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Executive Summary
Wildfires in Idaho and throughout the western United States have increased in extent and
intensity over the past 25 years, resulting in increased severity of adverse effects, including
increased risks to firefighters, personal property, and ecosystem services, as well as
increased costs for fire suppression and forest rehabilitation. One response to such wildfire
problems is to design and implement fuel treatments in an attempt to reduce the severity of
effects from wildfires. Fuel treatments lessen the amount of fuel available for burning and/or
rearrange fuels to increase the probability that they burn with less intensity.
Researchers have studied fuel treatment effectiveness after wildfires have occurred, and
those studies are synthesized herein. In addition, this report examines the risks associated
with fuel treatments, summarizes policies that currently affect fuel treatment
implementation, and suggests policy options that may increase fuel treatment effectiveness.
The following focus questions and brief replies provide the outline of the report.
What factors influence wildfire frequency, intensity and extent in Idaho’s forests? Wildfire
behavior is influenced by weather, topography, and fuel. Fuel is the only factor that can be
affected directly by forest management actions. Differences in amounts of fuels, their types,
and their arrangement across the landscape are important factors in determining a fire’s
characteristics.
What alternative fuel treatments exist? Fuel treatments widely used by forest managers
include prescribed fire, mechanical treatments, or a combination of the two. In addition,
previous wildfires, timber stand improvements, and commercial timber harvests can
functionally serve as fuel treatments although the activities are undertaken for other
purposes.
How is effectiveness of fuel treatments measured? The direct goal of treating fuels is to
modify potential fire behavior or its effects to achieve a defined purpose, but the reasons for
wanting to affect fire behavior can be numerous and varied. Fuel treatments may be
implemented to reduce wildfire severity (the effects of a fire’s heat, or intensity, on biotic and
abiotic ecosystem properties), to aid in fire suppression, to protect human settlements and
structures, or a combination of these or other reasons. Measures of the effectiveness of fuel
treatments can vary depending on the objectives of treatment and may differ between
undeveloped forests and the wildland urban interface.
How effective are fuel treatments during wildfires? Scientists and forest managers
generally agree that fuel treatments can be effective, but effectiveness varies according to
weather, type of vegetation, type and extent of treatment, time since treatment, and intensity
of fire when it encounters a treated area. Fuel treatments have been shown to be effective at
reducing wildfire severity at the stand level, and research is beginning to show their
effectiveness at the landscape scale. However, research is less clear about how much of the
landscape needs to be treated to reduce wildfire severity overall.
What are the risks of implementing fuel treatments? All forest management actions involve
risk. Risks can be short term, from the activities themselves, such as an escaped prescribed
fire, or manifest themselves in the long term, such as negative effects on site productivity
from soil compaction due to mechanical thinning operations. Other risks include increased
flammability from activity fuels, negative effects on understory microclimate, favorable
conditions for invasive species, negative effects on some wildlife, and adverse effects on water
quality and quantity. Reducing risks to an acceptable level of results is challenging.
What policies currently guide implementation of fuel treatments? More than three-fourths
of the forests in Idaho are the administrative responsibility of the U.S. Forest Service, an
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agency in the U.S. Department of Agriculture tasked with managing the National Forest
System. The federal Bureau of Land Management, an agency in the U.S. Department of the
Interior, also is responsible for some forest lands in Idaho. There is not a single, overarching
federal law that guides fuels treatment implementation on federal forests, but rather
numerous laws, regulations, and other policy documents provide some guidance. Land use
planning laws and regulations guide the agencies' decision processes, in conjunction with the
National Environmental Policy Act. Laws protecting air quality play important roles for some
fuel treatment methods, particularly prescribed fire. States are responsible for implementing
many requirements of federal clean air statutes, and states have primary responsibility for
laws that protect state and private forest lands from wildfire.
What policy options might improve fuel treatment effectiveness in Idaho’s forests?
Numerous policy, financial, and market constraints currently limit the amount of fuel
treatments that can be undertaken. Wildfire management and fuel treatment policies are not
always congruent and could be improved by better articulating goals and improving the
accountability of programs. Enhanced collaboration between levels of government and with
communities and stakeholders is needed. An adaptive management approach could
potentially improve fuels treatment programs and policies.
Despite elevated risks from wildfire, fuel treatment policy is inherently about political
choices of priorities and programs, and it is unclear where fuel treatments fall in national
political priorities. The public must understand that there will be no quick fixes or magic
bullets, and undoing the effects of a century of fire exclusion will require patience,
cooperation, and tolerance for mistakes.
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Chapter 1. Introduction
This report examines fuel treatment effectiveness in the forests of Idaho by summarizing
the results of studies that have looked at fuel treatment effects after wildfires in Idaho and
comparable forests in other western states. In general, effectiveness means reducing the
adverse consequences of wildfire on the landscape as well as in human communities.
Researchers have written hundreds of articles about fuel treatment strategies and
effectiveness in forests. Many research studies have used predictive simulation models to
estimate the effectiveness of fuel treatments under variable, hypothetical wildfire conditions.
Models are simplifications of more complex conditions that occur during actual wildfire
events. A growing number of studies have examined fuel treatment effectiveness in forests
after actual wildfires have occurred; we summarize the findings of those studies herein.
In addition, this report examines the risks associated with fuel treatments, summarizes
policies that currently affect fuel treatment implementation, and suggests policy
improvements that may increase fuel treatment effectiveness. The following seven focus
questions serve as the outline for this report, each within its own chapter:
• What factors influence wildfire frequency, intensity and extent in Idaho’s forests?
• What alternative fuel treatments exist?
• How is effectiveness of fuel treatments measured?
• How effective are fuel treatments during wildfires?
• What are the risks of implementing fuel treatments?
• What policies currently guide implementation of fuel treatments?
• What policy options might improve fuel treatment effectiveness in Idaho’s forests?
Idaho’s forests
Forests cover about 21.4 million (40%) of the 53.5 million acres of land in Idaho (Witt et
al. 2012). The forests of Idaho are diverse in both the characteristics of the sites where they
exist and the types of trees on those sites. Ecologists have classified Idaho’s forests into three
broad categories—cold forests, mesic (or wet) forests, and dry forests—based on their
“environmental site potential” (ESP), or the type of vegetation an area could support based on
biophysical site characteristics such as climate, substrate (soil, water, organic debris, etc.),
and topography (Comer et al. 2003, Morgan et al. 2008). Cold forests are often dominated by
lodgepole pine, subalpine fir, Engelmann spruce, and other cold-tolerant tree species. Mesic
forests are dominated by a mixture of conifer species, including grand fir, Douglas-fir,
western larch, western hemlock, and western redcedar. Dry forests are dominated by
ponderosa pine and Douglas-fir. In Idaho, cold, mesic, and dry forests occupy 27% (5.8
million acres), 35% (7.5 million acres), and 38% (8.2 million acres) of the forested area,
respectively (Figure 1-1).
History of fire in Idaho’s forests
The forests of Idaho have evolved with fire, but historically, different types of forests
developed under different “fire regimes.” Fire regime is a term fire ecologists use to generally
and broadly describe the nature of fire occurring over long periods and the prominent
immediate effects of fire that characterize an ecosystem (Brown 2000). Characteristics used
to define a fire regime can include fire frequency, severity, intensity, and extent (Agee 1996,
Brown 2000, Lutz et al. 2011). Fire frequency describes how often fires occur. Fire severity
refers to the degree to which a site is altered or disrupted by fire, which is loosely determined
by fire intensity, fuel consumption, and the amount of time a fire burns on a site (SAF 1998,
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Figure 1-1. Categories of forests in Idaho.
Data source: LANDFIRE 2010a.
Van Wagendonk 2006, NWCG 2011). Fire intensity refers to the rate of heat released by a fire
(SAF 1998, Forest Encyclopedia Network 2011). Flame length is a measure of fire intensity
(NWCG 2011). Fire extent refers to the size or spatial area of a fire or fires. Numerous fire
regime classification systems exist and have been applied to the forests of Idaho (e.g., Quigley
and Arbelbide 1997, Arno 2000, Brown 2000, Van Wagendonk 2006).
The federal LANDFIRE (Landscape Fire and Resource Management Planning Tools)
program defines five “natural” fire regime groups (Table 1-1; Barrett et al. 2010). A natural
fire regime is based on the role fire would play across a landscape in the absence of modern
human intervention but including the possible influence of aboriginal fire use.
Idaho’s forests are classified in a variety of fire regime groups (FRG; Table 1-2). Most
(61%) of Idaho’s dry forests historically experienced a low-frequency, low- or mixed-severity
fire regime (FRG I), with most of the remaining dry forest (33%) experiencing a longer fire
return interval and low or mixed fire severity (FRG III). Most (60%) of Idaho’s cold forests
experienced high-severity, stand replacement fires every 35 to 200 years (FRG IV). Mesic
forests are classified primarily in FRG III (54%) and FRG IV (35%).
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Table 1-1. Fire regime groups.
Group Frequency
Severity
I
0-35 years
Low/mixed

II

0-35 years

Replacement

III

35-200 years

Mixed/low

IV
V

35-200 years
200+ years

Replacement
Replacement/
any severity
Source: Barrett et al. 2010.

Severity description
Generally low-severity fires replacing less than 25%
of the dominant overstory vegetation; can include
mixed-severity fires that replace up to 75% of the
overstory.
High-severity fires replacing greater than 75%
of the dominant overstory vegetation.
Generally mixed-severity; can also include lowseverity fires.
High-severity fires.
Generally replacement severity; can include any
severity type in this frequency range.

Alterations to historical fire regimes and vegetation dynamics have occurred across many
landscapes in the U.S., including Idaho’s forests. Fire regimes have changed for numerous
reasons including land management practices, fire exclusion, livestock grazing, insect and
disease outbreaks, invasion of non-native plant species, and climate change (Brown 2000,
Fulé et al. 2012, Jain et al. 2012). Fire scientists describe these departures from historical
conditions in terms of “fire regime condition class” (FRCC), also called “vegetation condition
class.”
FRCC reflects the degree of departure of current conditions from reference conditions in
terms of two main ecosystem components: fire regime and associated vegetation (Hann et al.
2008). Three FRCCs are defined based on the following criteria: FRCC 1 represents
ecosystems with low (<33%) departure from reference conditions and that are still within the
estimated historical range of variation of a specifically defined reference period; FRCC 2
indicates ecosystems with moderate (33% to 66%) departure; and FRCC 3 indicates
ecosystems with high (>66%) departure.
Most of Idaho’s forests are in conditions different from their historical fire regime and
associated vegetation (Table 1-3). Departures from historic conditions are particularly
evident in Idaho’s dry forests where 81% are in FRCC 2 and 6% are in FRCC 3.
Departures from historical fire regimes in western U.S. forests, including those in Idaho,
have been primarily from low-severity regimes to high-severity regimes (Quigley and Arbelbite
1997). These increases in fire severity have been driven, in part, by increases in fuel, or the
amount of vegetation, both alive and dead, in the forests (Brown 2000, Peterson et al. 2005,
IDL 2010).
Table 1-2. Fire regime group (FRG) by forest category in Idaho, millions (M) of acres.
Category
FRG I
FRG II
FRG III
FRG IV
FRG V
Total
Cold forest
0.2M
<0.1M
1.5M
3.4M
0.6M
5.8M
(% of category)
4%
<1%
26%
60%
10%
100%
Dry forest
5.0M
0.2M
2.7M
0.3M
<0.1M
8.2M
(% of category)
61%
2%
33%
4%
<1%
100%
Mesic forest
0.4M
<0.1M
4.0M
2.6M
0.4M
7.5M
(% of category)
6%
<1%
54%
35%
5%
100%
Total
5.6M
0.2M
8.3M
6.4M
0.9M
21.4M
(% of category)
26%
1%
39%
30%
4%
100%
Data sources: LANDFIRE 2010a and 2010b.
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Table 1-3. Fire regime condition class (FRCC) by forest category in Idaho, millions (M) of
acres.
Category
FRCC 1
FRCC 2
FRCC 3
Total
Cold forest
1.8M
3.9M
0.1M
5.8M
(% of category)
30%
68%
1%
100%
Dry forest
1.1M
6.6M
0.5M
8.2M
(% of category)
14%
81%
6%
100%
Mesic forest
3.1M
4.0M
0.4M
7.5M
(% of category)
41%
54%
5%
100%
Total
5.9M
14.5M
0.9M
21.4M
(% of category)
27%
69%
4%
100%
Data sources: LANDFIRE 2008 and 2010a.
The area burned, or extent of wildfires, in Idaho also has changed over the last century.
The last century’s wildfire extent history can be divided into three periods: 1900-1934, 19351973, and 1973-present (Morgan et al. 2014; Figure 1-2). The extent of wildfires during the
early period is comparatively large because the ability of forest managers to suppress
wildfires was limited. The extent of wildfires during the middle period is comparatively small,
in part, because of aggressive and effective wildfire suppression and a cooler, wetter climate.
The most recent period shows an increase in fire extent from the previous period. Among the
reasons for the recent increase in wildfire extent are: less aggressive fire suppression policies
(Morgan et al. 2014), a warmer and drier climate (Westerling et al. 2006), and increased fuel
loads in forests (Brown 2000, Graham et al. 2004).
Because Idaho’s forests historically developed with wildfire, fire is ecologically important
and beneficial to forests if it occurs with the frequency and severity that it historically did
(Smith 2000, Brown and Smith 2000, Neary et al. 2005a, Keane and Parsons 2010, Hood et
al. 2012). The ecological benefits of fire include increased nutrients and productivity in soil
systems when burned material decomposes, improved conditions for surviving trees during

Figure 1-2. Extent of wildfires in forests of Idaho and northwestern Montana, 1900-2013.
Source: Adapted from Morgan et al. (2014). Years 1900-2008 from Morgan et al. (2014);
years 2009-2013 estimated by authors based on data from NIFC (2014) and USGS (2014).
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subsequent fires, improved regeneration of some fire dependent trees (e.g., lodgepole pine),
control of some diseases, and improved habitat for some species of wildlife.
However, recent changes toward larger and more intense wildfires have negatively affected
many ecosystem components and services that people value (Smith 2000, Brown and Smith
2000, Neary et al. 2005a, Hunter et al. 2007, IDL 2010). For example, wildfires that result in
sudden and significant reductions in vegetative cover can lead to increased water runoff and
erosion (DeBano et al. 2005, Neary et al. 2005b). Non-native, undesirable plant species are
often well-adapted to rapidly invading severely burned sites (Omi et al. 2006). High intensity
fires can damage overstory trees making them more susceptible to bark beetle attack
(Jenkins et al. 2008). Intense wildfires also can negatively impact biodiversity (Smith 2000).
People and their communities also are negatively affected by larger and more intense
wildfires. These conditions make fires more difficult to suppress. They result in increased
risk to firefighters and personal property, as well as increased costs for fire suppression and
post-fire rehabilitation.
As part of its assessment of forest resources, the Idaho Department of Lands
characterized the relative risk to communities and ecosystems from uncharacteristic wildfire
(Figure 1-3). Most undeveloped forest lands are at moderate risk, but many human
habitations and communities at the wildland-urban interface (WUI) are at higher levels of
risk.
Managing fuels
Wildfire behavior is influenced by weather, topography, and fuel (see Chapter 2). Fuel is
the only factor that can be affected directly by management actions. In response to increased
wildfire problems, forest resource managers design and implement fuel treatments in an
attempt to lessen the effects of wildfires when they burn. Fuel treatments lessen the amount
of fuel available for burning and/or rearrange fuels to increase the probability that they burn
with less intensity.
Scientists and forest managers generally agree that fuel treatments can be effective. This
report reviews studies that have led to that conclusion and examines factors that can affect
effectiveness including the type of vegetation, type and extent of treatment, weather,
topography, intensity of fire when it encounters a treated area, and time since treatment.
The general objective of modifying wildfire behavior via fuel treatments is to reduce risks
to resources valued by people. Fuels therefore present a hazard if the ignition of a wildfire
would cause unacceptable adverse effects to resources. However, reducing the quantity of
fuels, or changing the quality and distribution of fuels on the landscape, also can pose risks
to the same resources managers are trying to protect. For example, in some locations
establishing fuel breaks to disrupt the continuity of fuels in order to slow or halt wildfires
may increase the opportunity for undesirable invasive species. This report examines some of
the risks of implementing fuel treatments.
Government policies influence forest managers’ ability to treat fuels. Although some
recent policy changes have enhanced the opportunities to implement fuel treatments on
forest lands in Idaho, improvements are always possible. Policies affecting fuel treatment
implementation on Idaho’s forests are examined herein, and policy options that may further
enhance the feasibility of fuel treatments are suggested.
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Figure 1-3. Relative risk to communities and ecosystems from uncharacteristic wildfire
in Idaho.
Source: IDL (2010).
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Chapter 2. What factors influence wildfire frequency, intensity and extent in Idaho’s
forests?
Wildfire behavior is affected by three factors—weather, topography, and fuel—that
comprise the “fire triangle” or, more precisely, the fire behavior triangle (Figure 2-1). In this
simple model, fuel is the only one of the three factors that land managers can affect in the
short term (Carey and Schumann 2003, Graham et al. 2004, Finney 2005).

Figure 2-1. Fire behavior triangle.
Source: Countryman (1972).
More complex wildfire models recognize that human factors, including sources of ignition and
suppression response, affect fire frequency, extent and intensity (Figure 2-2). A common
element to all models of wildfire, and the focus of this report, is fuel.

Figure 2-2. A simple conceptual model of wildfire (adapted from Calkin et al. 2011b).

Note: Ovals represent five principal contributing factors, and rectangles represent management
options designed to either change wildfire extent and intensity or to alter risk by changing the
degree of exposure experienced by valued elements of the landscape.
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Fuel
Fuel is essentially vegetation. In addition to quantity, a description of fuel includes
elements such as the vertical arrangement of fuels, live/dead fuel mix, fuel moisture, fuel
diameter, fuel continuity, whether the fuel is herbaceous or woody, and the fuel’s chemical
composition which can also affect fire behavior (Cary and Schumann 2003, Graham et al.
2004).
Differences in fuel types and arrangement are important factors in determining a fire’s
characteristics (Figure 2-3; Sandberg et al. 2001). For example, the spatial arrangement of
fuels influences the way a fire grows. Patches of vegetation that burn relatively slower than
surrounding patches may reduce fire intensity or spread rate (Graham et al. 2004).

Figure 2-3. Fuel types and arrangement are important factors in determining a fire’s
characteristics
Source: Ottmar et al. (2007).
The primary challenge for fire management is dealing with crown fires (Peterson et al.
2005, Graham et al. 2010). In the dry forests that account for 8.2 million acres (38%) of
Idaho's forests, crown fires are considered the primary threat to things humans value in such
forests. Crown fires are dependent upon the vertical arrangement of available fuels. Fire
behavior in dry forest types indicates that crown fires begin with a transition from surface
fire to ignition of the canopy. This transition requires fuels in low vegetation or shrub strata,
and then ladder fuels, followed by canopy fuels (Graham et al. 2004, Alexander and Cruz
2011).
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At the forest stand level, forest structure affects fuels, and therefore wildfire behavior. For
example, many ponderosa pine forests today are more densely packed with trees than they
were historically. This denser forest structure leads to more ladder fuels that allow fires to
move into tree crowns. In addition, some forests also are experiencing stand-type conversion
as more shade-tolerant trees out-compete ponderosa pine. These changes have been
attributed to effective fire suppression efforts over the past 100 years as well as to logging,
reforestation practices, and livestock grazing after European-American settlement, and are
making frequent-fire-adapted ecosystems of the western U.S. more susceptible to larger and
more severe fires (Pollet and Omi 1999b, Peterson et al. 2005, Strom and Fulé 2007).
Weather and climate
In the short term, weather influences fire behavior primarily through fuel moisture and
wind (Rothermel 1983, Finney 2004). Fuels are dried by higher ambient temperatures and
lower relative humidity. Higher wind speeds contribute to conditions that can lead to more
extreme fire behavior. Over the course of a year, regional weather patterns that affect
temperatures and the amount and timing of precipitation (e.g., less winter and spring
precipitation) can lead to drought, low snow pack, early melting of snow pack, and other
conditions that contribute to more extreme fire conditions. In the western U.S., variation in
area burned from year to year is strongly related to patterns in temperature and
precipitation, with big fire years more likely to occur in years with warm, dry conditions
(Westerling et al. 2006; Morgan et al. 2008 and 2014; Miller et al. 2012).
Climate also affects the characteristics of wildfire (Schoennagel et al. 2004b). Climate is
the description of the average weather and its variability over a given time period, commonly
at least 30 years (Sommers et al. 2011). A warmer and drier climate in the late 20th century
compared to the middle portion of the century, along with increases in fuels, contributed to
increased fire activity and area burned in recent decades (Westerling et al. 2006; Morgan et
al. 2008 and 2014; Sommers et al. 2011; Miller et al. 2012).
Climate change in the 21st century is projected to affect wildfires in the future (Brown et
al. 2004, Blate et al. 2009, Keeley et al. 2009, Sommers et al. 2011, Collins and Skinner
2014). While site-specific forecasts remain uncertain, the fire season in the western U.S. is
predicted to become longer with more severe fires because of increased extreme fire weather
(Stephens et al. 2013). Vegetation and forest types also are predicted to respond to climate
change (Strom and Fulé 2007, Diggins et al. 2010).
Topography
Elements of topography, such as slope, aspect, and elevation, help determine wildfire
intensity and extent. Idaho’s forests occur on diverse topography, and a full discussion of the
complex interactions between topography and wildfire is beyond the scope of this report. In
general, the influence of topography on fire behavior is greater on steep slopes, ridge tops,
and southerly aspects (Lentile et al. 2006). Complex mountainous topography contributes to
variable fuel and burning conditions, which favors non-uniform fire behavior (Arno 2000,
Brown 2000).
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Conclusions
Although forest managers have a good general understanding of the factors that affect fire
behavior, the interactions among these factors and the way in which fire behaves on the
landscape are highly complex. Factors such as changing climate, exotic or invasive species,
and expansion of human settlement into wildland-urban interface (WUI) areas are expected
to increase fire risks and complicate the ability to predict and influence fire behavior
(DellaSala et al. 2004). As a result, fire behavior and severity can be understood and
predicted in general terms, but exact predictions are not possible (Graham et al. 2004).
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Chapter 3. What alternative fuel treatments exist?
In a narrow sense, forest fuel treatments focus on fuel reduction to reduce wildfire
hazards, including aiding firefighters with fire suppression activities, protecting human
settlements, and reducing the severity of the effects of wildfires. However, more broadly, fuel
treatments may be designed not only to reduce hazards but also to accomplish other
ecological restoration objectives such as restoring the historical role of fire in forested
ecosystems (Omi and Martinson 2004, Strom and Fulé 2007, Reinhardt et al. 2008, Keeley et
al. 2009). Ecological restoration seeks to accomplish multiple goals, such as restoring wildlife
habitat, natural processes and watershed function, and tree health and vigor in addition to
hazardous fuels reduction.
One goal of fuel treatments for decreasing wildfire hazards is to decrease the
susceptibility of treated forest stands to crown fire. This is done through a combination of
reducing surface fuels, ladder fuels, and/or canopy fuels, actions that either prevent fire
from reaching the canopy or lessen its ability to spread once it reaches the canopy (Graham
et al. 2004, Peterson et al. 2005, Raymond and Peterson 2005, Strom and Fulé 2007,
Graham et al. 2010, Hudak et al. 2011).
Fuel treatments widely used by forest managers include prescribed fire, mechanical
treatments, or a combination of the two. In addition, livestock grazing, timber stand
improvements, and commercial timber harvests can functionally serve as fuel treatments
even though the activities are undertaken for other purposes (Martinson et al. 2003).
Previous wildfires may also act as fuel treatments for subsequent wildfires (Parks et al.
2013).
Prescribed fire
Managers can treat fuels by applying fire to the forest in a controlled manner to achieve
management objectives (Figure 3-1). This is called prescribed fire, or prescribed burning.
Prescribed fire is commonly used throughout the western U.S. to reduce surface fuels for fire
hazard reduction, as well as for ecosystem restoration in appropriate forest types (Peterson et
al. 2005, Graham et al. 2010). Prescribed fire can reduce horizontal fuel continuity on the
ground and in lower vegetation strata, and later disrupt the growth of a surface fire, limits its
intensity, and reduces the potential of spot fire ignition. In addition, the fuel energy stored on
site as fine fuels, duff, large woody fuels, and rotten material is reduced which in turn
potentially reduces both fire intensity and burn severity. Prescribed fire can directly consume
low ladder fuels—such as shrubs, dead trees, needle drape, and small trees—and scorch and
kill the lower branches of overstory trees, effectively raising the live crown above the ground
surface and reducing the likelihood of fire spreading into other ladder fuels and tree crowns
(Peterson et al. 2005, Graham et al. 2010).
Although prescribed fire generally refers to fires started intentionally by forest managers,
wildfires that start unintentionally via lightning strikes or human causes sometimes can be
managed for resource objectives including fuels management. In federal wildfire management
jargon, “use of wildland fire” to meet resource objectives can include fires resulting from
“unplanned ignition” as long as the objectives are specified in the appropriate land or
resource management plan and fire management plan (see Chapter 8; USDA and USDI
2009).
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Figure 3-1. Prescribed fire being set to reduce fuels near a residence.
Photo courtesy of USDA Forest Service.
Prescriptions for applying prescribed fire in low-severity fire regimes, such as ponderosa
pine forests, are fairly well established (Pollet and Omi 2002). Burn prescriptions are written
in ways that keep fire intensities and flame lengths to minimum levels required to achieve
management objectives while minimizing negative impacts (Graham et al. 2010). Prescribed
fires are implemented only in very narrow windows of weather conditions, and require
expertise in personnel to plan and implement. The primary constraints to the use of
prescribed fire are human, not ecological, concerns, including smoke that decreases air
quality, risk of escape, and damage to property (Cook and O’Laughlin 2004, Graham et al.
2010, Palmer 2012).
Prescribed fire is most likely to be used in forest stands that:
• have moderate or low tree densities, so the prescribed fire does not become too
intense and burn unwanted areas or kill residual trees;
• lack ladder fuels, so the prescribed fire does not become a crown fire; and/or
• have moderate to steep slopes, which preclude mechanical treatment (Pollet and
Omi 2002).
The effectiveness of prescribed fire depends on weather, initial fuel conditions, and skill of
fire managers (Graham et al. 2010). The results of prescribed fire fuel treatments are likely to
vary across a stand and result in less predictable stand structure changes than mechanical
treatments (Pollet and Omi 2002, Arkle et al. 2012). Prescribed fire has a long history as a
tool for managing fuels and is applied successfully in many parts of the U.S. and world (Ryan
et al. 2013).
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Mechanical treatments
Mechanical treatments use machinery to rearrange or remove vegetation in the forest
(Figure 3-2). Thinning, or removing trees to lessen the number of tree stems per acre, is the
primary mechanical treatment used for reducing ladder and canopy fuels. Thinning increases
spacing between the residual tree crowns (i.e., decreases canopy bulk density) and removes
small understory trees, low branches, and tall shrubs (ladder fuels) that create vertical
continuity between surface fuels and the forest canopy (i.e., increases canopy base height).
As a result of these actions, potential crown fire behavior may be reduced, especially in forest
types that historically burned in low-severity fire regimes (Raymond and Peterson 2005,
Reinhardt et al. 2008, Graham et al. 2010).
Prescriptions for mechanical thinning vary. Low thinning removes trees from the lower
canopy, leaving large trees to occupy the site. It mimics mortality caused by inter-tree
competition or surface fires, and primarily removes small and suppressed trees that would
otherwise serve as ladder fuels. Crown and selection thinnings reduce canopy density and
continuity within the main forest canopy and alter forest composition. Thinnings can remove
varying proportions of trees on a site and leave residual trees in a variety of spatial
configurations. As such, thinnings can precisely create targeted stand structures and
compositions that will influence both fire intensity and burn severity (Graham et al. 2010).
Mechanical thinning may be preferred in forests that are too densely packed with trees to
allow prescribed fire, that have nearby markets for small-diameter trees, and/or in areas
where expertise and personnel are not available for prescribed fire programs. Mechanical fuel
treatments can be labor intensive, especially on steep slopes and in remote areas, and may
not be economically attractive due to the low economic value of small diameter trees that are
removed (Pollett and Omi 2002).

Figure 3-2. Machines such as feller bunchers or chainsaws are used
to remove unwanted vegetation during mechanical fuel treatments.
Photo courtesy of Chris Schnepf, University of Idaho.
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Mechanical treatments to reduce ladder and canopy fuels create surface fuels in the form
of branches, needles, and other slash leftover from tree removal. These are also known as
activity fuels. They can be treated by mechanical piling, chipping, and/or mastication. Such
treatments can change fire hazard without reducing fuel loads, but in many cases, activity
fuels are then prescribed burned in order to reduce the amount of fuel available for
subsequent wildfires (Graham et al. 2010, Hudak et al. 2011). The states of Idaho and
Montana, for example, require treatment of surface fuels following tree removal (see Chapter
7).
Mastication, also known as mulching, is an increasingly common mechanical fuel
treatment that chips shrubs, small trees, and down woody debris with a rotary cutting or
shredding head mounted on an excavator, depositing the woody material in a layer of
shredded irregularly shaped particles on the ground. It can be applied as a stand-alone
treatment, but may also be applied following understory thinning or prior to prescribed
burning (Kreye et al. 2014). Mastication treatments change fuel arrangement by lowering the
vertical height of fuels.
Compared to prescribed fire, the advantages of mechanical fuel treatments include
increased precision, lower air pollution emissions, lower risk of treatments leaving prescribed
boundaries, and sometimes the production of woody materials that can be converted to wood
products or energy. For these reasons, mechanical fuel treatments are often relied on more
heavily in the WUI (Reinhardt et al. 2008, Schoennagel et al. 2009). However, mechanical
treatments do not replicate the ecological processes of burning including nutrient cycling,
creating a patchy mosaic, and removing fine fuels (Omi and Martinson 2004, Reinhardt et al.
2008).
Fuel breaks
Although not the focus of this report, fuel breaks that remove almost all vegetation and
are intended to reinforce an existing defensible location (e.g., road, ridgetop, human
settlement) can be used by firefighters to stop fire spread. The influence of roads acting as
fuel breaks in managing wildfire extent at the landscape scale needs more examination
(Narayanaraj and Wimberly 2011). The benefits of a fuel break are only achieved if the fire
suppression activities anchored to the fuel break are successful in limiting the size or
perimeter of the fire (Syphard et al. 2011b). No changes in fire behavior or effects are
achieved away from the fuel break or if a fuel break fails to stop fires. Additionally, fuel
breaks often require more long-term maintenance than less intensive types of treatments
(Graham et al. 2004).
Treatment combinations
Prescribed fire and mechanical treatments are commonly used in combination to modify
vegetation for fire hazard reduction throughout the western U.S. For example, canopy and
ladder fuels are first modified by mechanical thinning operations that target crown classes,
stand basal area, and canopy bulk density. Surface fuels, including the logging slash created
by mechanical thinning, are then reduced using prescribed fire. The types and sequence of
fuel treatments selected for a given site depend on the amount of surface fuel present; the
density of understory and mid-canopy trees; long-term potential effects of fuel treatments on
vegetation, soil, and wildlife; short-term potential effects on smoke production; materials to
be removed versus left on site; and costs (Peterson et al. 2005, Graham et al. 2010).

Chapter 3. What alternative fuel treatments exist? ● 15

In many forest types, potential fire intensity and burn severity are significantly reduced
only if canopy thinning treatments are accompanied by reduction in the surface fuels created
from the thinning operations. Changing stand structure, while ignoring surface fuels, will
only affect the likelihood of active crown fires and will not necessarily reduce the likelihood of
surface fires that can potentially be intense enough to damage soils or cause significant
overstory mortality. All fuel layers need to be managed over time and space to minimize the
unwanted consequences of wildfires (Graham et al. 2010).
Given current accumulations of fuels in many forests of the western U.S., multiple
prescribed fires—as the sole treatment or in combination with thinning—may initially be
needed, followed by long-term maintenance burning or other fuel reduction to reduce crown
fire hazard and the likelihood of high burn severity (Graham et al. 2010). Restoring forests to
a condition in which fire alone can maintain the desired conditions may take multiple
treatments over time (Graham et al. 2004, 2010).
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Chapter 4. How is effectiveness of fuel treatments measured?
The direct goal of treating fuels is to modify potential fire behavior or its effects to achieve
a defined purpose, but the reasons for wanting to affect fire behavior can be numerous and
varied (Husari et al. 2006). Fuel treatments may be implemented to reduce wildfire severity
(the effects of a fire’s heat, or intensity, on biotic and abiotic ecosystem properties), to aid in
fire suppression, to protect human settlements and manmade structures, or a combination
of these or other reasons. Measures of the effectiveness of fuel treatments can vary
depending on the objectives of treatment.
Because of the destructive nature of wildfires, it is not possible to experimentally treat
forest stands, purposely subject them to wildfire, and then measure reductions in severity
(Carey and Schumann 2003, Agee and Skinner 2005). Much of the research literature about
fuel treatment effectiveness on wildfire severity has relied on computer modeling (e.g.,
Johnson et al. 2007, 2011; Jenkins 2011; Jones and Chung 2012; Fulé et al. 2012).
However, a growing number of studies are measuring effectiveness by comparing on-theground wildfire severity in untreated versus treated stands following a wildfire (see Chapter
5). Until the last decade, most studies of pre- and post-fire treatment effectiveness were
anecdotal or lacked scientific rigor due in part to lack of data about existing conditions in
both treated and untreated stands prior to a wildfire (Omi and Martinson 2002, Skinner et al.
2004, Finney et al. 2005, Gorte 2009a).
Studies that focus on reductions in wildfire severity in treated versus untreated forest
stands use a variety of methods for measuring fuel treatment effectiveness. For studies that
have used on-the-ground measurements, typical forest inventory measures such as tree
species, tree height, tree diameter, tree position in canopy, height to live crown, stand
density, and basal area usually are measured in both treated and untreated stands. Because
of the importance of reducing crown fire, measures of the amount of vegetation in tree
crowns (e.g., crown bulk density) also are often estimated. Distance from treatment boundary
also plays a role in treatment effectiveness, and therefore is measured in many studies (e.g.,
Skinner et al. 2004). These measurements are used to describe a forest stand’s structure
before and after treatment and before and after a wildfire. Observations of whether trees are
alive or dead post-fire, or percent tree mortality, also are often made to assess wildfire
severity (e.g., Skinner et al. 2004, Prichard et al. 2010, Pritchard and Kennedy 2012).
If the effects of wildfire on ecosystem components other than trees are of interest, other
measures of ecosystem components—other types of plants, soils, etc.—can be taken (e.g.,
Omi et al. 2006). For example, one study looked at percent cover in the following categories
pre- and post-wildfire: grasses, forb, shrubs, litter, rock, bare soil, woody live stem, and
woody dead stem (Cram et al. 2006).
On-the-ground measures of the intensity of a wildfire as is passes through a forest stand
include heights of needle scorch, bole char, crown scorch, and percent of crown volume
scorch (Pollet and Omi 2002, Omi and Martinson 2004, Skinner et al. 2004, Cram et al.
2006, Prichard et al. 2010). Field observations are often categorized into standardized index
ratings to describe stand damage and depth of ground char. For example, in several studies
stand damage was rated as follows:
0: No damage – all tree crowns unscorched.
1: Spotty damage – partial scorch on at least one tree, but some trees
unscorched.
2: Moderate damage – partial scorch on all tree crowns, but few trees
completely scorched.
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3: Heavy damage – nearly all tree crowns completely scorched, but few crowns
consumed.
4: Extreme damage – nearly all tree crowns consumed (Omi et al. 2006).
The downward intensity of wildfire has been estimated with ground char rated as follows:
0: Unburned - no evidence of char.
1: Light – leaves and twigs charred.
2: Moderate - all twigs, leaves, and standing grasses consumed, logs charred.
3: Deep – large fuels partially consumed, mineral soil altered in color or texture
(Omi et al 2006).
Satellite images also can be used to look for differences in forest characteristics before
and after wildfires in treated and untreated areas. Several studies have used differenced
normalized burn ratios (dNBR) from satellite imagery to infer wildfire severity (Finney et al.
2005, Thompson et al. 2007). Large differences between the pre- and post-fire dNBR ratios
indicate high fire severity because of lower near-infrared reflectance associated with foliage
on green vegetation (trees and understory) and higher mid-infrared reflectance associated
with increased exposed and blackened soil, and decreased moisture content of the surface.
Sources of evidence for assessing fuel treatment effectiveness also have included ground
and aerial reconnaissance, interviews with homeowners, firefighters, fire scientists and fire
behavior experts, and videos and photos taken prior to, during and after wildfires (e.g.,
Harbert et al. 2007, Murphy et al. 2007, Graham et al. 2009; Murphy et al. 2010). Such
measures are often associated with studies examining the effectiveness fuel treatments on
fire suppression efforts and firefighter safety (Omi and Martinson 2004, Agee and Skinner
2005, Harbert et al. 2007, Bostwick et al. 2011).
Many of the measures of effectiveness in the U.S. Forest Service fuel treatment
effectiveness monitoring program focus on suppression and firefighter safety (Romero and
Menakis 2013). Treatments may affect management options, such as facilitating wildfire
suppression by providing safe access and egress for firefighters, as well as possible counterfiring opportunities (Omi et al. 2006). For example, during the 2005 Bell Fire in northern
California, a mechanical fuel treatment increased penetration of retardant to surface fuels,
improved visual contact between fire crews and managers, and improved access to the main
fire and suppression of spot fires (Moghaddas 2006, Moghaddas and Craggs 2007). In the
2007 GW Fire, treated and previously burned areas provided the only places from which the
fire could be safely engaged (Harbert et al. 2007).
Fuel treatment objectives, and therefore measures of effectiveness, may differ between
undeveloped forests and the WUI (Ager et al. 2010). Fuel treatments in wildland areas may be
designed mostly to mitigate effects of large, severe wildfires and to restore fire-prone
ecosystems. Treatment objectives in the WUI often include reducing potential property loss,
and are especially challenging because of the variety of ownerships and diversity of property
management objectives (Reinhardt et al. 2008, Evans et al. 2011). There is not always
agreement about what fuel treatments are supposed to accomplish (Hamma 2011); therefore
measures of effectiveness are not always congruent.
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Hundreds of studies exist about fuel treatment effectiveness. Many have relied on
computer modeling of hypothetical wildfire behavior, but a growing number of studies have
evaluated treatment effectiveness based on forest conditions after a wildfire has passed
through treated areas. This chapter focuses on results of studies for forest types and
conditions and fuel treatments likely to be found in Idaho.
In addition to studies of individual wildfires, several literature reviews of fuel treatment
effectiveness after wildfires have been published (e.g., Cary and Schumann 2003, Martinson
and Omi 2003, Graham et al. 2004, Hudak et al. 2011), and the conclusions of those reviews
are included herein. More recently, a formal “meta-analysis” of fuel treatment effects on fire
severity was conducted (Martinson and Omi 2013), and its findings also are included. Metaanalysis is a quantitative, systematic approach to synthesizing research that combines and
compares results of independent studies to assess direction, magnitude, and consistency of
reported findings (Cooper et al. 2009).
Based on the research literature, numerous interacting factors determine the
effectiveness of any particular fuel treatment during a wildfire, including:
• forest type,
• treatment type,
• size and spatial arrangement of treatments,
• time since treatment, and
• weather conditions.
Each of these factors is discussed under subheadings below.
Forest type
The effectiveness of fuel treatments can vary by forest type. Studies from the western U.S.
have focused on fuel treatment and fire effects in dry forest types with low- or mixed-severity
fire regimes. In both ponderosa pine-dominated and mixed-conifer forests, fuel treatments
have been associated with reductions in the severity of wildfire effects (e.g., Omi and
Martinson 2002, Pollet and Omi 2002, Graham et al. 2004, Cram et al. 2006, Wimberly et al.
2009, Murphy et al. 2010).
Research examining fuel treatments after wildfires in forests with historically highseverity, low-frequency fire regimes is scarce, and knowledge about their effectiveness is
more uncertain (Omi and Martinson 2004). Fuel treatments that are part of ecological
restoration treatments where higher-severity fires may be desirable (e.g., whitebark pine
forests) have been found to be effective for moving toward those ecosystem restoration goals
(Keane and Parsons 2010, Hood et al. 2012).
Treatment type
Fuel treatment effectiveness depends on the type of treatment. In general, studies have
found prescribed fire treatments and mechanical treatments to be effective at reducing
wildfire severity individually as well as in combination, with the caveat that surface/activity
fuels (slash) from mechanical thinning also need to be treated. In addition, fuel treatments
have been found to increase fire suppression effectiveness under some circumstances (Fites
et al. 2007; Harbert et al. 2007; Murphy et al. 2007; Graham et al. 2009; Murphy et al. 2010;
Syphard et al. 2011a, 2011b).
Most studies have found thinning by itself to be effective compared to no treatment
(Martinson and Omi 2013). However, in some cases, thinning alone has produced greater fire
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severity when slash from thinning activities is left untreated on site (Skinner et al. 2004,
Graham et al. 2004, Agee and Skinner 2005, Omi et al. 2006, Pritchard et al. 2010).
Although prescribed fire and mechanical thinning have individually been found to be
effective, thinning offers more precise, consistent, and controlled results (Pollet and Omi
2002). Some sites with mechanical fuel treatment appear to have greater reductions in fire
severity compared to sites with prescribed fire only. Mechanical fuel treatment prescriptions
can specify the exact number of post-treatment residual trees per acre, and the treatment
can be applied uniformly across the stand. By contrast, prescribed fire fuel treatment often
varies across a stand and results in less precise stand structure changes (Pollet and Omi
1999a).
Some studies have found surface fuel treatments to be effective with or without prior
treatment of canopy fuels (Pollet and Omi 2002, Graham et al. 2004, Omi et al. 2006,
Graham et al. 2009, Arkle et al. 2012). The type of surface treatment can influence
effectiveness. For example, prescribed fire not only can reduce surface litter, but also serve
as a low thinning that removes small diameter trees, effectively increasing mean tree
diameter and height to canopy and reducing canopy bulk density (Omi et al. 2006).
Mastication creates a fuel bed of shredded irregularly shaped particles, and resulting fire
behavior differs from other woody fuels with important but largely unknown implications for
ignition, fire spread, and combustion duration (Kreye et al. 2014). The few studies that exist
have shown mixed results for mastication as a surface fuel treatment (Safford 2008, Safford
et al. 2009, Knapp et al. 2011). More research is needed to fully understand fire behavior in
masticated fuel beds and across treated sites in different ecosystems to evaluate the
effectiveness of mastication as a fuel treatment that reduces negative wildfire effects (Kane et
al. 2009, Reiner et al. 2009, Knapp et al. 2011, Kreye et al. 2014).
The most effective fuel treatment strategy appears to be thinning (removing ladder fuels
and decreasing tree crown density) followed by prescribed fire, piling and burning of activity
fuels, or other mechanical treatments that reduce the amount of surface fuel. This approach
reduces canopy, ladder, and surface fuels, thereby reducing both the intensity and severity of
potential wildfires, and enhancing suppression efforts (Graham et al. 2004, Raymond and
Peterson 2005, Cram et el. 2006, Dailey et al. 2008, Pritchard et al. 2010, Hudak et al.
2011).
Size and spatial arrangement of treatments
The size and spatial arrangement of treated areas help determine their effectiveness. In
general, larger treated areas are more effective at reducing wildfire severity for several
reasons (Graham et al. 2004, Finney et al. 2005, Fites et al. 2007, Ritchie et al. 2007, Dailey
et al. 2008). As wildfire burns into treated areas, it transitions from crown fire or high
intensity surface fire to moderate intensity surface fire (Fites et al. 2007, Murphy et al. 2007),
so the more treated area, the more area burned at lower intensities. In addition, at the stand
level, several studies have shown that the effects of fuel treatments spread beyond the
boundaries of the fuel treatment as fire of reduced intensity moves into adjacent untreated
stands (e.g., Omi et al. 2006, Finney et al. 2005).
Also, as fire moves from untreated to treated areas, it is likely to damage or kill trees at
the edges of the treated areas before fire intensity moderates; therefore, if the size of a treated
areas is small, with proportionately more edge, the treatment’s ability to moderate fire
intensity is likely to be less (Graham et al. 2004, Skinner et al. 2004, Finney et al. 2005,
Raymond and Peterson 2005). Lastly, in addition to having less fuel to burn and/or fuel
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arrangements that burn at lower intensities, larger treatment units also require longer burn
times and, thus, better the chances that weather will moderate—e.g., wind shifts,
nighttime—as fire burns through these areas (Finney et al. 2005).
The effectiveness of a fuel treatment may depend on the condition of the forest adjacent to
a treated area. For example, previous wildfires (Finney et al. 2005, Thompson et al. 2007)
and insect and disease outbreaks (Jenkins et al. 2008) in forests near fuel treatments have
affected subsequent wildfire behavior.
Researchers are just beginning to understand how much of a forested landscape needs to
be treated, or is feasible to treat, to effectively reduce the severity of wildfire effects. At the
landscape scale, the net effect of fuels treatments will be the combination of changed surface
fire behavior and crown fire potential. For example, treatments sometimes can increase rates
of surface fire spread, raising the average rate of burned area expansion while
simultaneously reducing the probability of extreme spread rates and behavior due to crown
fires and associated spot fire-related growth (Cochrane et al. 2012).
The spatial patterns of fuel treatments on the landscape are likely to determine their
effectiveness in modifying wildfire behavior because multiple stands and fuel conditions are
involved in large fires. Treating small or isolated stands without assessing the broader
landscape will most likely be ineffective in reducing wildfire extent and severity (Graham et
al. 2004, 2010).
Computer modeling at the landscape scale is beginning to address the issues of fuel
treatment placement (Finney 2001, Evans et al. 2011). For example, one study found that
random fuel treatment arrangements were extremely inefficient in changing fire behavior—
requiring 50 to 60 percent of the area to be treated compared to 20 percent if fuel treatments
were located strategically (Finney et al. 2005). Another computer simulation study found that
fuel treatments well outside the WUI could significantly reduce wildfire threats to property
values (Ager et al. 2010). However, researchers caution about generalizing model results to
landscapes beyond those included in the models (Ager et al. 2010, Syphard et al. 2011a,
Collins and Skinner 2014).
Time since treatment
The effectiveness of fuel treatments varies with time since treatment (Martinson and Omi
2013). In general, recent treatments are more effective than older treatments (Carey and
Schumann 2003, Cram et al. 2006, Martinson et al. 2003, Graham et al. 2004, Finney et al.
2005, Omi et al. 2006, Harbert et al. 2007, Hudak et al. 2011). This finding is intuitive
because after treatment, vegetation continues to grow, or new vegetation grows. The longer
the time since treatment, the more the site will tend toward pre-treatment conditions.
The longevity or duration of treatment effectiveness will vary with numerous factors
(Figure 5-1; Yocom 2013). Longevity is likely to be specific to the type of treatment and site
conditions (Hudak et al. 2011). Treatment effects will likely last longer in areas where
vegetation development is slower than in areas of high productivity where vegetation
development is more rapid and lush. Inferences from fire history show that the length of
treatment effectiveness will vary with forest type and fire regime (Graham et al. 2004).
Fuel treatment for hazard reduction is a continual process that cannot be accomplished
by a single treatment (Carey and Schumann 2003). Fuel treatments need to be maintained
and reapplied periodically in order to remain effective (Ritchie et al. 2007, Syphard et al.
2011a). Also, the characteristics of and time since the most recent treatment may be more
important than the characteristics of prior treatments (Finney et al. 2005).

Chapter 5. How effective are fuel treatments during wildfires? ● 21

Figure 5-1. Factors affecting fuel treatment longevity.
Source: Yocom 2013.
Weather conditions
The effectiveness of fuel treatments depends on weather conditions when wildfire
encounters them (Martinson et al. 2003, Omi et al. 2006, Harbert et al 2007, Lezberg et al.
2008, Safford 2008, Graham et al. 2009). Fuel treatments can increase the probability of
modifying fire behavior during most weather conditions; however, extreme weather
conditions, such as high temperature, low humidity, and/or high winds can create fire
behavior that can burn through or breach many fuel treatments (Pollet and Omi 1999a,
2002; Graham et al. 2004, 2010; Harbert et al. 2007). Longer term weather conditions such
as drought may also reduce treatment effectiveness (Omi and Martinson 2004). However, the
relationship between weather severity and fuel treatment is not consistent. Sometimes fuel
treatments have been effective under the most severe weather conditions (Omi et al. 2006).
Summary
Post-wildfire studies show that fuel treatments can mitigate wildfire severity, particularly
within treated stands, as long as surface/activity fuels are treated (Omi and Martinson 2010,
Stephens et al. 2012, Martinson and Omi 2013). Their effectiveness at the landscape level is
less well documented, and likely depends on complex spatial and temporal interactions
between treated areas, untreated areas, topography, and weather. In addition to lowering
wildfire severity, fuel treatments also may assist with control and suppression efforts.
Because of site- and wildfire-specific conditions, it is important that study results not be
extrapolated too far beyond the forest or weather conditions that occurred during the fire
(Skinner et al. 2004). In general, however, the most effective and appropriate sequence of fuel
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treatments will depend on the amount of surface fuel present; the density of understory and
mid-canopy trees; long-term potential effects of fuel treatments on vegetation, soils, and
wildlife; and short-term potential effects on smoke production. In forests that have not
experienced fire for many decades, multiple fuel treatments are often required to achieve the
desired fuel conditions. Thinning followed by prescribed burning reduces canopy, ladder, and
surface fuels, thereby providing more protection from severe fires in the future. Potential fire
intensity and/or severity in thinned stands are significantly reduced only if thinnings are
accompanied by reducing the surface fuels created from the thinning operations (Graham et
al. 2004).
In a review of post-wildfire fuel treatment studies Hudak et al. (2011) presented 10
findings about fuel treatment effectiveness:
1.
Fire effects on overstory trees are most effectively mitigated by treatments that
address both surface and crown fuels through combination treatments such as
thinning followed by a prescribed burn; or by removing slash after thinning.
2.
Prescribed burn treatments vary in their effectiveness.
3.
Treatments become less effective with time since treatment.
4.
Little is known about the importance of spatial arrangement and spatial
heterogeneity of fuels and fuel treatments.
5.
Placement of treatments with respect to topography, wind, and existing fuels can
influence treatment effectiveness.
6.
There is no magic formula. There is no general prescription that will work in all or
even most stands. The great variety of stand conditions, topography, wildfire
burning conditions and other variables make it impossible to identify target
thresholds for fuel treatment effectiveness.
7.
Fuel treatments are not designed to stop fires but rather to modify fire behavior.
8.
Whether fuel treatments exacerbate undesirable fire behavior has been a point of
contention. Though it is certainly possible for fuel treatments to increase fine
fuels and surface temperature, thus creating a micro-climate that favors
increased winds and lower relative humidity, future research should explore
these factors as well as the scale at which they affect fire behavior.
9.
Fuels are just one leg of the fire behavior triangle. Weather and topography affect
fire behavior; in some cases they render the most robust fuel treatments useless.
10. There is much to be learned in fuel treatment design and implementation from
the many years of experience gained by forest and rangeland managers who
manage vegetation for other objectives (Hudak et al. 2011).
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Chapter 6. What are the risks of implementing fuel treatments?
All forest management actions involve risk, whether the actions are fuel treatments or
wildfire suppression. Risks can be short-term and from the activities themselves, such as an
escaped prescribed fire, or long-term, such as negative effects on site productivity from soil
compaction due to mechanical thinning operations. The key is to reduce risks so that an
acceptable level of results is attained. This calls for specific quantified management
objectives.
Prescribed fire implementation
Prescribed fire as a fuel treatment involves several risks. Fire may escape the boundaries
intended by managers and cause unintended resource and economic damages. In practice,
however, escapes are rare relative to the large number of prescribed fires successfully
conducted every year (Graham et al. 2004).
Post-treatment stand structure is generally less predictable following prescribed fire than
with mechanical treatments (Graham et al. 2004, 2010). For example, a prescribed fire may
burn hotter than intended, scorching crowns of overstory trees leading to unintended
damage or delayed mortality (van Mantgem et al. 2011). On the other hand, patches of wetter
fuels may not burn as completely as intended, leaving more fuel to burn in a subsequent
wildfire. Prescribed fire treatments also may increase nutrient availability, which further
stimulates production of fine fuels that add intensity to future wildfires (Omi et al. 2006).
Prescribed fire also is challenging to implement because weather and fuel moisture
conditions restrict the times at which prescribed burning can take place in many forests,
especially those with high tree densities and heavy fuels (Graham et al. 2004). Many stands
may be too dense to use prescribed fire safely without first using mechanical thinning to
remove some material (Peterson et al. 2005).
Concerns about air quality and violations of air quality policy also limit the times at which
prescribed fire can be implemented. However, even with its risks and challenges, prescribed
fire, by influencing multiple strata of fuels, can effectively modify both fire behavior and burn
severity (Graham et al. 2010).
Activity fuels from mechanical treatments
One of the risks of mechanical thinning is an increase in surface fuels, unless they are
removed from the stand or otherwise treated (Graham et al. 2004, Omi et al. 2006). Surface
fuels resulting from fuel treatments can be removed by mechanical treatment or prescribed
burning. The effects of treatments will vary depending on the size, composition, and location
of fuels left on site. For example, thin layers of wood chips spread on the forest floor tend to
dry and rewet readily. However, deep layers of chips and chip piles may have insufficient air
circulation, making poor conditions for decomposition. Also, when layers of small woody
material are spread on the forest floor and decomposition occurs, the decomposing
organisms utilize large amounts of nitrogen, reducing its availability to plants. Therefore,
crushing, chipping, mulching, or mastication treatments need to consider impacts on
decomposition processes and potential contribution to the severity of future wildfires
(Graham et al. 2004, Kane et al. 2009).
The wildfire risks associated with activity fuels from mechanical treatments are managed
through state policies (see Chapter 7). The Idaho Department of Lands has activity fuel
(slash) management rules that determine potential fire hazard and appropriate hazard
reduction activities.
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Effects on understory microclimate
Both thinning and prescribed fire may modify understory microclimate that was
previously buffered by overstory vegetation (Graham et al. 2004, Omi et al. 2006). Thinned
stands with open tree canopies may allow incoming solar radiation to penetrate to the forest
floor, which can increase surface temperatures, decrease fine fuel moisture, and decrease
relative humidity compared to unthinned stands—conditions that can increase how fast a
fire consumes fuel and produces energy. In turn, an increase in surface fire intensity may
increase the likelihood that overstory tree crowns ignite (Graham et al. 2004, 2009). In
addition to drying fuels more quickly, more open stands may increase wind gust speeds (Omi
et al 2006). Several studies, however, have found little evidence that the effects of fuel
treatments on microclimates lead to fire behavior that increases the severity of post-fire
effects (Pollett and Omi 2002, Collins and Skinner 2014).
Uncertainties at the landscape scale
Numerous researchers have urged caution regarding application of multiple fuel
treatments across the landscape. Some of the concern is about cumulative effects across the
landscape (e.g., Rhodes and Baker 2008, Collins et al. 2010). Some concern is because most
current knowledge is based on observation at the stand level, not across larger landscapes
(e.g., Omi and Martinson 2004, Husari et al. 2006, Reinhardt et al. 2008, Cawson et al.
2012). For example, at the landscape scale, fire behavior in individual stands may be
unrelated to overall fire severity patterns (Reinhardt et al. 2008). Researchers caution about
making inferences beyond study sites (e.g., Omi et al. 2006). The science of the effects of
large implementation of fuel treatments has not kept up with the scale at which they may
need to be applied (Ryan 2010), but landscape scale studies are becoming more common
(e.g., Cochrane et al. 2012, Collins et al. 2013).
Differences among forest types
Much of what is known about fuel treatment effectiveness is based on observation and
experimentation in lower-elevation forests with frequent, low-severity fire regimes, such as
ponderosa pine forests. Uncertainty about fuel treatment effectiveness is greater in other
forest types such as higher-elevation and subalpine systems, characterized by mixed- or
high-severity fire regimes, or both. Extrapolating results from lower-elevation, frequent, lowseverity regimes is inappropriate for other forest types (Omi and Martinson 2004).
Invasive species
Both mechanical thinning and prescribed fire fuel treatments have some potential to
promote establishment of non-native plant species; however, the research literature is mixed
about the extent of the risk. Some studies suggest that wildfires have a greater impact on the
establishment of non-native species than fuel treatments (Hunter et al. 2006, Omi et al.
2006). Fuel treatments that increase the availability of light, water, and nutrients can favor
the spread of non-native species. In addition, unseen non-native seeds may be carried with
humans and mechanical equipment used in fuel treatments. Mechanical equipment can
cause soil disturbances that favor non-native plant establishment (Omi et al. 2006). Fuel
treatments can also result in higher intensity fire on a small, localized scale that may
facilitate establishment of non-native species. For example, burning of slash piles, which can
result in high fire intensity on a local scale, has been shown to promote establishment of
non-native species (Hunter et al. 2006). However, wildfires tend to be more intense and
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severe than prescribed fires and result in more favorable conditions for non-native species
(Omi et al. 2006).
Risks to wildlife
Fuel treatments are likely to have varying effects on wildlife depending on which strata of
vegetation is treated and what wildlife species depend on that strata for their habitat or
habitats of their prey (Graham et al. 2010, Pilliod et al. 2006, Jain et al. 2012). In the dry
forests of the western U.S., fire-dependent wildlife species, species that prefer open habitats,
and species associated with early successional vegetation or that consume seeds and fruit
generally may benefit from fuel treatment activities (Pilliod et al. 2006). Species that prefer
closed-canopy forests or dense understory, and species closely associated with those habitat
elements that are removed or consumed by fuel treatments are more likely to be negatively
affected by fuel treatments (Pilliod et al. 2006).
For example, several studies of bird communities have not found major negative effects on
bird species overall, but there is substantial variation in the effects on individual species
(Farris et al. 2010, Gaines et al. 2010, Hurteau et al. 2010). Fuel treatments may affect the
accumulation and disposition of snags and coarse woody debris, and the retention,
disposition, juxtaposition, size, and amount of canopy cover, seral stages, and structural
stages occurring on a site (Graham et al. 2010).
Many species of wildlife co-evolved with fire, but reintroduction of fire through
implementation of prescribed fire needs to be monitored for its effects on wildlife species
(Stephens and Ruth 2005). For example, one study examined the risks to an endangered
land snail from prescribed burning and determined the risks to the population were low
particularly when compared to uncontrolled, higher-intensity wildfire (Gaines et al. 2011).
Another study found that prescribed burning reduced the severity of effects of subsequent
wildfire on aquatic and riparian habitats in central Idaho (Pilliod and Arkle 2012). Overall,
there are large gaps in information needed to evaluate the effects of fuel treatments on many
species of wildlife (Pilliod et al. 2006, Collins et al. 2010).
Water quality and quantity
Fuel treatments affect watershed processes and therefore may affect both water quality
and quantity in the short and long term, but effects are likely to be highly variable depending
on treatment and site characteristics (Dwire et al. 2010, McCormick et al. 2010, Reid 2010,
Robichaud et al. 2010, Troendle et al. 2010, Cawson et al. 2012). For example, fuel
treatments that alter canopy cover can influence sedimentation and peak flow by altering
rainfall intensity on established snow packs and raindrop intensity on the forest floor.
However, the effects must be placed within the context of the soil type, geology, and other
biophysical characteristics to understand the impacts to water quality and quantity (Graham
et al. 2010).
For most treatments and sites, fuel treatments are unlikely to have significant effects on
water yields either on site or downstream. Prescribed fires are probably less likely to
influence water yield than mechanical treatments because of the smaller reduction in basal
area and lack of ground disturbance by heavy machinery (Troendle et al. 2010).
Mechanical thinning treatments can increase runoff and sediment production, but the
effects are usually small, localized, and short-lived (Robichaud et al. 2010). Mechanical
thinning treatments that involve yarding of timber have a greater potential for increased
runoff, erosion, and sediment yields because of the more extensive removal of the forest
canopy, greater ground disturbance due to skid trails, cable rows, and landings, need for
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road access, and increase in heavy truck traffic. Maintenance of treated areas also involves
repeated access and disturbances with their associated effects, but overall the cumulative
effects may be less than that of a high-severity wildfire (Robichaud et al. 2010, Rhoades et al.
2011).
Fuel treatments have the potential to affect water quality, but the implementation of best
management practices (BMPs) can minimize the potential effects (Dwire et al. 2010, Stednick
2010). Minimizing the amount of disturbed area and creating buffer zones around riparian
areas are two examples of practices that can minimize adverse effects. Federal forest
managers appear to be proceeding cautiously when implementing fuel treatment projects in
riparian areas in order to protect water quality and other resource values (Stone et al. 2010).
Soils and productivity
Numerous soil impacts can occur from fuel treatments, but the impacts are variable,
depending on the type of treatment, its implementation, and site-specific factors (Graham et
al. 2010, Page-Dumroese et al. 2010, Busse et al. 2014). Management considerations for
soils related to prescribed fire include changes in soil properties and functions caused by
heating, increased soil water repellency, decreased soil nitrogen availability, effects of
repeated burning treatments, concentrated effects of pile burning, and retention of coarse
woody debris (Busse et al. 2014). Management considerations for soils related to mechanical
treatments include nutrient removal from the site, soil compaction from machinery, and
unknown consequences of mastication (Busse et al. 2014). For prescribed fire, risks of
negative consequences to soils can be minimized by burning under appropriate fuel and
weather conditions (Graham et al. 2010, Page-Dumroese et al. 2010). For mechanical
treatments, appropriate equipment configuration and timing treatments when soil moisture
is lower can minimize risks of negative effects to soils (Page-Dumroese et al. 2010, Busse et
al. 2014).
Other resources and risks
Forests are complex ecosystems, and fuel treatments, like all management activities, have
the potential to affect many aspects of forest structure, its processes, and resources.
Potential risks not addressed above include effects on human-caused ignitions due to
increased access (Syphard et al. 2007, Narayanaraj and Wimberly 2012), visual quality
(Graham et al. 2010), susceptibility to insect infestation (Fettig et al. 2010, Hessburg et al.
2010, Stark et al. 2013), and carbon storage and emissions (Hurteau and Brooks 2011,
North and Hurteau 2011). Research projects such as the multi-site, multivariate Fire and
Fire Surrogate Study are designed to measure many of these other consequences and risks of
fuel treatments (McIver and Fettig 2010; McIver et al. 2012, 2013).
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Wildfires have been a focal point of U.S. forest policy since the Big Burn or Great Fires of
1910 in Idaho and Montana burned 3 million acres and killed 87 people (Pyne 2001, Egan
2009). Idaho's reputation as a place where large wildfires occur has not diminished, but due
to suppression efforts since then the 1910 fires remain Idaho's largest wildfire event.
However, since 2000 the average size of wildfires has been increasing throughout the western
states, spawning a wildfire policy called the National Cohesive Wildland Fire Management
Strategy (WiFLC 2014). It addresses forest and rangeland wildfire risk issues in part through
the goal of maintaining and restoring resilient landscapes. The strategy’s other two goals are
creating fire-adapted communities and improving response to wildfires.
Policies guiding forest management and implementation of fuel treatments in Idaho vary
depending on who owns and manages the forest lands. In Idaho, about 81% of all forest
lands are owned and managed by two federal agencies: the U.S. Forest Service (USFS, 77%)
and the Bureau of Land Management (BLM, 4%; Figure 7-1). About 7% of Idaho's forest
lands (1.5 million acres) are managed by the Idaho Department of Lands (IDL); these
"endowment lands" were granted from the federal public domain at statehood and are held in
trust for public schools and other public institution beneficiaries (see O'Laughlin et al. 2011).
About 6% of Idaho’s forests are owned by private corporations, and another 6% are owned by
private noncorporate entities, including private individuals, families, and American Indian
tribes (Smith et al. 2009). The focus of this report is publicly managed forest lands; therefore,
our focus is on the policies of the USFS, BLM, and IDL.

BLM
874,000
4%

Other federal
89,000
<1%

US Forest Service
16,380,000
77%

State
1,535,000
7%

Private corporate
1,230,000
6%

Private noncorporate
1,323,000
6%

Figure 7-1. Forest land ownership in Idaho (number of acres, % of total).
Data source: Smith et al. (2009).
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National Environmental Policy Act
The National Environmental Policy Act of 1969 (NEPA; 42 USC 4321 et seq.) is the
cornerstone of U.S. environmental laws. It requires that the environmental effects of an
action by a federal agency, or federally-funded action, be considered before the action is
taken. The procedural requirements of NEPA require that federal agencies develop an
environmental assessment (EA) or environmental impact statement (EIS) for a proposed
action. The full implications of NEPA for federal forest management are beyond the scope of
this report; however, provisions for meeting the requirements of NEPA are woven throughout
the fire and fuels management policies of the federal agencies responsible for most of Idaho’s
forests.
Federal Agencies
U.S. Forest Service (USFS). The U.S. Forest Service manages the 16.4 million acres of
forest lands in Idaho that are part of the National Forest System. Numerous laws govern the
management of national forests, and therefore affect implementation of fuel treatments.
These laws include: NEPA, the Organic Administration Act of 1897 (16 USC 473 et seq.), the
Multiple-Use Sustained-Yield Act of 1960 (16 USC 528 et seq.), the Forest and Rangeland
Renewable Resource Act of 1974 as amended by the National Forest Management Act of 1976
(16 USC 1600 et seq.), and the Clean Water Act (33 USC 1251 et seq., 1323 et seq.). An indepth review of all these laws and their relationship to fuel treatment implementation is
beyond the scope of this report; however, a brief review of several important provisions
follows.
In general, management of each national forest is guided by a land and resource
management plan (LRMP) developed under provisions of the National Forest Management Act
(NFMA). NFMA regulations state that LRMPs guide management of national forest lands so
that
“they are ecologically sustainable and contribute to social and economic
sustainability; consist of ecosystems and watersheds with ecological integrity and
diverse plant and animal communities; and have the capacity to provide people and
communities with ecosystem services and multiple uses that provide a range of
social, economic, and ecological benefits for the present and into the future” (36 CFR
219.1).
Plans must take into account dominant ecological processes, such as wildland fire, and
consider opportunities to restore fire-adapted ecosystems (36 CFR 219.8).
LRMPs include desired conditions and objectives for wildland fire behaviors and fuel
conditions to be achieved at a landscape scale by fuels management activities (FSH 1909.12).
They also identify areas generally suitable for use of wildland fire, prescribed fire treatments,
and non-fire fuels treatments considering social, economic, political, and resource
constraints (FSH 1909.12). USFS managers integrate fuels management and fire
management programs in support of resource management objectives provided in LRMPs
(FSM 5150.3). Priorities for fuel treatment projects are to be established in LRMPs and
initiated in accordance with the LRMP and its attendant Fire Management Plan (FSM 5151;
see Federal Wildland Fire Policy section below).
USFS managers are required to use economic analysis in the decision process for
evaluating proposed fuel treatment programs and activities, and for selecting the practices
used to perform fuel treatments (FSM 5152). The objective of USFS fuels management is to
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identify, develop, and maintain fuel profiles that contribute to the most cost-efficient fire
protection and use program in support of land and resource management direction in the
LRMP (FSM 5150.2).
Bureau of Land Management (BLM). The Federal Land Policy and Management Act of
1976 (FLPMA; 43 USC 1701 et seq.) outlines the functions of the BLM, provides for
administration of public lands through the BLM, provides for management of the public
lands on a multiple-use and sustained-yield basis, and requires land use planning, including
public involvement and a continuing inventory of resources. FLPMA’s required land use
plans are similar to the LRMPs of the national forests.
Under FLPMA regulations, when BLM determines that vegetation, soil, or other resources
on public lands are at substantial risk of wildfire due to drought, fuels buildup, or other
reasons, the BLM may undertake fuels reduction or treatment projects using prescribed
burning or mechanical, chemical, or biological thinning methods (43 CFR 5003.1).
The BLM manages its forests through the Public Domain Forestry Management Program
(BLM 2014a). Fuel treatments on BLM lands are funded, in part, through the Forest
Ecosystem Health and Recovery Fund, which is authorized through FY 2015 (P.L. 111-88).
The BLM conducts evaluations of its fire planning, fuels management, and community
assistance programs at the state level every four years (BLM 2014b).
Federal Wildland Fire Policy
The wildland fire policies of the federal land management agencies have evolved over the
last 20 years. Most of the first-generation land/resource management plans required by
NFMA and FLPMA and completed in the 1980s did not address wildfire or fire control;
however, current plans integrate fire management goals and standards, including restoring
fire-adapted ecosystems (Keiter 2006). Federal land managers are now required to prepare
Fire Management Plans that are tiered to land/resource management plans and establish
explicit operational guidelines for managing wildland fires (USDA and USDI 2001a; see for
example Boise National Forest 2014 and Clearwater and Nez Perce National Forests 2008).
The first comprehensive statement of wildland fire policy coordinated between the
Departments of Agriculture (i.e., USFS) and the Interior (i.e., BLM), Federal Wildland Fire
Management: Policy and Program Review, was adopted in 1995 in response to 1994’s severe
fire season that resulted in the deaths of 34 wildland firefighters across the U.S. (USDA and
USDI 1995). The policy recognized that fire is a natural part of many ecosystems, that
hazardous fuels build-up was an increasing problem on many wildlands, and that fuel
treatments were needed in many areas. Several severe fire seasons in the early 2000s
resulted in a series of reports and plans designed to further improve federal fire management
planning and coordination (Keiter 2006).
National Fire Plan. In 2000, the President asked the Secretaries of the Departments of
Agriculture and the Interior to prepare a report on how best to respond to severe fires, reduce
impacts of wildland fires on rural communities, and ensure sufficient firefighting resources in
the future. The resulting report became known as the “national fire plan” (USDA and USDI
2000). Many of the national fire plan’s recommendations were about reducing hazardous fuel
accumulations and increasing the amount of hazardous fuel reduction treatments,
particularly on lands at the wildland-urban interface (WUI).
One month after the national fire plan was submitted to the President, Congress
supported the national fire plan through language in the FY 2001 Interior and Related
Agencies Appropriations Act (P.L. 106-291). Congress mandated several reporting
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requirements including the creation of a coordinated, national 10-year comprehensive
strategy (USDA and USDI 2001b). Congress significantly increased appropriations for firerelated activities, particularly for hazardous fuels treatments, and called on the federal
agencies to work collaboratively and cooperatively with states in the development of the
strategy and as full partners in planning, decision making, and implementation. The federal
agencies, state governors, and other partners released the strategy in August 2001 (USDA
and USDI 2001b). Two of the goals of the 10-year strategy were to reduce hazardous fuels
and restore fire adapted ecosystems (USDA and USDI 2001b). The implementation plan for
the strategy was approved in May 2002 (USDA et al. 2002) and updated in 2006 (USDA et al.
2006).
Healthy Forests Initiative (HFI) and Healthy Forests Restoration Act (HFRA). In
2002, the President introduced a series of administrative reforms to assist the federal
agencies in more effectively dealing with hazardous fuels. This series of reforms became
known as the Healthy Forests Initiative (HFI). HFI included new “categorical exclusions” that
allowed certain fuel treatment projects to proceed in full compliance with the NEPA, but
without lengthy environmental documentation, and new guidance on conducting
environmental assessments for fuel reduction projects and restoring fire-adapted ecosystems
(USFS and BLM 2004).
In 2003, Congress enacted the Healthy Forests Restoration Act (HFRA; P.L. 108-148; 16
U.S.C. 6501 et seq.) “to reduce wildfire risk to communities, municipal water supplies, and
other at-risk Federal land through a collaborative process of planning, prioritizing, and
implementing hazardous fuel reduction projects.” HFRA authorizes the BLM and USFS to
conduct hazardous fuel reduction projects on federal lands in WUI areas and on certain
other federal lands using expedited procedures. The expedited procedures include limiting
the number of alternatives required for NEPA compliance, establishing a “pre-decisional
administrative review” process, and limiting judicial review of projects.
In general, projects proposed under HFRA are required to develop only two alternatives to
meet NEPA requirements: a proposed agency action and a no-action alternative. If an
additional action alternative is proposed during scoping or during HFRA’s collaborative
process, the agency must consider that alternative. If a HFRA project is proposed in the WUI,
the agency is only required to develop the proposed agency action and one action alternative,
unless the project is within 1.5 miles of an at-risk community, in which case an alternative
action is not required. If the at-risk community has a wildfire protection plan and the agency
action does not implement its recommendations, then the agency is required to develop the
community’s plan as an action alternative.
HFRA expedites the approval process for hazardous fuel reduction projects by
establishing a pre-decisional administrative review process—commonly called an “objection.”
The process is the sole means by which administrative review of a proposed authorized
hazardous fuel reduction project may be sought. Only individuals and organizations who
have submitted specific written comments during the opportunity for public comment
provided during preparation of a NEPA environmental assessment or environmental impact
statement for the proposed authorized hazardous fuel reduction project may file an objection.
In 2012, the USFS adopted a HFRA-based pre-decisional review process for all LRMPrelated plans and projects (36 CFR 219, Subpart B). In 2014, Congress replaced the
administrative appeals process authorized by with Appeals Reform Act of 1993 (P.L. 102-381)
with the HFRA pre-decisional administrative review process (P.L. 113-79; Hoover 2014).
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HFRA also expedites hazardous fuel reduction projects by restricting judicial review.
Issues raised by the plaintiffs during judicial review must have raised during the predecisional administrative process.
In February 2014, HFRA was amended by the federal farm bill (Agricultural Act of 2014;
P.L. 113-79) to permanently authorize “stewardship end-result contracting,” which was first
temporarily authorized as a pilot program in 1999. Stewardship end-result contracting allows
the USFS and BLM to enter into contracts up to 10 years in length that focus on land and
resource conditions rather than outputs (USFS 2014a). Fuel treatment projects are eligible
for inclusion in stewardship end-result contracts.
The same bill (Agricultural Act 2014; P.L. 113-79) also amended HFRA to authorize state
governors to request that the U.S. Department of Agriculture designate landscape-scale
treatment areas on national forests that are at high risk of insect and disease mortality.
Projects carried out under this authority will be considered hazardous fuels reductions
projects under HFRA. In March 2014, Idaho submitted a list of 50 proposed treatment areas
covering almost 1.9 million acres, and they were approved by the Secretary of the U.S.
Department of Agriculture in May 2014 (USFS 2014d).
As a result of HFI and HFRA, the USFS and BLM created NEPA categorical exclusions for
hazardous fuels reduction activities using prescribed fire that do not to exceed 4,500 acres,
and mechanical methods for crushing, piling, thinning, pruning, cutting, chipping, mulching,
and mowing, not to exceed 1,000 acres, provided that: the areas are in a WUI or Condition
Classes 2 or 3 outside a WUI; are identified through a collaborative framework as described
in A Collaborative Approach for Reducing Wildland Fire Risks to Communities and the
Environment 10-Year Comprehensive Strategy Implementation Plan (USDA and USDI et al.
2002); are not conducted in wilderness areas or do not impair the suitability of wilderness
study areas for preservation as wilderness; do not include the use of herbicides or pesticides
or the construction of new permanent roads or other new permanent infrastructure; but are
allowed to include the sale of vegetative material if the primary purpose of the activity is
hazardous fuels reduction (36 CFR 220.6). However, the USFS is enjoined from using its
hazardous fuels categorical exclusion until it complies with court orders in Sierra Club v.
Bosworth (510 F.3d 1016, 9th Cir. 2007; USFS 2014b).
Numerous hazardous fuels projects have been implemented in Idaho and across the U.S.
as a result of HFRA. From FY 2003 to FY 2011, 1.3 million acres of HFRA fuel treatments
were accomplished in Idaho (Table 7-1; Forests and Rangelands 2012). Slightly over half
(52.3%) of the acres were treated by the USFS, and slightly under half (42.5%) were treated
by BLM. About half (50.9%) of the acres treated were in the WUI. Mechanical treatments were
used more than fire treatments in the WUI (71.0% mechanical vs. 29.0% fire), whereas
outside the WUI treatments were more evenly split between fire and mechanical treatments
(56.1% mechanical vs. 43.8% fire).
HFI and HFRA were in part a result of the federal land management agencies reviewing
the 1995 wildland fire policy (USDA and USDI 1995) in the early 2000s. The 2001 Review
and Update of the 1995 Federal Wildland Fire Management Policy (USDA and USDI 2001a) reemphasized the need for fuels treatment on many federal lands, but cautioned that
implementation of fuels reduction strategies was hampered by limited resources. HFI and
HFRA authorized more spending on fuel treatment programs, but much of the increased
spending was redirected funds from other programs.
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Table 7-1. HFRA fuel treatment accomplishments in Idaho, FY 2003 to FY 2011, acres.
Federal
Agency*
BIA
BLM
FWS
NPS
USFS
Total

Fire
4,356
65,482
2,673
119,863
192,374

Inside WUI
Mechanical
23,281
241,378
10,391
196,162
471,212

Total
27,637
306,860
13,064
316,025
663,586

Fire
7,192
77,947
4,494
7
190,861
280,501

Outside WUI
Mechanical
Total
11,831
19,023
169,891
247,838
3,080
8,066
14
21
174,736
365,597
359,552
640,545

Total
46,660
(3.6%)
554,698 (42.5%)
21,130
(1.6%)
21 (<0.1%)
681,622 (52.3%)
1,304,131 (100%)

*BIA=Bureau of Indian Affairs, BLM=Bureau of Land Management, FWS=Fish and Wildlife
Service, NPS=National Park Service, USFS=U.S. Forest Service.
Data source: Forests and Rangelands 2012.
2009 Guidance for Implementation of Federal Wildland Fire Management Policy. In
2003, the federal agencies published a strategy for implementing the updated wildland fire
management policy (USDA and USDI 2003). That implementation policy was updated in
2009 with Guidance for Implementation of Federal Wildland Fire Management Policy (USDA
and USDI 2009). The guidance provides the philosophy, direction, and implementation of fire
management planning, activities and projects on federal lands and is intended to “be used to
provide consistent implementation of federal wildland fire policy.” Specific action items within
the 2009 guidance are addressed by the Interagency Standards for Fire and Fire Aviation
Operations (USDI and USDA 2011), which is updated yearly.
Federal Land Assistance, Management, and Enhancement (FLAME) Act of 2009. In
late 2009 the Federal Land Assistance, Management, and Enhancement Act (FLAME) became
law (P.L. 111-88). The act mandated the development of a national cohesive wildland fire
management strategy to comprehensively address wildland fire management across all lands
in the U.S. Elements of the strategy were to include:
• identifying the most cost-effective means for allocating fire management budget
resources;
• providing for reinvestment in non-fire programs by the Secretary of the Interior and
the Secretary of Agriculture;
• employing appropriate management response to wildfires;
• assessing the level of risk to communities;
• allocating hazardous fuels reduction funds based on the priority of hazardous fuels
reduction projects;
• assessing the impacts of climate change on the frequency and severity of wildfire; and
• studying the effects of invasive species on wildfire risk.
The strategy is to be updated at least once every five years.
The cohesive strategy required by FLAME was developed by the Wildland Fire Leadership
Council (WiFLC). This is an intergovernmental committee of federal, state, tribal, county, and
municipal government officials established by the Secretaries of Agriculture and the Interior
in 2002 to support the implementation and coordination of federal fire management policy
(WiFLC 2010).
In March 2011, the WiFLC released two documents: A National Cohesive Wildland Fire
Management Strategy (WiFLC 2011a) and The Federal Land Assistance, Management and
Enhancement Act of 2009 Report to Congress (WiFLC 2011b). The documents provided the
framework for a three-phase, strategic effort to restore and maintain resilient landscapes,
create fire-adapted communities, and respond to wildfires. The creation of the two documents
was considered phase one and served as the foundation for the remaining phases.
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In June 2012, the WiFLC released A National Cohesive Wildland Fire Management
Strategy Phase II National Report (WiFLC 2012). Phase II consisted of regional assessments to
connect national goals to the needs and challenges found at regional and local levels. Three
regional strategy committees representing the Northeast, Southeast, and West examined how
wildfire and its management threaten areas and issues that Americans value, including
wildlife habitats, watershed quality, and local economies.
Phase III involved taking the qualitative information gathered in Phase II and translating
it into quantitative models that help inform management actions on the ground. As part of
Phase III, each region developed a regional risk analysis report. Among the recommendations
related to fuel treatments in the Western region’s report are: encouraging federal agencies to
expedite fuel treatments, and identifying and prioritizing landscapes for treatment (WRSC
2012). In addition, Phase III involved developing regional action plans. The actions
recommended in the Western region’s action plan are related to its three goals:
• Landscapes across all jurisdictions are resilient to fire-related disturbances in
accordance with management objectives.
• Human populations and infrastructure can withstand a wildfire without loss of life
and property.
• All jurisdictions participate in making and implementing safe, effective, efficient, riskbased wildfire management decisions (WRSC 2013).
The importance of managing lands with fuels treatment projects to mitigate fire risk is
captured in this quotation from the Phase III western regional science-based risk analysis
report:
“Analysis shows us where fires are occurring, where future fires are likely to occur,
and where we might be able to intervene with mitigation efforts to reduce fuels to
reduce the severity of future fires. The landscape needs active management to reduce
fuels in order to reduce losses of homes, lives, and resources to wildfire. Experience
with fuels treatment projects has demonstrated the value of fuels reduction to reduce
wildfire suppression costs and protect land and resources” (WRSC 2012, p. 4).
In April 2014, The National Strategy: The Final Phase in the Development of the National
Cohesive Wildland Fire Management Strategy (WiFLC 2014) was completed. The vision for the
next century expressed in the National Strategy is to “safely and effectively extinguish fire
when needed; use fire where allowable; manage our natural resources; and as a nation, live
with fire.” The three primary principles identified as necessary for achieving the vision are:
• Restore and maintain landscapes: Landscapes across all jurisdictions are resilient to
fire-related disturbances in accordance with management objectives.
• Fire-adapted communities: Human populations and infrastructure can withstand a
wildfire without loss of life and property.
• Wildfire response: All jurisdictions participate in making and implementing safe,
effective, efficient risk-based wildfire management decisions (WiFLC 2014).
The National Strategy recognizes that vegetation and fuels management is a major challenge
to achieving its vision (Figure 7-2). The strategy recognizes that a variety of fuel treatment
strategies are needed and suggests that areas of the western U.S. be a primary emphasis for
broad-scale fuels management (WiFLC 2014).
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Figure 7-2. Vision, national goals and national challenges from The National Strategy:
The Final Phase in the Development of the National Cohesive Wildland Fire Management
Strategy.
Source: WiFLC 2014.
Collaborative Forest Landscape Restoration Program. In 2009, Congress passed the
Forest Landscape Restoration Act (Title IV of P.L. 111-11, the Omnibus Public Land
Management Act of 2009), which established the Collaborative Forest Landscape Restoration
Program to encourage collaborative, science-based ecosystem restoration of forest landscapes
by reestablishing natural fire regimes and reducing the risk of uncharacteristic wildfire.
Proposed projects must be developed through a collaborative process, identify and prioritize
restoration treatments for a 10-year period within a landscape that is at least 50,000 acres,
be comprised primarily of national forest land, be in need of active ecosystem restoration,
and be accessible by existing or proposed wood-processing infrastructure at an appropriate
scale to use woody biomass and small-diameter wood removed in ecological restoration
treatments. Projects are submitted to the Secretary of Agriculture through the USFS Regional
Foresters and are competitively selected for funding by the Secretary after review by an
advisory panel. The act established a Collaborative Forest Landscape Restoration Fund to
pay up to 50 percent of implementation and monitoring costs of projects.
In 2010, the Selway-Middle Fork Clearwater Project, a joint effort between the Clearwater
Basin Collaborative and the Nez Perce and Clearwater National Forests, received $1 million in
funding through the program. The project work includes: 2,600 acres of commercial harvest
and prescribed burning, application of prescribed fire to approximately 10,000 acres,
replacement of a culvert to restore fish passage, and the decommissioning of 75 miles of road
(USFS 2010a).
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In 2012, two additional Collaborative Forest Landscape Restoration Fund projects were
funded in Idaho: the Weiser-Little Salmon Headwaters project on the Payette National Forest
($2.45 million) and the Lower Kootenai River Watershed project on the Panhandle National
Forest ($324,000). The Weiser-Little Salmon Headwaters project proposes to treat and restore
approximately 190,000 acres of low elevation ponderosa pine forest to historic stand
structure and functional conditions (Payette National Forest 2011). The Lower Kootenai River
Watershed project proposes to treat 39,430 acres to reduce the risk of wildfire and increase
the resilience of the landscape to wildfire (Kootenai Valley Resource Initiative 2011).
Good Neighbor Authority. In addition to amending HFRA to permanently authorize
stewardship end-result contracting (see previous section), the federal farm bill (Agricultural
Act of 2014, P.L. 113-79) reauthorized the USFS and BLM’s “Good Neighbor Authority” and
extended the authority nationwide. The authority allows the USFS and BLM to enter into
agreements with state agencies to conduct fuel treatments on federal lands. Previously the
authority was limited to Colorado and Utah (Hoover 2014).
Prescribed fire. The USFS and the BLM operate under similar policies for
implementation of prescribed fire. USFS policies are detailed in Forest Service Manual
chapter 5140 Fire Use (USFS 2008), and BLM policies are detailed in BLM Manual section
MS-9211 Fire Planning (BLM 2012). Both agencies’ policies are guided by the Interagency
Prescribed Fire Planning and Implementation Procedures Guide (USDA and USDI 2013). The
prescribed fire program goals for the federal agencies are to:
• Provide for firefighter and public safety as the first priority;
• Ensure that risk management is incorporated into all prescribed fire planning and
implementation;
• Use prescribed fire in a safe, carefully planned, and cost-efficient manner;
• Reduce wildfire risk to communities, municipal watersheds and other values and to
benefit, protect, maintain, sustain, and enhance natural and cultural resources; and
• Use prescribed fire to restore natural ecological processes and functions, and to
achieve land-management objectives (USDA and USDI 2013).
Additional prescribed fire implementation guidance is provided in the Interagency
Standards for Fire and Fire Aviation Operations (USDI and USDA 2014), including:
• All hazardous fuels reduction (HFR) treatment projects will support resource
management objectives as identified in their agency-specific land/resource
management plans;
• All HFR treatment projects will have plans that contain measurable objectives;
• All HFR treatment projects will comply with NEPA and all other regulatory
requirements;
• All HFR management projects will be tracked and progress will be reported within
required timeframes; and
• All HFR treatment projects will be monitored to determine if treatment objectives were
met and to document weather, fire behavior, fuels information, and smoke dispersion.
Federal agencies also can use wildland fires with unplanned ignitions (e.g., lightningcaused fires) in a manner similar to prescribed fire, provided that the fire fills prescribed
management objectives in the land/resource management plans and associated fire
management plans (USDA and USDI 2009). The use of unplanned wildland fires may be
limited in some forests because of structural changes that have occurred in forest stands
(Pollet and Omi 2002).

36 ● Chapter 7. What policies currently guide implementation of fuel treatments?

State policies
Similar to the situation with federal policies, state of Idaho policies that potentially relate
to fuel treatment projects on forest lands are spread across a variety of statutes,
implementing rules and regulations, and the responsibilities of several agencies. For
example, if planned fuel treatments use prescribed burning, the Idaho Department of Lands
is involved because of wildfire and forest practices policy and the Idaho Department of
Environmental Quality also is involved because of air quality policy. In addition, fuel
treatment implementation cannot harm wildlife, whose management and protection fall
under the authority of the Idaho Fish and Game Commission (Idaho Code 36-102) and the
Idaho Department of Fish and Game, which implements the commission’s policies.
The Idaho Department of Lands (IDL) has dual responsibilities as both the manager of
state's endowment forest lands and the regulator of forest practices on private forest lands.
In general, IDL is charged with protecting all forests in the state (Idaho Code 38-102).
Fuel treatments. Idaho statutes providing the authority for IDL to regulate fuel
treatments on forest land include the Idaho Forestry Act (Idaho Code 38-101 et seq.), fire
hazard reduction programs (Idaho Code 38-401 et seq.), and the Idaho Forest Practices Act
(Idaho Code 38-1301 et seq.). Harvesting of trees, management of slash, use of chemicals,
and use of prescribed fire on forest land are forest practices and subject to provisions of the
Idaho Forest Practices Act and its regulations (IDAPA 20.02.01).
Landowners or operators performing fuel treatments must obtain a notification of forest
practice from IDL before conducting the practice (IDAPA 20.02.01.020.05). In addition, a
Certificate of Compliance–Fire Hazard Management Agreement must be obtained by anyone
who conducts an operation involving the harvesting of forest products or potential forest
products (IDAPA 20.04.02.030). Upon completion of a forest practice, a Certificate of
Clearance must be obtained to certify that either hazard reduction has been accomplished,
will be accomplished via a contract with IDL, or an additional fee has been paid (IDAPA
20.04.02.140).
IDL’s slash management rules use a points system to determine potential fire hazard and
appropriate hazard reduction activities. Points are computed based on forest type, stand
density, fuel quantity, site aspect and slope, season of forest practice, and hazard offsets
such as slash disposal, access, availability of water, adjacent fuel breaks, and landowner
protection plan (IDAPA 20.02.01.070).
Prescribed fire. IDL is responsible for control and management of fire on private forest
lands in Idaho (Idaho Code 38-101 et seq.). IDL requires permits for all open burning during
the fire season (May 10 to October 20) to ensure that burning is kept under control and
prevented from spreading to other property (Idaho Code 38-115). Burning of specifically
designated blocks or areas of forest land must be conducted in accordance with a prescribed
burn plan approved by the fire warden in the area where the burn occurs (IDAPA
20.04.02.110). IDL burn permits specify that burning must be conducted in accordance with
the Idaho Department of Environmental Quality’s open burning rule (IDAPA 58.01.01.600;
see Air quality policies section below).
Wildfire protection planning. Several federal policies have provided incentives for the
state of Idaho to undertake wildfire protection planning, including the planning, funding, and
implementation of hazardous fuels reduction projects in forests. Through the Disaster
Mitigation Act of 2000 (P.L. 106-390), the Federal Emergency Management Agency (FEMA)
requires states and communities within states to create hazard mitigation plans as a
condition for maximizing federal funding to states and communities for hazard reduction and
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disaster response activities. The most recent edition of the State of Idaho Hazard Mitigation
Plan was completed in 2013 and prominently addresses wildfire as a hazard (Idaho Bureau of
Homeland Security 2013). The plan calls for the continuation of programs that reduce fuels
loads in critical areas and establishment of mitigation actions in accordance with the
National Cohesive Wildland Fire Management Strategy (see Federal Land Assistance,
Management, and Enhancement (FLAME) Act of 2009 section above). Forty-three of the
47 local mitigation plans in Idaho identify wildfire as a significant hazard (Idaho Bureau of
Homeland Security 2013).
As a result of the Disaster Mitigation Act of 2000, as well as the national fire plan and its
implementation strategy (see National Fire Plan section above), Idaho completed the Idaho
Statewide Implementation Strategy for the National Fire Plan in 2002. The plan was revised in
2006 (IDL 2006). The plan called for the creation of county-level wildfire hazard mitigation
plans. In 2003, HFRA (see Healthy Forests Initiative (HFI) and Healthy Forests
Restoration Act (HFRA) section above) directed federal agencies to prioritize fuel reduction
projects on lands identified in “community wildfire protection plans.” Communities in Idaho
met the mandate of HFRA by creating plans at the county level—County Wildfire Protection
Plans (CWPPs).
CWPPs were created by countywide collaborative groups made up of wildfire agencies, fire
departments, emergency managers and other interested parties (IDL 2008). Every county in
Idaho has completed a CWPP, which identifies hazards and prioritizes treatments to reduce
them. Federal agencies must consider priorities identified in the CWPP when developing fire
management plans or when conducting hazardous fuels treatments (IDL 2008). As a matter
of practice, each county’s CWPP has been integrated into its all-hazard mitigation plan
required by the Disaster Mitigation Act of 2000 (Idaho Bureau of Homeland Security 2013).
Air quality policies. Air quality policies related to fuel treatments, particularly
prescribed burning and wildfires, were examined in depth in a previous PAG report (Cook
and O’Laughlin 2004); however, some federal air quality policies have changed since then.
The following summarizes and updates the information in that report.
The federal Clean Air Act is the basis for most air quality regulation nationwide. The U.S.
Environmental Protection Agency (EPA) is the federal agency charged with implementing the
Clean Air Act. Although the Clean Air Act is a federal law, the states are responsible for much
of its implementation. States develop State Implementation Plans (SIPs) that define and
describe customized programs that the state will implement to meet the requirements of the
Clean Air Act. The state agency in Idaho responsible for implementing Clean Air Act
provisions is the Idaho Department of Environmental Quality (IDEQ).
The EPA sets limits on how much pollution can be in the air through the National
Ambient Air Quality Standards (NAAQS). NAAQS have been established for six air pollutants:
particulate matter, sulfur dioxide, nitrogen dioxide, ozone, carbon monoxide, and lead. An
area that IDEQ finds to be in violation of a NAAQS may be designated as a nonattainment
area by the EPA. Nonattainment status has numerous implications for an area, including
increased controls and limitations on the sources and amounts of emissions allowed.
Particulate matter (PM10 and PM2.5) is the primary pollutant of concern in smoke, whether
from prescribed fires or wildfires. Most of the particulate matter in smoke is PM2.5.
EPA regulates emissions from wildfires and prescribed fires under its “exceptional events
rule” (40 CFR 50.14). EPA does not count violations of a NAAQS that are caused by
exceptional events toward nonattainment designation if a state can document that a violation
was caused by an exceptional event. Wildfires are considered exceptional events because they
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are “natural events”—defined by EPA as events “in which human activity plays little or no
direct causal role,” even if a wildfire is human-caused.
Violations of a NAAQS from prescribed fires are treated slightly differently by EPA. They
are not counted toward nonattainment designation if the state either
• has certified to EPA that it has adopted and is implementing a “smoke management
program” (SMP), or
• the state ensures that the burner who caused the violation employed basic smoke
management practices, and the state undertakes a review of its approach to ensure
public health is being protected and considers developing a smoke management
program.
Idaho has the requisite SMP. It was created and is administered jointly with the state of
Montana by the Montana/Idaho Airshed Group (2010). The group is comprised of member
organizations that conduct a large amount of prescribed burning and regulatory and health
agencies that regulate this burning in the states of Idaho and Montana. The intent of the
Montana/Idaho Smoke Management Program is to minimize or prevent smoke impacts while
using fire to accomplish land management objectives. The SMP identifies the responsibilities
of Montana and Idaho air regulatory agencies, federal, state, tribal, and private land
managers as well as provides accurate and reliable guidance to the individuals conducting
prescribed fires. In Idaho, land manager participation in the SMP is entirely voluntary.
Other Idaho policies that address air quality and prescribed burning include IDEQ’s Air
Pollution Emergency Rule that regulates activities when air pollution levels are high enough
to cause a health emergency (IDAPA 58.01.01.550-562) and IDEQ’s opening burning rule
that regulates the types of materials that can be burned in the open (IDAPA 58.01.01.600).
Prescribed fire is allowed provided it meets the following conditions (IDAPA 58.01.01.614):
• If a burning permit or prescribed fire permit is required by IDL, USFS, or any other
state or federal agency responsible for land management, the burner must meet all
permit and/or plan conditions and terms which control smoke; or
• If permits from these other agencies are not required, burners must meet conditions in
the Montana/Idaho Smoke Management Program. In Idaho, participation in the smoke
management program is voluntary (Cook and O’Laughlin 2004).
Summary
Most of Idaho’s forests are the responsibility of the U.S. Forest Service (see Figure 7-1).
There is not a single, overarching federal law that guides fuels treatment implementation on
federal forests, but rather numerous laws, regulations, and other documents that provide
policy guidance. In addition to land use planning laws and regulations, laws protecting air
quality play important roles for some fuel treatment methods, particularly prescribed fire.
States are responsible for implementing many requirements of federal clean air statutes, and
states have primary responsibility for laws that protect state and private forest lands from
wildfire.
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Chapter 8. What policy options might improve fuel treatment effectiveness in Idaho’s
forests?
As the previous chapter illustrates fuel treatment implementation is affected by numerous
intertwined federal and state policies. In addition, wildfire management involves a
combination of federal, state, and local responsibilities and policies. Policies have not always
been congruent and there is room for improvement (DellaSala et al. 2004, Stephens and
Ruth 2005, Keiter 2006, Wishnie 2008, Janke 2011). Suggestions for improvements to fuel
treatment implementation policies are summarized below.
As a result of passage and implementation of the Federal Land Assistance, Management,
and Enhancement (FLAME) Act of 2009 (see Chapter 7), federal, state, local, and tribal
governments, non-governmental organizations, and public stakeholders have worked to
develop the National Cohesive Wildland Fire Management Strategy (“National Strategy”;
WiFLC 2014). The strategy is an attempt to bring more cohesiveness and effectiveness to
wildland fire policy. The National Strategy addresses many of the issues outlined below, but
because of its newness, the effectiveness of implementation of the strategy has not been
evaluated.
Articulate goals and objectives clearly
Several researchers have suggested that more clarity is needed as to what makes fuel
treatment programs successful (e.g., Reinhardt et al. 2008). For example, a goal such as
wildfire hazard reduction means different things to different people. A goal of fuel treatments
is modifying potential fire behavior and effects, but effects on who or what vary (Stephens
and Ruth 2005).
Some constituencies may see the goal of fuel treatments as advancing opportunities for
fire suppression while protecting firefighter safety (e.g., Harbert et al. 2007). The National
Strategy (WiFLC 2014) identifies reducing risk to firefighters as a guiding principle and core
value for all fire management activities. Others may see reduction in acres burned by wildfire
as an appropriate goal, but some researchers have suggested that focusing on reducing the
number of acres burned leads to an overemphasis on suppression, which contributed to the
current wildfire problem (Reinhardt et al. 2008).
Other constituencies may see the goal of fuel treatments as restoring forests to some
particular historical condition. However, specifying restoration as a fuel treatment goal is
complicated because ecosystem composition and structure are complex and constantly
changing. In addition, reference conditions may not be attainable in the future because of
changes to controlling factors such as climate (DellaSala et al. 2004, QFR 2009). Historical
conditions also may not be socially acceptable today (Hunter et al. 2007). For example, highseverity, stand-replacement fires were historically the norm for some forest types, but may
not be acceptable today if such forests exist in the WUI.
Other constituencies may see the goal of fuel treatment as furthering ecological integrity
(Schoennagel et al. 2004a); however, measures of ecological integrity vary (QFR 2009). Others
may see the goal of fuel treatments as increasing resilience, or the ability of the landscape to
regain normal function and development after fire (SAF 1998).
The goals of fuel treatments and wildfire management are sometimes stated in terms of
risk management and reduction (e.g., Calkin et al. 2011a and 2011b). However, disparate
definitions of risk and what resources are at risk have led to calls for more standardized risk
analysis related to fuel treatments and wildfire (O’Laughlin 2008, O’Laughlin 2010, Miller
and Ager 2013). Quantitative risk analysis for wildfire is challenging (Finney 2005).
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Fuel treatment goals are usually an integration of ecological, economic, and social values
(Graham et al. 2004). The context of place is important for determining treatment goals (Agee
and Skinner 2005). Fuel treatments are not undertaken as ends in and of themselves, but
their place in larger land management priorities is not always clear. Fuel treatments can
accomplish multiple land management objectives (QFR 2009), and the objectives need to be
stated clearly.
The National Strategy (WiFLC 2014) recognizes that fuel treatment goals and objectives
are likely to be dependent on and vary by location and involve a variety of ecological and
social factors. For example, fuel treatment goals and objectives in WUI areas may be very
different than those in non-WUI areas.
Improve accountability
Given that resources to accomplish fuel treatments are limited, implementing them where
they will do the most good seems appropriate. In order to make the process of implementing
fuel treatments more accountable, better planning information and more systematic
implementation decision processes are needed on several fronts.
Improved information about the levels of hazards in specific locations is needed (QFR
2009, Calkin et al. 2011a). For example, many decisions about where to implement fuel
treatments are currently made using the forest condition-class system, which is a broad
scale assessment technique, but too broad for what is needed (Stephens and Ruth 2005,
Calkin et al. 2011a). Decision support systems to help improve the effectiveness of fuel
treatment implementation are under development (e.g., Hessberg et al. 2007).
Although managers have access to studies on stand-level fuel treatment effectiveness,
such as the ones reviewed in this report, there is no system for making implementation
decisions based on treatment or cost effectiveness (GAO 2007, Mell et al. 2010). For example,
federal agencies currently use number of acres treated as a measure of accomplishment, but
that measure says nothing about the effectiveness of the treatments (Stephens and Ruth
2005, Hudak et al. 2011). Strategic placement of fuel treatments on the landscape may make
them more effective at reducing fire effects and more cost effective (Pollet and Omi 2002,
Stephens and Ruth 2005, Dailey et al. 2008, QFR 2009).
Managers also need better information about how projects that are locally important fit in
to regional or national priorities. For example, although the Healthy Forests Restoration Act
calls for 50% of projects to be near or within the WUI, researchers found that west-wide only
11% have been (Schoennagel et al. 2009). In Idaho, slightly over 50% of acres treated have
been in the WUI (see Table 7-1). However, without a more systematic approach—methodical,
based on criteria, and applied consistently—it is difficult to know whether treatment costs
are warranted or to compare the cost effectiveness of different potential treatments to decide
how to optimally allocate funds (Stephens and Ruth 2005, GAO 2007, Colburn 2008, Gorte
2009b).
Steps are being taken to improve planning information and make fuel treatment
implementation more accountable. For example, LANDFIRE (Landscape Fire and Resource
Management Planning Tools Project) is producing consistent and comprehensive maps and
data describing vegetation, wildland fuel, and fire regimes across the U.S., including layers of
vegetation composition and structure, surface and canopy fuel characteristics, and historical
fire regimes. These data can then be used in prediction models for landscape-level fire
behavior assessments and fuel treatment optimization planning (Ryan and Opperman 2013).

Chapter 8. What policy options might improve fuel treatment effective in Idaho's forests? ● 41

Although fuel treatments have been shown to aid in fire suppression, the effects on fire
suppression costs have not been as widely studied (Thompson et al. 2013). Researchers are
working on models that quantify impacts of fuels treatments on suppressions costs, so they
can evaluate where to implement fuel treatments. One such program under development by
the U.S.Forest Service is Risk and Cost Analysis Tools Package (R-CAT), developed to
evaluate fuel treatments in Collaborative Forest Landscape Restoration Program projects
(USFS 2010b). Suppression costs only represent part of the costs of wildfire. Researchers
have begun to systematically examine the full costs of wildfires and compare them to the
costs of fuel treatments (Snider et al. 2006, Mason et al. 2006, WeFLC 2010, Combrink et al.
2013, ERI 2013).
Federal managers also are considering more systematic approaches to implementation
decisions (e.g., USDI 2012). For example, federal managers have suggested establishing an
integrated fuels management portfolio, which would transform fuels management from a
project/output perspective to a larger investment strategy in support of greater land
management priorities and multi-jurisdictional goals (QFR 2009). The portfolio would
support multiple programs—starting with the fuels reduction zones in fire-adapted
communities and reaching efforts to treat larger landscapes in more remote areas and public
lands between the WUI and wilderness (QFR 2009). An integrated fuels management portfolio
would also involve taking advantage of opportunities presented by the occurrence of wildfires.
Fuels projects are often done to reduce risk in anticipation of a wildfire. The occurrence of a
wildfire has not often been used as a factor in the selection of areas for fuel treatments,
either to maintain the burned area in an appropriate ecological condition, to maintain fuels
at a prescribed level, or to generally take advantage of reduced fuels and risk following the
occurrence of a wildfire (QFR 2009).
The National Strategy (WiFLC 2014) recognizes that accountability is important and calls
for establishing national performance measures specific to the strategy. The strategy calls for
tracking the efficiency of investments in activities, including fuel treatments, to determine
which investments are most cost-effective.
Collaborate with others
Numerous researchers have suggested that enhancing collaboration between levels of
government and with communities and stakeholders is important for increasing the
effectiveness of fuel treatment programs (Stephens and Ruth 2005, Evans 2008, Kaufmann
et al. 2009, QFR 2009). Part of collaboration is clarifying, and perhaps realigning, the roles
and responsibilities of various levels of government in implementing fuel treatments,
managing wildfire, and protecting communities (QFR 2009, WRSC 2013).
Some researchers have suggested creating or strengthening policies that increase the
ability of federal, state, and local agencies to implement fuel treatments across land
ownerships, such as Good Neighbor Authority (see Chapter 7). In addition, cost sharing
among agencies, across levels of government, and between public and private entities could
be promoted (Schoennagel et al. 2009). Collaborative and cooperative programs allow
participating entities to leverage resources (QFR 2009).
To be most effective, management agencies need to build and maintain citizen trust and
credibility that fuel treatments are effective and meet the community’s needs (Absher and
Vaske 2011, Paveglio et al. 2011, Toman et al. 2011, McCaffrey and Olsen 2012). For
example, focusing on building support for bioenergy facilities that can use the wood
generated by fuels treatment projects may increase stakeholder support (QFR 2009).
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Dialogue is needed between tribal, state and local authorities including elected officials,
business and private property owners, and the larger public (Stephens and Ruth 2005, QFR
2009).
The National Strategy (WiFLC 2014) identifies collaborative engagement—“which includes
governance, shared information and resources, communications, and monitoring and
accountability”—as necessary for successful implementation. The strategy specifically
recognizes the importance of collaboration in fuels management projects involving a mix of
public and private lands.
Embrace adaptive management
Numerous researchers have suggested that fuel treatment and wildfire management
policies take an adaptive management approach (e.g., Omi and Martinson 2004, Schoennagel
et al. 2004a, Stephens and Ruth 2005, Colburn 2008, Kaufmann et al. 2009, Page-Dumroese
et al. 2010, McIver et al. 2012). Adaptive management uses management actions as sources
of learning, treats management actions as experiments, and relies heavily on monitoring and
evaluation of results (Stankey et al. 2005). Adaptive management allows successes on the
ground to serve as opportunities to gain knowledge and experience, and to reflect and to
revise policies and prescriptions, and serve as precedents for eventual broader application
(Stephens and Ruth 2005).
Adaptive management is increasingly important because of the constantly changing
environment, including such things as future wildfires, human population incursions,
episodic drought, warming and cooling trends, and insect and pest outbreaks (Omi and
Martinson 2004; Kolden and Brown 2010). Monitoring is an important part of adaptive
management, and there is a need for more broad scale monitoring of fuel treatment
effectiveness as well as the non-target effects of treatments (Rhodes and Odion 2004, Harbert
et al. 2007, Schoennagel et al. 2009, Evans et al. 2011).
The National Strategy (WiFLC 2014) does not mention adaptive management by name;
however, elements of adaptive management are recognized. For example, the strategy calls
for decisions to be made on the best available science and recognizes that fire adaptation is a
continuous process.
Loosen constraints on public agencies
Numerous policy, budgetary, market, and social constraints currently limit the extent of
fuel treatments that can be undertaken. For example, air quality policy may limit
implementation of prescribed fire to only a few weeks each year (Quinn-Davidson and Varner
2012). With such limitations, it is not possible to use prescribed fire as a fuel treatment on a
large scale (Pollet and Omi 2002, Stephens and Ruth 2005, Collins et al. 2010). Air quality
policies that fully recognize the trade-off between moderate, controlled amounts of smoke
from prescribed fire versus large, uncontrolled amounts of smoke from wildfires are needed
(Cook and O’Laughlin 2004, Engel 2013).
Planning laws and regulations for NEPA/NFMA/FLPMA may constrain fuel treatment
implementation (Stephens and Ruth 2005, Collins et al. 2010). In some instances,
requirements of federal law and due process permit a single interest to override and derail
collaborative efforts to institute regional or local fuel management plans (Stephens and Ruth
2005). However, one study of U.S. Forest Service fuel reduction project decisions found
appeals or objections were filed only in 19% of decisions; two percent of decisions were
litigated; and in the majority of cases, projects that were challenged were implemented
unchanged (GAO 2010). In some cases it may not be the laws and regulations themselves
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that are impeding projects, but institutional aversion to risk of litigation (Mortimer et al.
2011).
Fuel treatments, regardless of type, cost money to implement. The federal budgeting and
appropriations processes for both fuels management and fire suppression have been called
inadequate and in need of revamping (Stephens and Ruth 2005). For example, the cost of
wildfire suppression grew from 13% of the U.S. Forest Service budget in 2004 to over 40% in
2014 (USFS 2014c). Suppression costs in excess of budgeted funds were covered by
transferring funds from other programs, including those that funded fuel treatments. The
U.S. Forest Service FY 2015 budget proposes revamping the funding of fire suppression so
that funding intended for fuel treatments and other land management activities is not
diverted (USFS 2014c). In addition, the U.S. Forest Service FY 2015 budget proposes to
consolidate several programs into an Integrated Resource Restoration program so that land
management activities, including fuel treatments, are administered in a more coordinated
and efficient manner (USFS 2014c).
Costs of some mechanical fuel treatments can be offset partially by selling by-products of
treatments, particularly small timber. However, one of the constraints to mechanical
thinning in some areas is the lack of infrastructure—locally available contractors, smallwood
processing facilities, and/or biomass-to-energy conversion facilities—for the material that is
removed during thinning (GAO 2005 and 2006, Collins et al. 2010). Policies that promote
thinning and guarantee smallwood timber supplies may be necessary before private sector
entities are willing to invest in operations and facilities. Numerous states have adopted
policies that promote the utilization of forest biomass outputs (Becker et al. 2011). The
effects of increased forest biomass on markets and economies will vary depending on the
scale of fuel treatment programs (USFS 2005, Prestemon et al. 2006).
Some constraints are not formally imbedded in policy, but result from institutional and
social norms. For example, the use of wildland fire from unplanned ignitions to meet
resource objectives, or letting naturally-caused fires burn via prescription, has been limited
and could be used more effectively (Stephens and Ruth 2005, Dale 2006, Palmer 2012). More
use of fire for resource objectives will require adaptation in public attitudes towards fire
management as well as institutional attitudes within fire organizations such as the U.S.
Forest Service and Bureau of Land Management (Dale 2006, North et al. 2012, Ewell and
Kerr 2013, Thompson 2014).
The public will also have to become more willing to accept risks associated with fuel
treatments and the adaptations necessary to manage wildfire (Toman et al. 2013, Gill et al.
2013, Toman et al. 2014). The WUI is a particularly challenging place to implement fuel
treatments because of the human values associated with the built environment, homes, and
communities (Vogt et al. 2005, Toman et al. 2012, Stein et al. 2013). Policies need to better
define the WUI and the priorities for fuel treatments within it (GAO 2007, Mell et al. 2010,
Calkin et al. 2011c). Policies that regulate development and human settlement in wildland
areas and the WUI also are needed to lessen risks when wildfires occur (Gude et al. 2008,
Schoennagel et al. 2009, Hamma 2011, Paveglio et al. 2013, Calkin et al. 2014). The National
Strategy (WiFLC 2014) focuses particular attention on the WUI, with one of its three goals
being fire-adapted communities.
Conclusion
Fuel treatments generally have been shown to be effective at reducing wildfire severity at
the stand level, but the research is less clear about treatment effectiveness at the landscape
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scale and thus how much of the landscape needs to be treated to reduce wildfire severity
overall. Current policies tend toward the “more is better” approach, using number of acres
treated as the measure of fuel treatment program success. More clearly articulated goals and
measures of success are needed for fuel treatment implementation policies.
Despite elevated risks from wildfire, fuel treatment policy is inherently about political
choices of priorities and programs, and it is unclear where fuel treatments fall in national
political priorities (Stephens and Ruth 2005). The public must understand that there will be
no quick fixes or magic bullets, and undoing the effects of a century of fire exclusion will
require patience, persistence, cooperation, and tolerance for mistakes (Omi and Martinson
2004).

References Cited ● 45

References Cited
Absher, J.D., and J.J. Vaske. 2011. The role of trust in residents’ fire wise actions.
International Journal of Wildland Fire 20:318-325.
Agee, J.K. 1996. Fire regimes and approaches for determining fire history. P. 12-13 in The
use of fire in forest restoration, Hardy, C.C., and S.F. Arno (eds.). USDA Forest Service,
Gen. Tech. Rep. INT-GTR-341, Intermountain Research Station, Ogden, UT.
http://www.fs.fed.us/rm/pubs_int/int_gtr341.pdf.
Agee, J.K., and C.N. Skinner. 2005. Basic principles of forest fuels reduction treatments.
Forest Ecology and Management 211:83-96.
Ager, A.A., N.M. Vaillant, and M.A. Finney. 2010. A comparison of landscape fuel treatment
strategies to mitigate wildland fire risk in the urban interface and preserve old forest
structure. Forest Ecology and Management 259:1556–1570.
Alexander, M.E., and M.G. Cruz. 2011. Chapter 8: Crown fire dynamics in conifer forests. P.
107-142 in Synthesis of knowledge of extreme fire behavior: Volume I for fire managers.
USDA Forest Service, Gen. Tech. Rep. PNW-GTR-854, Pacific Northwest Research Station,
Portland, OR. http://www.fs.fed.us/pnw/pubs/pnw_gtr854.pdf.
Arkle, R.S., D.S. Pilliod, and J.L. Welty. 2012. Pattern and process of prescribed fires
influence effectiveness at reducing wildfire severity in dry coniferous forests. Forest
Ecology and Management 276:174-184.
Arno, S.F. 2000. Fire in western forest ecosystems. P. 97-120 in Wildland fire in ecosystems:
Effects of fire on flora, Brown, J.K., and J.K. Smith (eds.). USDA Forest Service, Gen.
Tech. Rep. RMRS-GTR-42-vol. 2, Rocky Mountain Research Station, Ogden, UT.
http://www.fs.fed.us/rm/pubs/rmrs_gtr042_2.pdf.
Barrett, S., D. Havlina, J. Jones, W. Hann, C. Frame, D. Hamilton, K. Schon, T. Demeo, L.
Hutter, and J. Menakis. 2010. Interagency fire regime condition class guidebook, version
3.0. https://www.frames.gov/files/7313/8388/1679/FRCC_Guidebook_2010_final.pdf.
Becker, D.R., C. Moseley, and C. Lee. 2011. A supply chain analysis framework for assessing
state-level forest biomass utilization policies in the United States. Biomass and Bioenergy
35:1429-1439.
Blate, G.M., L.A. Joyce, J.S. Littell, S.G. McNulty, C.I. Miller, S.C. Moser, R.P. Neilson, K.
O’Halloran, and D.L. Peterson. 2009. Adapting to climate change in United States
national forests. Unasylva 60(231/232):57-62.
BLM (Bureau of Land Management, U.S. Department of the Interior). 2012. BLM manual
section MS-9211 fire planning.
http://www.blm.gov/pgdata/etc/medialib/blm/wo/Information_Resources_Management/policy/blm_m
anual.Par.3397.File.dat/9211.pdf.
_____. 2014a. Budget justifications and performance information Fiscal Year 2015: Bureau of
Land Management. http://www.doi.gov/budget/upload/FY2015_BLM_Greenbook.pdf.

46 ● References Cited

_____. 2014b. BLM fire planning, fuels management, and community assistance state
evaluation guide.
http://www.blm.gov/pgdata/etc/medialib/blm/wy/resources/efoia/IBs/2014.Par.65804.File.dat/wy201
4-009-atch1.pdf.
Boise National Forest. 2014. Boise National Forest fire management plan.
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3798439.pdf.
Bostwick, P., J. Menakis, and T. Sexton. 2011. How fuel treatments saved homes from the
2011 Wallow Fire. U.S. Department of Agriculture, Forest Service.
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5320347.pdf.
Brown, J.K. 2000. Introduction and fire regimes. P. 1-8 in Wildland fire in ecosystems: Effects
of fire on flora, Brown, J.K., and J.K. Smith (eds.). USDA Forest Service, Gen. Tech. Rep.
RMRS-GTR-42-Vol. 2, Rocky Mountain Research Station, Ogden, UT.
http://www.fs.fed.us/rm/pubs/rmrs_gtr042_2.pdf.
_____, and Smith, J.K. (eds.). 2000. Wildland fire in ecosystems: Effects of fire on flora. Gen.
Tech. Rep. RMRS-GTR-42-Vol. 2, USDA Forest Service, Rocky Mountain Research
Station, Ogden, UT. http://www.fs.fed.us/rm/pubs/rmrs_gtr042_2.pdf.
Brown, T.J., B.L. Hall, and A.L. Westerling. 2004. The impact of twenty-first century climate
change on wildland fire danger in the western United States: An applications perspective.
Climatic Change 62:365-388.
Busse, M.D., K.R. Hubbert, and E.E.Y. Moghaddas. 2014. Fuel reduction practices and their
effects on soil quality. USDA Forest Service, Gen. Tech. Rep. PSW-GTR-241, Pacific
Southwest Research Station, Albany, CA.
http://www.fs.fed.us/psw/publications/documents/psw_gtr241/psw_gtr241.pdf.
Calkin, D.E., M.A. Finney, A.A. Ager, M.P. Thompson, and K.M. Gebert. 2011a. Progress
towards and barriers to implementation of a risk framework for US federal wildland fire
policy and decision making. Forest Policy and Economics 13:378-389.
_____, A.A. Ager, and M.P. Thompson (eds.). 2011b. A comparative risk assessment
framework for wildland fire management: The 2010 cohesive strategy science report.
USDA Forest Service, Gen. Tech. Rep. RMRS-GTR-262, Rocky Mountain Research
Station, Fort Collins, CO. http://www.fs.fed.us/rm/pubs/rmrs_gtr262.pdf.
_____, J.D. Rieck, K.D. Hyde, and J.D. Kaiden. 2011c. Built structure identification in
wildland fire decision support. International Journal of Wildland Fire 20:78-90.
_____, J.D. Cohen, M.A. Finney, and M.P. Thompson. 2014. How risk management can
prevent future wildfire disasters in the wildland-urban interface. Proceedings of the
National Academy of Sciences 111:746-751.
Carey, H., and M. Schumann. 2003. Modifying wildfire behavior—the effectiveness of fuel
treatments. National Community Forestry Center, Southwest Region Working Paper 2, 26
p. http://www.forestguild.org/publications/research/2003/Modifying_Fire_Behavior.pdf.
Cawson, J.G., G.J. Sheridan, H.G. Smith, and P.N.J. Lane. 2012. Surface runoff and erosion
after prescribed burning and the effect of different fire regimes in forests and shrublands:
A review. International Journal of Wildland Fire 21:857-872.

References Cited ● 47

Clearwater and Nez Perce National Forests. 2008. Clearwater and Nez Perce National Forests
fire management plan. http://gacc.nifc.gov/nrcc/dc/idgvc/Zone_Info/ClearNezFMP_08final.doc.
Cochrane, M.A., C.J. Moran, M.C. Wimberly, A.D. Baer, M.A. Finney, K.L. Beckendorf, J.
Eidenshink, and Z. Zhu. 2012. Estimation of wildfire size and risk changes due to fuel
treatments. International Journal of Wildland Fire 21:357-367.
Colburn, J. 2008. The fire next time: Land use planning in the wildland/urban interface.
Utah Environmental Law Review 28:223-256.
Collins, B., and C. Skinner. 2014. Fire and fuels. P. 143-172 in Science synthesis to support
socioecological resilience in the Sierra Nevada and Southern Cascade Range, Long, J.W., L.
Quinn-Davidson, and C.N. Skinner (eds.). USDA Forest Service, Gen. Tech. Rep. PSWGTR-247, Pacific Southwest Research Station, Albany, CA.
http://www.fs.fed.us/psw/publications/reports/psw_sciencesynthesis/psw-gtr-247_POSTPRINT_703-14.pdf.
_____, S.L. Stephens, J.J. Moghaddas, and J. Battles. 2010. Challenges and approaches in
planning fuel treatments across fire-excluded forested landscapes. Journal of Forestry
108(1):24-31.
_____, H.A. Kramer, K. Menning, C. Dillingham, D. Saah, P.A. Stine, and S.L. Stephens.
2013. Modeling hazardous fire potential within a completed fuel treatment network in the
northern Sierra Nevada. Forest Ecology and Management 310:156–166.
Combrink, T., C. Cothran, W. Fox, J. Peterson, and G. Snider. 2013. A full cost accounting of
the 2010 Schultz Fire. Ecological Restoration Institute, Northern Arizona University,
Flagstaff. http://library.eri.nau.edu/gsdl/collect/erilibra/index/assoc/D2013006.dir/doc.pdf.
Comer, P., D. Faber-Langendoen, R. Evans, S. Gawler, C. Josse, G. Kittel, S. Menard, M.
Pyne, M. Reid, K. Schulz, K. Snow, and J. Teague. 2003. Ecological systems of the United
States: a working classification of U.S. terrestrial systems. Nature-Serve, Arlington,
Virginia, USA.
Cook, P.S., and J. O’Laughlin. 2004. Forest fire smoke management policy: Can prescribed
fire reduce subsequent wildland fire emissions? College of Natural Resources Policy
Analysis Group Report No. 24, University of Idaho, Moscow.
http://www.cnrhome.uidaho.edu/default.aspx?pid=77222.
Cooper, H.M., L.V. Hedges, and J.C. Valentine. 2009. The Handbook of Research Synthesis
and Meta-analysis, 2nd edition. Russell Sage Foundation, New York, NY. 621 p.
Countryman, C.M. 1972. The fire environment concept. USDA Forest Service, Pacific
Southwest Forest and Range Experiment Station, Berkeley, CA.
http://www.firemodels.org/downloads/behaveplus/publications/Countryman/Countryman_1972_The
FireEnvironmentConcept.pdf.
Cram, D.S., T.T. Baker, and J.C. Boren. 2006. Wildland fire effects in silviculturally treated
vs. untreated stands of New Mexico and Arizona. USDA Forest Service, Res. Pap. RMRSRP-55, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_rp055.pdf.

48 ● References Cited

Dailey, S., J. Fites, A. Reiner, and S. Mori. 2008. Fire behavior and effects in fuel treatments
and protected habitat on the Moonlight Fire. USDA Forest Service, Adaptive Management
Service Enterprise Team and Pacific Southwest Research Station.
http://www.fs.fed.us/r5/hfqlg/monitoring/resource_reports/fire_and_smoke/dfpz_effectiveness/moonl
ight_fire_effects_assessment.pdf.
Dale, L. 2006. Wildfire policy and fire use on public lands in the United States. Society and
Natural Resources 19:275-284.
DeBano, L.F., D.G. Neary, and P.F. Ffolliott. 2005. Soil physical properties. P. 29-52 in
Wildland fire in ecosystems: effects of fire on soils and water, Neary, D.G., K.C. Ryan, and
L.F.DeBano (eds.). USDA Forest Service, Gen. Tech. Rep. RMRS-GTR-42-Vol. 4, Rocky
Mountain Research Station, Ogden, UT. http://www.fs.fed.us/rm/pubs/rmrs_gtr042_4.pdf.
DellaSala, D.A., J.E. Williams, C. Deacon Williams, and J.F. Franklin. 2004. Beyond smoke
and mirrors: A synthesis of fire policy and science. Conservation Biology 18:976–986.
Diggins, C., P.Z. Fulé, J.P. Kaye, and W.W. Covington. 2010. Future climate affects
management strategies for maintaining forest restoration treatments. International
Journal of Wildland Fire 19:903-913.
Dwire, K.A., C.C. Rhoades, and M.K. Young. 2010. Potential effects of fuel management
activities on riparian areas. P. 175-205 in Cumulative watershed effects of fuel
management in the western United States, Elliot, W.J., I.S. Miller, and L. Audin (eds.).
USDA Forest Service Gen. Tech. Rep. RMRS-GTR-231, Rocky Mountain Research Station,
Fort Collins, CO. http://www.fs.fed.us/rm/pubs/rmrs_gtr231.pdf.
Egan, T. 2009. The big burn: Teddy Roosevelt and the fire that saved America. Houghton,
Mifflin, Harcourt, New York, NY. 336 p.
Engel, K.H. 2013. Perverse incentives: The case of wildfire smoke regulation. Ecology Law
Quarterly 40:623-672.
ERI (Ecological Research Institute). 2013. Efficacy of hazardous fuel treatments: A rapid
assessment of the economic and ecological consequences of alternative hazardous fuel
treatments: A summary document for policy makers. Northern Arizona University,
Flagstaff, AZ, 28 p.; and Fact Sheet with the same title, 2 p.
http://library.eri.nau.edu/gsdl/collect/erilibra/index/assoc/D2013004.dir/doc.pdf.
Evans, A.M. 2008. Synthesis of knowledge from woody biomass removal case studies. Forest
Guild, Santa Fe, NM.
http://www.forestguild.org/publications/research/2008/Biomass_Case_Studies_Report.pdf.
_____, R.G. Everett, S.L. Stephens, and J.A. Youtz. 2011. Comprehensive fuels treatment
practices guide for mixes conifer forests: California, central and southern Rockies, and
the southwest. Forest Guild, Santa Fe, NM.
http://www.forestguild.org/publications/research/2011/MixedConiferGuide.pdf.
Ewell, C., and D. Kerr, with contributions by S. Williams, F. Romero, and T. Sexton. 2013.
Fire management lessons learned: Evolving fire management programs on the George
Washington and Jefferson National Forests of Virginia, West Virginia, and Kentucky and
Sequoia National Forest and Giant Sequoia National Monument of California.
http://www.wildfirelessons.net/Browse/Resources/ViewDocument/?DocumentKey=de0bb7ad-10104b88-8dbd-658ddbc811b8.

References Cited ● 49

Farris, K.L., S. Zack, A.J. Amacher, and J.C. Pierson. 2010. Microhabitat selection of barkforaging birds in response to fire and fire surrogate treatments. Forest Science 56:100111.
Fettig, C., R. Borys, and C. Dabney. 2010. Effects of fire and fire surrogate treatments on
bark beetle-caused tree mortality in the southern Cascades, California. Forest Science
56:60-73.
Finney, M.A. 2001. Design of regular landscape fuel treatment patterns for modifying fire
growth and behavior. Forest Science 47:219-228.
_____. 2004 (revised). FARSITE: Fire Area Simulator—model development and evaluation.
USDA Forest Service, Res. Pap. RMRS-RP-4, Rocky Mountain Research Station, Ogden,
UT. http://www.fs.fed.us/rm/pubs/rmrs_rp004.pdf.
_____. 2005. The challenge of quantitative risk analysis for wildland fire. Forest Ecology and
Management 211:97-108.
_____, C.W. McHugh, and I.C. Grenfell. 2005. Stand- and landscape-level effects of prescribed
burning on two Arizona wildfires. Canadian Journal of Forest Research 35: 1714–1722.
Fites, J.A., M. Campbell, A. Reiner, and T. Decker. 2007. Fire behavior and effects relating to
suppression, fuel treatments, and protected areas on the Antelope Complex Wheeler Fire.
USDA Forest Service, Southwest Region.
http://www.fs.fed.us/r5/hfqlg/monitoring/resource_reports/fire_and_smoke/antelopecomplex_Final_
20071204.pdf.
Forest Encyclopedia Network. 2011. Encyclopedia of southern Appalachians forest
ecosystems: Fire intensity. USDA Forest Service, Southern Research Station, Asheville,
NC. http://www.forestencyclopedia.net/p/p486.
Forests and Rangelands. 2012. Idaho fuel treatments accomplishments report.
http://www.forestsandrangelands.gov/resources/reports/fuel-treatments.cfm?statename=Idaho.
Fulé, P.Z., J.E. Crouse, J.P. Roccaforte, and E.L. Kalies. 2012. Do thinning and/or burning
treatments in western USA ponderosa or Jeffrey pine dominated forests help restore
natural fire behavior? Forest Ecology and Management 269:68-81.
Gaines, W., M. Haggard, J. Begley, J. Lehmkuhl, and A. Lyons. 2010. Short-term effects of
thinning and burning restoration treatments on avian community composition, density,
and nest survival in the eastern Cascades dry forests, Washington. Forest Science 56:8899.
_____, A.L. Lyons, K. Weaver, and A. Sprague. 2011. Monitoring the short-term effects of
prescribed fire on an endemic mollusk in the dry forests of the eastern Cascades,
Washington, USA. Forest Ecology and Management 261:1460-1465.
GAO (U.S. Government Accountability Office). 2005. Natural resources: Federal agencies are
engaged in various efforts to promote the utilization of woody biomass, but significant
obstacles to its use remain. GAO-05-373. http://www.gao.gov/new.items/d05373.pdf.
_____. 2006. Natural resources: Woody biomass users’ experiences offer insights for
government efforts aimed at promoting its use. GAO-06-336.
http://www.gao.gov/new.items/d06336.pdf.

50 ● References Cited

_____. 2007. Wildland fire management: Better information and a systematic process could
improve agencies’ approach to allocating fuel reduction funds and selecting projects.
GAO-07-1168. http://www.gao.gov/new.items/d071168.pdf.
_____. 2010. Forest Service: Information on appeals, objections, and litigation involving fuel
reduction activities, Fiscal Years 2006 through 2008. GAO-10-337.
http://www.gao.gov/assets/310/301415.pdf.
Gill, A.M., S.L. Stephens, and G.J. Cary. 2013. The worldwide ‘‘wildfire’’ problem. Ecological
Applications 23:438–454.
Gorte, R. 2009a. Forest fire/wildfire protection. Congressional Research Service Report
RL30755, Washington, DC. http://www.policyarchive.org/handle/10207/bitstreams/1116.pdf.
_____. 2009b. Wildfire fuels and fuel reduction. Congressional Research Service Report
R40811, Washington, DC. http://assets.opencrs.com/rpts/R40811_20090916.pdf.
Graham, R.T., S. McCaffrey, and T.B. Jain (tech. eds.). 2004. Science basis for changing
forest structure to modify wildfire behavior and severity. USDA Forest Service, Gen. Tech.
Rep. RMRS-GTR-120, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr120.pdf.
_____, T.B. Jain, and M. Loseke. 2009. Fuel treatments, fire suppression, and their
interaction with wildfire and its impacts: The Warm Lake experience during the Cascade
Complex of wildfires in central Idaho, 2007. USDA Forest Service, Gen. Tech. Rep. RMRSGTR-229, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr229.pdf.
_____, _____, and S. Matthews. 2010. Fuel management in forest of the Inland West. P. 19-68
in Cumulative watershed effects of fuel management in the western United States, Elliot,
W.J., I.S. Miller, and L. Audin, (eds.). USDA Forest Service, Gen. Tech. Rep. RMRS-GTR231, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr231.pdf.
Gude, P., R. Rasker, and J. van den Noort. 2008. Potential for future development on fireprone lands. Journal of Forestry 106(4):198-205.
Hamma, C.C. 2011. Effects of wildland-urban interface fuel treatments on potential fire
behavior and ecosystem services in the central Sierra Nevada mountains of California.
M.S. thesis, California Polytechnic State University, San Luis Obispo, CA.
http://digitalcommons.calpoly.edu/theses/465.
Hann, W.J., A. Shlisky, D. Havlina, K. Schon, S.W. Barrett, T.E. DeMeo, K. Pohl, J.P.
Menakis, D. Hamilton, J. Jones, M. Levesque, and C.K. Frame. 2008. Interagency Fire
Regime Condition Class (FRCC) guidebook. Version 1.3.0.
https://www.frames.gov/rcs/7000/7793.html.
Harbert, S., A. Hudak, L. Mayer, T. Rich, and S. Robertson. 2007. An assessment of fuel
treatments on three large 2007 Pacific Northwest fires. USDA Forest Service, Pacific
Northwest Region, Portland, OR; and U.S. Department of the Interior, Bureau of Land
Management, Oregon State Office, Portland, OR.
http://www.fs.fed.us/fire/fireuse/success/R6/pnw-fuel-treatment-effectiveness-assessment-2007.pdf.

References Cited ● 51

Hessburg, P.F., K.M. Reynolds, R.E. Keane, K.M. James, and R.B. Salter. 2007. Evaluating
wildland fire danger and prioritizing vegetation and fuels treatments. Forest Ecology and
Management 247:1-17.
_____, N.A. Povak, and R.B. Salter. 2010. Thinning and prescribed fire effects on snag
abundance and spatial pattern in an eastern Cascade Range dry forest, Washington, USA.
Forest Science 56:74-87.
Hood, S.M., H.Y. Smith, D.K. Wright, and L.S. Glasgow. 2012. Management guide to
ecosystem restoration treatments: two-aged lodgepole pine forests of central Montana,
USA. USDA Forest Service, Gen. Tech. Rep. RMRS-GTR-294, Rocky Mountain Research
Station, Fort Collins, CO. http://www.fs.fed.us/rm/pubs/rmrs_gtr294.pdf.
Hoover, K. 2014. Forestry provisions in the 2014 Farm Bill (P.L. 113-79). Congressional
Research Service Report R43431, Washington, DC. http://nationalaglawcenter.org/wpcontent/uploads//assets/crs/R43431.pdf.
Hudak, A.T., I. Rickert, P. Morgan, E. Strand, S.A. Lewis, P.R. Robichaud, C. Hoffman, and
Z.A. Holden. 2011. Review of fuel treatment effectiveness in forests and rangelands and a
case study from the 2007 megafires in central, Idaho, USA. USDA Forest Service, Gen.
Tech. Rep. RMRS-GTR-252, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr252.pdf.
Hunter, M.E., P.N. Omi, E.J. Martinson, and G.W. Chong. 2006. Establishment of non-native
plant species after wildfires: Effects of fuel treatments, abiotic and biotic factors, and
post-fire grass seeding treatments. International Journal of Wildland Fire 15:271–281.
_____, W.D. Shepperd, J.E. Lentile, J.E. Lundquist, M.G. Andreu, J.L. Butler, and F.W.
Smith. 2007. A comprehensive guide to fuels treatment practices for ponderosa pine in
the Black Hills, Colorado Front Range, and Southwest. USDA Forest Service, Gen. Tech.
Rep. RMRS-GTR-198, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr198.pdf.
Hurteau, M.D., and M.L. Brooks. 2011. Short- and long-term effects of fire on carbon in US
dry temperate forest systems. BioScience 61:139-146.
Hurteau, S., T. Sisk, B. Dickson, and W. Block. 2010. Variability in nest density, occupancy,
and home range size of western bluebirds after forest treatments. Forest Science 56:131138.
Husari, S., H.T. Nichols. N.G. Sugihara, and S.L. Stephens. 2006. Fire and fuel management.
P. 444-465 in Fire in California’s Ecosystems, Sugihara, N.G., J.W. Van Wagendonk, K.E.
Shaffer, J. Fites-Kaufman, and A.E. Thode (eds.). University of California Press, Berkeley.
Idaho Bureau of Homeland Security. 2013. State of Idaho hazard mitigation plan.
http://www.bhs.idaho.gov/Pages/Plans/Mitigation/SHMP.aspx.
IDL (Idaho Department of Lands). 2006. Idaho statewide implementation strategy for the
national fire plan. http://www.idahofireplan.org/images/ImpStrat.pdf.
_____. 2008. Idaho fire handbook.
http://www.idl.idaho.gov/bureau/FireMgt/managing_fire_handbook_dec08/Idaho_Fire_Handbook_v
10-7.pdf.

52 ● References Cited

_____. 2010. Idaho forest action plan, part one: Resource assessment.
http://www.idl.idaho.gov/forestry/Forest-Action/may-2012-idaho-fap-part-1-assessment.pdf.
Jain, T.B., M.A. Battaglia, H. Han, R.T. Graham, C.R. Keyes, J.S. Fried, and J.E. Sandquist.
2012. A comprehensive guide to fuel management practices for dry mixed conifer forests
in the northwestern United States. USDA Forest Service, Gen. Tech. Rep. RMRS-GTR292, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr292.pdf.
Janke, A.R. 2011. Beyond the blaze: Strategies for improving Forest Service fire suppression
policies. Washington Journal of Environmental Law and Policy 1:310-350.
Jenkins, M.J. 2011. Fuel and fire behavior in high-elevation five-needle pines affected by
mountain pine beetle. P. 190-197 in The future of high-elevation, five-needle white pines in
western North America, Keane, R.E., D.F. Tomback, M.P. Murray, and C.M. Smith (eds.).
USDA Forest Service, Proceedings RMRS-P-63, Rocky Mountain Research Station, Fort
Collins, CO. http://www.fs.fed.us/rm/pubs/rmrs_p063.html.
_____, E. Hebertson, W. Page, and C.A. Jorgensen. 2008. Bark beetles, fuels, fires and
implications for forest management in the Intermountain West. Forest Ecology and
Management 254:16-34.
Johnson, M.C., D.L. Peterson, and C.L. Raymond. 2007. Guide to fuel treatments in dry
forests of the Western United States: Assessing forest structure and fire hazard. USDA
Forest Service, Gen. Tech. Rep. PNW-GTR-686, Pacific Northwest Research Station,
Portland, OR. http://www.fs.fed.us/pnw/publications/pnw_gtr686/.
_____, M.C. Kennedy, and D.L. Peterson. 2011. Simulating fuel treatment effects in dry
forests of the western United States: Testing the principles of a fire-safe forest. Canadian
Journal Forest Research 41:1018–1030.
Jones, J.G., and W. Chung. 2012. OptFuels: Fuel treatment optimization. Spatial decision
support software, Integrated modeling and planning for cost effective fuel treatments.
USDA Forest Service, Missoula, MT. http://www.fs.fed.us/rm/humandimensions/optfuels/main.php.
Kane, J.M., J.M. Varner, and E.E. Knapp. 2009. Novel fuelbed characteristics associated with
mechanical mastication treatments in northern California and south-western Oregon,
USA. International Journal of Wildland Fire 18:686–697.
Kaufmann, M.R., A. Shlisky, J.J. Brooks, and B. Kent. 2009. Coexisting with fire:
Ecosystems, people, and collaboration. USDA Forest Service, Gen. Tech. Rep. RMRS-GTR227, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr227.pdf.
Keane, R.E., and R.A. Parsons. 2010. Management guide to ecosystem restoration
treatments: Whitebark pine forests of the northern Rocky Mountains, U.S.A. USDA Forest
Service, Gen. Tech. Rep. RMRS-GTR-232, Rocky Mountain Research Station, Fort Collins,
CO. http://www.fs.fed.us/rm/pubs/rmrs_gtr232.pdf.

References Cited ● 53

Keeley, J.E., G.H. Aplet, N.L. Christensen, S.C. Conard, E.A. Johnson, P.N. Omi, D.L.
Peterson, and T.W. Swetnam. 2009. Ecological foundations for fire management in North
American forest and shrubland ecosystems. USDA Forest Service, Gen. Tech. Rep. PNWGTR-779, Pacific Northwest Research Station, Portland, OR.
http://www.fs.fed.us/pnw/pubs/pnw_gtr779.pdf.
Keiter, R.B. 2006. The law of fire: Reshaping public land policy in an era of ecology and
litigation. Environmental Law 36:301-384.
Knapp, E.E., J.M. Varner, M.D. Busse, C.N. Skinner, and C.J. Shestak. 2011. Behaviour and
effects of prescribed fire in masticated fuelbeds. International Journal of Wildland Fire
20:932-945.
Kolden, C.A., and T.J. Brown. 2010. Beyond wildfire: Perspectives of climate, managed fire
and policy in the USA. International Journal of Wildland Fire 19:364-373.
Kootenai Valley Resource Initiative. 2011. Collaborative Forest Landscape Restoration
proposal: Lower Kootenai River Watershed.
http://www.fs.fed.us/restoration/documents/cflrp/2011Proposals/Region1/IdahoPanhandle/KVRILow
erKootenaiRiverWatershedCFLRPProposal.pdf.
Kreye, J.K., N.W. Brewer, P. Morgan, J.M. Varner, A.M.S. Smith, C.M. Hoffman, and R.D.
Ottmar. 2014. Fire behavior in masticated fuels: A review. Forest Ecology and
Management 314:193–207.
LANDFIRE (Landscape Fire and Resource Management Planning Tools, 1.1.0). 2008.
Vegetation Condition Class layer. http://www.landfire.gov/NationalProductDescriptions10.php.
_____ (1.2.0). 2010a. Environmental Site Potential layer.
http://www.landfire.gov/NationalProductDescriptions19.php.
_____. 2010b. Fire Regime Groups layer.
http://www.landfire.gov/NationalProductDescriptions12.php.
Lentile, L.B., F.W. Smith, and W.D. Shepperd. 2006. Influence of topography and forest
structure on patterns of mixed severity fire in ponderosa pine forests of the South Dakota
Black Hills, USA. International Journal of Wildland Fire 15:557–566.
Lezberg, A.L., M.A. Battaglia, W.D. Shepperd, and A.W. Schoettle. 2008. Decades-old
silvicultural treatments influence surface wildfire severity and post-fire nitrogen
availability in a ponderosa pine forest. Forest Ecology and Management 255:49–61.
Lutz, J.A., C.H. Key, C.A. Kolden, J.T. Kane, and J. W. van Wagtendonk. 2011. Fire
frequency, area burned, and severity: A quantitative approach to defining a normal fire
year. Fire Ecology 7:51-65.
Martinson, E.J., and P.N. Omi. 2003. Performance of fuel treatments subjected to wildfires.
P. in Fire, fuel treatments, and ecological restoration. USDA Forest Service, Proceedings
RMRS-P-29, Rocky Mountain Research Station, Ft. Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_p029.pdf.
_____, and _____. 2013. Fuel treatment and fire severity: a meta-analysis. USDA Forest
Service, Res. Pap. RMRS-RP-103WWW, Rocky Mountain Research Station, Ft. Collins,
CO. http://www.fs.fed.us/rm/pubs/rmrs_rp103.pdf.

54 ● References Cited

_____, _____, and W. Shepperd. 2003. Effects of fuel treatments on fire severity. P. 96-126 in
Hayman Fire case study, Graham, R.T. (tech. ed.). USDA Forest Service, Gen. Tech. Rep.
RMRS-GTR-114, Rocky Mountain Research Station, Ogden, UT.
http://www.fs.fed.us/rm/pubs/rmrs_gtr114.pdf.
Mason, C.L., B.R. Lippke, K.W. Zobrist, T.D. Bloxton Jr., K.R. Ceder, J.M. Comnick, J.B.
McCarter, and H.K. Rogers. 2006. Investments in fuel removals to avoid forest fires result
in substantial benefits. Journal of Forestry 104(1):27-31.
McCaffrey, S.M., and C. Olsen. 2012. Research perspectives on the public and fire
management: A synthesis of current social science on 8 essential questions. USDA Forest
Service, Gen. Tech. Rep. NRS-104, Northern Research Station, Newtown Square, PA.
http://www.nrs.fs.fed.us/pubs/gtr/gtr_nrs104.pdf.
McCormick, F.H., B.E. Reimen, and J.L. Kershner. 2010. Biological responses to stressors in
aquatic ecosystems in western North America: Cumulative watershed effects of fuel
treatments, wildfire, and post-fire remediation. P. 206-233 in Cumulative watershed
effects of fuel management in the western United States, Elliot, W.J., I.S. Miller, and L.
Audin (eds.). USDA Forest Service, Gen. Tech. Rep. RMRS-GTR-231, Rocky Mountain
Research Station, Fort Collins, CO. http://www.fs.fed.us/rm/pubs/rmrs_gtr231.pdf.
McIver, J.D., and C.J. Fettig. 2010. Ecological consequences of alternative fuel reduction
treatments in seasonally dry forests: The national Fire and Fire Surrogate study. Forest
Science 56:2-3.
_____, K. Erickson, and A. Youngblood. 2012. Principal short-term findings of the national
fire and fire surrogate study. USDA Forest Service, Gen. Tech. Rep. PNW-GTR-860, Pacific
Northwest Research Station, Portland, OR. http://www.fs.fed.us/pnw/pubs/pnw_gtr860.pdf.
_____, S.L. Stephens, J.K. Agee, J. Barbour, R.E.J. Boerner, C.B. Edminster, K.L. Erickson,
K.L. Farris, C.J. Fettig, C.E. Fiedler, S. Haase, S.C. Hart, J.E. Keeley, E.E. Knapp, J.F.
Lehmkuhl, J.J. Moghaddas, W. Otrosina, K.W. Outcalt, D.W. Schwilk, C.N. Skinner, T.A.
Waldrop, C.P. Weatherspoon, D.A. Yaussy, A. Youngblood, and S. Zack. 2013. Ecological
effects of alternative fuel-reduction treatments: Highlights of the National Fire and Fire
Surrogate study (FFS). International Journal of Wildland Fire 22:63-82.
Mell, W.E., S.L. Manzello, A. Maranghides, D. Butry, and R.G. Rehm. 2010. The wildland–
urban interface fire problem—current approaches and research needs. International
Journal of Wildland Fire 19:238-251.
Miller, C., and A.A. Ager. 2013. A review of recent advances in risk analysis for wildfire
management. International Journal of Wildland Fire 22:1-14.
Miller, J.D., C.N. Skinner, H.D. Safford, E.E.Knapp, and C.M. Ramirez. 2012. Trends and
causes of severity, size, and number of fires in northwestern California, USA. Ecological
Applications 22:184-203.
Moghaddas, J.J. 2006. A fuel treatment reduces potential fire severity and increases
suppression efficiency in a Sierran mixed conifer forest. P. 441-449 in Fuels
management—how to measure success, Andrews, P.L., and B.W. Butler (comps.). USDA
Forest Service, Proceedings RMRS-P-41, Rocky Mountain Research Station, Fort Collins,
CO. http://www.fs.fed.us/rm/pubs/rmrs_p041.pdf.

References Cited ● 55

_____, and L. Craggs. 2007. A fuel treatment reduces fire severity and increases suppression
efficiency in a mixed conifer forest. International Journal of Wildland Fire 16:673–678.
Montana/Idaho Airshed Group. 2010. Operating guide.
http://www.smokemu.org/docs/20100601OpsGuide.pdf.
Morgan, P.M., E.K. Heyerdahl, and C.E. Gibson. 2008. Multi-season climate synchronized
widespread forest fires throughout the twentieth-century northern Rockies, USA. Ecology
89:717−728.
_____, _____, C. Miller, A.M. Wilson, and C.E. Gibson. 2014. Northern Rockies pyrogeography:
An example of fire atlas utility. Fire Ecology 10:14-30.
Mortimer, M.J., M.J. Stern, R.W. Malmsheimer, D.J. Blahna, L.K. Cerveny, and D.N.
Seeholtz. 2011. Environmental and social risks: Defensive National Environmental Policy
Act in the US Forest Service. Journal of Forestry 109(1):27-33.
Murphy, K., T. Rich, and T. Sexton. 2007. An assessment of fuel treatment effects on fire
behavior, suppression effectiveness, and structure ignition on the Angora Fire. USDA
Forest Service, Tech. Pap. R5-TP-025, Quincy, CA.
http://www.fs.fed.us/r5/angorafuelsassessment/.
_____, P. Duncan, and C. Dillingham. 2010. A summary of fuel treatment effectiveness in the
Herger-Feinstein Quincy Library Group Pilot Project Area. USDA Forest Service, Tech.
Pap. R5-TP-031, Quincy, CA.
http://www.fs.fed.us/r5/hfqlg/monitoring/resource_reports/fire_and_smoke/dfpz_effectiveness/HFQL
G%20treatment%20effectiveness%20report.pdf.
Narayanaraj, G., and M.C. Wimberly. 2011. Influence of forest roads on the spatial pattern of
wildfire boundaries. International Journal of Wildland Fire 20:792-803.
_____, and _____. 2012. Influences of forest roads on the spatial patterns of human- and
lightning-caused wildfire ignitions. Applied Geography 32:878-888.
Neary, D.G., K.C. Ryan, and L.F.DeBano (eds.). 2005a (revised 2008). Wildland fire in
ecosystems: effects of fire on soils and water. USDA Forest Service, Gen. Tech. Rep.
RMRS-GTR-42-Vol. 4, Rocky Mountain Research Station, Ogden, UT.
http://www.fs.fed.us/rm/pubs/rmrs_gtr042_4.pdf.
_____, J.D. Landsberg, A.R. Tiedemann, and P.F. Ffolliott. 2005b. Water quality. P. 119-134
in Wildland fire in ecosystems: effects of fire on soils and water, Neary, D.G., K.C. Ryan,
and L.F.DeBano (eds.). USDA Forest Service, Gen. Tech. Rep. RMRS-GTR-42-Vol. 4,
Rocky Mountain Research Station, Ogden, UT.
http://www.fs.fed.us/rm/pubs/rmrs_gtr042_4.pdf.
NIFC (National Interagency Fire Center). 2014. Wildfire statistics.
http://www.nifc.gov/fireInfo/fireInfo_statistics.html.
NWCG (National Wildfire Coordinating Group). 2011. Glossary of wildland fire terminology.
http://www.nwcg.gov/pms/pubs/glossary/information.htm.
North, M.P., and M.D. Hurteau. 2011. High-severity wildfire effects on carbon stocks and
emissions in fuels treated and untreated forest. Forest Ecology and Management
261:1115–1120.

56 ● References Cited

_____, B.M. Collins, and S. Stephens. 2012. Using fire to increase the scale, benefits, and
future maintenance of fuel treatments. Journal of Forestry 110(7):392-401.
O’Laughlin, J. 2008. Ecological risk assessment to support fuels treatment decisions. In,
Forest environmental threats encyclopedia, USDA Forest Service, Southern Research
Station, Ashville, NC. http://www.forestencyclopedia.net/p/p3142.
_____. 2010. Ecological risk assessment to support fuel treatment project decisions. P. 249270 in Advances in threat assessment and their application to forest and rangeland
management, Pye, J.M, H.M. Rauscher, Y. Sands, D.C. Lee, and J.S. Beatty (tech. eds.).
USDA Forest Service, Gen. Tech. Rep. PNW-GTR-802-Vol. 2, Pacific Northwest and
Southern Research Stations, Portland, OR. http://www.treesearch.fs.fed.us/pubs/36995.
_____, S.F. Hamilton, and P.S. Cook. 2011. Idaho's endowment lands: A matter of sacred
trust, second edition. College of Natural Resources Policy Analysis Group Report No. 1,
University of Idaho, Moscow.
http://www.uidaho.edu/~/media/Files/orgs/CNR/PAG/Reports/Endowment%20Lands%20Report%2
08-7-11.
Omi, P.N., and E.J. Martinson. 2002. Effect of fuels treatment on wildfire severity. Joint Fire
Science Program Report for Project 99-1-4-01.
http://www.ntc.blm.gov/krc/uploads/399/Effects%20of%20Fuels%20Treatment%20on%20Wildfire%
20Severity.pdf.
_____, and _____. 2004. Effectiveness of thinning and prescribed fire in reducing wildfire
severity. P. 87-92 in Proceedings of the Sierra Nevada science symposium, Murphy, D.D.,
and P.A. Stine (eds.). USDA Forest Service, Gen. Tech. Rep. PSW-GTR-193, Pacific
Southwest Research Station, Albany, CA.
http://www.fs.fed.us/psw/publications/documents/psw_gtr193/psw_gtr193_2a_04_Omi_Martinson.p
df.
_____, and _____. 2010. Effectiveness of fuel treatments for mitigating wildfire severity: A
manager-focused review and synthesis. Joint Fire Science Program Report for Project 082-1-09. http://www.firescience.gov/projects/08-2-1-09/project/08-2-1-09_finalreport08-2-1-09.pdf.
_____, _____, and G.W. Chong. 2006. Effectiveness of pre-fire fuel treatments. Joint Fire
Science Program Report for Project 03-2-1-07. http://www.firescience.gov/projects/briefs/03-21-07_FSBrief1.pdf.
Ottmar, R.D., D.V. Sandberg, C.L. Riccardi, and S.J. Prichard. 2007. An overview of the Fuel
Characteristic Classification System–quantifying, classifying, and creating fuelbeds for
resource planning. Canadian Journal of Forest Research 37:2383–2393.
Page-Dumroese, D.S., M.F. Jurgensen, M.P. Curran, and S.M. DeHart. 2010. Cumulative
effects of fuel treatments on soil productivity. P. 164-174 in Cumulative watershed effects
of fuel management in the western United States, Elliot, W.J., I.S. Miller, and L. Audin
(eds.). USDA Forest Service, Gen. Tech. Rep. RMRS-GTR-231, Rocky Mountain Research
Station, Fort Collins, CO. http://www.fs.fed.us/rm/pubs/rmrs_gtr231.pdf.
Palmer, R.H., III. 2012. A new era of federal prescribed fire: Defining terminology and
properly applying the discretionary function exemption. Seattle Journal of Environmental
Law 2:279-315.

References Cited ● 57

Parks, S.A., C. Miller, C.R. Nelson, and Z.A. Holden. 2013. Previous fires moderate burn
severity of subsequent wildland fires in two large western US wilderness areas.
Ecosystems (online only) DOI: 10.1007/s10021-013-9704-x.
Paveglio, T.B., M.S. Carroll, J. Absher, and W. Robinson. 2011. Symbolic meanings of
wildland fire: A study of residents in the U.S. inland northwest. Society and Natural
Resources 24:18–33.
_____, T. Prato, and M. Hardy. 2013. Simulating effects of land use policies on extent of the
wildland urban interface and wildfire risk in Flathead County, Montana. Journal of
Environmental Management 130:20-31.
Payette National Forest (with the Payette Forest Coalition). 2011. Weiser-Little Salmon
Headwaters CFLRP.
http://www.fs.fed.us/restoration/documents/cflrp/2011Proposals/Region4/Payette/PayetteCFLRPpro
posal.docx.
Peterson, D.L., M.C. Johnson, J.K. Agee, T.B. Jain, D. McKenzie, and E.D. Reinhardt. 2005.
Forest structure and fire hazard in dry forests of the western United States. USDA Forest
Service, Gen. Tech. Rep. PNW-GTR-628, Pacific Northwest Research Station, Portland,
OR. http://www.fs.fed.us/pnw/pubs/pnw_gtr628.pdf.
Pilliod, D.S., and R.S. Arkle. 2012. Cumulative effects of fire and fuels management on
stream water quality and ecosystem dynamics. Joint Fire Science Program Report for
Project 08-1-5-19. http://www.firescience.gov/projects/08-1-5-19/project/08-1-519_final_report.pdf.
_____, E.L. Bull, J.L. Hayes, and B.C. Wales. 2006. Wildlife and invertebrate response to fuel
reduction treatments in dry coniferous forests of the Western United States: A synthesis.
USDA Forest Service, Gen. Tech. Rep. RMRS-GTR-173, Rocky Mountain Research
Station, Fort Collins, CO. http://www.fs.fed.us/rm/pubs/rmrs_gtr173.pdf.
Pollet, J., and P.N. Omi. 1999a. Effect of thinning and prescribed burning on wildfire severity
in ponderosa pine forests. Final report for agreement INT-95075-RJVA, Intermountain
Research Station, Intermountain Fire Sciences Laboratory, Missoula, MT.
http://www.landsinfo.org/ecosystem_defense/science_documents/Pollet_Omi_1999.pdf.
_____, and _____. 1999b. Effect of thinning and prescribed burning on wildfire severity in
ponderosa pine forests. P. 1-5 in Crossing the Millennium: Integrating Spatial Technologies
and Ecological Principles for a New Age in Fire Management, Proceedings from the Joint
Fire Science Conference and Workshop, Boise, ID.
http://www.sierraforestlegacy.org/Resources/Conservation/FireForestEcology/FireScienceResearch
/FuelsManagement/FM-Pollet99.pdf.
_____, and _____. 2002. Effect of thinning and prescribed burning on crown fire severity in
ponderosa pine forests. International Journal of Wildland Fire 11:1–10.
Prestemon, J.P., K.L. Abt, R.J. Huggett Jr., R.J. Barbour, P.J. Ince, R.D. Fight, R.B. Rummer,
F.W. Cubbage, H. Spelter, X. Zhou, R. Arriagada. 2006. A national study of the economic
impacts of biomass removals to mitigate wildfire damages on federal, state, and private
lands. Joint Fire Science Program Report for Project 01-1-2-09.
http://www.firescience.gov/projects/01-1-2-09/project/01-1-2-09_final_report.pdf.

58 ● References Cited

Prichard, S.J., and M.C. Kennedy. 2012. Fuel treatment effects on tree mortality following
wildfire in dry mixed conifer forests, Washington State, USA. International Journal of
Wildland Fire 21:1004-1013.
_____, D.L. Peterson, and K. Jacobson. 2010. Fuel treatments reduce the severity of wildfire
effects in dry mixed conifer forest, Washington, USA. Canadian Journal of Forest Research
40:1615–1626.
Pyne, S.J. 2001. Year of the fires: The story of the Great Fires of 1910. New York: Viking
Penguin. 322 p.
QFR (Quadrennial fire review). 2009. Quadrennial fire review 2009. U.S. Dept. of the Interior,
Bureau of Land Management, Bureau of Indian Affairs, National Park Service, U.S. Fish
and Wildlife Service; U.S. Dept. of Agriculture, Forest Service; and National Association of
State Foresters. http://www.iafc.org/associations/4685/files/wild_QFR2009Report.pdf.
Quigley, T.M., and S.J. Arbelbide (tech. eds.). 1997. An assessment of ecosystem components
in the interior Columbia basin and portions of the Klamath and Great Basins: Vol. 2.
USDA Forest Service, Gen. Tech. Rep. PNW-GTR-405, Pacific Northwest Research Station,
Portland, OR. http://www.fs.fed.us/pnw/publications/icbemp.shtml.
Quinn-Davidson, L.N., and J.M. Varner. 2012. Impediments to prescribed fire across agency,
landscape and manager: An example from northern California. International Journal of
Wildland Fire 21:210-218.
Raymond, C., and D.L. Peterson. 2005. Fuel treatments alter the effects of wildfire in a
mixed-evergreen forest, Oregon, USA. Canadian Journal of Forest Research 35:2981–2995.
Reid, L.M. 2010. Cumulative effects of fuel treatments in channel erosion and mass wasting.
P. 101-125 in Cumulative watershed effects of fuel management in the western United
States, Elliot, W.J., I.S. Miller, and L. Audin (eds.). USDA Forest Service, Gen. Tech. Rep.
RMRS-GTR-231, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr231.pdf.
Reiner, A.L., N.M. Vaillant, J. Fites-Kaufman, and S.N. Dailey. 2009. Mastication and
prescribed ﬁre impacts on fuels in a 25-year old ponderosa pine plantation, southern
Sierra Nevada. Forest Ecology and Management 258:2365–2372.
Reinhardt, E.D., R.E. Keane, D.E. Calkin, and J.D. Cohen. 2008. Objectives and
considerations for wildland fuel treatment in forested ecosystems of the interior western
United States. Forest Ecology and Management 256:1997–2006.
Rhoades, C.C., D. Entwistle, and D. Butler. 2011. The influence of wildfire extent and
severity on streamwater chemistry, sediment, and temperature following the Hayman
Fire, Colorado. International Journal of Wildland Fire 20:430-442.
Rhodes, J.J., and D.C. Odion. 2004. Evaluation of the efficacy of forest manipulations still
needed. BioScience 54:980.
_____, and W.L. Baker. 2008. Fire probability, fuel treatment effectiveness and ecological
tradeoffs in western U.S. public forests. Open Forest Science Journal 1:1-7.
Ritchie, M.W., C.N. Skinner, T.A. Hamilton. 2007. Probability of tree survival after wildfire in
an interior pine forest of northern California: Effects of thinning and prescribed fire.
Forest Ecology and Management 247:200–208.

References Cited ● 59

Robichaud, P.R., L.H. MacDonald, and R.B. Foltz. 2010. Fuel management and erosion. P.
79-100 in Cumulative watershed effects of fuel management in the western United States,
Elliot, W.J., I.S. Miller, and L. Audin (eds.). USDA Forest Service, Gen. Tech. Rep. RMRSGTR-231, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr231.pdf.
Romero, F., and J. Menakis. 2013. Fire season 2012: The impact of fuel treatments on
wildfire outcomes. Fire Management Today 73(2):15-24.
Rothermel, R.C. 1983. How to predict the spread and intensity of forest and range fires.
USDA Forest Service, Gen. Tech. Rep. INT-143. Intermountain Forest and Range
Experiment Station, Ogden, UT. http://www.fs.fed.us/rm/pubs_int/int_gtr143.pdf.
Ryan, D.F. 2010. Introduction to synthesis of current science regarding cumulative
watershed effects of fuel reduction treatments. P. 1-6 in Cumulative watershed effects of
fuel management in the western United States, Elliot, W.J., I.S. Miller, and L. Audin (eds.).
USDA Forest Service, Gen. Tech. Rep. RMRS-GTR-231, Rocky Mountain Research
Station, Fort Collins, CO. http://www.fs.fed.us/rm/pubs/rmrs_gtr231.pdf.
Ryan, K.C., and T.S. Opperman. 2013. LANDFIRE—A national vegetation/fuels data base for
use in fuel treatment, restoration, and suppression planning. Forest Ecology and
Management 294:208-216.
_____, E.E. Knapp, and J.M. Varner. 2013. Prescribed fire in North American forests and
woodlands: history, current practice, and challenges. Frontiers in Ecology and the
Environment 11:e15-e24.
SAF (Society of American Foresters). 1998. Dictionary of forestry (online).
http://www.dictionaryofforestry.org/
Safford, H.D. 2008. Fire severity in fuel treatments: American River Complex fire, Tahoe
National Forest, California, June 21—August 1, 2008. USDA Forest Service, Pacific
Southwest Region, Vallejo, CA.
http://snamp.cnr.berkeley.edu/static/documents/2008/09/23/AmRivComplex_FuelTreatFireSev_82008.pdf.
_____, D.A. Schmidt, and C.H. Carlson. 2009. Effects of fuel treatments on fire severity in an
area of wildland–urban interface, Angora Fire, Lake Tahoe Basin, California. Forest
Ecology and Management 258:773–787.
Sandberg, D.V., R.D. Ottmar, and G.H. Cushon. 2001. Characterizing fuels in the 21st
Century. International Journal of Wildland Fire 10:381-387.
Schoennagel, T., T.T. Veblen, and W.H. Romme. 2004a. Response to “Evaluation of the
efficacy of forest manipulations still needed.” Bioscience 54:980-981.
_____, _____, and _____. 2004b. The interaction of fire, fuels, and climate across Rocky
Mountain forests. Bioscience 54:661-676.
_____, C.R. Nelson, D.M. Theobald, G.C. Carnwath, and T.B. Chapman. 2009.
Implementation of National Fire Plan treatments near the wildland–urban interface in the
western United States. Proceedings of the National Academy of Sciences 106:1070610711.

60 ● References Cited

Skinner, C.N., M.W. Ritchie, T. Hamilton, and J. Symons. 2004. Effects of prescribed fire and
thinning on wildfire severity: The Cone Fire, Blacks Mountain Experimental Forest.
Proceedings 25th Vegetation Management Conference, Redding, CA.
http://www.fs.fed.us/fire/fireuse/success/R5/ConeFire-Skinneretal.pdf.
Smith, J.K. (ed.). 2000. Wildland fire in ecosystems: effects of fire on fauna. USDA Forest
Service, Gen. Tech. Rep. RMRS-GTR-42-Vol. 1, Rocky Mountain Research Station, Ogden,
UT. http://www.fs.fed.us/rm/pubs/rmrs_gtr042_1.pdf
Smith, W.B., P.D. Miles, C.H. Perry, and S.A. Pugh. 2009. Forest resources of the United
States, 2007. USDA Forest Service, Gen. Tech. Rep. WO-78, Washington, DC.
http://www.fs.fed.us/nrs/pubs/gtr/gtr_wo78.pdf.
Snider, G., P.J. Daugherty, and D. Wood. 2006. The irrationality of continued fire
suppression: An avoided cost analysis of fire hazard reduction treatments versus no
treatment. Journal of Forestry 104(8):431-437.
Sommers, W.T., S.G. Coloff, and S.G. Conard. 2011. Synthesis of knowledge: Fire history and
climate change. Joint Fire Science Program Report for Project 09-2-01-09.
https://www.firescience.gov/projects/09-2-01-9/project/09-2-01-9_09_2_01_9_Deliverable_01.pdf.
Stankey, G.H., R.N. Clark, and B.T. Bormann. 2005. Adaptive management of natural
resources: Theory, concepts, and management institutions. USDA Forest Service, Gen.
Tech. Rep. PNW-GTR-654, Paciﬁc Northwest Research Station, Portland, OR.
http://www.fs.fed.us/pnw/pubs/pnw_gtr654.pdf.
Stark, D.T., D.L. Wood, A.J. Storer, and S.L. Stephens. 2013. Prescribed fire and mechanical
thinning effects on bark beetle caused tree mortality in a mid-elevation Sierran mixedconifer forest. Forest Ecology and Management 306:61–67.
Stednick, J.D. 2010. Effects of fuel management practices on water quality. P. 149-163 in
Cumulative watershed effects of fuel management in the western United States, Elliot,
W.J., I.S. Miller, and L. Audin (eds.). USDA Forest Service, Gen. Tech. Rep. RMRS-GTR231, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr231.pdf.
Stein, S.M., J. Menakis, M.A. Carr, S.J. Comas, S.I. Stewart, H. Cleveland, L. Bramwell, and
V.C. Radeloff. 2013. Wildfire, wildlands, and people: Understanding and preparing for
wildfire in the wildland-urban interface—a Forests on the Edge report. USDA Forest
Service, Gen. Tech. Rep. RMRS-GTR-299, Rocky Mountain Research Station, Fort Collins,
CO. http://www.fs.fed.us/rm/pubs/rmrs_gtr299.pdf.
Stephens, S.L., and L.W. Ruth. 2005. Federal forest-fire policy in the United States.
Ecological Applications 15:532-542.
_____, J.D. McIver, R.E.J. Boerner, C.J. Fettig, J.B. Fontaine, B.R. Hartsough, P.L. Kennedy,
and D.W. Schwilk. 2012. The effects of forest fuel-reduction treatments in the United
States. BioScience 62:549-560.
_____, J.K. Agee, P.Z. Fulé, M.P. North, W.H. Romme, T.W. Swetnam, and M.G. Turner. 2013.
Managing forests and fire in changing climates. Science 342:41-42.

References Cited ● 61

Stone, K.R., D.S. Pilliod, K.A. Dwire, C.C. Rhoades, S.P. Wollrad, and M.K. Young. 2010. Fuel
reduction management practices in riparian areas of the western USA. Environmental
Management 46:91–100.
Strom, B.A., and P.Z. Fulé. 2007. Pre-wildfire fuel treatments affect long-term ponderosa pine
forest dynamics. International Journal of Wildland Fire 16:128–138.
Syphard, A.D., V.C. Radeloff, J.E. Keeley, T.J. Hawbaker, M.K. Clayton, S.I. Stewart, and
R.B. Hammer. 2007. Human influence on California fire regimes. Ecological Applications
17:1388-1402.
_____, J.E. Keeley, and T.J. Brennan. 2011a. Comparing the role of fuel breaks across
southern California national forests. Forest Ecology and Management 261:2038–2048.
_____, _____, and _____. 2011b. Factors affecting fuel break effectiveness in the control of
large fires on the Los Padres National Forest, California. International Journal of Wildland
Fire 20:765-775.
Thompson, M.P. 2014. Social, institutional, and psychological factors affecting wildfire
incident decision making. Society and Natural Resources 27:636–644.
_____, N.M. Valliant, J.R. Haas, K.M. Gebert, and K.D. Stockmann. 2013. Quantifying the
potential impacts of fuel treatments in wildfire suppression costs. Journal of Forestry
111(1):49-58.
Thompson, J.R., T.A. Spies, and L.M. Ganio. 2007. Reburn severity in managed and
unmanaged vegetation in a large wildfire. Proceedings of the National Academy of Sciences
104:10743-10748.
Toman, E., M. Stidham, B. Shindler, and S. McCaffrey. 2011. Reducing fuels in the wildland–
urban interface: Community perceptions of agency fuels treatments. International Journal
of Wildland Fire 20:340–349.
_____, _____, S. McCaffrey, and B. Shindler. 2013. Social science at the wildland-urban
interface: a compendium of research results to create fire-adapted communities. USDA
Forest Service, Gen. Tech. Rep. NRS-111, Northern Research Station, Newtown Square,
PA. http://www.nrs.fs.fed.us/pubs/gtr/gtr_nrs111.pdf.
_____, B. Shindler, S. McCaffrey, and J. Bennett. 2014. Public acceptance of wildland fire and
fuel management: Panel responses in seven locations. Environmental Management
54:557-570.
Troendle, C.A., L.H. MacDonald, C.H. Luce, and I.J. Larsen. 2010. Fuel management and
water yield. P. 126-148 in Cumulative watershed effects of fuel management in the western
United States, Elliot, W.J., I.S. Miller, and L. Audin (eds.). USDA Forest Service, Gen.
Tech. Rep. RMRS-GTR-231, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr231.pdf.
USDA and USDI (U.S. Dept. of Agriculture and U.S. Dept. of the Interior). 1995. Federal
wildland fire management: Policy and program review.
http://www.nwcg.gov/branches/ppm/fpc/archives/fire_policy/mission/1995_fed_wildland_fire_policy_
program_report.pdf.

62 ● References Cited

_____ and _____. 2000. Managing the impact of wildfires on communities and the
environment: A report to the President in response to the wildfires of 2000, September 8,
2000. http://clinton4.nara.gov/CEQ/firereport.pdf.
_____ and _____. 2001a. Review and update of the 1995 federal wildland fire management
policy. http://www.nwcg.gov/branches/ppm/fpc/archives/fire_policy/history/index.htm.
_____ and _____. 2001b. A collaborative approach for reducing wildland fire risks to
communities and the environment: 10-year comprehensive strategy.
http://www.forestsandrangelands.gov/resources/plan/documents/7-19-en.pdf.
_____ and _____. 2002. A collaborative approach for reducing wildland fire risks to
communities and the environment: 10-year comprehensive strategy: Implementation
plan. http://www.forestsandrangelands.gov/resources/plan/documents/11-23-en.pdf.
_____ and _____. 2003. Interagency strategy for the implementation of federal wildland fire
management policy. http://www.nwcg.gov/branches/ppm/fpc/archives/fire_policy/pdf/strategy.pdf.
_____ and _____. 2009. Guidance for implementation of federal wildland fire management
policy. http://www.nifc.gov/policies/policies_documents/GIFWFMP.pdf.
_____ and _____. 2013. Interagency prescribed fire planning and implementation procedures
guide. http://gacc.nifc.gov/egbc/dispatch/wy-tdc/documents/local-operations/other-localops/pms484.pdf.
_____, _____, Western Governors’ Association, and others. 2002. A collaborative approach for
reducing wildland fire risks to communities and the environment: 10-year strategy
implementation plan. http://www.fire.org/niftt/released/implem_plan.pdf.
_____, _____, _____, and others. 2006. A collaborative approach for reducing wildland fire
risks to communities and the environment: 10-year strategy implementation plan
(updated). http://www.westgov.org/wga/publicat/TYIP.pdf.
USFS (U.S. Dept. of Agriculture, Forest Service). 2005. A strategic assessment of forest
biomass and fuel reduction treatments in the western states. USDA Forest Service, Gen.
Tech. Rep. RMRS-GTR-149, Rocky Mountain Research Station, Fort Collins, CO.
http://www.fs.fed.us/rm/pubs/rmrs_gtr149.pdf.
_____. 2008. Forest Service manual chapter 5140 fire use.
http://www.fs.fed.us/im/directives/fsm/5100/5140.doc.
_____. 2010a. Secretary of Agriculture CFLRP project selections.
http://www.fs.fed.us/restoration/CFLR/selections.shtml.
_____. 2010b. Wildland Fire Management Risk and Cost Analysis Tools Package (R-CAT):
User’s Guide. http://www.fs.fed.us/restoration/documents/cflrp/R-CAT/CFLRPWildifreRCATUsersGuide01192011.pdf
_____. 2014a. Stewardship end result contracting.
http://www.fs.fed.us/restoration/Stewardship_Contracting/
_____. 2014b. Categorical exclusion from documentation. Forest Service Handbook, FSH
1909.15 National Environmental Policy Act, Chapter 30.
http://www.fs.fed.us/emc/nepa/includes/wo_1909_15_30.pdf

References Cited ● 63

_____. 2014c. Fiscal year 2015 budget justification.
http://www.fs.fed.us/aboutus/budget/2015/FS15-FS-Budget-Justification.pdf
_____. 2014d. Insect and disease area designations.
http://www.fs.fed.us/farmbill/areadesignations.shtml
_____ and BLM (U.S. Dept. of the Interior, Bureau of Land Management). 2004. The Healthy
Forests Initiative and Healthy Forests Restoration Act: Interim field guide. FS–799, USDA
Forest Service, Washington, DC. http://www.fs.fed.us/projects/hfi/field-guide/web/toc.php.
USDI (U.S. Dept. of the Interior). 2012. U.S. Department of the Interior wildland fire
management program benefit-cost analysis, a review of relevant literature. USDI Office of
Policy Analysis, Washington, DC.
http://www.doi.gov/ppa/upload/Wildland_fire_literature_review_060812FINAL.pdf.
_____ and USDA (U.S. Dept. of Agriculture). 2014. Interagency standards for fire and fire
aviation operations. http://www.nifc.gov/PUBLICATIONS/redbook/2014/RedBookAll.pdf.
USGS (U.S. Geological Survey). 2014. Federal wildland fire occurrence data.
http://wildfire.cr.usgs.gov/firehistory/data.html.
van Mantgem, P.J., N.L. Stephenson, E. Knapp, J. Battles, J.E. Keeley. 2011. Long-term
effects of prescribed fire on mixed conifer forest structure in the Sierra Nevada, California.
Forest Ecology and Management 261:989-994.
Van Wagendonk, J.W. 2006. Fire as a physical process. P. 38-57 in Fire in California’s
Ecosystems, Sugihara, N.G., J.W. Van Wagendonk, K.E. Shaffer, J. Fites-Kaufman, and
A.E. Thode (eds.). University of California Press, Berkeley.
Vogt, C.A., G. Winter, and J.S. Fried. 2005. Predicting homeowners’ approval of fuel
management at the wildland–urban interface using the theory of reasoned action. Society
and Natural Resources 18:337-354.
WRSC (Western Regional Strategy Committee, Wildland Fire Executive Council). 2012. The
national cohesive wildland fire management strategy: Phase III western regional sciencebased risk analysis report.
http://www.forestsandrangelands.gov/strategy/documents/reports/phase3/WesternRegionalRiskAna
lysisReportNov2012.pdf.
_____. 2013. The national cohesive wildland fire management strategy: Phase III western
regional action plan.
http://www.forestsandrangelands.gov/strategy/documents/rsc/west/WestRAP_Final20130416.pdf.
WeFLC (Western Forestry Leadership Coalition). 2010. The true cost of wildfire in the western
United States. Western Forestry Leadership Coalition, Lakewood, CO. 15 p.
http://www.wflccenter.org/news_pdf/324_pdf.pdf.
Westerling, A.L., H.G. Hidalgo, D.R. Cayan, and T.W. Swetnam. 2006. Warming and earlier
spring increase western U.S. forest wildfire activity. Science 313:940-943.
WiFLC (Wildland Fire Leadership Council). 2010. Wildland Fire Leadership Council.
http://www.forestsandrangelands.gov/leadership/index.shtml.
_____. 2011a. A national cohesive wildland fire management strategy.
http://www.forestsandrangelands.gov/strategy/documents/reports/1_CohesiveStrategy03172011.pdf.

64 ● References Cited

_____. 2011b. The Federal Land Assistance, Management and Enhancement Act of 2009
report to Congress.
http://www.forestsandrangelands.gov/strategy/documents/reports/2_ReportToCongress03172011.pdf.
_____. 2012. A national cohesive wildland fire management strategy: Phase II national report.
http://www.forestsandrangelands.gov/strategy/documents/reports/phase2/CSPhaseIIReport_FINAL
20120524.pdf
_____. 2014. The national strategy: The final phase in the development of the national
cohesive wildland fire management strategy.
http://www.forestsandrangelands.gov/strategy/documents/strategy/CSPhaseIIINationalStrategyApr2
014.pdf
Wimberly, M.C., M.A. Cochrane, A.D. Baer, and K. Pabst. 2009. Assessing fuel treatment
effectiveness using satellite imagery and spatial statistics. Ecological Applications
19:1377-1384.
Wishnie, L. 2008. Fire and federalism: A forest fire is always an emergency. New York
University Environmental Law Journal 17:1006-1046.
Witt, C., J.D. Shaw, M.T. Thompson, S.A. Goeking, J. Menlove, M.C. Amacher, T.A. Morgan,
and C. Werstak. 2012. Idaho’s forest resources, 2004–2009. USDA Forest Service, Res.
Bul. RMRS-RB-14, Rocky Mountain Research Station, Ft. Collins, CO.
Yocom, L. 2013. Fuel treatment longevity. Working Paper No. 27, Ecological Restoration
Institute, Northern Arizona University, Flagstaff. http://swfireconsortium.org/wpcontent/uploads/2013/10/FINAL_27_ERI_Working_Papers_WEB.pdf

