of mastication, and post-treatment masticated fuel beds enhance
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invasion by nonnative plants? Does nonnative invasive presence within an area always mean that it is
likely to gain post treatment or postfire dominance — what makes the difference between that species
gaining dominance or remaining a minority part of the plant community? How long do viable seeds of
individual nonnative invasive species persist in the soil?

The workshop held in Tucson in February 2010 in support of this project identified some research topics:

the differences among different types of fuel treatments in enhancing invasions,

the amount and type of treatment induced disturbance that increases invasion susceptibility,

the properties of specific native plant communities that make them resistant to invasion,

the role that pretreatment condition (species composition and abundance) of a plant community plays

in determining the amount of exotic invasions

o the characteristics of invasive species that make them likely to invade and persist in plant
communities on different types of ecological sites

o the role in different ecosystems that available resources play in enhancing or decreasing invasion by
nonnatives

o the factors influencing persistence of nonnative species to a degree that they influence productivity of
desired native species,

o the degree of community dominance by a nonnative invasive that will change fuels characteristics to a
degree that site flammability is significantly altered

o how fuel treatments can influence spread of invasive species across the landscape and over time

e how frequency and intensity of disturbance can interact to influence native species establishment and

continued presence.

Specific areas of research were provided in several of the projects funded by the JFSP.

Project 02-S-03. “Key areas of research are the different types of changes in fuel structure caused by
invasion by different species, and which fuel properties, such as continuity or loading, have the greatest
influence on fire regimes. Research should focus on mechanisms for establishment of invasive plant-fire
regime cycles, and management tools to mitigate or reverse these changes.”

05-2-1-17. “Additional research is needed to more definitively evaluate the effects of seeding treatments,
document the postfire recovery rates of cheatgrass and other species under a wider range of
environmental conditions, and determine if there is a specific fire prescription that can both control
cheatgrass and accomplish other fire management objectives.”

06-3-2-26. “Though the initial impacts of mastication were subtle, our findings indicate that responses
will vary among ecosystems and justify further research to elucidate ecosystem-specific processes and
long-term consequences of these treatments.”

The 355 page volume on fire and nonnative invasive species (Zouhar and others 2008) listed 5 issues that
require consideration by scientists and managers in the near future. Three of these issues that relate
directly to the research themes in this report are listed here.

¢ Nonnative species can negatively impact wildland ecosystems, but in field situations it is often
difficult to distinguish the impacts of nonnatives from the impacts of other factors. How can scientists
isolate and measure the impacts of invaders? How can managers distinguish minor, possibly
transitory, effects of invaders from major impacts that are likely to persist? Do the effects of invaders
change over time, and if so, how?
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¢ Wildland conditions will continue to change in the face of continuing urbanization and accompanying
ecosystem fragmentation, including increasing global trade and introduction of new nonnative
species, changing atmospheric composition and climate, and interactions of these factors (Hobbs and
Mooney 2005; Mooney and Hobbs 2000). Some of these changes are likely to facilitate invasions
that alter fuels and fire regimes. In light of these problems, what are the most useful indicators that a
nonnative species is likely to become invasive and alter ecosystem processes? Do these indicators
vary by ecosystem?

e What tools are available, and at what scales, to help managers assess the invasibility or resistance of a
particular plant community? What tools help assess the potential for establishment and spread of
nonnatives after wildfire? How can managers prevent unintended consequences from prescribed fire?
How can spatial information technology be used to obtain information on the presence and abundance
of invasive species?
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Background for RFA Themes
Effects-Related Models
Modeling fuel and duff consumption and soil heating

e Measure and model consumption of coarse woody debris and duff/soil organic layers in natural fuels,
masticated fuels, and piles in forests, woodlands, and rangelands.

e Measure and model the magnitude, depth, and duration of soil heating at a resolution sufficient for
predicting recovery of vegetation, and studying effects on soil biology and chemistry.

o Develop a predictive model of duff and soil heating for managers that can be used to predict fire
effects on sprouting shrubs, seed survival, and heat induced seed germination

An ability to predict consumption of coarse woody debris and duff, and related soil heating, is critical for
managing effects of fuel treatments that include prescribed fire. In many species of plants in fire adapted
or fire tolerant ecosystems, plants sprout after disturbance from dormant buds that occur on structures,
such as roots, rhizomes, root crowns and bulbs that are distributed through litter, duff and soil layers.
Seeds from some species are stored in organic and mineral soil layers, and may require heating to induce
germination. An ability is required to model penetration of temperatures that are lethal to buried structures
and seeds, or that induce germination, in order to make accurate estimates of postfire vegetative recovery.
Because soil heating is most closely related to long duration heating produced by consumption of coarse
woody debris and soil organic layers, an ability to accurately predict consumption of these layers is also
needed. An additional consideration is the increasing use of mastication for fuels management.
Masticated fuel beds often do not resemble natural fuels, are not described by any current fuel models,
and can vary considerably with the type of equipment, the composition of the fuels that are being
managed, and the specifications developed for a specific project.

The organic layers that require consideration are not only those that occur on the floor of a forest, but also
the material that accumulates at the base of trees, which may consist largely of bark scales and needles,
and has different properties than duff at some distance away from the base of the tree. Litter/organic
layers also can be found beneath rangeland shrubs and isolated trees. Their consumption can be linked to
death of these shrubs and trees, so this is also of interest to fuel managers.

We propose three areas of related research:

* Model consumption of woody debris and organic layers
» Measure and model transfer of heat through soil organic layers and mineral soil
» Develop a model that can be used by fuels managers.

Measure and model consumption of coarse woody debris and duff/soil organic layers in natural
fuels, masticated fuels, and piles in forests, woodlands, and rangelands.

The JFSP has sponsored five projects that investigated the process of consumption of coarse woody
debris and soil organic layers as a result of fuels treatments. The program has also funded four projects
that provided data for additions and revisions of the CONSUME model for various parts of the U.S.,
including Alaska, prairie forests and northwestern Great Plains, post-hurricane fuels in the southeast,
shrublands, and hardwoods, and at least two other studies provided data for use in refining CONSUME
equations for predicting fuel consumption at the base of trees.
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The program is currently funding a study with a goal of developing and validating a moisture dependent
forest floor consumption model (10-1-08-5), based on laboratory experiments and work in long-unburned
longleaf pine. The abstract of the study well defines the difficulty of understanding and modeling duff
consumption. “Although considerable effort has been invested in studying the effects of moisture on
smoldering combustion of duff (Campbell et al. 1994, 1995; Frandsen 1991, 1997; Miyanishi and
Johnson 2002, Rein et al. 2008), there is little understanding of its role in fire behavior in the forest floor.
The inability to model duff smoldering is a major impediment to the restoration and management of fire-
prone ecosystems. Our understanding of duff fire spread and consumption patterns lags, in spite of its
well-recognized importance in tree mortality, emissions, soil heating, and post-burn spatial heterogeneity
(McMahon 1983, Swezy and Agee 1991, Miyanishi 2001, Knapp and Keeley 2006).”

Coarse woody debris and duff consumption projects

A retrospective project on the Biscuit fire (03-2-3-09) examined fuel consumption on previously
established plots. They found that older, coarse woody debris was more likely to be consumed than more
recently added debris, likely because it was more decayed, substantiating knowledge gained in other
studies of fuel consumption.

Two fuels management projects had a fuel consumption focus, and because they did not report fuel or
litter moisture content, no conclusions can be reached about the role of moisture in fuel consumption for
those systems. Project 05-2-1-29 considered fuel reduction and restoration of pine/hardwood systems
severely impacted by the southern pine beetle in the southern Appalachians. Although a cut and burn
treatment reduced the mass of down wood and consumed forest floor litter, it left a large proportion of the
humus layer intact. The Fire/Fire Surrogates project (99-S-01) reported that in the Sierra Nevada, fall
burning resulted in greater fuel consumption than spring burning, including partial or nearly complete
consumption of coarse woody debris.

A project on duff consumption and southern pine (01-1-3-11) found that smoldering fires are more likely
to occur if volumetric duff moisture content is less than 90%. Cones and other 10 and 100 hr fuels that
accumulate beneath trees generate sufficient heat to ignite the duff, which can then smolder long after the
surface fire has been extinguished and result in temperatures lethal to living tissues (> 60° C) at 20 cm
depth in mineral soil. Smoldering was not predicted by the duff consumption model in the First Order
Fire Effects Model.

The reduction of tree mortality from prescribed fire by raking basal duff mounds was studied in northern
California (03-3-2-04), with an intent to develop relationships between duff characteristics (depth,
moisture content, mineral content) and duff consumption. Ponderosa pine duff sustained smoldering
below a threshold moisture range of 65-85%, while the threshold for Jeffrey pine duff was 40 to 50 %. In
the field, duff mound consumption was almost complete at the Lassen National Forest site where average
duff mound moisture was 24%; while a range of 30 to 55% of the duff mound was consumed at the
Lassen Volcanic National Park site where mound moisture content was 24%. The FOFEM model was
not accurate in predicting duff consumption.

Summary of consumption studies

The JFSP has funded five projects that investigated the process of consumption of coarse woody debris
and soil organic layers as a result of fuel treatments. Studies found that older coarse woody debris was
more likely to be consumed than newer sound material. Two studies did not report fuel or litter moisture
content, so no conclusions can be made about factors regulating fuel consumption. The Fire
Fire/Surrogates study reported more fuel consumption in fall prescribed fires in the Sierra Nevada than

55





APPENDIX 1. RESEARCH THEME CONTEXT

spring fires. Two of the five studies produced data that can be used to assess the role of moisture in basal
duff consumption. Moisture levels could be used as guidelines until better models are developed. Both
of these studies found that the First Order Fire Effects Model could not predict smoldering or duff mound
consumption. A recently funded project with the goal of developing a moisture dependent duff
consumption model has the potential to significantly enhance our understanding of duff fire spread and
consumption, although subsequent work may be necessary to determine its relevance to duff in other
forest types, particularly those with other than long-needle pines.

Measure and model the magnitude, depth, and duration of organic layer and soil heating at a
resolution sufficient for predicting recovery of vegetation, and studying effects on soil biology and
chemistry.

The following excerpt from Stefan (et al 2010), written by M. Miller, explains some of the considerations
for developing a soil heating model. Note that the reference to work by Busse, which was funded by
JFSP (05-2-1-20).

“A major obstacle to modeling heat-induced mortality of below ground plant organs and seeds
and effects on seed germination is the lack of accurate predictions of organic and mineral soil
heating with sufficient horizontal, vertical, and temporal resolution (see Massman et al. 2010).
Heat is generated by smoldering combustion (Hungerford et al. 1991) of woody fuels, especially
coarse woody debris (Monsanto and Agee 2008), duff (Hartford and Frandsen 1992), and deep
beds of masticated fuels (Busse et al. 2005). Soil heating from radiation during crown fires on
sites where there can be extensive areas with thin or nonexistent organic soil layers (in chaparral,
desert shrub, sagebrush, and pinyon-juniper habitat) may also be important (e.g., Odion and Davis
2000, Butler and Dickinson 2010). The key factors regulating heat transfer into the soil are the
total amount of heat generated at the surface (Steward et al. 1990), the duration of heating
(Steward et al. 1990, Hungerford et al. 1991), and the soil moisture content (e.g., Aston and Gill
1976, Hartford and Frandsen 1992, Campbell et al. 1995, Busse et al. 2005). All of these factors
vary at a range of spatial scales.”

“While heat is transported more quickly in moist soil than in dry soil at temperatures below which
substantial moisture vaporization occurs (~100 °C; Campbell et al. 1995), dry soils are more
readily heated to higher temperatures than moist soils because of the lack of a substantial
vaporization heat sink (e.g., Aston and Gill 1976, Hartford and Frandsen 1992, Campbell et al.
1995, Busse et al. 2005). Once the soil layer dries, a rapid rise in temperature can occur if a heat
source is still present (Campbell et al. 1995). Frandsen and Ryan (1986) found that the total heat
flux into wet mineral soil was 20 % of that of dry mineral soil during a pile burn. Busse et al.
(2007) burned constructed and natural masticated shrub fuels over soils of different moisture and
texture in northern California. Temperatures exceeded the threshold for near-instantaneous
necrosis of 60 °C to a depth of 2.5 cm to 5.0 cm in moist soil regardless of the fuel load, while in
dry soils temperatures exceeded 60 °C to a depth of 10 cm to 15 cm.”

Soil heating research

Some measurements of soil heating have been made by three projects funded by the JFSP. Soil
temperatures were measured in association with raking and duff mound consumption research conducted
in northern California (03-3-2-04). Sets of thermocouples were installed in the duff mounds and at
driplines of several randomly selected sample trees to record soil heating over time in the units. Soil
temperatures were depicted graphically in the final report, without a written narrative. Recorded soil
temperatures did exceed all temperatures predicted by the First Order Fire Effects Model. Because the

56





APPENDIX 1. RESEARCH THEME CONTEXT

FOFEM model was not accurate in predicting duff consumption, the soil heating predictions could not be
accurate, possibly because the duff depths in this study were deeper than for the consumption data on
which FOFEM is based.

Soil heating was measured in association with burning of masticated fuels under cool and moist
conditions on the Okanogan-Wenatchee National Forest (03-3-2-06). Overall, soil heating was relatively
low within all mastication treatment units that were burned. The patchy nature of the prescribed burns
produced large variability in soil heating, with many thermocouples failing to record any notable
increases in soil temperature during the burns. The highest soil temperatures were reached at some
locations within units that had the largest pieces of residual material after mastication.

A project characterized masticated fuel beds in northern California and southern Oregon and conducted
small replicated burns of masticated fuel beds in a lab (05-2-1-20). It was concluded that to avoid soil
microbial and plant root mortality below 1 in, prescribed burning through masticated fuel bed loads
between 18 to 63 tons per acre should be conducted when volumetric soil moisture content is 27% or
higher; lethal temperatures can be expected up to 4 in depth if volumetric soil moisture content is 5% or
less in masticated fuels.

It is the intent of the new duff consumption project (10-1-08-5) to develop a model for field use after their
research model has been constructed and tested. Their results may provide input to a soil heating model.

Recent work in the area of soil heating has been undertaken by Massman, Frank, and Mooney (2010),
who investigated heating under slash piles. “ This study uses novel and unique observational data from
an experimental slash-pile burn to examine the physical processes that govern the transport of energy and
mass associated with fire-related soil heating. Included in this study are the descriptions of (1) a
(hypothetical) fire-induced air circulation within the soil and (2) a new and significant dynamic feedback
between the fire and the soil structure.” These authors conclude that more measurements are required
from slash-pile and prescribed burns; that simulations of depth of penetration of heat could be improved
by modeling dynamic feedback processes between the heat pulse and the soil structure; modeling fire
induced advective flows would improve reliability of heat pulse predictions, and improved understanding
of physiochemical and transport processes of key soil nutrients should improve the ability to predict and
maybe minimize changes in soil nutrient status.

Develop a predictive model of duff and soil heating for managers that can be used to predict fire
effects on sprouting shrubs, seed survival, and heat induced seed germination.

In 1998, JFSP funded work to enhance the First Order Fire Effects Model (98-1-8-03), and published a
Fire Science brief that explains FOFEM in 2009. However, FOFEM is not sensitive enough to allow
estimates of mortality of subsurface plant parts or seeds, or heat stimulated germination.

The following excerpt from Stefan et al (2010) discusses limitations of the FOFEM model in estimating
soil heating.

“The soil heating module within the First Order Fire Effects Model (FOFEM) (Reinhardt 2003,
based on the work of Campbell et al. 1995) is the only well-developed model for predicting soil
heating under a range of burning conditions and fuel types (e.g., Choczynska and Johnson 2009).
Using user-selected inputs or default values, it predicts mineral soil heating in two situations:
when there is no surface duff layer, and when a surface duff layer is present (D.M. Jimenez,
Forest Service, unpublished report). When there is no duff layer, the heat source is calculated
from the consumption of coarse woody debris. For soil covered by a duff layer, the heat source is
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the burning duff layer, modified by the amount of heat absorbed by unburned duff. However,
FOFEM currently does not model the insulating effects of a thick, unconsumed duff layer or the
heating caused by a combination of duff and woody debris consumption. The weakest link in
making accurate predictions of soil heating is uncertainty in predictions of the extent and spatial
variability in fuel consumption, particularly duff (Butler and Dickinson 2010). Furthermore,
FOFEM is a stand-level model. Its ability to resolve fine spatial detail related to the heating of
highly variable soils and surface fuel conditions, such as open stands of ponderosa pine or juniper
resulting from encroachment into shrub and grasslands with discontinuous litter and duff layers,
is limited (Massman et al. 2010). It is also not known if the FOFEM soil heating model will
apply in arid and semi-arid shrub communities.”

Recommendations

A goal of the JFSP program is to provide products that managers can use to do a better job of managing
wildland fuels. A new or greatly refined model for field use can only be developed after a better
understanding of soil heating processes is obtained. This requires development of an enhanced model for
consumption and heat release from coarse woody debris and duff, the primary source of heat for the soil.
Work must also be undertaken to better understand the processes and properties within the soil that affect
the rate and amount of its heating.

An important part of developing a model is to obtain more and better data on which it can be based. This
report recommends elsewhere that comprehensive replicated studies be established to gain understanding
of principles and mechanisms affecting plant mortality and postfire plant recovery. Some of the needed
data on fuel and duff consumption and soil heating could be obtained as part of this study.
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South/Southeast Workshop
Jan 19-21, 2010 (Charlotte, NC)

The South has a long tradition of woods-burning that differs substantially from the western US. Mesic
southeastern environments support substantially different flora and fauna than in the arid West. Private
and non-private ownership patterns in the South/southeast provide a stark contrast to vast public domains
in western states, and fire management in the South faces different challenges than in the West. While
WUI and social issues provide a common theme regardless of geographic region, spatial distribution of
WUI and matters of geographic scale still introduce differences in human considerations from South to
West. Fuel treatment objectives reflect these differences, as well as only a marginal concern with crown
fire and landscape-scale fire events in the South (exception: Florida). In fact, the farther from the coast,
the less concern with crown fires. Interior oak-hardwood systems experience hotter fires on southern
ridges where pine species are most common with less fire-resistant hardwood species found in more
mesic areas. Managers in longleaf pine ecosystems are concerned with optimal maintenance of a litter
layer to carry repeated fire treatments. As a consequence fuel treatment research needs vary within the
southern region. In sum, while both W and S regions share concerns regarding fuel hazards and
damaging wildfires, treatments in the South are more concerned with biodiversity and ecosystem
management objectives. Apparently, southern managers are less preoccupied with prevention of massive
crown fires in the WUI or watershed impacts such as soil mass-wasting events. Hazard reduction may be
a by-product rather than a major emphasis, except after a major wind-event such as the blow-downs
caused by Hurricanes Hugo and Andrew. The long history of intentional burning in the South has
provided an understanding that long-term effectiveness is important, not just a single treatment
application.

These and other distinctions surfaced early during a workshop attended by 10 managers, researchers, and
academics in Charlotte NC, during Jan 19-21, 2010, hosted by the JFSP FT-LOW study team. The
workshop pre-work requested that participants provide a definition of fuel treatment effectiveness and
develop a list of perceived related research needs. Participants developed a consensus definition, talked
about individual perceived research needs, and then broke into two groups (roughly focusing on fuel
hazard reduction and fuel treatment effects). Each group developed separate bulleted lists of research
needsand then reconvened to discuss respective lists. Areas of overlap and duplication were identified and
in some instances topical ideas were swapped or yielded to the other group for further development.
Groups then broke out again for further list refinement, including brief narratives and word-smithing.

On the final morning, participants reconvened as a whole to exchange ideas and then broke out again to
groups for final list refinement. Lists of research needs were projected and discussed in a meeting of all
participants in anticipation of an informal, non-binding ‘vote’ on importance. The purpose of this report is
to combine and summarize the workshop list of fuel treatment research needs.

General comments

According to workshop participants, fuel treatment options in the South include prescribed fire,
mechanical treatment of fuels (biomass removal or rearrangement), chemical applications to change fuel
profiles, and wildfire, or various combinations of treatments. While prescribed fire is a treatment of
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choice, mechanical and chemical treatments may be practiced on industrial lands. Mechanical thinning
also may be implemented as a precursor to prescribed fire. Participants acknowledge that wildfires also
treat fuels albeit unintentionally. Better understanding is needed of the effectiveness over time of these
various ways in which fuels are treated. Participants have observed that where burning is practiced over
time, it is not necessarily in accord with historic fire regimes descriptors such as burn severity, fire
frequency, and season of burn. In these ecosystems, ecological impacts may be different than under
historic conditions, and create undesired ecological effects.

There was general consensus within the group that a fundamental weakness of fire and fuel treatment
research to date has been the lack of a long-term integrated program that incorporates replication and
evaluation over wide spatial and temporal scales. We really don’t have comprehensive theories for
explaining fuel treatment success/failure in quantitative terms, based on a solid merging of combustion
physics, ecological mechanisms, and production economics. Social inputs and outcomes are poorly
understood. Each of these subject areas is in need of refined understanding, including development of
appropriate methodologies and metrics. Otherwise we will continue to rely on crude or partial indicators
such as reductions in burn severity or simulated burn area, diminished plant injury or regeneration. While
more easily measured and perhaps meaningful to a research investigation, such indicators paint at best an
incomplete picture and may be inconsistently interpreted. Also, they may overlook mechanisms that
trigger important processes, such as reductions in fuel availability due to treatments or soil heating, or
altered successional trajectories. Further, model simulations need to be evaluated. For example, models
that assess a fire environment (or effects) with and without treatment should be subjected to field
evaluation. Similarly, models linking treatment effects to changes over time in stand structure and
function should be subjected to reality tests.

Fuel Treatment Research Needs

The following list, while still in rough form, attempts to synthesize research needs identified in the
Charlotte workshop, including possible topics, subtopics, and other considerations. Highlighted bullets
indicate higher importance to one breakout group (fuel treatment effects/ecology). In some cases, notes
provide additional narrative added after the workshops.

Hazard Reduction

Better understanding of hazard reduction effectiveness over time of prescribed fire, mechanical
treatments, chemical, wildfire

Impacts of fire regime tweaking, season and frequency of burning need to be investigated

Fire Characteristics

Better descriptors/metrics for fire behavior and combustion in treated vs. untreated stands

E.qg., fire characteristics such as fireline intensity, reaction intensity, heat per unit area

Meaning to managers?
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Role and importance of ignition patterns in terms of fire characteristics and emissions, but also
fire effects

Understanding of factors contributing to blowup potential, thresholds, firewhirls (also fire
impedances)

Note: US fire managers and scientists communicate about fire behavior with one another via principles
established and further developed since Rothermel (1972). Examples include suppression difficulty as
related to flame length, fuel loadings by size class and categories, and descriptors such as canopy base
height and bulk density as related to crown fire initiation and spread. Related examples include models
developed to estimate moisture indicators, such as those used in fire danger rating systems and fire
behavior prediction systems (e.g., moisture of extinction). Along with headfire spread rates, routine
estimates are now easily available for descriptors such as fireline intensity, reaction intensity, and heat per
unit area yet fire managers have difficulty interpreting these measures. These difficulties may indicate a
broader need for theory development as related to wildland fire behavior (and effects of various fuel
treatments) across a full spectrum of fire environments. Improved understanding is needed of fuel
contributors, thresholds, and impedances to (for?) extreme fire indicators, such as blowups and
firewhirls, among others. Better descriptors and metrics for fire characteristics would improve firefighter
safety, enhance communication among managers and researchers regarding fire behavior and combustion
effects, and refine short-term decisions during fires having long-term ecological consequences. Insights
are also needed regarding the influence of ignition pattern on fire characteristics and fire effects.

New models

Spotfire model, because a criticism of fuel treatments in the west is the ability of (embers) to
spread beyond them

incorporate fire brand liftoff, pattern of recruitment, and large fire spread
Evaluate Existing Models (i.e., Fire, fuel models, Fire Danger Rating, live fuels,

crown, moisture, etc.)
o Fuelbed characteristics, duff, FCCS

o Clear specification of assumptions/limitation

0 What are appropriate evaluation criteria? Need to identify more than gross inaccuracies?

0 Need a process for comparing and/or verifying models, including accountability for corrections
0 Need to assess emerging remote sensing technologies (Lidar, hyperspectral, etc)

o0 Assessment of practicality of large area fuel mapping schemes (e.g., Florida, LANDFIRE)

¢ Need to synthesize knowledge and summarize assumptions of existing information, applications,
and models
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Note: A plethora of applications have been developed using the Rothermel equations and subsequent
modeling approaches. Examples include BehavePlus, FARSITE, FlamMap, FSPro, NEXUS, RERAP,
and FMAPIus, but also others such CONSUME, FOFEM, FVS-FFE, LANDFIRE. We need a faster way
to accurately determine live fuel moistures, esp woody fuels as connected to high-resolution
meteorological data. Ditto for the entire fuel-soil-atmosphere complex. We need to pursue the use of
Lidar systems to describe understory fuel structure and translation into fuel model descriptors. These need
to be evaluated. Field tests of existing models and fuel bed descriptors are needed, especially those which
rely on or link to a Rothermel spread processor. Questions to be resolved include:

Is there a standard or common set of questions that need to be addressed in model verification efforts?

Is a standard protocol needed for field testing existing models, i.e. minimum number of test situations,
replications, decision criteria. Can gross inaccuracies be identified and discarded? What are appropriate
evaluation criteria?

Avre there sufficient case studies and data available to evaluate model outputs for various fuel types,
especially under a full range of relevant environmental inputs?

Can a case be made for extending application of some models?

How reliable are existing estimates derived from available datasets, e.g., crown structure, bulk density,
and standard fuel models? To what extent are we able to quantitatively describe fuelbeds, e.g., duff, fuel
bed depth?

Based on models currently available, what additional fire behavior and combustion science modeling
needs remain? Be specific including model type, scale of application, data needs, capacity constraints, etc.

Landscape Perspectives

* Impacts of spatial arrangement of fuel treatments on fire behavior and suppression effectiveness
across large areas

» Thinnings to different intensities
» Cost implications
e Sequencing,
¢ Maintenance vs. new treatments
Tradeoffs
» Ecological benefits vs. hazard reduction
*  Fuel treatment vs. incident management

»  Suppression, costs, success of initial attack, strategy options, resource allocation, etc.
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» Need to understand benefits and costs of active human intervention vs. allowing fires to
burn (quantitatively and qualitatively)

» Treatment vs economic and ecological impacts
e Vary regionally
» Effective communication to publics
» Especially where fire suppression has seemed effective and acceptable

Note: These and other tradeoffs vary geographically and by land ownership patterns. For example, the
value-at-risk in a small private forest ownership in the South/Southeast differ dramatically from a large or
public land holding. Many of these tradeoffs have defied comprehensive solution to date using traditional
analytical approaches, largely due to data unavailability. Discussions about the analytical difficulties and
methodological challenges need to be made more explicit, so that publics can become more informed
about the challenges of analyzing tradeoffs, including marginal rates of technical substitution. Thus the
attempted calculation and display of important tradeoffs also may provide opportunities for effective and
compelling communication with informed publics, if caveats are transparent. Such transparency might
abet (invite?) public skepticism but also could increase understanding of difficult research and
management challenges.

Proposals will be solicited for innovative approaches to calculation/ display of tradeoff analyses,
especially when coupled within a communication plan for conveying the difficulties and limitations to
laypersons.

Fuel Treatment Effects

Fuel treatment regimes and longevity of effects on plant and animal community structure,
composition, and function in the short and long term

Appropriate response variables should include one or more of the following: NNIS (Non Native
Invasive Species, NIS (Native Invasive Species), structure, function, and composition of plant
communities, tree mortality, and plant and animal species of concern including game and non-
game.

Comparisons of both immediate and long-term effects of mechanical, chemical, and/or fire
treatments, as well as their interactions, and potential for long-term unintentional effects.

Ecological impacts of fire re-introduction to long unburned areas
Need better understanding of how to do it (over repeated applications)

Need better understanding of post-fire effects on all ecosystem components, plant
succession, climate change, insects/disease

Clear specification of consequences of non-action

Evaluation of sequencing and timing of fuel treatment combinations/regimes
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Linking silviculture with fuels and fires

Response of fuelbed characteristics to site conversion from off-site overstory species to
ecologically desirable species

Long and short-term impacts of silvicultural treatments/regimes
Plantation management

Links to ecological restoration (focus on understanding past processes, functions, and historical
range of structure/composition)

Effects of fire on invasives and effects of invasives on fire behavior

Impacts of fuel treatments on linkages among fuels, fire behavior and consumption, and fire
effects

Basic science is lacking concerning these interrelationships

Appropriate fire effects response variables should focus on the structure, function, and
composition of plant communities and may include one or more of the following: NNIS, NIS, ,
tree mortality, and plant and animal species of concern including game and non-game. (Are some
of these more important than others or in varying systems? Are there additional response
variables?)

Relationship between surface severity, soil heating and plant recovery

Effects of pile burning and other site prep approaches

Old-growth conditions with high surfaceand ground fuel loading

Potential effects to soils (abiotic and biotic)

Biodiversity
Understanding the relationship of fuel bed characteristics and dynamics to fire effects
across varying spatial and temporal scales for natural and activity fuels

Contributions of canopy litter and groundcover fuels to fire behavior and
consumption within silvicultural prescriptions and regimes

Fuel moisture dynamics and availability over time
Flammability properties of various fuelbeds including live fuel components
Linking fuelbed characteristics to fire effects

Moisture contents
Bulk density
Loading
Distribution
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Photo series

There are opportunities for multiple applications of photo series that have
been unexplored or under-utilized

Time series after multiple time scales and events
Include modeled output of fire behavior

Pictures from above and below (canopy bulk density, see E. Reinhardt)
Filling data gaps needed for fire behavior modeling

Expand to under-represented systems in the East

Link to field validation

Publication on how to use them.

Note: Photo-series covering a broad range of on-the-ground fuel central tendencies are now available.
Each set includes representative color and/or stereo photographs, although some regions, i.e., the south
/southeastern US, are sparsely represented. Research needs include better linkage to expectations
regarding fire behavior and fire effects, including variability estimates. Other researchable possibilities
include improved linkage of photo-series estimates with developing technologies in radar, multi-spectral,
and hyperspectral sensing capabilities.

Quantifying the effects of variation in firing patterns on fire behavior and effects across fuel beds
and weather scenarios

Efficacy of and shifting needs for fuel treatments in the context of a changing climate

Review and synthesis of existing knowledge of potential changes in plant communities under
future climate scenarios, including projections of shifts in fire and other disturbance regimes, and
resulting fuel treatment needs. Synthesis could include the following fire history / historical
processes

Literature review

Paleo records (palynology)

Charcoal analysis

Dendrochronology
Apply various existing plant community change models to predict shifting fuel characteristics
across broad regions and/or community types

Effects of fuel treatments and/or wildfires on carbon dynamics and in particular the contribution
of black carbon, especially in frequent fire ecosystems

Ecosystem processes of priority interest include: Soil respiration, Decomposition rates, Fine-root
dynamics, Aboveground and belowground live and dead biomass, Black carbon

Short vs. long-term comparisons of fuel treatments (this is the management question of interest
that should be informed by investigation of the above processes)
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event vs. regime

Rx fire vs. wildfire

Treated vs. untreated

Under various treatment regimes

(Fire prescriptions and carbon balance)

Postfire tree survival or mortality and effects on carbon dynamics

(Plant mortality, fuel consumption, postfire regrowth, increased photosynthesis

in postfire years, and carbon balance - MM)
Literature review synthesis of climate change effects, for general public, and for land
managersDirect and indirect fuel treatment effects on region-specific species of concern that are
impediments to fuel treatment implementation

There is a lack of understanding of direct and indirect fuel treatment effects on region-specific
species of concern that have become impediments to fuel treatment implementation. This lack of
understanding has generated uninformed administrative rules concerning protected species that
are limiting the application of Rx fire (burn windows, etc.) and preventing habitat improvement
fuel treatments. Existing literature on target species needs synthesis (which could be performed
by FEIS staff) and resulting research data should be fed into FEIS.

Incidental take of species of interest (perceived and real) vs. habitat improvement
Plant reproductive ecology in the context of fire events and regimes

Wildlife species habitat use and refugia

Site-specific vs. landscape-level effects on populations and habitat

Understudied Ecosystems

Central Hardwoods
Oak/hickory
Oak/pine
New England
Southeast
Communities north of the Fall Line with dysfunctional fire regimes
Wet savannahs
Seepage slopes
Bogs
Depression wetlands
Pocosin
Glades/balds

Lake States

Oak savannas
Jackpine

10
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West Workshop
Feb 16-18, 2010 (Tucson AZ)

With rare and significant exceptions, US fire problems largely reflect the fire environments
confronted in the West. Large tracts of public domain supporting flammable fuels and adjacent human
communities contribute to complex fire episodes, especially when driven by facilitative fire climates and
steep topography. Mega-fires comprising substantial suppression expenditures, WUI losses, and human
fatalities are commonplace and too-often legendary. The ecological condition of western wildlands varies
according to fire regime and management practices among other factors, but the threat of wildfire costs
and losses have led to initiatives such as the federal Cohesive Fuels Strategy, the National Fire Plan, and
Healthy Forest Restoration Act. Concurrently, fuel treatment strategies involving prescribed fire and
mechanical thinning (either applied independently or in combined sequence) have expanded on federal
lands, even as an increasing number of human communities have adopted Firewise or community wildfire
protection programs.

Following discussion of workshop objectives and background material, workshop participants
provided perspectives on the pre-work (definitions of fuel treatment effectiveness). Participants were
assigned to one of two breakout groups (roughly management, ecology/effects) to develop and expand
upon lists of research needs developed during pre-work. Several participants engaged subject-matter peers
or discussed the pre-work at other venues prior to arrival (e.g., a fuel specialists conference in CA; a FWS
needs-assessment; and miscellaneous verbal and written surveys).

Several themes arose repeatedly during the Tucson workshop. Fuel treatment effectiveness, longevity,
and sequencing are of ongoing concern to managers, but fundamental understanding of combustion and
ecological mechanisms is also needed. Metrics need to be developed for fuel characterization and fire
behavior, but also for evaluating ecosystem resilience and assessing changes due to fuel treatment.
Metrics also are needed to frame modeling efforts and to develop improved inventory, monitoring, and
evaluation methodologies. Integration of model, field, and laboratory experiments provided an
overarching concern that cut across all research areas. Also, a need was expressed for future development
of a web-based infrastructure for delivery of relevant information related to fuel treatments.

In addition to topic elaboration in breakouts, participants met as a whole to share bulleted themes
under development including draft narratives. Returning to breakouts, bullets were condensed or
combined into topical areas for further narrative development. Using the JFSP 2009 RFA as a template,
narratives were developed on laptops for ensuing editorial review and further development. The end-
product included a list of draft narratives (below) for selected topical areas that were used to summarize
group findings for discussion by the workshop as a whole.

There was general agreement that draft narratives will be further developed and capped with
some type of priority-setting exercise. For now, the list of draft narratives is as follows.

11
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Treatments Associated with the Wildland Urban Interface

Bradley Washa, Ruddy Mell, Kathy Murphy

There is increased emphasis placed on hazard fuel treatments within the WUI adjacent to communities
following Firewise standards and identified in a Community Wildfire Protection Plan (Presidents FY2011
Proposed Budget). In spite of widespread implementation, limited research has been conducted to
evaluate resulting fire behavior in treated areas, embedded structures, and post-fire outcomes. JFSP is
interested in supporting future research that answers pressing issues related to the following topics:

Data from pre and post fire studies is needed to reconstruct fire behavior from unplanned
ignitions. Among these needs are studies that take advantage of fires that intersect fuel treatments
along and within the Interface. The defensive actions within the community and wildlands need
to be accounted for in order to obtain an accurate accounting of fire behavior. Results should be
helpful in determining the effectiveness of fuels treatments in altering the fire behavior, assisting
in the suppression effort, and reducing structure ignitions.
Additional information is needed on fuels and fire behavior in the WUI. Among these, limited
information exists on heat fluxes from fuels to structures and the production of and ignition by
firebrands.
Data are needed on the sources of firebrand production (from both vegetation and
structures) and the impacts of ember showers on structure ignition. We encourage
approaches that span laboratory to field approaches, and that link to current and future
modeling.
Limited information on heat fluxes (their magnitude and duration) is available over the
range of weather and fuel conditions characteristic of WUI fires. This information is
needed to reliably link laboratory or modeling studies to realistic conditions.
Great emphasis and high levels of funding have been placed on Community Wildfire Protection
Plans (CWPP) since the inception of the National Fire Plan. Little is known and limited follow-
up has occurred as to actions being taken from recommendations made within such CWPPs.
Further there is limited national standardization in identifying the WUI and Communities at Risk
(CAR).
Research on this topic should evaluate the implementation of CWPPs. Studies that
quantifies implementation rates of approved CWPPs and identifies the impediments to
implementation at the regional level.

Effects of Pile Burning

Richy Harrod, Kathy Murphy

12
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Managers often pile fuels as a way to mitigate heavy fuel loadings. Jackpot fuels may also be considered
as piles for the purposes of this task. When piles are burned, there is interest in better understanding fuel
consumption, the potential effects on water quality, effects to soils, invasion by non-natives, and effects to
riparian areas. In addition, knowledge is lacking about the effects of piling but not burning and influence
on future wildfire behavior.
Proposals submitted under this task statement must evaluate the effectiveness and/or effects of pile
burning or piling without subsequent burning by directly addressing the following questions:
What are the characteristics (physical arrangement, composition, loading, bulk density) of piles
generated by different specifications and methods (hand, machine, natural and mechanically
generated jackpots), and how do these characteristics influence the way they burn and fire
effects?
What are the effects of burning or not burning piles on soils, water quality, and residual overstory
trees (including riparian areas)? To what degree does spatial pattern influence these responses
(i.e. distance to nearest residual tree)?
When piles are burned, what is the duration of any measured effects?
What are the primary drivers of fuel consumption in piled fuels?
How does the spatial arrangement and distribution of piles, pile shape and size, and interstitial
fuels influence fire behavior (intensity, spread of fire between/among piles, and firebrand
generation)?

Fuelbed Characteristics (Draft)
Roger Ottmar, Russell Parsons, Morgan Varner, Morris Johnson, Kent Slaughter, and Kathy Murphy

Evaluation of the effectiveness of a given fuel treatment requires an accurate characterization of
fuel quantities and characteristics, how the fuel treatment changes those attributes and moisture regimes,
and how those changes in fuels modify fire behavior, fuel consumption, fire brand production and
ecological effects. While numerous aspects of wildland fuelbeds have been described, much of this
information cannot currently be used to its full effect in fire behavior and fuel consumption calculations
because the underlying fire behavior model (Rothermel 1972) and fuel consumption models (Reinhardt et.
al 1997, Prichard et. al 2006) are overly restrictive in their assumptions about fuelbeds. In reality,
fuelbeds are heterogeneous, often discontinuous, and spatially variable; these aspects have tangible effects
on fire behavior, fuel consumption, and fire brand production and are necessary to assessments of the
effectiveness of fuel treatments.

The Joint Fire Science Program (JFSP) is interested in sponsoring research projects to better
measure and model fuelbed components that are important to evaluating the effectiveness of a variety of
fuels treatment options that can be used for modifying fire behavior, fire brand production and/or
reducing potential fire severity and fuel consumption. Key aspects of fuelbeds that deserve greater
attention are spatial variability in bulk density, size class distributions and factors affecting flammability
of wildland fuels.

All proposals submitted under this task statement must address the modeling or measurement of
one or more of the following fuelbed components and link these to fire behavior metrics which are critical
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for either estimating fire behavior fire brand production, and./orfire severity calculations across diverse
vegetation types:

Tree cover/loading/crown heights

Ladder fuel loadings/type

Needle drape loading

Shrub cover/ loading/species/needle drape occurrence/regeneration
Grass cover/loading/regeneration

Small woody (shrubs) fuel cover/loading/depth

Large sound and rotten woody fuel cover/loading/depth
Litter cover/loading/type/ arrangement

Duff loading/type

Pile loadings/density/arrangement/size class distribution
Masticated loadings/depth/woody size class distribution

Across these components, JFSP is particularly interested in proposals that address the spatial
arrangement, moisture dynamics, and changes in the physical and chemical characteristics of fuels and
fuelbeds over time. Proposals that integrate modeling and field measurement, or which develop new
methodologies for fuel characterization are encouraged. Proposals that add value to existing inventory
methodologies (e.g., Photo Series) are also encouraged. Finally, given the reliance of many fire behavior
and fire effects models on fuelbed component characteristics, JFSP encourages proposals that link to
and/or improve current decision support models. Along this same line, JFSP encourages data that inform
or improve fuelbed successional pathway models (e.g., Forest Vegetation Simulator, Fuel Characteristic
Classification System).

Literature Cited:

Prichard, Susan .J.; Ottmar, Roger D.; Anderson, GA. 2006. Consume 3.0. [online]. Available from
http://www.fs.fed.us/pnw/fera/consume/].

Reinhardt, E.D., Keane, R.E., and Brown, J.K. 1997. First Order Fire Effects Model: FOFEM 4.0,
user’s guide. USDA For. Serv. Gen. Tech. Rep. INT-GTR-344.

Rothermel, R.C. 1972. A mathematical model for predicting fire spread in wildland fuels. USDA For.
Serv. Res. Pap. INT-115.

Effectiveness of Fuel Treatments Over Time and Space

Russell Parsons, Richy Harrod, Kent Slaughter
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Fuel treatments are management actions intended to modify fire behavior and, possibly, effects at
a later point in time. It is generally assumed that, for any given problem in wildland fire, a solution can be
found for that problem through fuel treatments. While fuel treatments have already been widely
implemented in many areas, the assumption that fuel treatments will be effective in modifying fire
behavior for some period of time has generally not been tested. Intuitively, we recognize that there are
limits to fuel treatment effectiveness: they may only work under certain environmental conditions, and
over specific time frames. Given that substantial resources are invested in fuel treatments it is imperative
that managers have confidence that their efforts will be effective in meeting specified objectives. In this
RFA, we solicit research that would address the validity of this assumption through assessment of what
situations in which fuel treatments are effective or not. A broad range of research proposals may be
considered; multifaceted proposals, which employ some combination of theoretical work, modeling,
laboratory, or field measurement will be given preference.

JFSP is interested in supporting research to quantify fuel treatment effectiveness over time and
space by directly addressing these topics:

quantifying the effectiveness of fuel treatments in modifying fire behavior over the near and long
term;

guantifying the effects of spatial arrangement of fuel treatments across multiple scales; and
quantifying the effects of fuel treatments under a range of environmental conditions (e.g.,
windspeeds, fuel moistures).

Disturbance and fuels

Morgan Varner, Morris Johnson, Kathy Murphy

JFSP has supported research that links disturbances and their effects on subsequent fires. Past
work has focused on the effects of bark beetles on wildfire behavior and effects. Throughout wildlands,
other disturbances are altering fuels resulting in novel fire behavior and effects. Examples of these
disturbances include blowdowns, high severity wildfires that re-burn, diseases (such as Sudden Oak
Death and Laurel wilt), and bark beetles, among others.

JFSP is interested in supporting research to quantify the impacts of disturbances on fire behavior
and effects by directly addressing:

quantifying effects of disturbances (whether blowdown, disease infection, or wildfire) on surface

and crown fuelbed characteristics;

guantifying the effects of disturbances on subsequent fire behavior, where substantial pre-fire

fuels data were collected:;

quantifying fire effects in areas that suffered pre-fire disturbance followed by wildfire;

analysis of implemented mitigation measures and their influence on future fires and fire effects;

and

guantify interaction of disturbances at different spatial and temporal scales
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While ideally these projects would all have substantial pre-fire fuels and vegetation data, proposals that
conduct post-wildfire surveys in affected areas are also acceptable.

Multidisciplinary Tradeoffs

Bradley Washa, Kathy Murphy

Managers often are faced with difficult decisions between implementing fuels treatments to
mitigate wildfire hazard and maintaining other resource values. Lack of information on the effects of fuel
treatments on other resources often results in conflict over management actions which limit or defer
treatment. As a result, resource values have the potential to be negatively impacted following wildfire
events in untreated areas. Tradeoff analysis enables decision makers to consider trade-offs between
different criteria to evaluate alternative management options. As a general principle, trade-off analysis
shows that for a given set of resources and technology, to obtain more of a specific desirable outcome of a
system, less of another desirable outcome is obtained.  Proposals submitted under this task statement
must develop models or conduct research to address the tradeoffs between fuels treatments and other
resource values.

O Develop tradeoff models that evaluate fuel treatments against other resource objectives.

O Evaluate and adapt existing decision support/trade-off modeling done in support of fuels
treatments

[0 Evaluate criteria for collected information to determine the most critical to populate models (what
information should be collected, how will it be used, how is it collected, how easy is it to collect
and its relative influence on the models). As a portion of this, develop a national interagency
database to collect, store, and analyze information on fuel treatment effectiveness following
wildfires. The goal would be to use the information to populate tradeoff models.

Improved Metrics for Evaluating Fuel Treatment Effectiveness

Russell Parsons, Ruddy Mell, Morris Johnson, Roger Ottmar

Our ability to evaluate and compare different fuel treatment alternatives is currently limited
because we lack sufficiently detailed metrics that describe wildland fuels, fire behavior, and potential
ecological effects of fuel treatments. In canopy fuels, for example, it is common to describe multistoried,
spatially variable, and structurally complex fuel beds with single, stand scale values for crown bulk
density, stand height, height to crown base, and canopy cover. This forced homogenization curtails our
ability to describe current fuels as well as the changes resulting from fuels treatment. Similarly,
evaluations of how fuel treatments impact fire behavior are limited to single outputs such as the torching
and crowning indices, fire type (surface, passive, conditional, active), spread rate and flame length which,
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although simple to calculate, are not very sensitive to changes in fuels or informative on how fire burns in
heterogeneous fuels. In reality, fuel treatments may change fire behavior in more than one way, and there
may be tradeoffs between different aspects of fire behavior.

Metrics for fuels

Fuels are inherently variable. At present, for purposes of evaluating fuel treatments, fuels are
characterized with single values (i.e. site-level fuel loading) that fails to reasonably represent the
complexity of real fuel beds. New metrics for fuels should characterize the distribution of
quantities, capturing variability in fuel bulk densities, size class, and other fundamental
characteristics which affect flammability and fire spread over a range of scales. Fuel variability
within trees as well as within stands needs to be captured. New remote sensing techniques, such
as LiDAR, show promise toward meeting this need.

Metrics for fire behavior

Fires burn dynamically, with changes in behavior over time and space. A series of metrics are
needed for fire behavior which parsimoniously span all aspects of fire behavior relevant to fuel
treatments. Ideally, these metrics would be both measurable on real fires and output by fire
behavior simulation models to improve our ability to directly compare real fires with simulation
outputs. These metrics should be self-contained (without an implicit temporal or spatial scale)
such that, for any given fuel treatment, the value of a given metric could be obtained, over a range
of time, environmental conditions, and spatial scales. Anything about effect of fuel variability on
fire behavior...?

Metrics to quantify fire effects change

Similarly, new metrics for fire effects must be developed which explicitly account for the
variability in fire effects observed following fire. Such metrics will greatly improve the capability
of managers to meaningfully assess the effectiveness of fuel treatments in the context of
ecological or restoration objectives.

Metrics for the Wildland Urban Interface

Fuel characteristics (type and spatial distribution and scale) and fire behavior in the wildland
urban interface (WUI) can be significantly different than in a wildland setting. This may require
unique metrics that can account for a wider range of fuel types (varied ornamental vegetation ,
wildland vegetation, structures) and scales (individual residential plantings and treated and
untreated wildlands). [Again, not exactly clear what is being asked for here... example?]

Mastication

While the benefits of mastication treatments for reducing fire behavior are understood, the long term and
cumulative effects to the natural resource are not as well studied. Mastication treatment programs have
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been suspended in locations where active mastication programs once occurred, due to not being able to
answer questions posed internally and by the environmental community on the effects to the resource.

Improved Predictions of High Resolution Wind Predictions

Russ Parsons, Ruddy Mell

Winds are a first-order driver of fire behavior, directly influencing the spread rates and intensity, and the
transport of smoke and firebrands. Accurate predictions of winds are of paramount importance to
firefighter safety. The NOAA (2008), WGA (2008), and OFCM (2007) all have called for improved wind
and fire behavior (fire weather) predictions and measurement support of those predictions. This is
especially critical in complex terrain. Wind fields can be significantly altered by the presence of complex
terrain and surface roughness (from vegetation and communities). There is a need to evaluate the ability
of existing models to capture wind fields in complex terrain and over landscapes with complex
obstructions. This includes large scale weather predictions such as the Weather Research and Forecasting
model (WRF) used by NOAA. The WRF model can be implemented at the required resolution, but is
essentially untested at the spatial scale that many fuel treatments are implemented at. Other fire behavior
modelling approaches were specifically developed to operate at smaller scales (e.g., those based on
WindWizard and WindNinja, as well as more sophisticated fire behavior approaches such as WFDS,
HIGRAD/FIRETEC) but also need to be tested. Such an effort will require a database of field
measurements of wind fields and atmospheric conditions over a range of terrain and landscape
characteristics. Very few databases of this kind currently exist. Wind measurements over a volume from
airborne (e.g., piloted or unpiloted vehicles) and ground based (e.g., towers, SODAR) platforms are
essential. Improvements in our capability to accurately model wind fields will directly result in improved
fire behavior predictions and fire fighter safety.

NOAA (2008) “Fire Weather Research: A Burning Agenda for NOAA,” A Report to the NOAA Science
Advisory Board, October 22, 2008
(http://www.sab.noaa.gov/Reports/2008/FWRWGreportFINALfromSABtoNOAA 11 03 08.pdf)

OFCM (2007) “National Wildland Fire Weather: A Summary of User Needs and Issues,” Office of the
Federal Coordinator for Meteorological Services and Supporting Research, 3 July 2007

(http://mvww . firescience.gov/documents/smoke_management_air_quality/wildland%20fire%20weather%?2
Ouser%20needs.pdf)

WGA (2008) “Future Management of Drought in the West,” Western Governors’ Association Policy
Resolution 08-14
(http://mww.westgov.org/index.php?option=com_joomdoc&task=doc_download&gid=119&Itemid=)

Group 2: Fuel Treatment Effects/Ecology
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Ecology Research Needs

Sharon Hood, Greg Riegel

Fuel treatment effects information gaps (e.g. plant responses including mortality, nonnative
responses, wildlife response over longitudinal gradient and multiple entries)

Site specific impediments to implementing fuel treatments from an ecological perspective
Soil Heating
Prediction under different fuel loadings and piles
Linkage between heating and ecological effects (plant mortality, root kill,
reproduction, invasives)
Model development
Site measured values
Plant responses and mortality, especially in understudied ecosystems [what is an understudied
ecosystem... example?]
Old tree response to fuel treatments
Soil microbial response
Timing and sequencing of treatments
Mortality
Environmental impacts (moisture conditions, temperature)
Nonnative species response to treatments
Ways to mitigate nonnative species establishment
How does treatment condition (species composition and abundance of native species)
influence susceptibility to invasion?
How do fuels interact with fire severity to influence susceptibility to invasion?
Increase understanding of mechanisms by which fire and fire-related resource
availability (water and nutrients) affect invasion
Wildlife responses (species and guild level)

Long-term versus short-term ecological effects of fuel treatments
Temporal changes in fuels, snags, herbaceous, shrubs, future fire severity, bark beetle risk,
wildlife
Most research is relatively short-term even though managers are interested in outcomes over the
long term. Data comparing short and long effects of fuel treatments is necessary, to determine
when and where short term results can and can’t be used to predict long-term trends. Building on
existing studies is encouraged. Designing research projects from beginning so they could

potentially evolve into long-term studies if desirable [what is the research question?]
Maintenance treatments

Timing
Nonnative plant response
Successional trends
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Differences in prescriptions and effect between initial and maintenance treatments
Long-term effects

Old tree mortality related research needs *

Sharon Hood

There are still many unknowns to the multitude of managerial questions on this topic. A literature search
for old or large-diameter tree mortality in fire-dependent U.S. forests yielded 41 studies. The research is
very limited on relating post-fire tree mortality to first order fire injuries, pre-fire fuel loading, and bark
beetle attacks. Many of these studies had primary objectives other than overstory tree mortality; however,
it is clear that there is a need for long-term studies that document pre-fire forest and fuel conditions, fire
and silvicultural treatments, and post-fire effects.

Abundant room exists for more research on limiting overstory tree mortality from prescribed fire

in long-unburned forests. Research topics could include but are not limited to the following:

= Define the relationship between duration and extent of soil heating to actual root mortality.

= Characterize deep duff moisture-of-extinction limits for all fire-dependent forests.

= Determine the feasibility of and conditions under which consumption of deep duff layers may be
regulated during prescribed burns in order to limit tree mortality.

= Determine critical microsite characteristics and parameters that affect basal duff consumption and
potential cambium injury for fire-dependent species and overstory size classes.

= Determine if season of raking or amount of timebetween raking and prescribed burning affects tree
mortality.

= Correlate level of cambium injury to insect attack level.

= Determine the horizontal and vertical distribution and abundance of fine roots adjacent to the tree
bole, and the effect of raking on these roots, for a variety of sites and species.

= Conduct long-term studies on the effects of fire on old trees and other ecosystem components
[example components?].

*(from Hood, S. M. In press. Mitigating old tree mortality in long-unburned, fire-dependent forests: a

synthesis. Gen. Tech. Rep., U.S. Department of Agriculture, Forest Service, Rocky Mountain Research
Station, Fort Collins, CO p.):

How do plants respond to fire versus mechanical fuel treatments (mowing and
mastication)?

Unknown contributor (Greg Riegel?)
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Specifically proposals need to address this research within a plant functional group context as it
relates to: 1) aboveground regeneration/mortality, e.g. epicormic buds aerial stems and basal crown, and
2) belowground regeneration/mortality, e.g. from root crowns, rhizomes, bulbs, tubers, and 3) fine and
coarse root regeneration and mortality. Proposals need to address 1) varying fire intensities (heat) and
duration (elapsed time), 2) season of fuel treatment as it relates to plant phenology (not just live fuel
moisture!), duff and soil moisture, and soil temperature, 3) short and long term responses and repeated
treatment intervals.

Influence of fuel treatments on nonnative species invasions and persistence

Sharon Hood, Jeanne Chambers, Gregg Riegel

The Joint Fire Science Program (JFSP) is interested in sponsoring research projects to better
understand the impact of fuel treatments on invasive species. Fuel treatments are widely used to alter
fuelbed characteristics and reduce potential fire severity; however numerous knowledge gaps exist about
invasive species response to these treatments. Understanding of these responses is necessary to analyze
effectiveness of treatments and to anticipate changes in fire behavior and fire effects over time.

Although several studies exist that link invasive responses to fuel treatments, additional research
is needed to expand this knowledge into a greater variety of forested and non-forested vegetation types
where fuel treatments are common. Specific knowledge gaps were defined by Zouhar and others 2008.
JFSP is also interested in better understanding how climatic changes may influence invasive response.

All proposals submitted under this task statement must evaluate invasive response to fuel
treatments by directly addressing at least one of the following questions:

How do invasive species respond to both mechanical and prescribed fire fuel treatments? Does

the short term response differ from long-term response?

Do some treatments mitigate invasive species establishment more effectively than others?

How do pretreatment conditions (species composition and abundance of native species) influence

susceptibility to invasion and longer term persistence?

How does fuel loading interact with fire severity to influence susceptibility to invasion?

How do fuel treatments, resource availability (i.e. water and nutrients), and invasives interact?

Do maintenance fuel treatments that are implemented repeatedly over time compound invasive

establishment and spread?

How do frequency and intensity of disturbance (i.e. initial versus maintenance fuel treatments)

interact to influence invasive species establishment? [with altered wording, this one is about the

same as the previous bullet. Delete or combine?]

How do fuel treatments influence spread of invasive species on the landscape and over time?

Proposals should address these questions for ecosystems where fuel treatments are widespread
and the results will be broadly applicable. Detailed descriptions of pretreatment site conditions and
treatments should be provided. Proposals that build on existing studies to address long-term invasive
species responses to treatment or after multiple treatment applications are particularly encouraged.
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Plant and Animal Responses
Gregg Riegel, Lou Ballard, Sharon Hood, Eric Knapp, Jane Kapler-Smith

The Joint Fire Science Program (JFSP) is interested in sponsoring research projects to better understand
fine scale organismal responses to fuel treatments. Fuel treatments are widely used to alter fuelbed
characteristics and reduce potential fire severity; however, numerous knowledge gaps exist about plant
and animal responses to these treatments.

Fuel treatments vary widely by region, ecosystem, and specific site objectives. Treatment options are
often impeded by limited understanding of plant and animal responses to specific treatments. In addition,
most available data describe relatively short-term responses, whereas management depends on
understanding long-term outcomes. Long-term information is necessary to analyze effects of treatments
and to anticipate changes in fire behavior and fire effects over time.

Research is needed to expand our current level of knowledge into a greater variety of forested and non-
forested vegetation types and over a greater length of time post-treatment. JFSP is also interested in better
understanding how climatic changes may influence organism response.

All proposals submitted under this task statement must evaluate organism response (survival, abundance,
reproduction, vigor, etc.) to fuel treatments by directly addressing at least one of the following questions:
What are plant species or functional group responses to a variety of fuel treatments (e.g.

prescribed fire, mowing, thinning, mastication)? Research should address one or more of the
following responses within a species/ functional group: 1) aboveground regeneration/mortality,
e.g. epicormic buds, aerial stems, and basal crown; 2) belowground regeneration/mortality, e.g.
from root crowns, rhizomes, bulbs, tubers; 3) fine and coarse root regeneration and mortality.
Do old trees respond differently to fuel treatments and have different mortality rates than younger
trees?

What are animal species or guild responses to a variety of fuel treatments (e.g. prescribed fire,
mowing, thinning, mastication)? Research should address at least one of the following responses
within the species/guild: 1) direct effects of treatments on animals at varying ages; 2) immediate
effects of treatments on animal habitat, including food and cover, including prey availability for
carnivores; 3) longer-term effects of treatments on habitat.

How do soil microbes respond to various fuel treatments and combinations of treatments, and
how do these responses vary among plant communities?

In addition, proposals are encouraged to address the following aspects of fuel treatment effects:
How does the season (as it relates to plant phenology, animal life history, duff and soil moisture,
and soil temperature) and sequencing of fuel treatments affect organismal response?
How do fuel treatments affect fire intensity, duration, and severity that in turn influence organism

responses?
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How do short and long term responses differ?
How do responses to repeated treatments (maintenance) differ from responses to single
treatments?

Proposals should address these questions for ecosystems where fuel treatments are widespread and the
results will be broadly applicable. Proposals should provide documentation of knowledge gaps and
species for which responses are not well understood. Detailed descriptions of pretreatment site conditions
and treatments should be provided. Because research conducted under this proposal must be completed
with 3 years, proposals that build on existing studies to address long-term organismal responses to
treatment or after multiple treatment applications are particularly encouraged.

Improving wildlife habitat relationship information for use in fuel treatment
analysis and fire effects modeling
Jan Byers

The Joint Fire Science Program (JFSP) seeks proposals that investigate the relationship of fuels
management activities with habitat conditions for wildlife species, especially those currently occupying
vegetation types thought to be outside their natural fire regimes due to fire suppression, increased fire
frequency, or nonnative species invasion. While there is considerable population information on certain
species, such as northern spotted owl, little information exists on attributes of habitat structure and
ecological function important for different life history stages and how these attributes vary through a
species’ range. An informed land manager understands that fire and fuel treatments have multiple effects
on habitat, some desirable and some not; understanding these trade-offs is a critical component of fuel
management planning.

JFSP is interested in proposals that synthesize existing information and gather new data to better define
wildlife habitat relationships in terms of attributes such as physical structure, vegetation composition, and
other features to enable linkage with fire behavior and fire effects modeling and models addressing post-
treatment vegetation change. Individual wildlife species of high management concern (e.qg., sensitive or
ecological keystone species) or species guilds may be addressed, including riparian species. Because
many wildlife species now occupy unnaturally dense or otherwise structurally altered stands or habitat,
examination of historical records on population distribution and habitat conditions will be particularly
valuable in addressing this RFA. Habitat attributes may vary over space and time at different life history
stages, so successful proposals will likely require a landscape approach. Analysis of example
management scenarios can be used to address potential habitat change resulting from fuel treatment, as
unknown impact on wildlife is frequently a factor that can limit fuel treatment implementation.

Proposals must address one or more of the following topics:
Identify habitat composition, structure and functional attributes for wildlife species (or species
guilds) of concern in ecosystems affected by altered fire regime and targeted for fuel modification
projects; relate habitat features to current and presumed natural/historical vegetation and fuel
conditions.
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Identify effects of fuel treatment scenarios on habitat features; develop descriptions that can be
used in fire behavior and fire effects models.

Address how fire and fuels management activities vary in their impacts to desired habitat
features.

Describe the potential type and location of fire and fuel management activities that can be
successfully planned and implemented to maintain and improve key habitat features for particular
species or species guilds.

Identify methods to sustain habitats across broad landscapes that experience fire, particularly in
areas that have experienced increased fuel loads from past fire suppression.

How might future temperature or precipitation patterns resulting from climate change alter the
effects of fire and fuel management activities on key habitat features?

Results should provide habitat information useful for assessing changes that will result from fuel
treatment options and for evaluating trade-offs between fire behavior modification and wildlife habitat
needs.

Link between soil heating and ecological effects
Lou Ballard

The Joint Fire Science Program (JFSP) seeks proposals that investigate the ecological effects of soil
heating resulting from fuels management activities involving fire. . Proposals that synthesize existing
information and identify where and when fuel-reduction practices result in detrimental soil heating are
encouraged. JFSP is also interested in funding new research studies that expand our current
understanding of the linkages between duff consumption, soil heating, and plant response. Because the
dimensions of these problems vary over space and time, successful proposals will require an assessment
sufficiently robust to assess trade-offs among short-term actions and long-term responses, illustrating how
these relationships vary over a variety of environmental conditions.

Proposals must address at least one of the following questions:
What are the linkages between soil heating and plant mortality, root Kill, reproduction, invasive
species and other ecological effects?
What are the linkages between soil heating and soil health, such as long-term loss of soil C, N,
microbial diversity, or changes in soil water repellency and associated water and sediment flow?
What techniques are available to measure and validate actual soil heating from fuel management
activities?
Can models be developed or existing models improved that will help resource and vegetation
managers assess the impacts of soil heating from fuels management activities?
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Linking forest fuel treatments and fire management with distributed hydrology,
surface erosion, and mass wasting processes

Paul Hessburg

The Joint Fire Science Program (JFSP) seeks proposals that develop and test methods to
explicitly link fire and fuels management activities with distributed hydrology (complete water balance)
and soil physical process modeling. While some perceive that fire and fuels management frequently
conflicts with more naturally occurring hydrology and other geophysical processes, recent work has
shown that the goals of maintaining more naturally functioning hydrology, erosion, and mass wasting
processes and restoring fire-adapted ecosystems can be compatible.

JFSP is interested in proposals that synthesize existing models and data into an interdisciplinary
analysis that illuminates where and when fire and fuels management benefits, harms, or is neutral with
respect to distributed hydrology and erosional processes. Because the dimensions of these problems vary
over space and time, successful proposals will likely require a landscape assessment sufficiently robust to
assess trade-offs among short-term actions and long-term responses, and to illustrate how these
relationships vary among and within watersheds at several catchment scales. Creation and analysis of
example management scenarios is one technique that has been used successfully to address complex
landscape management problems. Monitoring operational-scale fuels treatments within watersheds with
the objective of collecting the necessary data to parameterize and calibrate models is another viable
approach. JFSP is also interested in proposals that examine the effectiveness of seasonal restrictions on
fuel treatments to minimize deleterious effects on seasonal hydrology and erosional processes. The JFSP
Board is particularly interested in field studies or relevant field data that will be used to calibrate surface
hydrology and erosion modeling efforts.

Proposals must address at least one of the following questions:
What are the natural ranges of hydrologic functioning and conditions that represent the studied
watersheds?
Characterize watershed types where large scale fuel treatments may/may not provide benefits to
hydrologic and physical processes?
In arid and semi-arid landscapes analyze types of fuel treatment effects that can mitigate potentially
negative hydrologic responses from wildfires.

What type, spatial, and seasonal allocation of fire and fuel management activities can be successfully
planned and implemented to maintain hydrologic functioning and soil erosion within more natural and
representative ranges for these processes?

How can natural ranges of seasonal hydrology and natural variability in the frequency and severity of
surface erosion and mass wasting be sustained across broad watersheds using fuel treatments or managed
fire, particularly in areas that have experienced increased fuel loads from past fire suppression?

How do fire and fuels management activities vary in their impacts to surface hydrology and erosional
processes over the possible range of precipitation events and hydrological conditions?
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How might climate change alter the effects of fire and fuel management activities on hydrology and
erosional processes?

Results should display fire and fuel treatment intensities and spatial arrangements that minimize
effects on surface hydrology and erosional processes while also mitigating wildfire threats.

Compatibility of fuel treatments and fire management with maintaining and
restoring forest landscape resilience

Paul Hessburg

The Joint Fire Science Program (JFSP) seeks proposals that investigate the compatibility of fire
and fuels management activities with maintaining and restoring forest landscape resilience in broad
vegetation types (dry, moist, cold forests) at fine-(stand), meso- (local landscape) and broad- (regional
landscape) scales. Landscape resilience has been defined as the amount of disturbance that a landscape
could withstand without changing self-organized processes and structures. The description suggests that
landscape resilience may be: 1) represented by an observable set of properties, 2) defined by measures of
degree, and 3) related to system states and their (in)tolerance to reshaping, and that some properties of
resilience may be quantifiable. Recent work to take understanding of landscape resilience from qualitative
descriptions to quantifiable measures suggests that the goals of maintaining resilience at multiple scales
can be compatible with restoring the various roles of fire in fire-adapted ecosystems.

JFSP is interested in proposals that synthesize existing information and data into an
interdisciplinary analysis that illuminates where and when fire and fuels management benefits, harms, or
is neutral with respect maintaining or restoring landscape resilience. Because the dimensions of these
problems vary over space and time, successful proposals will likely require multilevel landscape
assessments sufficiently robust to assess trade-offs among short-term actions and long-term responses,
with respect to specific resilience measures, and to illustrate how these relationships vary over a broad
landscape. Creation and analysis of example management scenarios is one technique that has been
successfully used to address complex landscape management problems. Use of multilevel simulation
experiments is another useful approach.

Proposals must address at least one of the following questions:

What are some key forest landscape resilience features in broad vegetation types (dry, moist, cold forests)
at meso- (local landscape) and broad- (regional landscape) scales, and what specific measures can be used
to quantify them?

Because fire is the main pattern-forming agent in many western forest ecosystems, what type and location
of fire and fuel management activities can be successfully planned and implemented to maintain and
improve key landscape resilience features?

How can resilience be restored and maintained across broad landscapes that experience fire, particularly
in areas that have experienced increased fuel loads from past fire exclusion?

How do fire and fuels management activities vary in their impacts to forest resilience features at local and
regional landscape scales?

How might climate change alter the effects of fire and fuel management activities on landscape
resilience?
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Results should display fire and fuel treatment intensities and spatial arrangements that minimize
adverse effects and enhance landscape resilience features at one or more scales while also mitigating
wildfire threats.

Influence of fuel treatments on resilience to fire, climate change, and other
stressors.

Erik Knapp, Paul Hessburg, Jeanne Chambers

Fuel treatments are increasingly designed to restore or maintain the ecological resilience of native
ecosystems at a range of scales including community, stand and regional landscape. However, there is
often a lack of understanding of the factors that determine resilience to fire, climate change and other
stressors, of how resilience varies among and within regional landscapes, and of the metrics that can be
used to quantify resilience for the scales of interest. This information is necessary to evaluate the effects
of fuel treatments on resilience, and to tailor vegetation and fuel treatments to maintain and restore
resilient ecosystems.

Resilience is defined here as the capacity of an ecosystem to regain characteristic patterns and processes
over time following disturbance. The definition of resilience indicates that some properties of resilience
are quantifiable and may be represented by an observable set of properties and defined by measures of
degree. Resilience does not imply that systems are static; resilience can be related to system states and
their (in)tolerance to reshaping as indicated by transitions and thresholds.

The Joint Fire Science Program (JFSP) seeks proposals that will provide information on the effects of fire
and fuels treatments on ecological resilience across or within ecoregions at stand, community and
landscape scales, and that will develop concepts and tools for use in identifying and selecting appropriate
locations and methods for fuels treatments.

Proposals from a range of different vegetation types will be considered (i.e. forest, shrubland and
grassland), but will need to fill information gaps in at least one of the following areas:

Synthesize the available literature on the factors that contribute to ecological resilience for broad
ecoregions at community, stand and regional landscape scales with particular emphasis on fire and fuels
treatments.

Develop conceptual models and determine metrics that can be used to define ecological resilience and
thresholds of recovery for fire-prone communities, stands or landscapes. Approaches might include
guantifying the structure and community composition of landscapes that have been resilient to historical
or contemporary disturbance including fire, or defining landscape resilience along environmental
gradients that reflect regional climate.
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Determine the abiotic and biotic factors that influence ecological resilience for different fuel treatment
alternatives, define the metrics that can be used to evaluate resilience, and develop recommendations for
prioritizing fuel treatments on the landscape in ways that maximize resilience. This may involve
experiments that examine the response of key variables to fuels treatments over biotic gradients (e.g.,
stand density, understory composition) and/or abiotic gradients (e.g., effective precipitation, temperature).
Evaluate the potential effects of ongoing climate change on (1) the resilience of fire-prone ecosystems
and (2) the effects of fire and fuel management activities on resilience.

Tools, models, and frameworks to assess the positive and negative ecological
consequences of fuels treatments

Stacy Drury

The Joint Fire Science recognizes that fire managers need tools to investigate the ecological
benefits and consequences of fuels treatments. Fire and fuels managers tasked with planning and
implementing fuels treatments require easily understandable metrics to identify the ecological tradeoffs of
conducting fuels treatments. Fuels treatments are commonly intended to lower potential fire behavior and
or avoid undesirable fire effects with the objective of mitigating a recognized hazard to human life and
property. In addition, a common goal of fuels treatments is to move landscapes closer to a desired
ecological condition. However, decision makers tasked with planning fuels treatments currently lack
tools, models, or frameworks that explicitly address the ecological consequences of fuels treatments.
Submitted proposals need to address how to measure the ecological costs and benefits of fuels treatments
and how to link these tools to existing fire behavior and fire effects models.

The broad question is how do we treat the landscape to sustain or restore ecosystems while
reducing potential fire behavior and or adverse fire effects? For this task the JFSP is interested in
proposals that synthesize existing models and data into an easily understandable framework to provide
decision makers with tools to evaluate when fire and fuels management benefits, harms, or is neutral
ecologically. Since ecological systems vary over space and time, successful proposals will likely require
assessments that assess trade-offs among short-term actions and long-term responses, and illustrate how
these relationships vary from the local, stand level to the broader landscape.

All proposals submitted under this task statement must directly address at least one of the
following statements or questions:

[J  What models, tools, or techniques exist to evaluate ecological benefits and
consequences? How can these existing tools te that measure ecological consequences be
linked to existing fire behavior and fire effects modeling systems?

[ Develop methods or models for managers to evaluate the tradeoffs between conducting
fuels treatments to mitigate the risk of unwanted fire behavior and the goals of sustaining
ecological systems.
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Develop methods and models to evaluate how successional trends in vegetation influence
the efficacy and longevity of fuels treatments. What measures can be used to measure
how vegetation change over time could influence the treatment options for decision
makers?

1 Develop or modify existing fuels treatment planning tools to enable land managers to
design fuels treatments that sustain desired ecological characteristics across scales.

What are the consequences of applying traditional fuels treatments in long fire return
interval or mixed-severity fire regimes (e.g. lodgepole pine, spruce-fir forests, Wyoming
big sagebrush) where stand replacing fires may be within the natural range of variability?

Results should consider the ecological impacts of fuels treatments at multiple scales. Proposals
must include metrics that are readily applicable in the planning and monitoring/evaluation processes.
Successful proposals may incorporate fuels treatment influences on ecological integrity into conceptual
models (e.g. alternative state and transition models used in arid and semi-arid ecosystems) and possible
uses of techniques such as path analyses or structural equation models to examine the strength of
relationships should be examined.

The JFSP seeks proposals that expand on existing fire decision tools and explicitly link
succession and disturbance (e.g., state and transition) models with fire behavior and fire effects models in
existing and new decision support tools (e.g., ARCfuels, EMDS, IFT-DSS, WFDSS). The question of
whether it is ecologically [desirable?] to conduct fuels treatments in fire regimes characterized by
infrequent, stand replacement fires should be investigated.
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Executive Summary

Research needs identified in the Fuel Treatment — Line of Work (FT-LOW) include
investigations that provide better understanding of treatments implemented to reduce fuel
hazards, ecological effects of treatment, and modeling concerns. Thirteen research themes within
these three categories are presented, developed through reviews of extant literature, scoping with
managers, workshops with experts, and findings from previous JFSP and non-JFSP research.
Briefly stated, themes are:

Fuel Treatments
a. Improved metrics for evaluating fuel treatment effectiveness
b. Effectiveness of various fuel treatments (i.e., for hazard reduction) over time
¢. Understanding the relationship of fuel bed characteristics and dynamics to fire behavior
and effects (primarily hazard reduction)
d. Effectiveness of pile burning
e. Fuels within intensively managed areas

Effects
f.  Reintroducing fire into long-unburned forests.
g. Responses of shrubs, forbs, and grasses to fuel treatments in forested and non-forested
environments.
h. Influence of fuel treatments on nonnative species invasions and persistence in forested
and non-forested vegetation types.
i. Landscape resilience

Fuel Treatment and Effects Related Models
j. Modeling fuel and duff consumption and soil heating
k. Improved high resolution prediction of local winds in complex terrain
Wildland-Urban Interface
. Analyze the strengths and weaknesses of current models used for prescribing and
assessing fuel treatments

l.
m

Important subtopics underlying each theme are noted, subject to modification or replacement as
policies and circumstances change. Themes span a variety of fundamental and applied research
needs, with varying likelihoods of success as noted. Those that cut across needed foundations for
improving fuel treatment programs widely are identified as priorities. A timetable for
implementing themes over the next 3-5 years is presented, identifying higher priority
investigations while also suggesting the need for a structured, evaluative workshop after the third
year. A crosswalk is presented showing how specific themes underlie the Interagency Fuel
Treatment Decision Support System. Science planning considerations include timing,
dependencies, and synthesis papers that can provide current understanding within particularly
difficult themes. A prioritized list of noteworthy synthesis topics is provided for consideration by
the JFSP Governing Board.





The goal of this science plan is to build an appropriate understanding for fuel

treatment effectiveness and effects in wildland ecosystems so as to optimize
management opportunities and sustain natural resources.

Chapter 1: Introduction

Wildland fuel managers have long-understood that fuel, weather, and topography govern fire
behavior and effects. Fuel treatments have been proposed and implemented in recognition that
manipulations of weather and topography were not feasible. Most 20th century fuel treatments
tended to be implemented in more remote, backcountry areas where most wildland fires were
concentrated. The tragic loss of 14 firefighters at South Canyon and subsequent 1995 policy
revision gave rise to the Joint Fire Science Program (JFSP), jump-starting a new era of wildland
fire research, in particular, scientific inquiries driven by manager needs. Prior to the creation of
JFSP most fire research was confined to the US Forest Service experiment stations, a few national
parks and laboratories, and a handful of universities with interested key faculty.

With the expansion of exurban developments into formerly wild or intermix areas, and
consequent increase in wildfire costs and losses in interface areas since 2000, a greater emphasis
was placed on fuel treatments therein. These losses indirectly led to the National Fire Plan (NFP)
and Healthy Forest Restoration Act (HFRA) in response to growing concerns over sustainability
and socio-economic issues. The increased emphasis on urban interface fuel treatments continues
to the present, in part due to NFP or HFRA mandates, and also with mounting wildfire costs and
losses. Fuel treatments are relevant in either context, whether urban interface or remote
ecosystems, although research needs vary along the gradients in-between.

Our goal was to develop a science plan that builds appropriate understanding for fuel treatment
effectiveness and effects in wildland ecosystems so as to optimize management opportunities and
sustain natural resources. This science plan consists of background information regarding plan
formation, presentation of fuel treatment — line of work (FT-LOW) research themes, science
planning considerations (i.e., timing/sequencing), and conclusions. Appendices provide
additional details summarizing context for research themes and workshop deliberations.

A look back since JFSP Inception

Mega-fires and tragic losses since 2000 have spawned an expansion in the proportion of federal
land management agency budgets presently devoted to fire (i.e., approaching 50%). During
roughly the same time period, JFSP has helped change the face of fire research generally, and
with respect to fuel treatments in specific. Where before federal research labs expressed
occasional interest in studying fuel treatments, the existence of JFSP has made fuel inquiry a
focused priority. Synergies occurred as government and university investigators from ancillary
areas, such as the ecological and social sciences, responded to initiatives and research
opportunities.






The 1998-2000 Joint Fire Science Plan addressed four issues (Principal Purposes) critical to the
success of the fuels management and fire use programs. These included wildland fuels inventory
and mapping, evaluation of fuels treatments, scheduling of fuels treatments, and monitoring and
evaluation. The Congress included additional direction in the 2001 Appropriation for Interior and
Related Agencies. In addition to the four original Principal Purposes, the JFSP was directed to
focus attention on such issues as protocols for evaluating post fire stabilization and rehabilitation
projects, aircraft based remote sensing, and regional/local issues (Joint Fire Science Program
2001). Subsequent requests for applications (RFAS) expanded the scope of investigations to
include topical areas such as smoke management, rapid response, new science initiatives in fire
ecology and social sciences, regional consortia, and knowledge syntheses, among others. The
basic core interests expressed in enabling appropriations and legislative acts (i.e., Department of
Interior and Related Appropriations Act for FY 1998 and in subsequent years, P.L. 105-83, and
H.R. Report 105-163) remain important as research initiatives in their own right. Further, some
issues like scheduling of treatments have been refined and reformulated to stimulate continuing
investigation into problem areas as yet unresolved, such as the determination of fuel treatment
life-cycle and maintenance requirements.

JFSP has helped expand the breadth of individuals and institutions engaged in fire research, not
only within the Forest Service experiment stations but also among an increased number of
universities and non-government organizations (NGOs). A search of the JFSP database of 564
completed and current projects (www.firescience.gov) using the ‘fuel treatment’ criterion, shows
over 56 past and current investigations, including 34 completed since the first solicitation in 1998.
Another search for projects including “‘fuel treatment’ in project title or abstract lists 35 completed
and 21 active projects, including those classified under other subject areas, notably fire regimes,
decision science, and fire ecology. Abstracts and deliverables for other related research projects
can be identified using filters such as fire effects (with inclusion of keyword fuel), planning and
risk, fire behavior, decision support, remote sensing, and stabilization. While convenient, many
projects seem to be mis-categorized on the website, or could belong to more than one category.
However, the database structure only allows grouping by this primary key word.

JFSP sponsorship has promoted more and better studies into the practice of fuel treatments
(primarily prescribed fire and mechanical treatments), including effectiveness and ecological
impacts. Prior to the first JFSP Announcement for Proposals (AFP) in 1998, the science of fuel
treatments was disorganized and conducted haphazardly, more an after-thought than a priority.
As a consequence, methodologies for conducting research into fuel treatment weren’t well-
developed, especially as related to fuel hazard reduction and possible ecological impacts, or in
any of the related sciences. So much of the progress noted in the subject areas discussed below
has been accompanied by advances in investigative methods, which in themselves constitute a
significant contribution when compared to previous understanding.

By some accounts, we might be further along in terms of understanding fuel treatments had JFSP
adhered more strictly to its enabling principal purposes, i.e., the study of fuel treatments, without
adding the additional socio-ecological initiatives. Arguably, the addition of other topical areas
added breadth without corresponding increases in depth and/or focus to new knowledge. In our
opinion, the addition of these subjects has enriched the inquiry and ensured a broader
understanding of fuel treatments. Even so, the principal purposes behind JFSP’s formation
remain unfulfilled and in need of re-directed attention.
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Conceptual Framework and Approach

Figure 1 presents an overview for the approach used in developing this FT-LOW science plan.
Integrated fuel treatment research relies on an understanding of multiple disciplines (e.g., fire
science, ecology, biology, systems modeling, etc.) to provide an assessment of extant knowledge
and a focus on future research priorities. Recognizing that fuel treatments affect fuel
combustibility and fire potential across a landscape, we focused on developing research themes
that provide important insights to treatment effects. The bolded arrows in the figure reflect our
core focus on treatment effects on fire behavior and fire hazard reduction as well as the resultant
ecosystem effects from treatments. We felt that a thorough understanding of core knowledge
needs related to manager actions (fuel treatments) and treatment effects (bolded arrows) are
prerequisite to subsequent attention to societal values and outcomes. Further, we focused on
knowledge needs and modeling concerns that subject matter experts identified as important for
informing fuel management activities regarding treatments, including important spatial and
temporal feedbacks. While our themes acknowledge the importance of human dimensions (i.e.,
societal values and outcomes resulting influencing community actions across treated landscapes
and ecosystems), we focused on the bolded arrows in the diagram to keep the challenges
tractable.

Figure 1. Overview approach used in developing the FT-LOW science plan, with special attention to knowledge

gaps and modeling concerns at bolded arrows.

Integrated Fuel Treatment Research — A comprehensive framework for integrating
scientificdisciplines to focus on research priorities.

FT-LOW: Identify
knowledge gaps at
bolded arrows.

Identify feedbacks
though system:
spatial, temporal

Note: after Swallow {2008}

As part of our deliberations it was also useful to consider research needs associated with the tasks
that fuel managers confront in planning and implementing treatments (bolded arrow from
management actions to changed landscape, fuel, and fire potential) in Figure 1. For example, in





contemplating treatments managers need to assess fuel hazards, analyze weather influences, then
anticipate treatment effects on fuel profiles, fire potential, and ecosystems across a landscape.
Extant knowledge, models, and decision support tools assist with these challenges, but knowledge
gaps persist. Our intent was to identify and elaborate on these gaps in this science plan.

This science plan lays out a fuel treatment line of work (FT-LOW) over the next 3-5 years
comprising 13 study themes aimed at improving understanding of treatments implemented to
reduce fuel hazards, treatment ecological effects, and modeling concerns. Each study theme
encompasses a cluster of investigations spanning a range of fundamental and applied research
needs. The science plan outlined here will facilitate future studies by improving the knowledge
base regarding hazard reduction treatments and ecological effects, and by laying a foundation for
needed attention to other areas, such as tradeoff analyses and socio-economic effects. Moreover,
payoffs from model evaluation and verification should result in a wiser, better-informed user
base.

Procedures

Study themes and investigative clusters were developed following a lengthy, interactive process
involving scoping with managers, questionnaires, and structured workshops with managers and
researchers. Managers were involved with research theme formulation from the outset, with
structured questionnaires and feedback sessions at TFM and GS-401 courses taught by FT-LOW
team members. An additional survey was administered to attendees at the 4™ International Fire
Ecology and Management Congress in Savannah during Fall 2009. These information sources
provided background for our workshops in Charlotte and Phoenix (January and February 2010,
respectively). Workshop outcomes included proposed research topics and language, which the
FT-LOW team then re-composed and synthesized into the 13 themes presented here, relying in
part on our own background expertise and experience. Additional details on theme development
are included in Omi et al. (2010). Themes were also informed by reviews of related literature,
and past and current projects carried out in response to prior JFSP requests for assistance
(Appendix 1). Workshop participants exhibited general awareness of the existing bodies of
knowledge in crafting suggested wording related to proposed research themes (Appendix 2).

To obtain a better understanding of the work done under a range of topic areas, a more detailed
analysis had to be conducted than was possible through the JFSP home page. The JFSP office
provided us with an Excel spreadsheet of all projects completed since the beginning of the
program. It also included incomplete projects in the more recent years of the program. A manual
search was made of the entire data base for individual key word or key word sets that were
derived from our list of 13 topic areas for fuel treatments and their effects. A separate
spreadsheet was made for each project that contained these key word or key word sets. Tables
were also made for studies that fit under a more general category such as ‘vegetation recovery.’
Separate tables were made for:

Combustion

Consumption

Effectiveness time and space
Fuel bed

Fuel ladder

Hazard reduction

Invasive plants

Landscape, scale, pattern
Live fuel; live fuel moisture





Mastication

Mechanical treatment

Mortality

Piles

Plant species studies (individual species focus)
Seed

Severity; remote mapping of severity
Silviculture; plantations

Sprouting

Vegetation recovery; plant community characteristics
Wildland/urban interface

Wildlife, birds, fish, insects (not bark beetles)
Wind

These tables were then used to identify the studies specifically related to these topics, as mention
of a key word in an abstract or finding did not necessarily mean that the topic was a focus of the
research project. Tables initially contained only abstracts and findings, as well as all of the JFSP
assigned identifiers. For the effects tables, final reports were consulted in almost all cases and
additional information pasted into the tables. Final reports were further consulted to develop the
project narratives summarized in Appendix 1 by general topic area. A copy of each of the final
‘topic tables’ used in this analysis is included with this report on a compact disk in Excel format.

Chapter 2: Research Themes

Based on scoping, workshops, and synthesis activities, the FT-LOW team identified the 13
themes noted above, distributed among three broad categories of needed research: Fuel treatment,
Fuel Treatment Effects, and Models. Each FT-LOW research or modeling theme encompasses a
set of inquiries requiring additional investigation in order to improve fundamental understanding
and/or applied knowledge (i.e., from previous research) about fuels and fuel treatments. Models
and tools that can assist managers in the field are also discussed.

Integrative insights from previous research investigations (Appendix 1) and workshop
suggestions (Appendix 2) are highlighted below for each theme. Note that Appendix 1 contains
summary descriptions of all pertinent JFSP research related to each of these themes, and may
discuss other related research. Where available, draft language for RFAs is presented.
Likelihood of success for addressing each theme in the next 3-5 years is discussed.

Fuel Treatment Research Theme: Improved effectiveness metrics

Improved metrics for evaluating fuel treatment effectiveness

* Address modeling or measurement of inadequately covered fuel descriptors (e.g., fuel
moisture dynamics, live fuel flammability, needle drape, ladders, piles, masticated beds)

» Link to combustion significance

* Include measurements during and after wildfires

The primary objective of any fuel treatment is to mitigate wildfire hazard, and assessing whether
this objective was met would seem the most fundamental of fuel treatment inquiries. However,
of the 564 projects so far funded by The Joint Fire Science Program, we could find only 87 that
present original data addressing this question to some degree. While scientific inquiry on the





topic of fuel treatment effectiveness has certainly been conducted under other auspices, our
comprehensive search for documentation of treatment performance in wildfires (Martinson and
Omi in prep) suggests that the JFSP is responsible for nearly one-third of the extant fuel treatment
literature and nearly 50% of the product since its inception.

While the volume of information on fuel treatments has greatly increased over the last decade
(more than 250% by our estimate), there remain critical gaps in our understanding of treatment
effectiveness for mitigating wildfire hazard. An ideal evaluation of fuel treatment effectiveness
would include measurement of all fuel bed components that contribute to flammability, compare
potential fire behavior in treated and untreated fuel beds with predictive models, and compare
model predictions to observations from experimental fires or serendipitous wildfire events.
However, the vast majority of fuel treatment studies attempt only the first or the last of these, and
rarely well.

Half (44) of the 87 JFSP projects that include evaluation of fuel treatment effectiveness did so by
indirect measurement (e.g., planar intercept method after Brown (1974)) of one or more fuel bed
components and left any implication for fire hazard to assumption. Just 25% collected sufficient
fuels information to make fire behavior predictions using currently available models. About 30%
report treatment influence on actual fire behavior, although more than half of these are
retrospective evaluations of wildfire severity that generally have limited capacity to connect
observed responses to altered fuel conditions.

Only five projects could be found that included linkage of fuel bed measurements to fire behavior
predictions and observed fire outcomes (Richburg et al 2004, Call et al. 2007, Engle 2007, Knapp
et al. 2008, Vaillant et al. 2009). The Call et al. (2007) and Engle et al. (2007) projects involved
experimental manipulation of relatively simple grassland fuels, while the others focused on
mastication treatments. Several other projects have proposed linking fuel measurements to both
predicted and observed fire behavior in fuel treatments, but were either unsuccessful or have yet
to report results (e.g., Fites and Henson 2004, Battaglia et al. 2009, Keeley et al. 2009, Kobziar et
al. 2009). These projects also focused on masticated fuels, except for Fites and Henson (2004)
who attempted to collect fuels and fire behavior information from various fuel treatments as they
were burned over by wildfire. They were largely unsuccessful, though they did collect
information from one wildfire that had an untreated site with contrasting fuel conditions.

Thus, there is a critical need for future fuel treatment investigations to better integrate fuel and
fire measurements with modeling, experiments, and wildfire observations. While masticated fuels
have received recent attention from the JFSP, other fuel situations have been largely or
completely ignored in past fuel treatment studies and are poorly represented in current fire
behavior models, including fuel moisture dynamics, live fuel flammability, ladders, needle drape,
and piles. Moreover, metrics are needed that translate or transform reductions in wildfire severity
due to treatment at the stand- or fuel break level to overall decreases in other fire summary
indicators at the incident level (e.g., size, proportionate severity or damage, etc.). Improved
metrics that capture biological and physical impacts are essential for identifying treatment
productivity and attaching economic significance (i.e., benefits, costs) to treatments planned and
implemented.

Possible RFA Language
Contributors: Russell Parsons, Ruddy Mell, Morris Johnson, Roger Ottmar

Our ability to evaluate and compare different fuel treatment alternatives is currently limited
because we lack sufficiently detailed metrics that describe wildland fuels, fire behavior, and





potential ecological effects of fuel treatments. In canopy fuels, for example, it is common to
describe multistoried, spatially variable, and structurally complex fuel beds with single, stand
scale values for crown bulk density, stand height, height to crown base, and canopy cover. This
forced homogenization curtails our ability to describe current fuels as well as the changes
resulting from fuels treatment. Similarly, evaluations of how fuel treatments impact fire behavior
are limited to single outputs such as the torching and crowning indices, fire type (surface, passive,
conditional, active), spread rate and flame length which, although simple to calculate, are not very
sensitive to changes in fuels or informative on how fire burns in heterogeneous fuels. In reality,
fuel treatments may change fire behavior in more than one way, and there may be tradeoffs
between different aspects of fire behavior.

Metrics for fuels

Fuels are inherently variable. At present, for purposes of evaluating fuel treatments, fuels are
characterized with single values (i.e. site-level fuel loading) that fail to reasonably represent the
complexity of real fuel beds. New metrics for fuels should characterize the distribution of
guantities, capturing variability in fuel bulk densities, size class, and other fundamental
characteristics which affect flammability and fire spread over a range of scales. Fuel variability
within trees as well as within stands needs to be captured. New remote sensing techniques, such
as LIDAR, show promise toward meeting this need.

Metrics for fire behavior

Fires burn dynamically, with changes in behavior over time and space. A series of metrics are
needed for fire behavior which parsimoniously span all aspects of fire behavior relevant to fuel
treatments. Ideally, these metrics would be both measurable on real fires and output by fire
behavior simulation models to improve our ability to directly compare real fires with simulation
outputs. These metrics should be self-contained (without an implicit temporal or spatial scale)
such that, for any given fuel treatment, the value of a given metric could be obtained, over a range
of time, environmental conditions, and spatial scales.

Metrics to quantify fire effects change

Similarly, new metrics for fire effects must be developed which explicitly account for the
variability in fire effects observed following fire. Such metrics will greatly improve the
capability of managers to meaningfully assess the effectiveness of fuel treatments in the context
of ecological or restoration objectives.

Metrics for the Wildland Urban Interface

Fuel characteristics (type and spatial distribution and scale) and fire behavior in the wildland
urban interface (WUI) can be significantly different than in a wildland setting. This may require
unique metrics that can account for a wider range of fuel types (varied ornamental vegetation,
wildland vegetation, structures) and scales (individual residential plantings and treated and
untreated wildlands).

Likelihood of Success

The overall likelihood of success for this theme is high, provided JFSP stipulates and enforces
improved integration of fuel and fire measurements, with special emphasis on inadequately
covered fuel descriptors and measures during/after wildfires. Researchers are aware of
inadequately-covered fuel descriptors and may have initiated remediation already. Successful
linkage of fuels and treatments to fire behavior may in part depend on advances in fundamental
knowledge about relevant aspects of combustion science, so is rated a moderate likelihood of
success. The translation of reductions in wildfire severity to other fire summary indicators is a
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difficult task that can be approached with modeling. JFSP might impose a stricter standard, i.e.,
linking modeled outcomes to actual fire observations.

Fuel Treatment Research Theme: Temporal Effectiveness

Effectiveness of various fuel treatments (i.e., for hazard reduction) over time

» Fuel hazard dynamics as affected by type, frequency, timing, sequencing, intensity, and
seasonality of individual and combined treatments

»  Determination of treatment longevity

»  Prescriptions and effects for initial and maintenance treatments

A wide variety of interacting factors influence fuel treatment effectiveness, including treatment
type, intensity, size, frequency, season, age, and site conditions. Most of the 87 projects funded
by the JFSP that address fuel treatment effectiveness sampled multiple treatments, and provide
information on the influence of some aspect of treatment regime. These projects have also
increased the diversity of sources for information on this topic, as they are distributed across a
wide variety of regions and vegetation types. While mixed conifer forests west of the Rocky
Mountains have received the most attention (34% of projects), the distribution of studies is rather
impressive even though it is evident that many areas are in need of additional attention. A
contingency table that tallies projects by the regions and vegetation types represented is presented
below (note that some projects include sites in multiple regions or vegetation types):

West Central East
Coast Interior  Plains Midwest Southeast Northeast
Forests
Coniferous
Short-needled 3 2
Long-needled 10 8 1 12
Mixed conifer 15 15 2 1
Deciduous 1 3 3 1
Mixed forest 1 1 5
Woodland 6 1 1
Shrubland 6 5 1
Grassland 1 1 2

Still, our understanding of how treatment regime influences effectiveness remains superficial,
even in the most well-studied systems and without consideration to the limitations on fuel
treatment evaluations that were outlined above. Treatment type (prescribed burning versus
thinning, for example) is by far the most commonly assessed variable (60% of JFSP projects)
with prescribed fire most often represented (75%). Silvicultural and mechanical surface
treatments are each represented in just over one-third of these projects, while other types of
treatment (chemical, biological, natural disturbances) have received attention in less than 20%.
The influence of treatment intensity, frequency, and season of application remains little studied,
with each factor also represented in less than 20% of the funded projects. Knapp et al. (2009)
provide a noteworthy review and synthesis of the effects of prescribed fire season in various fire
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regimes across the US, noting differentials depending on seasonal distinctions in fire
intensity/fuel consumption.

Assessment of treatment size and arrangement in space and time remains a largely theoretical
endeavor (e.g., Finney 2006), though Engle et al. (2007) did conduct field experiments on the
effect of treatment patch arrangement on the spread of grassland fires. Also, Ritchie et al. (2006)
documented reductions in wildfire severity along a distance gradient from treatment edge,
implying a minimum effective treatment size for the conditions that were sampled.

The national Fire and Fire Surrogates project (Mclver et al. 2006, Youngblood et al. 2007) has
thus far been the most systematic attempt to examine the temporal effects of treatment regime
across a variety of site conditions. However, the focus of that project was also on comparing a
limited number of treatment types and only immediate effects have so far been presented. Just
one-third of JFSP funded projects relate treatment effectiveness to treatment age and less than
25% have sampled treatments that are more than 5 years old, though many are permanently
marked and potentially available for re-sampling.

Even fewer projects (16%) have investigated more than two factors of a treatment regime, and
two of the most complex are long-term experiments. Thies et al. (2010) have established a long-
term experiment in a ponderosa pine forest in the Blue Mountains of Oregon that compares spring
versus fall burning at 5- and 15-year intervals and the interaction with cattle grazing. Outcalt
(2006) collected fuels information from a long-term experiment in a loblolly pine forest in the
Piedmont of Georgia that also varies season and frequency (2- versus 3-year interval) of burning,
along with intensity (heading versus backing fire). Advancement in our knowledge of fuel
treatment effectiveness would be well served by additional long-term experiments that vary
multiple factors of treatment regimes in a variety of ecosystems.

Possible RFA Language
Contributors: Russell Parsons, Richy Harrod, Kent Slaughter

Fuel treatments are management actions intended to modify fire behavior and, possibly, effects at
a later point in time. It is generally assumed that, for any given problem in wildland fire, a
solution can be found for that problem through fuel treatments. While fuel treatments have
already been widely implemented in many areas, the assumption that fuel treatments will be
effective in modifying fire behavior for some period of time has generally not been tested.
Intuitively, we recognize that there are limits to fuel treatment effectiveness: they may only work
under certain environmental conditions, and over specific time frames. Given that substantial
resources are invested in fuel treatments, it is imperative that managers have confidence that their
efforts will be effective in meeting specified objectives. In this RFA, we solicit research that
would address the validity of this assumption through assessment of what situations in which fuel
treatments are effective or not. A broad range of research proposals may be considered:;
multifaceted proposals, which employ some combination of theoretical work, modeling,
laboratory, or field measurement, will be given preference.

JFSP is interested in supporting research to quantify fuel treatment effectiveness over time and
space by directly addressing these topics:

o quantifying the effectiveness of fuel treatments in modifying fire behavior over the near-
and long-term;

e quantifying the effects of spatial arrangement of fuel treatments across multiple scales;
and
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e quantifying the effects of fuel treatments under a range of environmental conditions (e.g.,
windspeeds, fuel moistures).

Likelihood of Success

Likelihood of success for characterizing effectiveness over time is high pending results from
ongoing funded JFSP research, with several indicators such as treatment type, longevity, and
seasonality being addressed in previous RFAs. Relating fuel hazard dynamics to other indicators,
such as treatment frequency, sequencing, and intensity may be more difficult and have a lower
likelihood of success. Developing prescriptions and predicting effects for initial and maintenance
treatments can be approached successfully by modeling. Understanding processes may take more
time and experimentation.

Fuel Treatment Research Theme: Fuel bed characteristics and dynamics

Understanding the relationship of fuel bed characteristics and dynamics to fire behavior and

effects (primarily hazard reduction)

*  Fuel bed characteristics across time and space

* Natural and activity fuels

» Effects of variation in firing patterns (distribution of ignition) on fire behavior and effects
across fuel beds and weather scenarios

A total of 41 JFSP projects to date have reported on some of the information implied in this FT-
LOW theme, i.e., changes in loading primarily, and depth secondarily. Topic focus has included
specific fuel beds (8 projects), ladder fuels (3), live fuels (10), and masticated fuel beds (20), as
summarized in Appendix 1, pages 8-11. Knowledge gained so far is restricted in usefulness
because of inabilities to translate such effects into meaningful changes in the fuel bed that can
lead to inferences about hazards (and hazard reduction). For example, allusions to changes in
surface-area-to-volume and packing ratios are mentioned in some studies although rarely
guantified. A more-often overlooked gap is the translation to actual reductions in hazard (or
subsequent wildfire severity) or in other meaningful indicators, such as proportionate area burned
at most damaging severity levels as related to the distribution of fuel treatments within a wildfire
perimeter.

Moreover, the recent JFSP attention to mastication as a treatment is merited, not only to clarify its
effectiveness as a treatment, but also because findings so far illustrate some of the gaps in our
understanding of fuel beds, combustion energy transfers and fire spread, and fuel treatment
impacts. Attempts to characterize masticated fuel beds only in terms that relate to current
specifications in fuel models and/or fire behavior inputs may be inadequate.

Further, investigations that rely in part or wholly on predictions from existing fire behavior
technologies are subject to the same restrictions and assumptions of the models themselves,
which often-times may not be realistic and can introduce analytical errors. For example, Cruz
and Alexander (2010) critique some of the short-comings of recent investigations linking crown
fire potential to the Rothermel (1972) model and subsequent derivations.

Thus, this FT-LOW theme and subtopic recommendations reflect the need for improved
capability to quantitatively describe fuel beds in terms related to fire behavior predictions that
ultimately can be translated into estimates for fuel hazard, with and without treatment. As with
the FT-LOW recommendations for fuel treatment effectiveness, estimates that can be compared
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with actual field observation are preferred. Reductions in hazard resulting from treatments that
promote fire management efficiency and/or public safety are also highly desirable.

Possible RFA Language
Contributors: Roger Ottmar, Russell Parsons, Morgan Varner, Morris Johnson, Kent Slaughter,
and Kathy Murphy

Evaluation of the effectiveness of a given fuel treatment requires an accurate characterization of
fuel quantities and characteristics, how the fuel treatment changes those attributes and moisture
regimes, and how those changes in fuels modify fire behavior, fuel consumption, fire brand
production and ecological effects. While numerous aspects of wildland fuel beds have been
described, much of this information cannot currently be used to its full effect in fire behavior and
fuel consumption calculations because the underlying fire behavior model (Rothermel 1972) and
fuel consumption models (Reinhardt et. al 1997, Prichard et. al 2006) are overly restrictive in
their assumptions about fuel beds. In reality, fuel beds are heterogeneous, often discontinuous,
and spatially variable; these aspects tangibly affect fire behavior, fuel consumption, and fire
brand production assessments necessary for judging the effectiveness of fuel treatments.

The Joint Fire Science Program (JFSP) is interested in sponsoring research projects to better
measure and model fuel bed components that are important to evaluating the effectiveness of a
variety of fuels treatment options that can be used for modifying fire behavior, fire brand
production and/or reducing potential fire severity and fuel consumption. Key aspects of fuel beds
that deserve greater attention are spatial variability in bulk density, size class distributions and
factors affecting flammability of wildland fuels.

All proposals submitted under this task statement must address the modeling or measurement of
one or more of the following fuel bed components and link these to fire behavior metrics which
are critical for either estimating fire behavior fire brand production, and/or fire severity
calculations across diverse vegetation types:

e Tree cover/loading/crown heights

o Ladder fuel loadings/type

e Needle drape loading

o Shrub cover/ loading/species/needle drape occurrence/regeneration
e Grass cover/loading/regeneration

e Small woody (shrubs) fuel cover/loading/depth

e Large sound and rotten woody fuel cover/loading/depth
e Litter cover/loading/type/ arrangement

o Duff loading/type

e Pile loadings/density/arrangement/size class distribution
e Masticated loadings/depth/woody size class distribution

Across these components, JFSP is particularly interested in proposals that address the spatial
arrangement, moisture dynamics, and changes in the physical and chemical characteristics of
fuels and fuel beds over time. Proposals that integrate modeling and field measurement, or which
develop new methodologies for fuel characterization are encouraged. Proposals that add value to
existing inventory methodologies (e.g., Photo Series) are also encouraged. Finally, given the
reliance of many fire behavior and fire effects models on fuel bed component characteristics,
JFSP encourages proposals that link to and/or improve current decision support models. Along
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this same line, JFSP encourages data that inform or improve fuel bed successional pathway
models (e.g., Forest Vegetation Simulator, Fuel Characteristic Classification System).

Likelihood of Success

The likelihood of success for understanding relations between fuel bed characteristics and fire
behavior is high, pending appropriate advances in combustion science. Sufficient data are
probably available from previous studies to model fuel bed characteristics across time and space,
for natural and activity fuels. Linkage of estimates to fuel hazards, with and without treatment,
also can be addressed through modeling. Verification of modeling outcomes with actual field
measurements has a lower likelihood of success. Linking fuel bed characteristics and dynamics
to large scale (i.e., ping pong) ignitions and effects probably has a low likelihood of success due
to problems with controlling aerial mass ignitions and replications, among others.

Fuel Treatment Research Theme: Pile burning

Effectiveness of pile burning

» Characteristics of piles created by different specifications and methods and relationship to
fuel consumption.

» How spatial arrangement and pile characteristics affect fire behavior, including fireline
intensity, spread between and among piles, and firebrand production

As noted in Appendix 1, pages 13-15, this topic area is partially informed by at least four (4)
previously funded JFSP projects that compared several fuel treatments, without specific focus on
pile construction and effects. Additional insights are provided by the Fire/Fire Surrogate study
plus an additional JFSP investigation into the 2000 Biscuit Fire. An additional motivation is
provided by anecdotal allegations that unburned piles may have contributed to crowning activity
and subsequent structural losses during the 2007 Angora Fire (T. Sexton, personal
communications). In specific, contentions alleged that piles created a greater amount and longer-
distance spotting than would have occurred if the thinning and piling had not occurred (even
though all crowns were consumed in the thinned/piled and untreated areas). Another issue was
whether the piles could have been burned when the thinning occurred, i.e., when the material was
freshly cut from living trees. Additional research questions include: Do embers travel farther
from piles or from crowns? Is ember production and subsequent spotting greater from piles or
tree crowns?

JFSP has funded numerous projects in which comparisons are made to stands that have been
thinned, piled, and burned (including the Fire/Fire Surrogate study). However, fundamental
understanding is lacking regarding the combustion dynamics within a pile (or fuel jackpot). No
previous JFSP studies (considered singly or as a whole) provides the needed focus for identifying
primary contributors to fire behavior/effects in piled areas, duration of effectiveness, and
ecological effects called for in this FT-LOW recommendation. In particular, research to date has
not provided insights into the fundamental characteristics of piles, and pile-burned areas
including differential burning characteristics and consequent effects. Knowledge gaps remaining
include: pile arrangements and geometries depending on method of construction; combustion
dynamics within and between piles; pile contributions to crown fire behavior and spread;
combustion/effects depending on spatial geometries and arrangements across a treated area.
Finally, current ongoing projects focusing on mastication treatments may provide additional
insights if treatment comparisons include analysis of areas where piles are created and left.
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Possible RFA Language
Contributors: Richy Harrod, Kathy Murphy

Managers often pile fuels as a way to mitigate heavy fuel loadings. Jackpot fuels may also be
considered as piles for the purposes of this task. When piles are burned, there is interest in better
understanding fuel consumption, the potential effects on water quality, effects to soils, invasion
by non-natives, and effects to riparian areas. In addition, knowledge is lacking about the effects
of piling and not burning and influence on future wildfire behavior.

Proposals submitted under this task statement must evaluate the effectiveness and/or effects of
pile burning or piling without subsequent burning by directly addressing the following questions:

e What are the characteristics (physical arrangement, composition, loading, bulk density)
of piles generated by different specifications and methods (hand, machine, natural and
mechanically generated jackpots), and how do these characteristics influence the way
they burn and fire effects?

e What are the effects of burning or not burning piles on soils, water quality, and residual
overstory trees (including riparian areas)? To what degree does spatial pattern influence
these responses (i.e. distance to nearest residual tree)?

e When piles are burned, what is the duration of any measured effects?

What are the primary drivers of fuel consumption in piled fuels?

e How does the spatial arrangement and distribution of piles, pile shape and size, and
interstitial fuels influence fire behavior (intensity, spread of fire between/among piles,
and firebrand generation)?

Likelihood of Success

Likelihood of success for understanding the effectiveness of pile burning is high-moderate
overall. Pile characterization will likely be more easily achieved than developing relationships to
fuel consumption. Specification of relationships between spatial arrangement and pile
characteristics and fire behavior will have a moderate likelihood of success, pending necessary
advances in understanding about combustion science, in particular regarding fuel clusters and
complex fuel beds.

Fuel Treatment Research Theme: Plantations and intensive management

Fuels within intensively managed areas

» Plantation establishment and management, including density, thinning, woody debris,
understory management, season of burning, type conversion, and relationship to fire behavior
and effects, including the effects of not-managing.

» Impacts of silvicultural treatments and regimes on fuel characteristics, including conversion
from off-site overstory species to ecologically desirable species (e.g. loblolly pine to longleaf

pine)

Fuel management issues exist in intensively managed areas throughout the continent, although
the issues vary depending on locale. In the Pacific Northwest and the Southeast, for example,
forest production is important and warrants considerable investment in management to maximize
growth and economic gain. Fire and fuel management is particularly important in those intensely
managed vegetation types historically characterized by frequent fire (such as southern pines,
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ponderosa pine). Intensive management also is required in WUI areas, even though WUI lands
may have limited commercial natural resource value.

Fire science research has been underway for many decades in forest production areas (as early as
the 1920s in the Southwest), and much is known about fuel management using fire and
silvicultural techniques, particularly at the stand level. The Fire/Fire Surrogate study provided
documentation that underpins regional management guidelines for several of the major fire-
adapted forest types, and additional findings and refinements for several others. Many major fuel
management guidelines are in place, notwithstanding specific local issues that frequently arise,
even though many silvicultural practices were implemented previously without consideration of
fire hazards.

Participants in the Charlotte workshop called for more research linking plantation silviculture to
fuels and fire. This included consideration of canopy litter and groundcover (live) fuels to fire
behavior and consumption, depending on silvicultural prescriptions and regimes. Particular need
was expressed regarding response of fuel bed characteristics to site conversion from off-site
overstory species (i.e., loblolly pine) to ecologically desirable species (i.e., longleaf pine).

WUI areas exist in nearly all vegetation types, and most fuel management concerns involve
sensitive social issues of protecting human life and property as well as natural resources.
Treatment of fuels to address social concerns may or may not be consistent with good ecological
science. Research focused on improving public understanding and acceptance of appropriate fuel
treatments could aid fuel management in WUI areas while also achieving suitable ecological
outcomes.

Charlotte workshop participants also expressed concerns that widespread fire use programs are
impractical where plantations are interspersed across a landscape. They suggested as a possible
theme the study of silvicultural interactions with the achievement of fire management objectives
in recognition of this conflict. Silvicultural prescriptions were an issue even in Eglin AFB with
its widespread and short fire rotational use program. Managers need answers regarding
achievable ends, including silviculture prescriptions to assure those ends.

Likelihood of Success

The likelihood of success is rated moderate for understanding fuels, fuel treatments, and fire
behavior within the entire gamut of intensively managed areas across the country including
plantations, based on the wide variety of silvicultural practices. Prospects improve for
understanding relationships for regionally-important ecosystems (e.g., longleaf pine in the
Southeast), although linkages to fire behavior will be difficult to establish except perhaps by
modeling. Implications for fuels and fire behavior based on plantation management options have
not been widely studied. Fuel and fire behavior impacts of silvicultural decisions regulating
density, thinning, woody debris, understory management, season of burning, type-conversion, and
effects of not managing have not been extensively studied and will probably await improvements
in fire modeling capabilities.

Fuel Treatment Modeling Theme: Local winds

Improved high resolution prediction of local winds in complex terrain

» Assess the ability of existing models to capture wind fields in complex terrain and over
landscapes with complex obstructions, including fuel manipulations.
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» Develop a database of field measurements of wind fields and atmospheric conditions over a
range of terrain and landscape characteristics, which can be used to validate current models
and expand modeling capability.

JFSP has funded four (4) previous projects covering a narrow range of wind forecasting and
modeling needs matched to wildland fire incident and decision support. Two of the projects were
unrelated to this FT-LOW theme. Two other projects were related in that commercial
computational fluid dynamics software was first tested, then proposed for use in a follow-up rapid
response project to provide wildland fire teams with high resolution gridded wind simulations.
The latter project (06-1-1-09) is described in a Fire Science Brief (Brown 2010) comparing the
commercial software WindWizard with the WindNinja model developed in part with JFSP
funding.

The intent of this FT-LOW theme is to assess capability of existing models for use in the
presence of complex obstructions, including fuel manipulations. Other wind models may be
equally (if not more) challenging, i.e., winds created by the fire itself, and interactions with the
landscape. The two projects previously funded by JFSP might provide useful precedent for
continuing this line of work. Arguably, JFSP might be the only entity that could consider a
proposal to fund creation of the database of field measurements (including fuel descriptors
understood and used by managers) required for validating current models and extending modeling
capability.

Possible RFA language
Contributors: Russ Parsons, Ruddy Mell

Winds are a first-order driver of fire behavior, directly influencing the spread rates and intensity,
and the transport of smoke and firebrands. Accurate predictions of winds are of paramount
importance to firefighter safety. NOAA (2008), WGA (2008), and OFCM (2007) all have called
for improved wind and fire behavior (fire weather) predictions and measurement support of those
predictions. This is especially critical in complex terrain. Wind fields can be significantly altered
by the presence of complex terrain and surface roughness (from vegetation and communities).
There is a need to evaluate the ability of existing models to capture wind fields in complex terrain
and over landscapes with complex obstructions. This includes large scale weather predictions
such as the Weather Research and Forecasting model (WRF) used by NOAA. Although the WRF
model can be implemented at the required resolution, it is essentially untested at the spatial scale
at which many fuel treatments are implemented. Other fire behavior modeling approaches were
specifically developed to operate at smaller scales (e.g., those based on WindWizard and
WindNinja, and more sophisticated fire behavior approaches such as WFDS, and
HIGRAD/FIRETEC), also need to be tested. Such an effort will require a database of field
measurements of wind fields and atmospheric conditions over a range of terrain and landscape
characteristics. Very few databases of this kind currently exist. Wind measurements over a
volume from airborne (e.g., piloted or unpiloted vehicles) and ground based (e.g., towers,
SODAR) platforms are essential. Improvements in our capability to accurately model wind fields
will directly result in improved fire behavior predictions and fire fighter safety.

Likelihood of Success

The likelihood of success is high for assessing the ability of existing models to capture wind
fields in complex terrain. Developing a common database that can be used to validate current
models and expand modeling capability will require interagency cooperation between managers
and scientists. In the presence of committed leadership, this databasing effort may have a
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moderate likelihood of success. Application of the principles of computational fluid dynamics to
predict local winds across complex landscapes will have low likelihood of success in the short-
term, although prospects improve over a longer timeframe with improved computer processing
capabilities.

Fuel Treatment Modeling Theme: WUI

Wildland-Urban Interface

» Sources of WUI firebrand production

» Heat fluxes from fuels to structure

* Quantify the hazard reduction benefits to the WUI of treatments outside the WUI

Fire hazards and risks in the WUI have been studied since the 1950s, predating JFSP inception by
decades (applicable JFSP projects are summarized in Appendix 1, pages 19-20). In order to keep
this problem area tractable, FT-LOW recommendations restrict suggested JFSP focus to the
following modeling subtopics: Sources of WUI firebrand production; heat fluxes from fuels to
structures; and quantifying the hazard reduction benefits to the WUI of treatments outside the
WUIL. Further, additional work on the first of these three subtopics should probably be deferred
pending completion of two projects currently ongoing. One focuses on characterizing spotting
potential using a physics-based model (07-1-5-01); the other involves adaptations to
HIGRAD/FIRETEC to model fire spread in the WUI (07-1-5-08). Additional subtopics under
this theme should be considered, especially since fundamental knowledge gaps remain.

Clearly, the WUI provides a highly visible and politically-sensitive backdrop for fuel treatment
research needs. This interest will likely increase as interface areas grow and fires continue to
burn in partial response to changing population demographics. The WUI modeling topics
identified in this FT-LOW assessment represent a small, yet important, challenge to the wildland
fire research community for contending with the many dimensions of potential WUI research.
From the perspective of this FT-LOW study, JFSP should restrict focus within the WUI to
projects that link directly to researchable concerns related to fuels and fuel treatments.

Possible RFA Language
Contributors: Bradley Washa, Ruddy Mell, Kathy Murphy

There is increased emphasis placed on hazard fuel treatments within the WUI adjacent to
communities following Firewise standards and identified in a Community Wildfire Protection
Plan (Presidents FY2011 Proposed Budget). In spite of widespread implementation, limited
research has been conducted to evaluate resulting fire behavior in treated areas, embedded
structures, and post-fire outcomes. JFSP is interested in supporting future research that answers
pressing issues related to the following topics:

e Data from pre and post fire studies is needed to reconstruct fire behavior from unplanned
ignitions. Among these needs are studies that take advantage of fires that intersect fuel
treatments along and within the Interface. The defensive actions within the community and
wildlands need to be accounted for in order to obtain an accurate accounting of fire behavior.
Results should be helpful in determining the effectiveness of fuels treatments in altering the
fire behavior, assisting in the suppression effort, and reducing structure ignitions.

e Additional information is needed on fuels and fire behavior in the WUI. Among these,
limited information exists on heat fluxes from fuels to structures and the production of and
ignition by firebrands.
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oData are needed on the sources of firebrand production (from both vegetation and
structures) and the impacts of ember showers on structure ignition. We encourage approaches
that span laboratory to field applications and that link to current and future modeling
platforms.

oLimited information on heat fluxes (their magnitude and duration) is available over the
range of weather and fuel conditions characteristic of WUI fires. This information is needed
to reliably link laboratory or modeling studies to realistic conditions.

Likelihood of Success

Prospects will likely be moderate for successful modeling of WUI firebrand production, and heat
fluxes from fuels to structures, pending advances in basic combustion science. Although the
hazard reduction benefits to the WUI of external treatments can be successfully quantified
through models, actual demonstration may be difficult.

Fuel Treatment Modeling Theme: Evaluation of current models

Analyze the strengths and weaknesses of current models used for prescribing and assessing fuel

treatments

» Develop a standard protocol for model field testing (requires standard set of model outputs);

» Summarize model assumptions and violation consequences;

» Identify and develop alternatives for sensitive variables that are difficult to measure, as well
as important variables that may be currently ignored.

The list of extant models is large and growing. Although many of the models were not designed
for use in analyzing fuels or fuel treatments, they have been adapted to answer related questions.
As noted in the Charlotte workshop, these include fire models (including growth, crowning,
spotting, etc.), fuel models, fire danger rating models, live fuel moisture, etc. Examples include
BehavePlus, FARSITE, FlamMap, FSPro, WFDS, FIRETEC, NEXUS, RERAP, CONSUME,
FOFEM, FVS-FFE, LANDFIRE, and others. Some of these have been used to develop decision-
support tools (e.g., FMAPIus, Starfire, ARCfuels, EMDS, IFT-DSS, WFDSS) using spatial
and/or remote-sensing technologies. Other simulation examples include landscape fire models
and succession models requiring fire and fuel inputs.

To date, JFSP has provided support for the development of numerous models in the general areas
of fire behavior/effects, decision-support, and management/policy (see Appendix 1, pages 23-25).
Fires burn dynamically, with changes in behavior over space and time that often defy modeling
efforts. As noted in the FT-LOW discussions on fuel bed changes/dynamics and fuel treatment
effectiveness, many studies overlook basic changes in fuel structure resulting from treatment and
rely on modeled fire behavior without verification using measurements on real fires.

At this point in time, it seems appropriate for JFSP to take stock of previous support for modeling
studies by analyzing the strengths and weaknesses of current models in use for prescribing and
assessing fuel treatments, and ensuring that such findings are made available for eventual users.
Such analyses would assist managers in carrying out the work flow scenarios supported by IFT-
DSS as delineated in Drury et al. (2009). These include data acquisition, identification of high fire
hazard areas; implementation of spatially explicit fuel treatments on a landscape; evaluation of
fuels treatment effectiveness over time; prescribed burn planning; and risk assessment for fuels
treatment planning. Also such disclosures would improve safety by contributing to more realistic
understanding of model capabilities. In addition, findings from such analyses would be helpful in
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building manager confidence and reliance in the upcoming fuel treatment decision support system
(IFT-DSS).

Model evaluation (not validation) should include, at minimum, clear specification of
assumptions/limitations, identification of data needs and collection methods, delineation of
appropriate evaluative criteria, and a listing of standards to be met in judging success. Other
issues include field-testing protocols, i.e., minimum number of test situations, replications, and
decision criteria regarding outliers.

At the same time, JFSP has an important role in supporting fundamental research and efforts
aimed at improved understanding leading to next-generation fire models. In terms of the FT-
LOW this includes support for improved theoretical understanding of the role of fuels in
combustion, specifically as related to assessing the success of fuel treatments with and without
wildfire incidence. JFSP also could support development of datasets to be used in testing and
comparing current models.

Likelihood of Success

The likelihood of success is high for identifying strengths/weaknesses of current models for
prescribing and assessing fuel treatments. Developing standard protocols and databases for
model field testing also can be successful so long as models outputs are standardized. Identifying
sensitive variables that are difficult to measure should be relatively straightforward; developing
alternatives may have lower likelihood of success.

Treatment Effects Research Theme: Fire reintroduction

Reintroducing fire into long-unburned forests.

» ldentify external (fire and fuel) and internal (structural and physiological) factors influencing
mortality of old trees in the immediate and short term.

» Establish procedures that can mitigate effects on large trees, including site specific actions,
and multiple treatment design and implementation.

There are millions of acres of forests in the U.S. that formerly burned with a regime of frequent
fires. These fires maintained an open canopy forest dominated by mature conifers, and in a few
cases, hardwoods, particularly oaks. Forests had productive understories of shrubs and/or
herbaceous plants, often with a large grassy component.

Exclusion of fire, harvest practices, and overgrazing have led to significant changes in these
forests. Canopies have closed, more shade tolerant species have increased, sometimes sharing the
canopy layer, loadings of surface fuels and duff have increased, duff mounds have accumulated at
the base of trees, ladder fuels have developed, and shrub and herbaceous layers have greatly
reduced productivity, and in some situations, have disappeared. Competition for resources has
made trees more susceptible to insect attack. A goal of the JFSP is to provide information and
tools that managers can use in planning and implementing fuel treatments. This cannot be more
complex than when treating fuels in many of these fire excluded forests. Mechanical thinning is
sometimes necessary before fire can be reintroduced because of the risk of crown fire, and
because the closed stands cannot be burned until fuels have dried. This is sometimes not until the
start of the fire season, and prescribed fire is deemed too risky. Studies have shown that
treatment of residual fuels is necessary to mitigate wildfire risk. Treatment of residual fuels has
caused undesired canopy mortality.
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Research needs include better methods for reducing the forest canopy through mechanical and
fire treatments, removal of fuel ladders, restoration of the surface shrub and herbaceous layer, and
perhaps most problematic, minimizing mortality of large, old growth trees. The latter two topics
are in the realm of fuel treatment effects. Effects on shrub and herbaceous plants are discussed
within another section of this document. The focus here will be on reducing mortality of old trees
as a result of restoration treatments.

Although a significant amount of work has been done in recent years to synthesize and gather
new information about the relationship between fire injury of conifers and postfire mortality from
insect attack, our understanding is still very limited on the relationship of post-fire tree mortality
to first order fire injuries, pre-fire fuel loading, and bark beetle attacks. We believe that a high
priority for the JFSP at this time is to develop more knowledge about how to reduce injury to
trees from fuels treatments in the short term. Mortality can result from damage to the canopy,
cambium, and roots, and often from an interaction of injury to these different parts of a tree.

Summary of pertinent research

Mortality of old trees. In order to develop fuel treatments that are most effective in limiting
injury, and also in order to predict mortality from wildfires, it is necessary to understand the
processes that contribute to mortality as a result of fire. The JFSP has funded ten studies that had
a major or minor emphasis on factors influencing mortality of old trees. These studies are
described in more detail in Appendix 1, pages 28-29.

A significant contribution has been a comprehensive review (07-S-09, Hood 2010) that
summarized the impact of burning on injury and mortality of large trees that survived frequent
low intensity fire regimes. Pertinent to this topic, the report reviews the literature on tree
mortality as it relates to tree physiology, properties of duff, and historical versus current
disturbance regimes. Mortality was often related to crown scorch from fires of higher ‘intensity’
or that burned under drier conditions in dry forests in California and Oregon. Burning at a lower
intensity could allow prescribed fire use for fuels management in eastern white pine. The more
recent the prescribed fire, the less mortality was observed from a Florida wildfire, with the
greatest mortality in plantations without a prescribed fire program. Higher residual tree mortality
occurred under higher loadings of masticated fuel. Coarse and fine root mortality was thought to
be a contributing factor in tree mortality in Florida and in Idaho. Two models for predicting tree
mortality for 12 species is now used in FOFEM and BEHAVE, using DBH and crown scorch,
with insect attack an additional variable in the second model. A model was constructed that
predicted mortality of selected tree species from stem heating, and a different model correlated
tree mortality with measures of crown, bole and basal damage. The literature review performed
by Hood provides a significant basis for further research in these areas.

Other research work of significance on this topic includes studies on feeder root mortality as a
major factor in tree injury from fire and mechanical treatments (Grier 1989; Swezy and Agree
1991). A recent paper discussed process modeling for predicting tree injury and mortality (Butler
and Dickinson 2010); models that can be used to provide predictions of injury and mortality when
there are no field measurements. A paper by Kavanagh and others (2010) modeled an additional
physiological factor that may be contributing to tree injury and latent mortality, development of
an embolism, or break in the water column that transports liquid water to various parts of the tree.

Procedures to mitigate treatment effects on large trees. The comprehensive literature review
funded by JFSP discussed above (07-S-09) summarized the impact of burning on large tree injury
and mortality. Pertinent to this research area, the report discusses information about appropriate
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treatment options that could limit large diameter tree injury and mortality in areas with deep duff
accumulation and methods for duff manipulation. Nine other JFSP projects had a primary focus
on treatment design to mitigate injury from prescribed fire. Raking basal duff mounds reduced
tree mortality in three studies in Wisconsin, northern California, and Arizona. A study in
southwest Idaho investigated various duff mound treatments. Three projects studied overstory
mortality related to thinning and prescribed fire and fire alone; thinning from below and
underburning with slash removal; and prescribed fire alone. Another project considered mortality
related to burning different loadings of masticated fuels. A riparian restoration project that
intended to preserve overstory cottonwoods investigated various combinations of mechanical
treatment, herbicide and prescribed fire. See Appendix 1, pages 30-31 for more details on JFSP
studies.

Possible RFA Language

The Joint Fire Science Program would like to support research that enhances our ability to
successfully reintroduce fire into long unburned forests, with a particular emphasis on protecting
remaining mature trees. Two general areas of inquiry are:

» ldentify external (fire and fuel) and internal (structural and physiological) factors influencing
mortality of old trees in the immediate and short term.

» Establish procedures that can mitigate effects on large trees, including site specific actions,
and multiple treatment design and implementation.

The Tucson Workshop developed a list of research topics for reintroducing fire into long
unburned forests. The workshop product on this topic is reproduced here. Note that the list of
research needs is derived from Hood (2010, p 57).

“There are still many unknowns to the multitude of managerial questions on this
topic. The research is very limited on relating post-fire tree mortality to first order
fire injuries, pre-fire fuel loading, and bark beetle attacks. Many of these studies
had primary objectives other than overstory tree mortality; however, it is clear that
there is a need for long-term studies that document pre-fire forest and fuel
conditions, fire and silvicultural treatments, and post-fire effects.”

“Abundant room exists for more research on limiting overstory tree mortality
from prescribed fire in long-unburned forests. Research topics could include:”

o “Define the relationship between duration and extent of soil heating to actual
root mortality.

e Characterize deep duff moisture-of-extinction limits for all fire-dependent
forests.

o Determine the feasibility of and conditions under which consumption of deep
duff layers may be regulated during prescribed burns in order to limit tree
mortality.

e Determine critical microsite characteristics and parameters that affect basal
duff consumption and potential cambium injury for fire-dependent species
and overstory size classes.

o Determine if season of raking or amount of time between raking and
prescribed burning affects tree mortality (relates to fine root recovery).

e Correlate level of cambium injury to insect attack level.
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e Determine the horizontal and vertical distribution and abundance of fine roots
adjacent to the tree bole, and the effect of raking on these roots, for a variety
of sites and species.

e Conduct long-term studies on the effects of fire on old trees and other
ecosystem components.”

Research needs also include more inquiry into the causes of root mortality, including the role of
carbohydrate depletion, and injury, mortality, and reduced productivity of fine roots.
Understanding root mortality also requires knowledge of fine root distribution throughout a forest
floor, and the phenology of their production, activity, and sensitivity to fire. Research needs were
included in two other research papers, discussed above, that have been discussed under this topic.
Kavanagh et al. (2010) suggests a new line of research into causes of canopy mortality, the
formation of an embolism or break in the water transport column within needles caused by hot
dry air in the plume, at temperatures below what is considered to be lethal temperature. If this is
true, our models for canopy mortality which currently consider crown scorch could require
significant revision. Further work is suggested to validate this model, and also determine if
embolism formation could be a factor in root and basal stem mortality.

Research gaps that hinder the application of process-based tree injury and mortality models
(Butler and Dickinson (2010, p55) include “linkage of fire effects models with combustion
models (especially coupled fire-atmosphere models) through the boundary conditions required for
simulating tissue heating, descriptions of live tree thermal and physical characteristics, and better
understanding of the physiological basis for delayed fire-caused mortality and the interactions
between fire injury and second-order causes of mortality such as diseases and insects.” These
authors also note that prediction of tree mortality will require a duff moisture prediction system,
as there is currently no system available for use by U.S. fire managers.

Likelihood of Success

A major and more general issue is that most predicted models are based on statistical
relationships between injury and mortality. There is a high likelihood of success attached to
developing these statistical relationships. We need models that describe the processes causing
injury and mortality. The likelihood of short-term success in injury prediction is low because we
first need a better understanding of mechanisms causing injury and mortality response for tree
canopies, stem bases, and roots before processes models can be built.

Treatment Effects Research Theme: Understory vegetation responses

Responses of shrubs, forbs, and grasses to fuel treatments in forested and non-forested

environments.

» Determine principles governing mortality and/or post-treatment recovery of individuals from
various plant functional groups, including trees, shrubs, forbs, rhizomatous grasses, and
bunchgrasses, both from resprouting and from seed reproduction.

» Investigate how frequency and seasonality of fuel treatments and treatment combinations
affect plant responses, including redevelopment of live fuel layers.

A wide variety of plant response to fuel treatments has been observed, as well significant
differences in recovery after wildfires. Variations are caused by plant properties, the associated
fuels, and the characteristics of the treatment, including fire. While work has continued on fuels
and treatment application, relatively little research has occurred that addresses plant response,
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particularly of the forest understory, or the vegetation that dominates in shrublands and
grasslands. Rapidly recovering surface vegetation is a key factor in protecting watersheds from
erosion, capturing nutrients released by combustion, and providing wildlife habitat. Fuel
treatments have the capacity to significantly affect this vegetation, changing species composition,
and plant productivity, and for this reason, a comprehensive fuel treatment program will consider
these effects. Detailed literature reviews on plant response to fire have been completed and
published elsewhere, and will not be reviewed here (for example: Miller 2000; Stefan et al. 2010;
Zedler 2007). Expected responses of plants to mechanical treatments can be inferred from the
information in these reviews. The issue is that we know in general what to expect, we cannot
predict responses from fuel treatments because we lack quantitative data on plant - treatment
interactions.

Plants can survive fire, although most understory species are at least top Killed if exposed to
flames. Plants recover either by developing new shoots from dormant buds or bud primordia, or
by establishing new individuals from seed. Much of the information on shrub and herbaceous
response is anecdotal, or based on post treatment, or post fire observations. Quantitative
relationships between treatment and response have rarely been established. It should be noted
that the JFSP commissioned a literature review on the effects of fire and thinning treatments on
understory vegetation in U.S. dry forests (07-S-11) (Bartuszevige and Kennedy 2009). Their
conclusion is that “prescribed fire and mechanical thinning treatments can increase production,
cover, and richness of understory herbaceous species.” However, the magnitude of the response
may depend on the treatment. They document varying species response to treatments. However,
all results are qualitative, and the only reported fire characteristics are flame length and “fire
temperature.” Plant response mechanisms are sometimes reported in the literature review, and not
in the extensive tables. Treatments effects on specific plant responses cannot be derived from this
report.

Summary of related research

Mechanisms affecting post treatment recovery of shrubs, forbs and grasses. Vegetative
regeneration of on-site species is a rapid means of postfire recovery that can quickly reestablish a
layer of vegetation. The Joint Fire Science Program has sponsored five projects that have
considered postfire sprouting as a means of vegetation recovery, after wildfire and prescribed fire
(See Appendix 1, pages 34-35). Several JFSP sponsored studies have noted relationships
between treatment type and sprouting. One study related wildfire severity to sprouting of one
shrub species, although because this was a retrospective study, no relationship to fuel or burning
conditions is possible. While we understand the basic process, for most species we know little
about the regenerative capacity of different species and structures, e.g. the type of structure from
which shoots originate, their heat tolerance, or number of dormant buds or bud primordia, or the
distribution of sprouting structures within litter, duff and mineral soil. We don’t have a means of
predicting lethal temperature penetration within soil organic layers. We cannot model lethal
temperature penetration effects on buds or bud primordia on reproductive structures. No JFSP
project conducted quantitative analyses of relationships between the heat regime of a fire and
postfire resprouting. Although JFSP studies have not focused on factors regulating postfire
sprouting after fuel treatments, other work has shown a strong relationship between fuel and duff
consumption and soil heating, and postfire sprouting (See Miller 2000; Stefan et al. 2010).

Key factors that determine postfire seedling establishment include seed supply and dispersal;
seedbank, both soil and canopy stored; the postfire seed microsite environment; fire stimulated
germination; and seedbed requirements. A comprehensive review of this literature has been
completed by Miller (2000), and no attempt will be made to summarize this information in this
report. Joint Fire Science Program research (Appendix 1, pages 35-37) has conducted twenty one
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studies that included work on factors affecting seed germination and seedling establishment.
Seven studies occurred in western shrublands and grasslands, eight in western forests, and six in
the southeast. Seven studies considered establishment of shrubs and/or herbaceous species from
seed in non-forested systems, twelve studies had a tree regeneration focus, and one study
considered seedling establishment from both trees and understory species. Several studies
considered seedling establishment with respect to fire severity and the creation of bare mineral
soil seedbed, and noted more seedling establishment after fire than mechanical treatment, likely
also related to seedbed creation. The potential for soil seedbanking was noted in two projects,
and studied in one, although any potential for fire induced germination was not investigated.
Seedlings of species were noted in burned areas that were not present before fire, likely because
of fire enhanced germination. Increases in potential or actual seed production were noted after
fire. Four studies focused on the relationship between treatment type and conifer establishment
from seed, with more seedlings generally observed after fire. Few of these projects provided
significant insight concerning the factors affecting postfire seed germination and seedling
establishment, particularly information that can be used in a predictive manner. Studies were to a
few species and a few areas.

Of the dominant vascular life forms, we know the least about bunchgrasses. The reviews in
Stefan et al. (2010); and in particular Zedler (2007) summarize what we know about the
principles determining bunchgrass mortality, regeneration, fire enhanced flowering, and
conditions favoring seedling establishment. Most of the specific studies on response of individual
bunchgrass plants have been based on burn barrel studies, which do not well represent conditions
under which a fire burns in natural fuels. We do not know how fuel, moisture, burning
conditions, and phenology relate to bunchgrass survival or mortality. In arid and semi-arid
regions that are susceptible to invasion by exotic annual grasses, competition provided by a
healthy community of recovering bunchgrasses can keep these undesired species in check. Being
able to predict their recovery will allow the development of more effective fuel treatment
prescriptions, as well as allow for better decisions about the need for postfire rehabilitation. For
these reason, we recommend that a specific study on bunchgrass fire ecology and effects be
funded.

Effects of frequency and seasonality of fuel treatments on plant response. Fire frequency effects
on vegetation have been studied the most in the southeastern U.S., because of the rapid rate of
regrowth of understory vegetation after fire treatment. As a general conclusion, it can be said that
in southeastern coastal plain pine types, the more frequent the fire, the more likely it is that an
herbaceous understory will be established or maintained. The frequency that causes a shift
between herbaceous and shrub dominance relates to the specific plant community, and previous
management of the site. There is also an interaction between frequency and season of fire, with
dormant season fires sometimes favoring dominance by different understory species than growing
season fires. JFSP sponsored studies on frequency and seasonality effects are summarized here,
and described in greater detail in Appendix 1, pages 37-42).

There are two different aspects of fire seasonality. One is the difference in the ability of a plant to
survive or regenerate because of seasonal variation in the likelihood of injury, and its ability to
recover or regenerate. Some important factors that affect plant survival, recovery, and re-
establishment include variation in carbohydrate reserves that support initial regrowth and dormant
season respiration, plant moisture content, and timing of seed dispersal. A difficulty of using the
‘season’ concept to relate to plant response is that “ “season’ is not a quality (of grasslands), but
only a rough predictor of the state of vegetation and the physical condition at the time of the burn,
neither of which are easily measured” (Zedler 2007).

26





The second aspect of season is seasonally distinct variation in burning conditions. Different parts
of the U.S. have pronounced yearly patterns of temperature and moisture, all of which affect fuel,
duff, and soil moisture. Distinct wet and dry seasons often occur, and the moisture regime and
burning conditions vary accordingly. Because of resultant differences in fire intensity and fire
severity, fire effects can vary considerably because of the significantly different heat regime to
which the plants are subjected.

The Fire/Fire Surrogates study (99-S-01) and the JFSP commissioned review of the ecological
effect of prescribed fire season (07-S-08) concluded that where strong seasonal differences in fuel
consumption exist, particularly in the western U.S., fire severity overwhelms any effect of plant
phenology. Where little seasonal difference in fuel consumption occurs, especially noted in
grasslands, plant phenology is likely to be a more important factor. Most species nonetheless
tend to be resilient to one or a few off-season prescribed burns. For all regions, a heterogeneous
fire regime, both frequency and timing, appears to be the most important for maintaining
biological diversity.

JFSP sponsored work has shown that undesired woody species in the Northeast and Mid-Atlantic
States can be controlled by treating them during low points in the carbohydrate cycle, with
repeated treatments the most effective. In the Southeast, dormant season burns tend to promote
woody species, while growing season burns favor herbaceous species. The exact timing of a
growing season burning caused a greater grass flowering response in Wisconsin. In California,
no seasonal differences in effects on understory species occurred, attributed to moist spring
burning conditions outweighing any potentially negative effects of plant growth stages during
spring fires. Burning appeared to outweigh any effect of season in mountain big sagebrush
communities. More tree mortality occurred in the fall, attributed to higher severity of fire, while
on these plots, the balance of types of herbaceous plants varied, with more annual and biennial
plants in the fall. It is difficult to draw conclusions from many studies for which season can be a
factor because research projects do not document significant factors, such as exact phenological
state, the fuel, duff and soil moisture conditions under which a prescribed fire treatment occurred,
or the nature of changes in site conditions caused by the treatments.

Possible RFA Language

We recommend that the JFSP sponsor comprehensive studies in several major ecosystem types to
elucidate the factors that control plant recovery after mechanical and prescribed fire treatments.
Research should focus in two areas:

» Determine principles governing mortality and/or post-treatment recovery of individuals from
various plant functional groups, including trees, shrubs, forbs, rhizomatous grasses, and
bunchgrasses, both from resprouting and from seed reproduction.

» Investigate how frequency and seasonality of fuel treatments and treatment combinations
affect plant responses, including redevelopment of live fuel layers.

Rather than trying to derive general principles from a large network of sites such as the Fire/Fire
Surrogate programs, much more specific details can be gleaned from intensive research at a few
representative sites that represent priority ecosystems. In particular, experiments in a single
vegetation type with replicated prescribed fire treatments under a range of fuel, duff and soil
moistures can help to understand the interrelationships among plants, treatment, and post-
treatment conditions. Plant phenology, season, and treatment frequency can also be key
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variables. Data collected from such a study can also be used to develop better models for
predicting fuel and duff consumption and soil heating (discussed under a separate item).

Proposals need to address this research within a plant functional group context as it relates to: 1)
aboveground regeneration/mortality, e.g. epicormic buds aerial stems and basal crown, and 2)
belowground regeneration/mortality, e.g. from root crowns, rhizomes, bulbs, tubers, and 3) fine
and coarse root regeneration and mortality.

Proposals also need to include consideration for the degree of change in site conditions caused by
different fuel treatments, such as changes in overstory and mid-story density, depth of residual
masticated material, and creation of mineral soil seedbed.

Where prescribed fire is part of the treatment, proposals must consider burning conditions,
including weather, fuel, duff and soil moisture, amount of consumption of coarse woody debris
and litter and duff layers, and soil heating.

Proposals addressing frequency and seasonality must include, in addition to pertinent factors
above (particularly the site moisture regime), date, the proportion of cool and warm season
species, herbivory, exact phenological state of key species (e.g. dormant, buds breaking, initial
stem elongation, terminal buds set; flowering, fruit developing; fruit set). All studies should
make note of antecedent and post treatment climatic conditions and weather, since these factors
can have an important effect on establishment, survival and production of resprouts and
seedlings.

Proposals should address these questions for ecosystems where fuel treatments are widespread
and the results will be broadly applicable. Proposals should provide documentation of knowledge
gaps and species for which responses are not well understood. Detailed descriptions of
pretreatment site conditions and treatments should be provided. Because research conducted
under this proposal must be completed with 3 years, proposals that build on existing studies to
address long-term organism responses to treatment or after multiple treatment applications are
particularly encouraged.

Likelihood of Success

Determination of principles governing mortality and/or post-treatment understory recovery will
require more fundamental studies with lower likelihood of success, although three year studies
could provide significant insight on specific research questions. Descriptive investigations into
the influence of seasonality of fuel treatments (and treatment combinations) will have a higher
likelihood of producing results in the short term than studies of the effects of a range of treatment
frequencies, which can only be evaluated over a longer term.

Treatment Effects Research Theme: Nonnative invasive plant species

Influence of fuel treatments on nonnative species invasions and persistence in forested and non-

forested vegetation types.

» Determine the plant species characteristics, site factors, and postfire and post treatment
conditions that enhance or inhibit establishment, persistence, and spread of nonnative
invasive species.

» Investigate the effects of individual or interacting treatment methods on the control of
nonnative invasives that alter fire regimes.
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Invasion of nonnative species is an issue on millions of acres in the U.S. Increased occurrence of
these undesired species has been observed after wildfires. Treatments designed to manipulate
wildland fuels have been observed to increase the presence of nonnative invasives. Other fuel
treatments are designed specifically to control those nonnative invasives that have significantly
increased site flammability, and/or altered the fire regime to the detriment of desired native
species.

To better manage nonnative invasives, we need improved understanding for individual invasive
species, and species guilds -- their biology, ecology, and relationship to site conditions, and to
past and present plant communities. Some of the knowledge of principles governing nonnative
recovery may come from studies of native species. However, many invasive species gain
dominance because they are uniquely adapted to conditions created by fire and fuels treatments.
The application of treatments for managing invasives that have altered fire regimes requires that
we develop improved knowledge on how different treatments and treatment combinations affect
individual invasive species of concern.

The Joint Fire Science Program has funded several projects that synthesized knowledge about
nonnative invasive species. Anyone proposing invasive species research should be familiar with
this information. One of the most useful is an edited volume ((04-4-1-08) published by the Forest
Service (Zouhar et al 2008)) that summarizes and synthesizes current knowledge about the
ecology and management of invasive plants and fire in the United States. This document includes
three sections: (1) overview chapters highlighting the potential for nonnative species to increase
after fire, the effect of these species on fire regimes, and the use of prescribed fire to control
them; (2) analysis of the relationship of fire to invasions and invasible plant communities in seven
regions of the United States; (3) issues of nationwide concern, including knowledge gaps in
relation to fire and invasives, postfire rehabilitation, prescribed fire monitoring, and effects of fire
surrogate treatments on invasive species.

The JFSP commissioned a report (Erickson and White 2007) to summarize the result of invasive
plant studies that sponsored by the Program. Studies have identified factors that can contribute to
whether an ecosystem is vulnerable to invasion, how prescribed fire and fuel treatments might
actually increase invasive species, and some successful mitigation strategies against invasives.
Other JFSP sponsored synthesis projects are summarized in Appendix 1 (pages 44-46).

Summary of related research

Factors enhancing or inhibiting nonnative invasive species. Individual JFSP projects are
described in more detail in Appendix 1 (pages 46-50). Projects have examined several factors
that affect community susceptibility to invasion, as well as changes induced by treatment or
wildfire that improve establishment. Competition from a healthy residual native plant community
is important. Cheatgrass establishment at lower elevations is most limited by moisture
availability, and at higher elevations by temperature. Field surveys showed that soil
characteristics, particularly availability of certain nutrients, differed between invaded and
uninvaded patches and depended on climate.

Postfire seeding in semi-arid environments is often unsuccessful, and the disturbance associated
with the seeding procedure can create microsite favorable for invasive establishment, as well as
reduce cover of residual native perennials. In areas of dry forest, cheatgrass establishment was

not favored by raking used in association with seeding perennial grasses.
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Burning or cutting of resprouting woody invasives during periods of active growth, when levels
of stored carbohydrates are lowest had the greatest effect, and repeated treatments during active
growth periods are even more effective. Repeated canopy defoliation by insects also reduces
reserves and can cause some mortality.

Several studies considered the relationship of fire severity and nonnative invasive establishment.
These studies lost some of the comparative value, however, when severity classes were not
defined. In California chaparral, increased fire frequency reduces the ability of native species to
recover, and results in increased alien cover and species richness. Three different projects found
a relationship between high forest fire severity nonnative species establishment, although the
invasives did not have a significant effect on native species recovery.

One study related postfire invasion to prefire plant community, finding more invasives in
communities that had sparse ground cover before the fire. A community that had species that
rapidly resprouted after fire had the least invasion.

Reduction in canopy cover and the creation of bare mineral soil seedbed explained the most
variation in establishment of a nonnative shrub in the Smoky Mountains. Bare mineral soil on
fuel breaks created by heavy equipment were the most frequent sites for exotic species
establishment in southern California.

Thinning treatments in oak and chaparral communities increased cover of nonnative annual
grasses and decreased cover of nonnative annual forbs. On two fire/fire surrogate sites in western
Montana and Oregon, thin and burn treatments had the highest numbers of exotic plants.
Mastication treatments led to the highest amount of exotic invasions in California, while
mastication plus burning treatments had the greatest exotic increase in the Klamath Mountains of
California and Oregon.

Responses of vegetation to chipping and mastication could not be generalized across western
forest ecosystems. Increases in nonnatives likely resulted from site changes and disturbances
caused by thinning operations, not just the mulching. At the ecosystem level, masticated areas
did have more nonnative species than untreated areas. Although occurrence was infrequent and
abundance low, continued monitoring was warranted because these species have potential to
increase over time.

Control methods for nonnative invasives that alter fire regimes. Three completed JFSP projects
directly addressed control of cheatgrass, and there are four active projects on this topic.

Livestock grazing and prescribed fire significantly reduced the cheatgrass seed crop, although
probably not enough to prevent reestablishment of this annual grass. Two projects considered
individual or combinations of mowing, fire, and herbicide use, finding that the longest duration
reduction of cheatgrass occurred with fire treatments followed by herbicide. Four current projects
are investigating various treatment combinations, the possibility of using a native seed fungus to
kill cheatgrass seeds, and seeding with annual natives to provide competition. A fourth study is
assessing native and annual grass vegetation recovery after repeated fire, and the effectiveness of
rehabilitation actions.

Control of perennial grass species has been investigated in three projects. One study considered
various methods to reduce cover of an exotic perennial in Hawaii that has significantly increased
fire hazard. Two North Dakota studies determined that prescribed fire was not an effective way
to remove two nonnative cool season perennial grass species, growing in association with native
cool season grasses.
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Three projects have been developing ways to remove tamarisk, although one study also targeted
other species. Multiple treatments, including fire and herbicide, have been effective, and single

treatments have not. JFSP projects summarized here are described in greater detail in Appendix
1 (pages 50-53).

Possible RFA Language

JFSP is interested in supporting research on the relationships between fuel treatments and non-
native invasive species, with some emphasis on those species that alter fire regimes

» Determine the plant species characteristics, site factors, and postfire and post treatment
conditions that enhance or inhibit establishment, persistence, and spread of nonnative
invasive species.

» Investigate the effects of individual or interacting treatment methods on the control of
nonnative invasives that alter fire regimes.

Our review of previous research shows that there is much yet to learn about fuel treatments and
invasive species. For example, how do different forms of mastication and post-treatment
masticated fuel beds enhance invasion by nonnative plants? Does nonnative invasive presence
within an area always mean that it is likely to gain post treatment or postfire dominance — what
makes the difference between that species gaining dominance or remaining a minority part of the
plant community? How long do viable seeds of individual nonnative invasive species persist in
the soil?

The workshop held in Tucson in February 2010 in support of this project identified some research
topics (contributed by Sharon Hood, Jeanne Chambers, Gregg Riegel):

the differences among different types of fuel treatments in enhancing invasions,

the amount and type of treatment induced disturbance that increases invasion susceptibility,
the properties of specific native plant communities that make them resistant to invasion,
the role that pretreatment condition (species composition and abundance) of a plant
community plays in determining the amount of exotic invasions

o the characteristics of invasive species that make them likely to invade and persist in plant
communities on different types of ecological sites

o the role in different ecosystems that available resources play in enhancing or decreasing
invasion by nonnatives

o the factors influencing persistence of nonnative species to a degree that they influence
productivity of desired native species,

o the degree of community dominance by a nonnative invasive that will change fuels
characteristics to a degree that site flammability is significantly altered

o how fuel treatments can influence spread of invasive species across the landscape and over
time

¢ how frequency and intensity of disturbance can interact to influence native species
establishment and continued presence.

Specific areas of research were provided in several of the projects funded by the JFSP.

Project 02-S-03. “Key areas of research are the different types of changes in fuel structure caused
by invasion by different species, and which fuel properties, such as continuity or loading, have
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the greatest influence on fire regimes. Research should focus on mechanisms for establishment
of invasive plant-fire regime cycles, and management tools to mitigate or reverse these changes.”

05-2-1-17. “Additional research is needed to more definitively evaluate the effects of seeding
treatments, document the postfire recovery rates of cheatgrass and other species under a wider
range of environmental conditions, and determine if there is a specific fire prescription that can
both control cheatgrass and accomplish other fire management objectives.”

06-3-2-26. “Though the initial impacts of mastication were subtle, our findings indicate that
responses will vary among ecosystems and justify further research to elucidate ecosystem-
specific processes and long-term consequences of these treatments.”

The 355 page volume on fire and nonnative invasive species (Zouhar and others 2008) listed 5
issues that require consideration by scientists and managers in the near future. Three of these
issues that relate directly to the research themes in this report are listed here.

¢ Nonnative species can negatively impact wildland ecosystems, but in field situations it is
often difficult to distinguish the impacts of nonnatives from the impacts of other factors.
How can scientists isolate and measure the impacts of invaders? How can managers
distinguish minor, possibly transitory, effects of invaders from major impacts that are likely
to persist? Do the effects of invaders change over time, and if so, how?

e Wildland conditions will continue to change in the face of continuing urbanization and
accompanying ecosystem fragmentation, including increasing global trade and introduction
of new nonnative species, changing atmospheric composition and climate, and interactions
of these factors (Hobbs and Mooney 2005; Mooney and Hobbs 2000). Some of these
changes are likely to facilitate invasions that alter fuels and fire regimes. In light of these
problems, what are the most useful indicators that a nonnative species is likely to become
invasive and alter ecosystem processes? Do these indicators vary by ecosystem?

e What tools are available, and at what scales, to help managers assess the invasibility or
resistance of a particular plant community? What tools help assess the potential for
establishment and spread of nonnatives after wildfire? How can managers prevent
unintended consequences from prescribed fire? How can spatial information technology be
used to obtain information on the presence and abundance of invasive species?

Proposals should address research questions for ecosystems where fuel treatments are widespread
and the results will be broadly applicable. Detailed descriptions of pretreatment site conditions
and treatments should be provided. Proposals that build on existing studies to address long-term
invasive species responses to treatment or after multiple treatment applications are particularly
encouraged.

Likelihood of Success

The likelihood of success is high in the next 3-5 years for describing factors that enhance or
inhibit establishment, persistence, and spread of nonnative invasive species as a result of fuel
treatments. Identification of mechanisms and processes responsible for these changes will require
basic research and will require more time. Investigations into the effects of individual or
interacting treatment methods on the control of nonnative invasives that alter fire regimes will
require a longer time period before success can be assessed.
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Treatment Effects Research Theme: Landscape resilience

Influence of fuel treatments on resilience to fire, climate change, and other stressors
o Develop metrics and measurement protocols for assessing how fuel treatments maintain
or improve ecosystem/landscape resilience.
¢ Evaluate positive and negative ecological consequences of fuel treatments on resilience
of important ecosystems and landscapes at multiple spatial and temporal scales.

Ecological resilience and ecosystem sustainability are important objectives in fire and fuels
management, even though both terms are difficult to define and measure. Nonetheless, ecological
resilience warrants research attention, particularly since fuel treatment is being conducted on ever
increasing acreages. At earlier stages of fire and fuel management, particularly in the West, so
much area needed work compared to how much was actually treated that larger-scale ecological
outcomes had not yet come into play. Now, however, it is important to ask if cumulative
treatments are leading to improved overall landscape, watershed, and ecosystem conditions, or if
excessive areas are being treated with similar prescriptions that themselves compromise the
ecology in question. The large areas burned by wildfires in some areas of the country must also
be factored into considerations of landscape resilience as it relates to past and planned fuel
treatments.

At a fundamental level, research is needed to establish metrics of ecological resilience that work
for fire adapted ecosystems and that aid in planning and implementing fuel treatments. Such
metrics should address large scales (e.g. watershed, landscape, or mountain range) and should be
focused on spatial and temporal aspects of ecosystems and their changes in relation to natural and
human-caused disturbances. This research should lead to practical protocols for judging the
degree to which fire management and fuel treatments lead to suitable ecological outcomes.

At a more practical level, research is needed to assist managers more directly as they assess the
condition of the ecosystems being managed, and the consequences of management actions.
Reference conditions have been or can be described for almost all the major vegetation types, and
LANDFIRE and other efforts have produced models and information to guide assessments at
broader scales. Assuming that reference conditions (based primarily on historical ecology)
provide valuable insight into the characteristics of sustainable and resilient ecosystems, research
should focus on assessing the components of landscapes and watersheds to determine how best to
use fire and fuel management to result in maintained or improved ecological condition. Such
analysis should be focused on patch size, species composition including size and age structure,
and the primary disturbance processes affecting change over time. By understanding these
features under reference conditions, it is possible to assess the degree of departure that exists
presently, and specifically how the outcomes of fire and fuel treatments work toward maintaining
or improving ecological condition.

Possible RFA language
Contributors: Erik Knapp, Paul Hessburg, Jeanne Chambers

Fuel treatments are increasingly designed to restore or maintain the ecological resilience of native
ecosystems at a range of scales including community, stand, and regional landscape. However,
there is often a lack of understanding of the factors that determine resilience to fire, climate
change, and other stressors, of how resilience varies among and within regional landscapes, and
of the metrics that can be used to quantify resilience for the scales of interest. This information is

33





necessary to evaluate the effects of fuel treatments on resilience, and to tailor vegetation and fuel
treatments to maintain and restore resilient ecosystems.

Resilience is defined here as the capacity of an ecosystem to regain characteristic patterns and
processes over time following disturbance. The definition of resilience indicates that some
properties of resilience are quantifiable and may be represented by an observable set of properties
and defined by measures of degree. Resilience does not imply that systems are static; resilience
can be related to system states and their (in) tolerance to reshaping as indicated by transitions and
thresholds.

The Joint Fire Science Program (JFSP) seeks proposals that will provide information on the
effects of fire and fuels treatments on ecological resilience across or within ecoregions at stand,
community and landscape scales, and that will develop concepts and tools for use in identifying
and selecting appropriate locations and methods for fuels treatments.

Proposals from a range of different vegetation types will be considered (i.e. forest, shrubland and
grassland), and will need to fill information gaps in at least one of the following areas:

» Synthesize the available literature on the factors that contribute to ecological resilience for
broad ecoregions at community, stand, and regional landscape scales with particular emphasis
on fire and fuels treatments.

» Develop conceptual models and determine metrics that can be used to define ecological
resilience and thresholds of recovery for fire-prone communities, stands, or landscapes.
Approaches might include quantifying the structure and community composition of
landscapes that have been resilient to historical or contemporary disturbance including fire, or
defining landscape resilience along environmental gradients that reflect regional climate.

» Determine the abiotic and biotic factors that influence ecological resilience for different fuel
treatment alternatives, define the metrics that can be used to evaluate resilience, and develop
recommendations for prioritizing fuel treatments on the landscape in ways that maximize
resilience. This may involve experiments that examine the response of key variables to fuels
treatments over biotic gradients (e.g., stand density, understory composition) and/or abiotic
gradients (e.g., effective precipitation, temperature).

» Evaluate the potential effects of ongoing climate change on (1) the resilience of fire-prone
ecosystems and (2) the effects of fire and fuel management activities on resilience.

Likelihood of Success
In the short-term likelihood for success is low pending better-definition of the resilience concept

and development of appropriate metrics to follow. Even so, workshop participants expressed the
need for scientific attention to the associated concepts.

Treatment Effects Modeling Theme: Fuel consumption and soil heating
Modeling fuel and duff consumption and soil heating

e Measure and model consumption of coarse woody debris and duff/soil organic layers in
natural fuels, masticated fuels, and piles in forests, woodlands, and rangelands.
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e Measure and model the magnitude, depth, and duration of soil heating at a resolution
sufficient for predicting recovery of vegetation, and studying effects on soil biology and
chemistry.

o Develop a predictive model of duff and soil heating for managers that can be used to predict
fire effects on sprouting shrubs, seed survival, and heat induced seed germination

An ability to predict consumption of coarse woody debris and duff, and related soil heating, is
critical for managing effects of fuel treatments that include prescribed fire. In many species of
plants in fire adapted or fire tolerant ecosystems, plants sprout after disturbance from dormant
buds that occur on structures, such as roots, rhizomes, root crowns and bulbs that are distributed
through litter, duff and soil layers. Seeds from some species are stored in organic and mineral
soil layers, and may require heating to induce germination. An ability is required to model
penetration of temperatures that are lethal to buried structures and seeds, or that induce
germination, in order to make accurate estimates of postfire vegetative recovery. Because soil
heating is most closely related to long duration heating produced by consumption of coarse
woody debris and soil organic layers, an ability to accurately predict consumption of these layers
is also needed. An additional consideration is the increasing use of mastication for fuels
management. Masticated fuel beds often do not resemble natural fuels, are not described by any
current fuel models, and can vary considerably with the type of equipment, the composition of the
fuels that are being managed, and the specifications developed for a specific project.

The organic layers that require consideration are those that occur on the floor of a forest,
including the material that accumulates at the base of trees, which may consist largely of bark
scales and needles, and has different properties than duff at some distance away from the base of
the tree. Litter/organic layers also can be found beneath rangeland shrubs and isolated trees.
Their consumption can be linked to death of these shrubs and trees, so this is also of interest to
fuel managers.

Summary of related research

Fuel consumption: The JFSP has funded five projects that investigated the process of
consumption of coarse woody debris and soil organic layers as a result of fuel treatments
(Appendix 1, page 56-57). Studies found that older coarse woody debris was more likely to be
consumed than newer sound material. Two studies did not report fuel or litter moisture content,
so no conclusions can be made about factors regulating fuel consumption. The Fire
Fire/Surrogates study reported more fuel consumption in fall prescribed fires in the Sierra Nevada
than spring fires. Two of the five studies produced data that can be used to assess the role of
moisture in basal duff consumption. Moisture levels could be used as guidelines until better
models are developed. Both of these studies found that the First Order Fire Effects Model could
not predict smoldering or duff mound consumption. A recently funded project with the goal of
developing a moisture dependent duff consumption model has the potential to significantly
enhance our understanding of duff fire spread and consumption, although subsequent work may
be necessary to determine its relevance to duff in other forest types, particularly those with other
than long-needle pines.

Soil heating: Three JFSP studies have investigated soil heating in association with burning
natural and masticated fuels (Appendix 1, pages 58-59). On study developed soil moisture
guidelines for minimizing soil heating when burning masticated fuel loads.

Fuel consumption and soil heating models: In 1998, JFSP funded work to enhance the First
Order Fire Effects Model (98-1-8-03), and published a Fire Science brief that explains FOFEM in
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2009. As discussed above, the soil heating model in FOFEM could not predict soil heating in
association with consumption of basal duff mounds, and it is not sensitive enough to allow
estimates of mortality of subsurface plant parts or seeds, or heat stimulated germination. The
following excerpt from Stefan et al (2010, p 106) discusses limitations of the FOFEM model in
estimating soil heating.

“The soil heating module within the First Order Fire Effects Model (FOFEM) (Reinhardt
2003, based on the work of Campbell et al. 1995) is the only well-developed model for
predicting soil heating under a range of burning conditions and fuel types (e.g.,
Choczynska and Johnson 2009). Using user-selected inputs or default values, it predicts
mineral soil heating in two situations: when there is no surface duff layer, and when a
surface duff layer is present (D.M. Jimenez, Forest Service, unpublished report). When
there is no duff layer, the heat source is calculated from the consumption of coarse woody
debris. For soil covered by a duff layer, the heat source is the burning duff layer,
modified by the amount of heat absorbed by unburned duff. However, FOFEM currently
does not model the insulating effects of a thick, unconsumed duff layer or the heating
caused by a combination of duff and woody debris consumption. The weakest link in
making accurate predictions of soil heating is uncertainty in predictions of the extent and
spatial variability in fuel consumption, particularly duff (Butler and Dickinson 2010).
Furthermore, FOFEM is a stand-level model. Its ability to resolve fine spatial detail
related to the heating of highly variable soils and surface fuel conditions, such as open
stands of ponderosa pine or juniper resulting from encroachment into shrub and
grasslands with discontinuous litter and duff layers, is limited (Massman et al. 2010). It
is also not known if the FOFEM soil heating model will apply in arid and semi-arid shrub
communities.”

Recent work in the area of soil heating has been undertaken by Massman et al. (2010, i.e., p 36),
who investigated heating under slash piles. “This study uses novel and unique observational data
from an experimental slash-pile burn to examine the physical processes that govern the transport
of energy and mass associated with fire-related soil heating. Included in this study are the
descriptions of (1) a (hypothetical) fire-induced air circulation within the soil and (2) a new and
significant dynamic feedback between the fire and the soil structure.” These authors conclude
that more measurements are required from slash-pile and prescribed burns; that simulations of
depth of penetration of heat could be improved by modeling dynamic feedback processes
between the heat pulse and the soil structure; modeling fire induced advective flows would
improve reliability of heat pulse predictions, and improved understanding of physiochemical and
transport processes of key soil nutrients should improve the ability to predict and maybe
minimize changes in soil nutrient status.

The following excerpts from Stefan et al (2010, p 105-106) explain some of the considerations for
developing a soil heating model. Note the reference to work by Busse et al. (2005), which was
funded by JFSP (05-2-1-20).

“A major obstacle to modeling heat-induced mortality of below ground plant organs and
seeds and effects on seed germination is the lack of accurate predictions of organic and
mineral soil heating with sufficient horizontal, vertical, and temporal resolution (see
Massman et al. 2010). Heat is generated by smoldering combustion (Hungerford et al.
1991) of woody fuels, especially coarse woody debris (Monsanto and Agee 2008), duff
(Hartford and Frandsen 1992), and deep beds of masticated fuels (Busse et al. 2005).

Soil heating from radiation during crown fires on sites where there can be extensive areas
with thin or nonexistent organic soil layers (in chaparral, desert shrub, sagebrush, and
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pinyon-juniper habitat) may also be important (e.g., Odion and Davis 2000, Butler and
Dickinson 2010). The key factors regulating heat transfer into the soil are the total
amount of heat generated at the surface (Steward et al. 1990), the duration of heating
(Steward et al. 1990, Hungerford et al. 1991), and the soil moisture content (e.g., Aston
and Gill 1976, Hartford and Frandsen 1992, Campbell et al. 1995, Busse et al. 2005). All
of these factors vary at a range of spatial scales.”

“While heat is transported more quickly in moist soil than in dry soil at temperatures
below which substantial moisture vaporization occurs (~100 °C; Campbell et al. 1995),
dry soils are more readily heated to higher temperatures than moist soils because of the
lack of a substantial vaporization heat sink (e.g., Aston and Gill 1976, Hartford and
Frandsen 1992, Campbell et al. 1995, Busse et al. 2005). Once the soil layer dries, a
rapid rise in temperature can occur if a heat source is still present (Campbell et al. 1995).

Possible RFA Language

The Joint Fire Science Program seeks proposals that:

Measure and model consumption of coarse woody debris and duff/soil organic layers in
natural fuels, masticated fuels, and piles in forests, woodlands, and rangelands.

Measure and model the magnitude, depth, and duration of soil heating at a resolution
sufficient for predicting recovery of vegetation, and studying effects on soil biology and
chemistry.

Develop a predictive model of duff and soil heating for managers that can be used to predict

fire effects on sprouting shrubs, seed survival, and heat induced seed germination

A model that predicts prescribed fire effects on understory vegetation can only be developed if a
model for heating of duff and soil organic layers is developed that is sensitive enough to predict
lethal temperature effects on subsurface living plant structures and seeds. This model could also
provide a basis for understanding the effects of fire heating on soils, although inquiry into soil
heating effects is a lower priority than understanding effects on vegetation. A better
understanding of soil heating processes is necessary, requiring development of an enhanced
understanding of smoldering consumption and heat release from coarse woody debris and duff,
the primary source of heat for the soil. The new duff consumption project (10-1-08-5) intends to
develop a model for field use after their research model has been constructed and tested. Their
results may provide input to a soil heating model. To make any duff consumption model
applicable in the field, a predictive model for duff moisture is also needed. Other research is
required to better understand the processes and properties within the soil that affect the rate and
amount of its heating. Output from duff consumption research and inquiry into internal soil
mechanisms regulating soil heating can provide a basis for a comprehensive soil heating model.

An important part of developing a model is to obtain more and better data on which it can be
based. This report recommends elsewhere that comprehensive replicated studies be established to
gain understanding of principles and mechanisms affecting plant mortality and postfire plant
recovery. Some of the needed data on fuel and duff consumption and soil heating that are
necessary precursors for model development could be obtained as part of this study.
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Likelihood of Success

The likelihood for success in the next 3-5 years is judged high for obtaining insights into
mechanisms .that control the soil heating process as a function of surface fuel consumption. The
likelihood of success is moderate in the same time frame for measuring and modeling soil heating
at a resolution sufficient for predicting vegetation recovery. Similarly, predictive models for field
users will not be available until fundamental research models are developed and validated.
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Chapter 3: Priorities and Timing

The 13 research and modeling themes described in this report (and re-listed below) represent a
synthesis of the many ideas and topical suggestions developed through review of extant literature,
scoping, workshops, findings from previous investigations, and judgments from FT-LOW team
members. Suggested topics from the workshops that are not included in the above discussion
were judged of lower priority by the FT-LOW team, but may be extremely important locally or
else should be reconsidered over the longer-term. Some in fact may have been incorporated in the
themes presented. The point here is that themes presented represent the perspective of the FT-
LOW team as it processed information available, but over time and circumstance other ideas may
surface and deserve additional scrutiny and consideration.

As noted in the above text and appendices, each theme encompasses many individual
investigations that could be embodied in current or future RFAs. For example, improved metrics
for evaluating fuel treatment effectiveness could embody a multitude of fuel, fire behavior, fire
effects inquiries, including linkages between these indicators.

Fuel Treatments
a. Improved metrics for evaluating fuel treatment effectiveness
b. Effectiveness of various fuel treatments (i.e., for hazard reduction) over time
¢. Understanding the relationship of fuel bed characteristics and dynamics to fire behavior
and effects (primarily hazard reduction)
d. Effectiveness of pile burning
e. Fuels within intensively managed areas

Effects
f. Reintroducing fire into long-unburned forests.
0. Responses of shrubs, forbs, and grasses to fuel treatments in forested and non-forested
environments.
h. Influence of fuel treatments on nonnative species invasions and persistence in forested
and non-forested vegetation types.
i. Landscape resilience

Fuel Treatment and Effects Related Models
j. Modeling fuel and duff consumption and soil heating
k. Improved high resolution prediction of local winds in complex terrain
I.  Wildland-Urban Interface
m. Analyze the strengths and weaknesses of current models used for prescribing and
assessing fuel treatments

Three FT-LOW research themes in the above list cut across all subject areas, or at least seem of
fundamental importance and therefore, of higher priority, in terms of scientific knowledge about
fuel treatments and their effects: a) Improved metrics for evaluating fuel treatment effectiveness;
b) Effectiveness of various fuel treatments (i.e., for hazard reduction) over time; and c)
Understanding the relationship of fuel bed characteristics/dynamics to fire behavior and effects. A
fourth theme, g) Responses of shrubs, forbs, and grasses to fuel treatments in forested and non-
forested environments, seems critical for understanding short- and longer-term treatment effects.
These themes might be accorded higher priority in the near-term, although b) was a recent focus
in the 2009 RFA.
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The FT-LOW themes dealing with treatment effects (i.e., f.- i. above) address forested and non-
forested ecosystems, uniquely from the standpoint of fuels and fuel treatment. Many questions
arise over fire reintroduction in long-unburned forests including better methods for reducing the
forest canopy through mechanical and fire treatments, removal of fuel ladders, restoration of
surface shrub and herbaceous layers, all the while minimizing mortality of large, old growth trees.
Similarly, fuel treatments are poorly understood within the context of plantation establishment
and subsequent silvicultural practices in intensively managed stands (item e), particularly in the
South/Southeast, although also in western states. Further, responses to treatment of shrubs, forbs,
and grasses (particularly non-native or invasive species) deserve further study (item g). Some of
these latter topics were addressed in the Fire and Fire Surrogate study in dry, mixed-conifer
forests. However, the overall experimental design imposed in that study restricted the line of
questioning and degree to which inferences can be extended to other forested and non-forested
types, and the type of monitoring did not often allow the derivation of principles that govern
response.

Table 1 summarizes possible sequencing of research themes over the next three years. In addition,
the notes to the table indicate important subtopics and considerations relating to each theme, as
explained in the previous chapter. Even if this suggested timetable is implemented, it is quite
likely that significant knowledge gaps will persist or new needs identified beyond year 3, so
themes will need to be re-evaluated in light of recent findings and understanding current at that
time. Realistically, requests for assistance for the same (or similar) themes may need to be
solicited, perhaps with different emphases and/or target audiences. Prior to RFA reissuance, a
structured workshop aimed at assessing status to date would assist the JFSP Governing Board in
ascertaining the degree to which themes suggested in this FT-LOW are completed, including
research investigations completed in the interim. In addition, throughout the next 3+ years FT-
LOW recommendations can be augmented with synthesis papers in selected topical areas noted
later in this section.

Table 1. Time sequencing of FT-LOW themes for the next 3 years, depending on funding
constraints and JFSP decision precedents, including an evaluative workshop after year 3. Notes
indicate important subtopics or considerations discussed in Chapter 2 and appendices.

Fuel Treatments Treatment Effects Modeling

Year 1 Improved Understory responses®  WUI'
effectiveness metrics® Evaluation of current
Fuel bed models™
characteristics and
dynamics®
Effectiveness of pile
burning®

Year 2 Plantations and Fire reintroduction’ Consumption and soil
intensive heating’
management®

Year 3 Temporal Nonnative invasions"  Local winds*
effectiveness” Landscape resilience'

Year 3+ < Structured Workshop >

® Improved metrics for evaluating fuel treatment effectiveness

» Address modeling or measurement of inadequately covered fuel descriptors (e.g., fuel
moisture dynamics, live fuel flammability, needle drape, ladders, piles, masticated beds)

» Link to combustion significance
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* Include measurements during and after wildfires

¢ Understanding the relationship of fuel bed characteristics and dynamics to fire behavior

and effects (primarily hazard reduction)

»  Fuel bed characteristics across time and space

* Natural and activity fuels

»  Effects of variation in firing patterns (distribution of ignition) on fire behavior and effects
across fuel beds and weather scenarios

¢ Effectiveness of pile burning

» Characteristics of piles created by different specifications and methods and relationship to
fuel consumption.

» How spatial arrangement and pile characteristics affect fire behavior, including fireline
intensity, spread between and among piles, and firebrand production

9 Responses of shrubs, forbs, and grasses to fuel treatments in forested and non-forested

environments

» Determine principles governing mortality and/or post-treatment recovery of individuals from
various plant functional groups, including shrubs, forbs, rhizomatous grasses, and
bunchgrasses, both from resprouting and from seed reproduction.

» Investigate how frequency and seasonality of fuel treatments and treatment combinations
affect plant responses, including redevelopment of live fuel layers.

"Wildland-Urban Interface

» Sources of WUI firebrand production

» Heat fluxes from fuels to structure

»  Quantify the hazard reduction benefits to the WUI of treatments outside the WUI

™ Analyze the strengths and weaknesses of current models used for prescribing and

assessing fuel treatments

» Develop a standard protocol for model field testing (requires standard set of model outputs);

e Summarize model assumptions and violation consequences;

» Identify and develop alternatives for sensitive variables that are difficult to measure, as well
as important variables that may be currently ignored.

¢ Fuels within intensively managed areas

» Plantation establishment and management, including density, thinning, woody debris,
understory management, season of burning, type conversion, and relationship to fire behavior
and effects; the effects of not-managing.

» Impacts of silvicultural treatments and regimes on fuel characteristics, including conversion
from off-site overstory species to ecologically desirable species (e.g. loblolly pine to longleaf
pine)

" Reintroducing fire into long-unburned forests

» Identify external (fire and fuel) and internal (structural and physiological) factors influencing
mortality of old trees in the immediate and short term.

» Establish procedures that can mitigate effects on large trees, including site specific actions,

~and multiple treatment design and implementation.

) Modeling fuel and duff consumption and soil heating

e Measure and model consumption of coarse woody debris and duff/soil organic layers in
natural fuels, masticated fuels, and piles in forests, woodlands, and rangelands.

e Measure and model the magnitude, depth, and duration of soil heating at a resolution
sufficient for predicting recovery of vegetation, and studying effects on soil biology and
chemistry.

o Develop a predictive model of duff and soil heating for managers that can be used to predict
fire effects on sprouting shrubs, seed survival, and heat induced seed germination.

® Effectiveness of various fuel treatments (i.e., for hazard reduction) over time

41





» Fuel hazard dynamics as affected by type, frequency, timing, sequencing, intensity, and
seasonality of individual and combined treatments

» Determination of treatment longevity

» Prescriptions and effects for initial and maintenance treatments

" Influence of fuel treatments on nonnative species invasions and persistence in forested and

non-forested vegetation types

» Determine the plant species characteristics, site factors, and postfire and post treatment
conditions that enhance or inhibit establishment, persistence, and spread of nonnative
invasive species

» Investigate the effects of individual or interacting treatment methods on the control of nonnative

~invasives that alter fire regimes.

' Landscape Resilience

o Develop metrics and measurement protocols for assessing how fuel treatments maintain or
improve ecosystem/landscape resilience.

e Evaluate positive and negative ecological consequences of fuel treatments on resilience of
important ecosystems and landscapes at multiple spatial and temporal scales.

“ Improved high resolution prediction of local winds in complex terrain

» Assess the ability of existing models to capture wind fields in complex terrain and over
landscapes with complex obstructions, including fuel manipulations.

» Develop a database of field measurements of wind fields and atmospheric conditions over a
range of terrain and landscape characteristics, that can be used to validate current models and
expand modeling capability.
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Timing of FT-LOW themes is an important consideration, beyond the sequencing implied in the
above table. For example, improved modeling capability about fuel and duff consumption and
soil heating as related to fuel treatments (item j) may require earlier (rather than later)
commitments to fundamental scientific inquiries. Multi-platform data collection for high
resolution winds (item k) may require financial support in advance of model development.

Some of the themes overlap and may be addressed concurrently or in related time-frames. For
example, responses to shrubs, forbs and grasses to fuel treatment (item g) might also warrant
consideration of invasive plants (item h) as a related subtopic. Likewise, improved understanding
of fuel bed characteristics and dynamics (item ¢) may improve insights to metrics for evaluating
fuel treatments (item a). Despite similarities, we decided these related themes and their associated
subtopics are best-considered separately.

Many of the themes will be important for providing improved information and building
confidence with the Interagency Fuels Treatment Decision Support System (IFT-DSS). In fact,
Table 2 shows a rough correspondence between IFT-DSS workflow scenarios of interest to a
manager and FT-LOW research themes. Although the alignment of FT-LOW themes for IFT-
DSS workflow scenarios is not tightly set, it illustrates how additional scientific knowledge
and/or modeling might improve knowledge required to achieve specific workflow aims. For
example, ‘improved metrics for assessing fuel treatment effectiveness’ (item a) would be an
important prerequisite for data acquisition and preparation in IFT-DSS. Likewise, identification
of high fire hazard areas will be improved with better metrics for fuel treatment effectiveness
(item a), and clearer understanding of fuel bed characteristics and dynamics (item c).

Better knowledge and understanding associated with suggested FT-LOW research themes will
improve manager success in completing work scenarios, while knowledge gaps in the IFT-DSS
process could inform future JFSP RFAs. Arguably, some of the gaps in knowledge identified
within specific FT-LOW themes also could inhibit successful completion of specific workflow
scenarios, unless identified knowledge gaps are bridged with suitable proxies.

Table 2. Cross-walk between FT-LOW research themes and the Interagency Fuel Treatment
Decision Support System (IFT-DSS), showing theme importance for each of six IFT-DSS
workflow scenarios.

IFT-DSS Workflow Scenario Applicable FT-LOW Theme from Above List

Data acquisition/preparation a

Strategic Planning: Identification of high fire a,c
hazard areas

Implementation of spatially explicit fuels a,b,m

treatment across a landscape

Fuel treatment effectiveness over time a,b,cd

Prescribed burn planning b,g,k; possibly e,f,h,i,j,I depending on

planning area under consideration

Probabilistic risk assessment for fuels a,b,c,I,m
treatment planning
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Further, the imminent release of IFT-DSS with its planned reliance on existing modeling
processors might dictate increased attention to the research theme calling for the ‘analysis of
strengths/weaknesses of models and processes used for prescribing and assessing fuel treatments’
(i.e., item m. above). This theme takes on higher importance to the extent that IFT-DSS links
models together that have been subjected to limited evaluation or testing. Inattention to errors
compounded by linked models can lead to undesirable outcomes without sufficient warning or
disclosure to users. Analyses of model strength/weaknesses could be scheduled around the timing
of IFT-DSS releases over the next two years so that potential users will be better informed about
process suitability and possible shortcomings.

Several themes address more specific knowledge gaps that go beyond fuel treatments. For
example, two of the modeling themes (high resolution winds and WUI, items k and |,
respectively) address important gaps that affect fire behavior prediction capabilities, i.e.,
firebrand production and fuel heat fluxes to structures. Both require data collection and
improvements to fundamental knowledge before modeling efforts can begin.

Several lines of inquiry developed increasing importance as the FT-LOW project progressed and
we gained more insights. These included fundamental knowledge about combustion and fuels;
soil heating; principles regulating vegetation recovery; importance of common metrics (e.g., for
fuels, fuel treatment effectiveness, resilience, etc.); needs for protocols and data-sets to facilitate
model comparisons. Perhaps one of the most fundamental needs is for improved theoretical
understanding about the role of fuels and fire behavior in determining fuel treatment success.
Most models related to fuel treatments are statistical models, which may provide limited insights
into basic mechanisms and process involved. Advances in understanding may be held back until
processes are better-incorporated into a comprehensive theory of fuel treatments.

Likelihood of Success

Some of the themes have been studied since JFSP inception, or even before, yet questions still
remain. A good example is the theme “fuel treatment effectiveness over time.” Some treatments
have been long-practiced (e.g., pile burning and prescribed fire) yet new questions continually
surface (e.g., contributions to crowing potential and carbon status). Others, like mastication, are
of more recent vintage and are currently being researched yet might need further study in the
future. Thus it is difficult to judge when a theme has been sufficiently studied or nearly capped.
For example, the need for photo-series has been repeatedly addressed before and since JFSP
inception. Yet, several participants in our Charlotte workshop expressed the need for additional
photo-series dealing with southern ecosystems that to date had been over-looked.

Other subjects have been studied fairly extensively, for example fuel treatment effectiveness in
pine or dry mixed-conifer system, yet our understanding is largely based on statistical inference
or modeling with weak understanding of processes or mechanisms. The inference here is that
knowledge about fuel treatment success may be held back by lack of applicable theory and/or
fundamental understanding. Development of a theory of fuel treatment effectiveness that
identifies and quantifies important processes and mechanisms will require investments in
fundamental research including controlled experimentation. Improved monitoring and evaluation
standards (including regional databases of treatment performance) are embedded within our
recommendations without explicit expression. At a minimum, all fire treatments should record
burning conditions and fuel, duff and soil moisture content to allow interpretation of consumption
and effects. Recording of outcomes can be a good first step to theory development but data
collection needs to be followed with structured analysis leading to eventual enhanced
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experimental learning opportunities. Likewise, improved manager-scientist collaboration should
be an expected outcome from the FT-LOW.

The highest likelihood of success among the 13 themes is the analysis of strengths/weakness of
current models used for prescribing and assessing fuel treatments. Here the models currently in
use are widely known with shortcomings/limitations understood by a smaller, yet experienced
group of scientists and practitioners. However, the subtopic calling for development of a standard
protocol may have a lower likelihood of success unless researchers can develop a standard set of
model outputs that can drive data collection in the field. Likewise, the wind modeling subtopic
calling for assessment of existing models can be achieved successfully in 3-5 years, although the
desired database of field measurements for expanding modeling capability may take longer.

Likelihood of success is difficult to gauge for the other individual themes and subtopics, although
as a group those which focus on the ecological effects may be more thoroughly understood
sooner and more thoroughly than themes that examine the treatment impacts on fuels and fire
behavior. This apparent irony is due in part to the overall strength of disciplinary programs for
ecologists compared to fire scientists in the nation’s educational system, and also disparities
within the federal fire research infrastructure. Further, many of the knowledge gaps regarding
fuel treatment impacts on fire behavior reflect limited fundamental understanding about
combustion science which will need to be resolved first.

Suggested Synthesis Papers

Some research themes are admittedly general and may not be considered ‘successfully
investigated” for many years. Some issues may never be resolved completely and may require
continual or occasional research emphasis. Topics related to demonstrating fuel treatment
productivity as a foundation for economic tradeoff analysis may be one example. Calkin et al.
(2010) is instructive in this regard as it provides a first approximation to procedures for hazard
and risk assessment, a subject which has been studied for decades yet defies satisfactory solution.
Perhaps with such difficult subjects, the best we can hope for is occasional synthesis papers
(Table 3) that describe the status of knowledge with suggestions for incremental improvements in
understanding.

Table 3. Suggested synthesis paper topics (and rationale), listed in priority order.

SYNTHESIS TOPIC RATIONALE

Assessing fuel treatment tradeoffs, including  Selection of a particular treatment or set of
links to subsequent treatment performance:  treatments implies that other opportunities are
guantifying physical, biological, and foregone, with consequent biological and
economic consequences. physical impacts. Tradeoff analyses identify
positive and negative impacts resulting from
implementation of a particular treatment
alternative. Tradeoffs will vary by type of
treatment and whether effects can be
substituted or complement one another.
Similarly, different treatments will result in
varying cost and benefit streams. Specification
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Fuel treatment fundamentals, in theory and
practice. Basic combustion principles as
related to different fuel treatments at
multiple scales.

A field guide for assessing fuel treatment
effectiveness: How to assess effectiveness in
treated vs. untreated areas, including visual
indicators linking fuel bed changes to
subsequent reductions in wildfire
severity/hazard.

Analyzing fuel treatment effectiveness in
shrubland ecosystems. Pros and cons of
brushland fuel treatments, including case
studies from southern California and the
Great Basin.

and display of tradeoffs among fuel treatment
alternatives relies on the availability of quality
data and knowledge of important relationships
among inputs and outputs. A synthesis of
analytical capabilities for carrying out
meaningful tradeoffs would be an important
scientific contribution and also could be an
important communication device with interest
groups.

Fuel treatment understanding is hindered by the
absence of a cohesive theory explaining why
treatments work. We understand that a
treatment such as prescribed fire may be
effective but not necessarily the expected
changes in the fuel bed structures (and particle
properties), including expected changes in the
combustion environment. Many changes
between the treated and untreated condition are
not captured in current fire behavior
understanding, including observable changes
following a subsequent wildfire. Modeled
reductions in fire arrival time and/or fire size
provide little insight to changes in fire severity
across a landscape. Protocols need to be
specified for comparing modeled vs. actual
wildfire size, shape, and effects across a
landscape.

Managers need guidance in order to identify
treatment effectiveness in the field before,
during, and after wildfire occurrence. Guidance
is also needed in translating changes in severity
(or other indicator) at the stand level to those
that accrue at the incident level. Potential uses
of remote-sensing platforms for determining
treatment effectiveness might also be
summarized, including needed studies.

Much of current understanding about fuel
treatments has been derived from studies
conducted in long-needled pine ecosystems
with short fire return intervals. These same
inferences and study technigques cannot be
applied to shrublands (or to other forest types).
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Protocols for field-testing fuel treatment
inferences from models: a guide for
managers before, during, and after wildfire
events.

How to increase fire resilience with changing
climate: A field guide for understanding
manager options and tools for increasing
resilience in forest, shrub, and grassland
ecosystems.

A literature review of tree fine root
physiology and regeneration as related to
annual growth cycles and disturbance.

Sampling protocols for assessing treatment
effectiveness and effects, including data
collection from remote platforms, can be
summarized and needed improvements
specified.

Outputs from fire behavior models used for
planning fuel treatments rarely have been
verified or evaluated against observations on
actual fires (wild or prescribed), especially in
complex fuel beds. Managers routinely use fire
behavior prediction systems but have little
guidance for judging the quality of outputs in
treated vs. untreated fuels, especially when
compared against eventual wildfire outcomes.
Provide hints/suggestions for data collection,
monitoring, and evaluation of trends.

Against the backdrop of scientific evidence for
climate change, managers need to know if there
are any fuel treatment strategies that will
enhance resilience to fire. Interim measures for
increasing likelihood of more desirable
outcomes could be elucidated.

Mortality of large trees when fire is
reintroduced may be due to death of fine roots,
which usually occur in upper soil layers where
they can be exposed to heat from fire and are
susceptible to mechanical injury from surface
disturbing equipment. The physiological and
ecological literature may contain details of
their horizontal and vertical distribution and
abundance with respect to tree species and
throughout the forest floor, including changes
in their occurrence as litter and duff
accumulate. Seasonal growth cycles and
physiological activity may affect their
sensitivity to fire, as well as the frequency with
which new fine roots are developed.
Knowledge of these factors can improve
treatment prescriptions.
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Integrating fuel treatments into land Treating fuels is just one part of managing

management: Understanding fuel treatment  lands for multiple, often conflicting criteria

effects at landscape scales. (i.e., silviculture, disturbance processes,
wildlife habitat, noxious weeds, water quality,
recreation/aesthetics, economic values).
Moreover, the implications of incremental
treatment of a watershed (or sets of watershed
across a landscape) are poorly understood in
terms of planning and implementing land
management activities. Further, protocols are
needed for evaluating the performance of a
system of fuel treatment areas against
information derived from the occurrence of
wildfires over time.

These syntheses would constitute authoritative summaries with recognition of the analytical gaps
and limits to comprehensive understanding. Synthesis documents should identify topical areas
where progress can proceed in spite of identified knowledge gaps. High priority synthesis studies
should probably be solicited as directed studies by acknowledged subject matter experts, unless a
wider pool of candidate investigators is desired. In the latter instance, the traditional RFA
solicitation process should suffice. Highest priority synthesis papers could be timed for
completion in time for the evaluative workshop suggested for FT-LOW themes (Table 2) after
Year 3.

Beyond Years 3-5

As noted above, all knowledge needs related to our 13 research themes will not be resolved
anytime soon. Each theme is inherently complex and fundamental knowledge often requires years
of experimentation, including replications and inference-testing at multiple locations. As themes
are more thoroughly investigated, it is likely that new research questions will arise and challenge
manager responsibilities. For some themes, multiple iterations of requests for assistance may be
required.

At the same time, we believe that our 13 research themes chart a reasonable and comprehensive
foundation for improving knowledge about fuel treatments and treatment effects, as well as
setting a needed context for model creation, evaluation, and verification. The fundamental
understanding resulting from our suggested inquiries will be essential for resolving higher order
guestions related to socio-economic and political concerns (i.e., non-bolded arrows in Figure 1).

In spite of our best efforts, all ideas put forward in workshops, questionnaires, and scoping
sessions could not be captured in our 13 themes. Some of these are expressed in our syntheses of
prior JFSP projects (Appendix 1) and structured workshops (Appendix 2). Others were proposed
and not selected by FT-LOW team members (see Omi et al. 2010). At some point it may prove
timely to revisit some of these ideas for possible inclusion in future requests for assistance.

Lessons learned
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Our FT-LOW efforts have provided several lessons. In retrospect, surveys and questionnaires
proved to be of limited value in expanding thoughts of the FT-LOW team in terms of identifying
future lines of work. Instead of identifying new and expansionary research needs, respondents
tended to anchor to the questions or issues posed. Workshops were much more productive,
although strong personalities sometimes needed to be managed to keep them from dominating
discussions, especially those who attended with preconceived expectations for workshop
outcomes. Even so, the workshop environment provided fertile opportunities for information
exchange and collation/synthesis of ideas (note in particular the Tucson workshop, Appendix 2).
For the FT-LOW workshop recommended in years 3+ we suggest that the Governing Board
consider using a structure similar to that employed in our Charlotte and Tucson workshops, i.e., a
mix of managers, researchers, and academics from a variety of fuel treatment backgrounds.
Prework helped stimulate discussion, although the motivation to help define JFSP’s research
agenda piqued attendee interest sufficiently so the workshop length of 2 days may need
extension. Inclusion of the synthesis papers at the workshop as suggested here likely will dictate
expansion in length from 2- to 3.5-days.

The JFSP database of funded projects as available on the Internet provided limited insights to our
surveys, questionnaires, and workshop design. The database was useful in October 2009 in
confirming broad categorical descriptions for completed and ongoing studies. It was less useful
for linking findings to stated objectives as required when we later attempted to provide context
for our recommended research themes. The limited number of assigned categories precluded any
detailed analysis though the web page categorization function. Output for specific key word
searches were in .pdf format, and could not be converted to a spreadsheet. However, the topic
tables developed from the database (see page 7-8, this report) provided a good starting point for
summarizing knowledge gained from JFSP projects, especially when followed by reference to the
final report and briefing reports currently available on-line. We also found the likelihood that a
proposed objective was successfully addressed in a project’s final report varied little by the type
of treatment studied and ranged between 78% and 85% at that time.

JFSP might wish to consider the formation of subject matter panels to oversee implementation of
study themes recommended here (and possibly, in other lines of work). Formation of such a
panel could assist the Governing Board at several junctures, including proposal solicitation,
proposal evaluation, and evaluation of study contributions. In addition, such a panel could
provide recommendations regarding needed synthesis reports, workshops, or other dissemination
outlets.

Conclusions

Fuel treatment has become a mainstream activity in managing wildlands, despite incomplete
information about treatment effects and effectiveness. The themes and investigations described
and sequenced here provide a platform for responding to important information gaps over the
next 3-5 years, although this should be viewed at best as a starting point that will require periodic
review, and perhaps, modification.

Our original intent was to provide guidance for lines of work covering the next 3-5 years. In fact,
the 13 research themes and associated subtopics identified most likely cover efforts that will take
longer to successfully complete.

This report presents results from two projects that were conceived separately yet blended together
to develop the FT-LOW science plan (research needs). The synthesis of the effects of fuel
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treatments in reducing wildfire severity provided a logical segue into the FT-LOW, though not as
seamlessly as initially anticipated. Nevertheless, the initial synthesis provides an important focal
point for any analysis of fuel treatments, i.e., the performance of fuel manipulations to reduce
hazards on eventual wildfires. Coupled with the attention to ecological effects of treatment
embodied in the FT-LOW, this report may constitute the most comprehensive review and outlook
ever assembled for fuel treatments and associated modeling endeavors.

To be of greatest use to the JFSP Governing Board, this document should be viewed as an
ongoing work in progress, recognizing that time, circumstances, and budgets may require
periodic reconsideration of research themes. Even so, the FT-LOW recommendations here and in
the appendices should provide a useful foundation which JFSP can use in future deliberations
about assessments of work completed to date, investment decisions, and future RFA wording.
Additional resources include the summaries of findings from JFSP projects to date (Appendix 1),
compilations from the Tucson and Charlotte workshops (Appendix 2), and the topic tables
compiled from JFSP database. The latter cannot be conveniently appended to this report, and will
be provided to the Governing Board in electronic format.
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