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Abstract

Peterson, David L.; Evers, Louisa; Gravenmier, Rebecca A.; Eberhardt,
Ellen. 2007. A consumer guide: tools to manage vegetation and fuels. Gen.
Tech. Rep. PNW-GTR-690. Portland, OR: U.S. Department of Agriculture,

Forest Service, Pacific Northwest Research Station. 151 p.

Current efforts to improve the scientific basis for fire management on public lands
will benefit from more efficient transfer of technical information and tools that
support planning, implementation, and effectiveness of vegetation and hazardous
fuel treatments. The technical scope, complexity, and relevant spatial scale of ana-
lytical and decision-support tools differ considerably, which provides a challenge
to resource managers and other users who want to select tools appropriate for a
particular application. This publication provides a state-of-science summary of
tools currently available for management of vegetation and fuels. Detailed sum-
maries include a description of each tool, location where it can be obtained, rele-
vant spatial scale, level of user knowledge required, data requirements, model
outputs, application in fuel treatments, linkage to other tools, and availability

of training and support. Streamlined summaries in tabular format allow users to
rapidly identify those tools that could potentially be applied to a specific manage-
ment need. In addition, an interdisciplinary team process is described that facili-

tates application of tools and decisionmaking at different spatial scales.

Keywords: Decision support, fire management, fuel treatment, hazardous fuel.
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Armillaria Response Tool (ART)

BehavePlus

BlueSky Smoke Forecast System (BlueSky)

Comparative Risk Assessment in Fire and Fuels Planning (CRAFT)

Consume 3.0

Fire Area Spread Simulator (FARSITE 4.0.4)

Fire Behavior Assessment Tool (FBAT)

Fire Ecology Assessment Tool (FEAT)

Fire Effects Information System (FEIS)



56  Fire Effects Planning Framework (FEPF)

59  Fire Effects Tradeoff Model (FETM)

63  Fire Emission Production Simulator (FEPS)

66  FireFamily Plus

69  Fire and Fuels Extension—Forest Vegetation Simulator (FFE-FVS)

72 Fire Regime Condition Class (FRCC)

76  Fireshed Assessment: An Integrated Approach to Landscape Planning

80  First Order Fire Effects Model 5.2 (FOFEM)

83  FlamMap 3.0 Beta 6

86  Forest Inventory and Analysis Biomass Summarization System (FIA
BioSum)

89  Fuel Characteristic Classification System (FCCS)

93 Fuel Characteristic Classification System (FCCS) Fuelbed Mapping

95  Fuels Management Analyst Plus (FMA Plus)

98  Gradient Nearest Neighbor (GNN) Method and Software for Regional Mapping
of Vegetation and Fuels

101  Gradient Nearest Neighbor (GNN) Vegetation and Fuel Maps, Including
Metadata and Accuracy Assessment

104 Guide to Fuel Treatment in Dry Forests of the Western United States:
Assessing Forest Structure and Fire Hazard

106 Harvest Cost and Revenue Estimator (HCR Estimator)

110 Integrated Forest Resource Management System (INFORMS)

112 LANDFIRE

115 LANDIS and LANDIS-II

117 Landscape Simulator

119 My Fuel Treatment Planner (MyFTP)

122 NEXUS

124 Optimizing Fuel Solutions and Ecological Values in Landscapes (FUELSOLVE)

126 Simulating Patterns and Processes at Landscape Scales (SIMPPLLE)

130  Smoke Impact Spreadsheet (SIS)

131 Stereo Photo Series for Quantifying Natural Fuels

134  Tool for Exploratory Landscape Scenario Analysis (TELSA)

137 Understory Response Model (URM)

140  Valuation of Ecosystem Restoration Strategies (VERSTRA)

142 Vegetation Dynamics Development Tool (VDDT)

145  Water Erosion Prediction Project (WEPP) Fuel Management (FuMe) Tool

147 Wildlife Habitat Response Model (WHRM)

149 Appendix 2: Acronyms and Models
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Introduction—Science-Based Vegetation
and Fuels Planning

Resource managers need strategies to reduce fuel loadings and retain resilience to
future fire and other disturbances, because fire exclusion has altered the structure
and function of dry forest and rangeland ecosystems in the interior Western United
States. A scientific foundation and technical support are needed for the develop-
ment of consistent, long-term strategic plans for fuel and vegetation treatments
(hereafter referred to as “fuel treatments™) for all spatial scales and planning units.
The plans are typically a component of fire management plans, national forest
plans, and other planning documents, and should be compatible with national,
regional, and local strategies for fuel treatments and other aspects of resource
management.

Scientific and technical support provides principles and tools that inform man-
agement decisions regarding fuel treatments, contribute to the application of best
management practices, and support the spatial and temporal placement of treat-
ments to facilitate management effectiveness and attainment of desired future

conditions. Credible science-based fuel treatment includes:

* A consistent decision process for identifying and planning fuel treatments.
* High-quality data for landscapes where treatments are proposed.
* An accountability process including long-term monitoring for documenting

and evaluating treatments.

Consistent Decision Process

Management-science collaboration—

An effective collaborative approach for decisionmaking is an interdisciplinary
(ID) team consisting of (1) local resource specialists from a large management unit
(e.g., national forest, ranger district, Bureau of Land Management [BLM] district,
national park, or wildlife refuge), (2) one or more resource specialists from an
administrative office (e.g., Forest Service regional office, BLM state office), (3)
one or more research scientists, (4) local stakeholders if there is sufficient interest
(e.g., municipal officials, business representatives, nongovernmental organizations),
and (5) a facilitator. It is helpful to have technical specialists in fire, vegetation
management, wildlife, soils, and hydrology, although this may not always be possi-
ble. It is also desirable to have expertise in planning and National Environmental
Policy Act (NEPA) processes, as well as a higher level manager or someone on the

team with clear decisionmaking authority. Some teams may also want to include
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expertise in economics and social science. This is an ideal team composition that

may not always be attainable.

Primary responsibilities of the ID team are listed below:

ID team member

Responsibilities

Local resource specialists

Resource specialists from

an administrative office

Research scientists

Local stakeholders

Facilitator

Geospatial databases (fuel and vegetation data,
historical fire occurrence, wildlife, hydrology), natu-
ral resource expertise, management objectives and
desired conditions (watershed protection, resource
values, etc.), guidance on local regulatory and polit-
ical issues (threatened and endangered species, air
quality, etc.)

Administration of consistent ID team process,
guidance on national and regional regulatory policy
issues, NEPA guidance, natural resource expertise.
Expertise in natural resource science, capability in
modeling and decision support, contribution of
relevant data, document review, consistent applica-
tion of science among administrative units, on-going
scientific consultation.

Collaboration with local residents and businesses;
identification of economic, esthetic, and environ-
mental concerns.

Facilitation of efficient and productive ID team
meetings, documentation and reporting of proceed-

ings, communication among ID team members.

Scale-based decision framework—

Decisions about vegetation and fuels planning differ according to spatial scale

and are prompted by different issues and decision criteria. Most available informa-

tion and analyses have been developed for application at smaller spatial scales, and

it is often not appropriate to scale up to broader spatial scales. Scaling up informa-

tion, analyses, and decisions can be done, but only with the knowledge that error

(or larger confidence intervals) will likely be introduced into quantitative and quali-

tative aspects of decisionmaking.
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Relevant scale-based questions include:

One to a few forest or range sites—

e What is the potential for unplanned fire with unacceptable results or costs?

e What are desired fire behavior and fire effects, and which fuels should be
removed to attain them?

*  Which kinds and spatial arrangement of treatments will most effectively
modify fire behavior, allow fire to be successfully suppressed, and attain
desired conditions for multiple resource objectives?

e What are specific options for fuel treatments and the quantitative and
qualitative costs/benefits associated with each?

*  What is the expected duration of effectiveness for each fuel treatment?

e Which logistic considerations and risks must be addressed to successfully
conduct the fuel treatment?

Small to moderate watersheds (approximately Sth- to 6th-ﬁeld hydrologic unit code
[HUC])—

*  Which stands or groups of stands are at highest risk for crown fire or large,
homogeneous burns owing to fuel accumulation?

*  Which resources (habitat, structures, water quality, etc.) are at high risk
from fire owing to fuel accumulation?

e Which locations, if treated, will allow the creation of fuel conditions that
facilitate successful fire suppression?

*  Where are fuel treatment options limited or restricted owing to adminis-

trative prohibitions, limited access, high risk, or low probability of success?

Large watershed (approximately 4th-ﬁeld HUC) to national forest or BLM

district—

e Which resources (e.g., habitat, water quality) and other assets (e.g.,
buildings, communication facilities) are at high risk from fire owing to
fuel accumulation and require priority allocation of effort?

*  Which locations provide the greatest strategic opportunity for fuel
treatments that would facilitate attainment of desired conditions (e.g.,
reduce large-scale fire hazard, facilitate successful fire suppression)?

* Do opportunities exist for long-term biomass utilization and other
sustainable means of revenue production?

e Where are fuel treatment options limited or restricted owing to
administrative prohibitions, limited access, high risk, or low probability

of success?
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The ID team needs to consider which decision systems and tools are most
appropriate for informing the decision process at each spatial scale. The focus of
fuel treatment is typically on reducing hazardous surface fuel and crown fire haz-
ard, but consideration also needs to be given to how the fuel treatment will affect

other vegetation, wildlife, aquatic resources, and economic values.

A decision framework—
A NEPA analysis or similar type of decision framework is required for many
aspects of forest and rangeland management, including fuel and vegetation treat-
ments. The decision framework below can be used as a point of departure for the
analysis of individual fuel treatments, as well as broad-scale fuel treatments across
forest and rangeland landscapes.

Desired conditions can be clearly defined for fuel treatments at all spatial
scales for which treatments are considered. Attainment of these conditions

normally requires:

* Reduced fuel loadings in locations that currently have heavy accumulations
of hazardous fuels (including reduction in fire regime condition class).

*  Reduced potential for crown fire, intense surface fire, and undesirable fire
effects on vegetation and other resources.

* Reduced potential for adverse fire effects on local communities and
structures.

e A general desire for more heterogeneity of vegetation across the landscape.

Consequences of fuel treatments, including long-term and short-term out-
comes, can be evaluated through a series of questions for alternative fuel treatment

options, such as:

Wildfire
e What are the effects on crown fire hazard?
*  What are the effects on surface fire hazard?
e Can future fires be suppressed when necessary?
e At what interval will fuels need to be treated in the future? What kinds
of treatments will be needed?
e What are the cumulative effects of multiple treatments on wildfire

potential?
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Vegetation

*  What are the effects on large trees and snags?

*  What are the effects on the vegetation desired to be left following
treatment?

*  What are the effects (positive and negative) on special-status plant
species?

e What are the effects on exotic species?

*  What patterns of plant communities, habitats, and structures will

develop?
Wildlife

*  What are the effects on critical habitat structures and animal
populations?

*  What are the effects (positive and negative) on special-status animal
species?

e What patterns of animal habitat will develop through time?

Aquatic systems and water
*  What are the effects on water quality?
*  What are the effects on water yield?
*  What are the effects on fish habitat?

*  What are the effects on riparian systems?

*  What are the effects on sediment production and delivery?
e What are the effects on soil fertility and long-term productivity?

e What are the effects on large woody debris and soil organic matter?

e What are the effects on production of particulates and gases?
*  What are the effects on mandatory Class 1 areas, designated
nonattainment areas, and air quality management areas?

e What are the downwind smoke effects from prescribed fires?

e What are threats to air quality if no action is taken?

Cultural resources

*  What are the effects on archeological sites and other cultural resources?
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Local community involvement

Are there opportunities for collaboration with local citizens (scoping
notices and letters of response vs. full involvement, e.g. Community
Wildfire Protection Plan, selection of watersheds for treatment)?
What are the effects on recreational activities (camping, hiking,
hunting, etc.)?

What are the effects on commodity values (wood products, grazing,

special forest products [e.g., mushrooms and berries])?

Economics

What is the economic cost of the proposed treatment?

What is the potential economic benefit of the proposed plan for the
federal government?

What is the potential economic benefit to employment and revenue in
local communities?

What kinds of contracts and institutional arrangements can be used?

Health and safety

What are the effects on health and safety of people in local
communities?
What are the effects on health and safety of federal employees,

contractors, and firefighters?

Regulatory

Is any significant legislation or policy, including the Healthy Forests
Restoration Act (HFRA), relevant to the proposed plan?

Which local governmental units will be affected?

Which local organizations, institutions, and individuals need to be

informed of the proposed plan?

Most of these categories and questions can be applied to most scales at which

fuel treatment planning is done. Other categories and questions can be added to

ensure that specific needs are addressed.

ID team process—

Interactive evaluation of fuel treatment alternatives and fire spread is a key

to successful synthesis of existing information and elicitation of expert knowledge.

Map-based evaluation of alternatives should focus primarily on spatial patterns

with respect to existing fuel and vegetation, likely ignition sources, potential fire

spread, fire suppression strategy, fire effects, and future resource conditions.
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Simulation models such as FARSITE can be used to quantify potential fire, although
individual ID teams need to decide if they have sufficient technical capability to
reliably run simulation models. Expert opinion of local fire managers is extremely
valuable in estimating large-scale fire behavior and fire patterns, and is typically
sufficient for good decisionmaking in the absence of fire-spread modeling.

Spatial patterns of fuel treatments that effectively reduce or modify fire spread
across large landscapes are of considerable interest, because this information is
needed to develop long-term spatial strategies for fuel treatment and other aspects
of resource management. At present, empirical data on which to base optimization
of spatial patterns are sparse, and the scientific basis for addressing fuel placement
across complex landscapes is minimal. However, testing by resource managers of
strategic placement of treatments will add data in the years ahead and provide
information that can be shared and applied in other locations.

Elimination rules are criteria that exclude portions of the landscape where fuel
treatments are unlikely; these might include steep slopes, riparian areas, higher ele-
vation forests with high fuel moistures, other ownerships where treatments are not
desired, and areas with sparse fuels. Removing these locations from consideration
reduces the area where fuel treatment is evaluated and constrains the pattern of fuel
treatment options, although the eliminated locations can still affect (and be affected
by) how treatments influence fire patterns.

Fire spread is an important analytical focus for landscapes of any size, but
other fire effects (e.g., residual fuels, smoke emissions, air quality) should be eval-
uated concurrently in order to assess the effects of fire on as many ecological,

social, and economic factors as possible.

High-Quality Data

Accurate geographic information system (GIS) coverages of fuel properties are
the key geospatial data needed by the ID team assessing fuel treatment strategies.
Subsequent analysis and modeling have little value in the absence of high-quality
fuels data, leading to a “garbage in—garbage out” situation. Data quality differs
considerably among management units. It is ideal to have as much actual fuelbed
information as possible, and collection of new and accurate empirical data is
encouraged. Some units have mapped stylized fuel models, which provide a low-
resolution classification of surface fire behavior adequate for current fire spread
modeling, but quantification of both surface and crown fuels is necessary to capture
a realistic picture of fire hazard. This can be derived from the Fuel Characteristic

Classification System (FCCS) data library (see tool summaries), whose default fuel
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loadings can be modified by users as needed, or from the Photo Series for Natural
Fuels (see “Stereo photo series” in tool summaries) available for different vegeta-
tion types. In some cases, existing vegetation classifications and other management
data (e.g., stand inventory) can be used to infer fuel properties (e.g., LANDFIRE;
see tool summaries). In some cases, aerial photography, satellite imagery, and
LIDAR imagery may be available for classifying vegetation and fuel; remote sens-
ing experts should be consulted about imagery-based inferences. Expert knowledge
is a key input to any approach used to characterize fuel properties for a given land-
scape.

The required accuracy and resolution of fuel data depend on the scale of appli-
cation of those data. For stands and individual projects, accurate high-resolution
data are needed in order to develop appropriate fuel treatment alternatives. Onsite
data collection and validation of fuel properties are highly desirable. The Photo
Series for Natural Fuels and similar guides can be useful for rapid yet accurate
assessment of fuelbed properties. For large watersheds and national forests or BLM
districts, more generic fuel classifications are sufficient, and classifications from
remote sensing imagery may be useful.

The ID team should direct the assessment of existing data, collection of new
data, and development of appropriate classifications. Cooperation between fuel spe-
cialists and research (e.g., Forest Service or U.S. Geological Survey research sta-
tion) scientists can be especially helpful in developing accurate maps. The ID team
should state criteria for data quality on any given management unit, and agree on
how much time and budget should be allocated toward compilation of the fuel
database. It will be difficult to have consistent quality among all management units
within a large region because of the different types of data available. Derivation of
the data should be documented and scientifically defensible, regardless of the accu-

racy and resolution of final databases.

Accountability Process
Accountability is required by the HFRA for fuel treatment programs and is a

logical component of science-based management. Quantification of the outcomes
of fuel treatment programs is needed to provide feedback to the adaptive manage-
ment process, so that long-term decisionmaking and planning can be continually
improved.

Three types of fuel treatment monitoring will ensure short-term and long-term
accountability: (1) implementation monitoring, (2) effectiveness monitoring, and

(3) validation monitoring. Monitoring is implemented as follows:
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Implementation monitoring—When, where, and how are treatments
conducted?

Treatments can be tracked in a database for appropriate management units
(e.g., national forest or BLM district). The date, location, area, kind of treatments,
and lead personnel should be included at a minimum. Some of this information is
currently being captured by federal agencies in various cumulative databases.
Accurate data on thinning prescriptions, burning prescriptions, and surface fuel
treatments are especially valuable. It is critical that all treatments are accurately
georeferenced so they can be included in GIS coverages compatible with other cov-
erages for a given management unit and adjacent lands. (In the Forest Service, this
would typically be the responsibility of regions and national forests; in the BLM,
it would be the responsibility of state offices and districts and field offices.)

Effectiveness monitoring—What change in condition of fuels and other
resources was attained?

Quantifying the condition of fuels and other relevant resources before and
after treatments is the best way to determine the effectiveness of treatments.
Although HFRA requires only a representative sample, monitoring 100 percent
of treatments is the most credible approach to documenting effectiveness. At a
minimum, alterations in surface fuel, canopy fuel, woody fuel, and plant commu-
nity structure should be quantified. Periodic posttreatment monitoring is needed to
quantify temporal changes in fuels, plant community structure, plant species com-
position, wildlife habitat, erosion, and hydrology; the interval for subsequent meas-
urements will differ by resource. (In the Forest Service, this would typically be the
responsibility of national forests; in the BLM, it is the responsibility of districts and
field offices)

Validation monitoring—Did the treatment accomplish objectives for desired
conditions?

Long-term performance of fuel treatments with respect to attainment of desired
conditions must be documented to achieve full accountability. For example, if a
crown fire drops to a surface fire (under severe weather conditions), the treatment
could be considered successful; if a crown fire is not impeded, the treatment could
be considered unsuccessful. Other resource objectives for vegetation, wildlife, and
hydrology can also be assessed. Validation is best tracked through a GIS database
in which wildfire locations and fire effects (e.g., severity classes in terms of tree
mortality) are overlain on fuel treatment locations. The number of validations in

the empirical database will increase over time as fire data accumulate, providing
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feedback to adaptive management. (In the Forest Service, this would typically be
the responsibility of regions and possibly research stations; in the BLM, it would

be the responsibility of state offices).

Adaptive Learning Through Collaboration

The efficiency and value of collaboration improves with experience. Similarly,
the quantitative rigor and consistency of specific applications improve as methods
are refined through iterations on multiple management units. It is anticipated that
current efforts in fuel planning will grow from case studies and demonstrations to
an institutionalized collaboration between management and research.

Adaptive management of fuels is more likely to be successful if all three types
of monitoring occur. Empirical data, rather than observational and anecdotal infor-
mation, are needed to improve fuel management at all spatial scales. These data
and learning experiences should be communicated to resource managers in a timely
way through scientific publications, reports, and meetings. Natural resource staffs
in regional administrative units have the responsibility to ensure that technical
communication occurs and that the best available science is available to land
managers.

If sufficient progress is made in developing successful fuel treatment pro-
grams—including science-based planning documentation and on-the-ground applica-
tions—good approaches for fuel planning will emerge and be emulated. It will
then be possible for each management unit to be responsible for its own ID team
process, with nominal oversight by regional administration, and consultation from
scientists only as requested. However, review by regional specialists and scientists

is advisable to provide quality control for planning documents.

What Is Contained in This Guide?

This publication provides summaries of software, simulation models, and
decision-support tools that may be useful for planning and implementing the man-
agement of vegetation and hazardous fuels. These products have been developed
over the past 30 years by scientists and managers involved in different areas of
resource assessment that require at least some interaction with fire. Succinct
descriptions allow users to quickly review the potential applicability of various
tools for a particular management situation.

A key aspect of the publication is the identification of appropriate scope and
spatial scale for specific applications of analytical and decision-support tools. Some

tools have been developed for specific purposes but can be extrapolated to other
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tasks with the appropriate caveats. Similarly, some tools have been developed for
specific scales (e.g., forest stands) but can be cautiously applied to larger scales
(e.g., watersheds) in the absence of other tools. All of the tools described here are
intended to guide decisionmaking, rather than provide definitive answers. Expert
judgment is nearly always needed to fill in data gaps and to address perceived lack

of accuracy or precision.

Why Are the Summaries of Tools Needed?

Federal land managers are required to develop science-based approaches and to use
the best available science to generate management pathways for desired conditions
of resources. The variety of scientific software, simulation models, and decision-
support tools available for hazardous fuel treatment can be overwhelming, even for
an experienced scientist or resource manager. Effective use of any given tool typi-
cally requires considerable time, training, and sometimes expense. Some tools have
been effectively institutionalized and supported by federal agencies, whereas other
potentially useful tools have not, and development of new tools is ongoing. Judging
the best available science can be facilitated by the use of objective descriptions and
criteria included in this publication. If information beyond the summaries provided
here is needed, users can consult the technical documentation listed in the sum-

maries for more detail.

How Were the Summaries of Tools Developed?

An initial list of analytical and decision-support tools relevant for management of
vegetation and hazardous fuel was developed in consultation with scientists in the
Forest Service Pacific Northwest and Rocky Mountain Research Stations, and
resource managers in the Forest Service Pacific Northwest Region and Oregon
BLM. Some of these tools have been used routinely for many years, and applica-
tions are described in the scientific literature and management documents. Other
tools have been used less frequently, and still others are only now being tested.
Identifying tools directly applicable to management of fuels and fire was rela-
tively straightforward. However, vegetation and fuel planning must consider a
broad range of resource values potentially affected by fuel management, including
vegetation, wildlife, hydrology, air pollution, and economics. A comprehensive

summary of all tools relevant to this broader list of resources is beyond the scope

11
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of this publication.] Therefore, we identified tools for which analytical outputs
could be used directly to calculate changes in resource condition. All tools listed
here consider fire and fuels explicitly, although the strength of connections among
fire, fuels, and other resources differs.

How Is Best Available Science Determined?

Several points should be considered in determining best available science for a

particular application in vegetation and fuel management.

Keep Processes Objective and Credible

It is important to first determine the array of tools and principles available for a
particular application. It is also important to know if a particular tool has been
appropriately peer reviewed according to specific standards for the application of
scientific tools in resource management on public lands (Federal Register 2002,
Office of Management and Budget 2004). Many of the tools currently in use by
federal agencies have not been objectively (and anonymously) peer reviewed and
published in scientific outlets other than in-house federal series. User guides are
helpful but do not imply scientific credibility. Lack of peer review does not mean
that a tool or technique has no utility, but that it has lower scientific stature and
does not meet the normal standard for scientific rigor. Documents that rely on tools
and techniques without peer review are more likely to be successfully challenged
through litigation. A short description of limitations and uncertainty associated with
various tools and techniques is often appropriate.

Look for success stories. If you can identify cases in which tools have been
successfully applied to a situation similar to yours, then you have a good recom-
mendation for your application. This may be an actual management situation, or in
the case of a recently developed tool, it could be a “beta test” or demonstration in
which positive feedback was received. In either case, other users are available from

whom you can obtain insight.

Consult With Experts
It can be helpful to directly contact the developer of a particular tool or technique
for additional information and insight on principles and applications. If you are

considering an application somewhat outside the original scope described for a

"we attempted to find information for as many analytical and decision-support tools as possible
within a reasonable timeframe. We apologize to those individuals and or organizations whose
efforts may have been excluded from this publication.
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tool, get some feedback first. Although few tools are fully supported by technical
personnel, there are often a few scientists and managers who are considered experts
on the design and application of the tool. Seek them out for a consultation, and

consider inviting them to work with you and your staff.

Compare Alternatives

Even if you have a preferred tool or approach for a particular application, it is
usually best to compare it with other tools. Although no single model may be more
“correct” than another, it is helpful to know the differences between approaches.
You may need to defend the value of your preferred choice, and documentation of
alternative approaches allows for ready comparison and development of rationale

for your preferences.

Document the Selection Process

Take good notes as you go through the process of reviewing and selecting appro-
priate tools and approaches. Keep a file with appropriate documentation of pub-
lications, user guides, scientists consulted, managers consulted, etc. Having a
structured approach to selecting the scientific tools you use will improve overall

credibility of planning activities and proposed management actions.

Consult Outside Reviewers

After you have selected analytical and decision-support tools for your particular
management application, have technical experts review any plans or reports that
cite those tools. Reviewers can include scientists, managers, planners, and policy-
makers—basically anyone within the broader user community who has some tech-
nical knowledge about the tools and their application. Review comments will help
you determine if your selection and use of tools are appropriate and if planning

documentation contains sufficient justification.

Consult Potential Stakeholders

After you are confident that you have addressed relevant technical issues, it is
often valuable to “preview” the approach with stakeholders who may be affected
by your management actions. This requires you to use nontechnical language to
explain and justify your selection. Straightforward graphics and tables are often
the best way to convey your ideas to interested parties who do not have technical

expertise in natural resources.
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How Should Information in This Publication Be Used?

The analytical and decision-support tools summarized here have a variety of
potential applications. Some of them may be directly applicable to operational
aspects of fuel treatments, including silvicultural manipulations, surface fuel man-
agement, and applications of prescribed fire for burning and treatment of activity
fuels. These are applications that do not necessarily require extensive review or a
high level of detail for decisionmaking.

Many types of documents require detailed review at different levels, including
public review. This includes land use plans, fire management plans, and some fuel
treatment plans. It is particularly important that documentation associated with
NEPA reporting, such as environmental impact statements and environmental
analyses, have scientific credibility. This publication can be a source of potential
tools and analytical approaches that can be considered as part of NEPA reporting
and review relative to management of vegetation and fuels.

Finally, as you consider potential tools for specific applications, make sure that
the spatial scale for which a tool was developed is a reasonable match for the spa-
tial scale of the application. Failure to match scales can result in inaccurate assess-
ments, particularly if tools are scaled beyond their range of reliability. Explicit
statements about the scale of application and the appropriateness of a particular
tool for that scale are essential. In addition, be aware of scale matches and mis-
matches when using multiple tools or addressing multiple resources. For example,
one tool may accurately address fuel at the stand scale, and another tool may accu-
rately address wildlife habitat at the watershed scale. This disparity in spatial scales
should be acknowledged and discussed quantitatively if possible and qualitatively

at a minimum.

Are Other Sources of Information Available?

An increasing number of analytical and decision-support tools are now available
on the Internet. For example, a number of analytical and modeling tools are avail-
able at Web sites maintained by the Forest Service Pacific Wildland Fire Sciences
Laboratory (USDA Forest Service 2004a, 2004b), Rocky Mountain Research
Station and Systems for Environmental Management (USDA Forest Service 2004c),
and the University of Idaho (2004). These Web sites help ensure that users have
the most recent version of any particular tool. The quantity and quality of docu-
mentation differs, but user guides and other descriptive information can usually be

accessed through these sites. Technical support is usually minimal but is available



A Consumer Guide: Tools to Manage Vegetation and Fuels

in some cases. Interested readers are encouraged to visit these sites if they want

detailed information beyond the summaries presented here.

How Can a Set of Tools Be Integrated for Vegetation
and Fuels Planning?

The number and complexity of analytical and decision-support tools are a mixed
blessing. On one hand, scientists have invested significant effort in developing
approaches for vegetation and hazardous fuels planning (see app. 1), and users
have lots of choices. On the other hand, it is challenging for resource specialists
and planners to identify the tools that are most accurate and appropriate for a
particular management issue and to stay informed about new research and develop-
ment. Tools are often regarded as a “black box” whose function is poorly under-
stood by users, and resource specialists typically have “favorite” tools, so it is
difficult to have consistency in application of tools among different organizational
units.

Spatial scale provides a logical framework for identifying appropriate tools
(tables 1 and 2) and sets of tools that can be used for vegetation and fuels planning.
For example, a set of tools recently developed by the Forest Service provides
decision support for management of dry forests in the interior West at the forest-
stand scale, including (1) Armillaria Response Tool, (2) Guide to Fuel Treatment
in Dry Forests of the Western United States (Johnson et al. 2006), (3) My Fuel
Treatment Planner, (4) Smoke Information System (not included in this publica-
tion), (5) Understory Response Model, (6) Water Erosion Prediction Project Fuel
Management Tool, and (6) Wildlife Habitat Response Model. Unfortunately, tools
are sometimes applied to scales beyond which they are considered reliable, or
model output is scaled up or down without attention to reduced accuracy and
increased error.

The examples below illustrate how multiple tools can be effectively used
for fuel planning at different spatial scales (see examples below). Other criteria,
including the level of knowledge required by a user (table 3) and amount of data
required to use a tool (table 4), may also be practical considerations in identifying

an appropriate tool or set of tools for a particular analysis.

Example 1-One to a Few Forest Stands

As part of an Environmental Impact Statement, the Twisp Ranger District of the
Okanogan-Wenatchee National Forest needs to consider alternative fuel treatments

for a management unit that consists of five 80-acre stands of mixed ponderosa pine

continue on page 25

15



General Technical Report PNW-GTR-690

saano9fqo

WIHM juouIeSeURW JOYJO puE
‘NN ‘WNHAO0A J0TABYRQ A11f 03 10adsar Im
‘depyuwrerq wnpow [eIUQWILIAP IO [BIOAUA] 9q (Ad4dd) Jromawer
‘SAI-T4d Y3y 9IBIOPOIN 0] [[ewlS  ABW QJIJ QI9UM SBAIR SQJUSP]  SUIUUB[{ SIO9H 1L
eunej pue elIo[} (S1dD
931 K19A uo 2I1J JO $109JJ0 [enuajod  WAISAS UONBULIOJU]
J[qe[reAy QUON MO0 M0 0) [[ewS 9Y) UO PUNOIINIBq SOPIAOI] S1001H 211
BJEp 3ULIO)IUOW
JooqpueH S109JJ° o11f ITAISG (Ivad)
SULIOIIUOIN wnipaw JIed reuonepN suizAeue [0O], JUSUWISSASSY
J[qe[IeAY Q1] SAN sooe[doy Y3y MO 0} [[ewS pue ‘SurSeuew ‘3uULIO)S £301007 211
sjuouneany pasodoiad jo
SSQUOAIIOQJJQ ) Sunen[ead (vgdD
Pa1s9) Sureq AAHANVT ‘Sjuowjean} [onJ snoprezey [00], JUSWISSISSY
UOISIoA BJOg ‘zdeiNwel] MO MO [rews Suiznuond pue Surudisoq Jo1Aeyog Q11
urelqo SID JO a3pajmouy (dey
03 J[MIIPIP pue Sururen Weld/d LISIVA)
10 9[qe[leABUN pazireroads saxmbax a3r1e[ sontadoid 1o1ABYOq Joje[nuiIs
J[qe[IBAY deywe uo)jo eIep ‘YSIyg AreordAy <ySiy 03 winipajy 241y pue peaids a1rj seye[nore) peaads vary aIr
suoneordde
popaau J1 pasn pSMOPUIAL JOSOITA SQIIJ pue[pIM
9q ued san[eA JO 93pamouy saxmbaz wnipaw 3uLInp SUOISSIWS pue
J[qe[reAy SODH ‘ASonyg  INeJop (9JeIOPOIN {Mo[ AToAne[oy 0 [[ewIS uondwnsuod [any s1oIpald 0°¢ Qwnsuo))
suondo ordnnu Qouan(jur 3s91eard (LAVID)
)M SUD[RWUOISIOP U] M SO[BLIBA SQLJIIUSPI Suruueld sfong pue
3uro3uo SAA ur asntadxa aaey PUE ‘SOLIRUADS JO SJjooper) QIL] UI JUSUWISSASSY
juowrdo[oAd@  ‘QusIe ‘snidoAryog MO0 03 sd[oy ‘oreIopOoIN a3re| pUE SYSLI 9ATIR[AI SAJeNd[e)) NSy 2aneredwo))
SAAIN ‘SININ
‘LI'ldSAH ‘Sddd
'SODd ‘SOVILSVA nydiey SaIyprim
‘Qunsuo)) JIqe[reAe a1y pue ‘A30[0109)oW pue Surunq paquosaid (AySonig)
TANdTVD U1l BIEp J[NEJOP ‘uors1adsIp ayowrs Jo WOIJ SUOBNUIIUOD WAJSAS ISBIAIOY
J[qe[reAy  Iomowrely AYSan[g QUWIOS $QJBIOPOIN o3po[mouy ‘eIOpOJN  93re] AIOA IYOWs 20BJINS SIOIPAIJ owrg Aygonig
S[00} Sururen
JIOTARYQQ 211} pozieroads saxmbar sonzadoxd
J[qe[reAy JIOUJO JSOowW Ul pas() MO0 AqreordAy nq ‘mo [rews JOTARYQQ 211} 99€JINS SIOIPaAI] snjdoAreyog
JAneenb K30[099 1$210J JO wnpaw 38910} AIp UI YSLI ISBISIP (1dV) 1007,
J[qe[reAy QUON Ap3sowr pue Mo 93pomouy 9JeIopOIN 0) [[ewS JOOI DLID]JIULLY SAVRWINST  9Suodsoy VILID]JIULLY
SNje)s JUdLIN))  S[00) JAY)O0 0} JuI'| Syudwaambax %:oEobzvou ,21eds uonedddy Juwreu [oo],
)R 1sd[euy eneds

Ajjeonageydie paziuebio quawabeuew [any snopiezey Jo) S[@pow pue sjoo} jo Alewwing—| ajqel

16



d Fuels

Tools fo Manage Vegetation an

A Consumer Guide.

dpowr 1$9) UL ()’ ~
UOISIOA ‘J[qR[IBAR T
(0’ UOISIoA ALISYVA Y31 ySiyg WNIPJJA|  JUSWUSSISSE YSLI AIIJ SAJB[NO[RD depywrerg
Suneay [1os (NFA0A)
‘A)1TR)IOW 991) ‘SUOISSIID [OPOIN S10913q
JIqe[reAy QUON MOT MO [rews ‘uondwnsuod [ony sae[noe) Q11 IOPIQ ISI
Iouue[d
juowyeal], [ong AN
aroymas[e spowr  ‘dejNuwrer] ‘SAJ-Add peaxds
159) ‘RIUIOJI[RD) ‘LISYVA J31e[ 0) QI1J 90Npal 0) SJuUSUIBAI)
ur pasn A[9pIpn ‘s|00) S[DITY Y31 Y31y 01 AJRIIPOIN wnIpIJN [oNJ s9[NPAYOs pue SUFIS  JUSWISSISSY POYSAIL]
suon
-BOIJISSB[D
9SI80D
KIOA
{soreos [[e
je parjdde
Suroq
mnq ‘oreos
SUOTJBIIJISSB[O puB 931e[ 10¥ SUONIPUOd [oNJ (ODYA)
S[00) JOYI0 [IIM UI] pougisop pue QI1J [BOLIOJSIY O} JALIE[OI SSB[D UonIpuo))
JIqe[reAy 0 J[NOLJIP ‘QUON RIOPOIN AQeIdPO]N  A[[euISuQ SNJe}S [BOIS0[0J9 SAYISSB[D QW3 L]
SIO I
S9[eds (SAJ-344)
I0318[ O} $109JJ oI1J “YSUI pue Joye[nuirg
JOIAIRS 15910, dn po[eos  IO1ABYQQ QIIJ-UMOID ‘IOIABYSQ UOINRIAZAA 15910
ysnoxy) 1oddns 9q ued QI1J 90BJINS ‘QINJONLS 1SAI0] 9} J0J UOISUIXH
poo3 9[qe[IeAy snid VINA ~ USIy 0] 91eIopojN UYSIH Inq ‘rews ‘sontodoid [ony sare[nore) S[on pue L]
93Ie] 0} vIep
JIqe[reAy QUON QRIOPOIN QIRIOPOIN wWnIPIJN IOUJeOM [BOLIOISIY SOZA[RUY sn[d A[rue,j ILj
suoneordde
popaau JI pasn SMOPUIA 1JOSOIOTIA sa1rj 1oy Aouekonq swnyd (SdH) 101R[NWIS
9q ued sanfeA Jo 93pa[mouy| saxmnbax wnIpaw pue ‘vorjonpoid uoISSIWD uononpoid
J[qe[reAy SOD “AySon[g  I[NeJop ARIOPOIN ‘Mol A[eAne[oy 0] [[ewS ‘uondwnsuod [onj sje[nWIS UOISSIWH 1L
JN[BA JTWOU0Id
‘SUOISSTW ‘BT JUIWIILAI]
[oNJ pue SIIPIIM S3JB[NO[eD (NIAAD)
SDD ‘Qunsuo) [nydioy a8pomouyy 931e[ 0)  (Q0UBQINMISIP pUB JUSWTRUBW [9POIAl JJoapei],
J[qe[reAy ‘snideAeyeg  YSIY 0) QIBIPOIN SID ‘QIBIOPO]N  9IBIOPOIN pue[ JO S109JJ0 Sore[NUIIS S1001JH QI
snje)s JuUdLIN))  S[00} JIY)O0 0} YuI'] Siuduraambax %:o—:obzvou 1808 uonedddy Jureu [00],
e)e(q Isd[euy eneds

(panunuog) Ajjeonaqeydje paziuehiio yuawabeuew |any snopiezey 1o} S|opow pue sjoo} jo Alewwns—| ajqel



General Technical Report PNW-GTR-690

Xnury
uo uni os[e

0} padofoaap
3ureq Apuarmd

"PAIISOP S SOATIRUIdI[E
juounean) Auew se J1oj

sI1edk () 01 dn 21niny oY) ojur
9pEO9p OB puB UOHIPUOD

JUSLIND B 10 (LLYSAL)
UOISUd)XH S[on pue

SIS IAIG aI1 oy Surpn[out ‘Ioje[nuwry (SIWJOAND
1910, UIe}Iad SAS UONBIATIA 1910, AU} SuIsn  WIISAS JUSUWIATBURBIA]
Je po[eIsul ‘NSIN ‘QsIeq wnrpaw Kq pIemIoj umois aseqejep 90IN0SoY
Apuaim) ‘SAH ‘MIIAIIY MO0 M0 0 [[ewIS 39A S QY1 woIy BIEp SIS} 1S910, pajeISAIU]
(Toyewnsy YDH)
Pa1sa) Sureq s109foad Juounean [ony JOJRWINSH NUIARY
UOISIOA ©1Og SAA QJRIOPOIN M0 [rews J10J S9IBWNS JS0J SAPIAOI] pue 1500 1S9ATRH
JouueR[d JudUNBAL], sjuowiean
[ong AN ‘walsAS [oNJ Q0€JINS pue [BINI[NOIA[IS
JuoUIdSRURBIA] Surpuejsiopun Surpnpour ‘uawadeuet $1S910
900C adeospue| soroxdwit SA -4 wnipaw [on} 10} SouI[opINg [ensIA AKI(J ur sjuswieal],
ur 9[qe[leAY ‘SAI-A4 ‘SODA MO JO a3pomouy ‘Mo 0} [[ewS pue aanenuenb sferdsiq [eng 0} apInn
pouwt 1s9)
ur 9IeMm}jos SI9A®] SID K1o3ewt
‘pajerdwod ‘A1a8ewr A[[aIes QI[[IBS JO AFpImouy (NND)
syload  SA-AdA ‘deNwel] ‘e1ep ploy Qwos ‘s[s [enedsood 3318 0} S[on} pue uoIL}3A POYISIA 10qQUSION
Surddew [e19A9S ‘SODH ‘ALISYVA Surpnpour ‘Y31 pue [eonsnels ‘Ysiyg WNIPIN Jo aseqeiep [eneds sdofaaaq JSQIBQN] JUSIPRID)
IOpUAA
reand y3noay) (@snid
1JS0J QJeIdpOW Joje[nuirg SONSLIO)ORIRYD [ONJ UMOID  VIAY) @sSnid IsA[euy
10J Q[qe[IeAY uoneja3oA 159104 QJRIOPOIN JJRISPOIN [rews S[SLI 211} UMOID S)B[NI[R)D) JuowdSBURIA S[oN]
J[qereae
sanfea jnejop
¢KorInooe aaoxduwr
a1jpue] BJEp UONEBIATIA (SDDH) waskg
‘ALISYVA pue [ong a3re| srenuajod a1y pue santadoid uonedISSe[D
J[qe[reAy ‘snigoaryog y3noyje ‘Mo M0 0 [[ewIS [onJ sayynuenb pue sayIsse[) onsLR)oRIRYD) [N
SUONBIO[ dWOS (wngorg) waIsAs
10 9[qe[reae [ SHAYVHLS ‘©ep syonpoud ‘uonponpouid ssewoiq uonezZLBWwng
sasAeue SIsA[euy KI0JU9AU ‘pIezey Q11 ‘S)S0OJ ‘SjUAUIBAI} ssewiorg sIsAreuy
‘opour 3s97, 15910 ‘SAI-Tdd Y3ty UYSIH  931e[ A1oA [onJ [enuajod sassassy  pue AIOJUQAUT 1SAI0]
SNJe)s JUILIN))  S[00) JAY)O0 0 JuI'| Spudwaambax %:oth_zvou ,21eds uonedddy Jwreu [00],
e)e(q 1sd[euy eneds

(panunuod) Ajjeanaqeydje paziuehiio ‘yuawabeuew [an} snopiezey 1o} Sjopow pue sjoo} jo Alewwing—| ajqel

18



d Fuels

Tools fo Manage Vegetation an

A Consumer Guide.

ssa13o1d ur sown
-10A 9 ¢sad£y [ong

$109}J0 Q11 PUB ‘IOIABYSq AI1J

pue uoneja3oA Sddad ‘uonjonpoid oyows uondwns [onJ [eInjeu
JUQIQJJIP 10J 9[qe ‘INFAOA ‘SODA wnipaw -u09 [onj Sunoipaid 10j uon Surdjnuenb 10j
-[TeA® SOWIN[OA ] ‘0’€ Qwnsuo)) Mo M0 0] [[eWIS -IPUOD PUBJS PUE [oNJ SAJBWNSH sor1as ojoyd 00191§
S91BIS parun) Ay ut sadAy
UOIBIATIA [[B J0J SOLIBUADS (SI1S)
JINdTVO SuruIng pue[piM JUSIOYIP Jo  [OPOA 12dyspealdg
J[qereay  ‘ewnsuo)) ‘IWHAOA MO M0 [rews syoedwr oyows sajen[ead SIS joedwy oyowg
3uey
JUOL{ OpBIO[0))
Y pue LN
ISOMUINOS YV
[eDUD-YINOS ‘N
e[1D ‘BIWIOJI[RD)
wIRyINoS SINYd
pU® ‘epeAdIN ‘SIVLSOV YA soLreuads odnynu (AT1ddINIS)
BIIAIS ‘UOIZQY INNILOAdS a3re[ Wwolj S9INgLIIe uonelagaA so[eog adeospue|
UIOUIION S ‘SIDVIN AIoA pue s3ssa001d 2ouBqQINISIP JB S98$9001{ pue
) 10J 9[qe[IeAY ‘Qusred ‘SAA Q1BIOPOIN MO 0} [[ews Jo sdew A[qeqoid sojeiouan sura)ed Supenuis
(HATOSTAND
JeIIqReY patIgjald Jo uonuajax sadeospue ut
pue sadeospue] , ojesalry,, uo sanyeA [B2130[00H
dejyurerq SNO0J PIM ‘SJUdW)eaI] [oNnJ JO pue suonnjos
juowrdoroAaap ug ‘SODH ‘ALISMVA Y31y 03 91eIopOoIA Y31y 0} 9BIAPOIA wnipay  wiaped pue Anuenb seziundQ [eng Surznundo
J[qe[reAy QUON QJBIOPOIN JJRISPOIN [rews SII 911 UMOID SIJB[NO[R)) SNXAN
sjuowieon
y0oqapmon [N} 10J UOTjBULIOJUT Iouueld
J[qe[reAy  juownjeal], [ong AN 9)eIopouw 0) MO JjeIopouw 0} MO [rews QNUOAJI pUE 1S0J SA)B[NI[R) juouneal], (ong AN
3unnol JuawIpas pue ‘AyAnoe
oydiow093 ‘a11y Jurpnjour
a3re| ‘SOTuRUAP [ouUUBYD SUIALIP
juowrdoreAaap ug QUON Y3y Y31 0] [[ewS  syuowoe adeospue| sae[nwils  Jojenuwis adeospue ]
I-Ldud
ALISYVA
‘SIVLSOV YA a3re[ 0} S9oUBQIMISIP II-SIANV'1
J[qe[reAy ‘NVI SIDVAV QJBIOPOIN JJRISPOIN wnipojy  Sunoerdjur o[dnnu sojenuirg pue SIANV1
9318 01 S[enJ pue uoILI3A
juowrdoreAap ug JD¥d  YSIy 01 91BIOPOIN 9JeIopouW 0) MO WNIPIJA Jo aseqeiep [eneds sdofeaaq TAHANVT
SNJe)s JUILIN))  S[00) JIY)0 0] JuI'| Siudwaxmbax %:oEu.::vo.- ,21eds uonedddy Jwreu [oo],
elR(q 1sd[euy eneds

(panunuod) Ajjeanaqeydje paziuebio ‘uswabeuew |any snopiezey 10} S|9pow pue sjoo} jo Alewwns—| ajqeL

19



General Technical Report PNW-GTR-690

*001A10S 10 30npoid Aue jo armynoudy jo juountedoq 'S N oyl £q Juowesiopud AJdwir J0u SO0p pue UONBWLIOJUI JOPEdI 10 S uonesrqnd SIy) ur soweu Wiy 10 opex) Jo asn oy,

r

*o11dwo9 0} $9OINOSAT JO JUIUWHIWIWIOD JO[BW & OE) [[IM JBY} SJEWLIO) pue ejep pazijerdads sonmnboy—y3iy

"[9AQ] [€90] 1O [eUOISAI AU} Je d[qEe[IEA’ A[IPEAI BIEP 90IN0SAI 9Seq oY) 0} UONIPPE UI BIep POzZI[eroads awos soImbay—ojeIopojy
‘[AQ] [€90] 1O [BUOISAI 2 J& d[qe[IeA’ A[IPEA] BJEP 99IN0SAI 3Skq SAINDIY—MO]

;jusuraambar vl 5

'SUOTIEM)IS [800] 10J S[qESh 1 dyeW JO [00} JO [dpour oy} uni 0} JowweiSoid 10 1sAJeue [oA9[-yS1y € sormboy—ySiH
‘SuOIeN}IS [BO0] 10J 9[qesn )1 OYeU 10 [00) IO [SPOW Y} UnI 0} ISI[e1dads S[0) 10 JsAJeUR [SAJPIW B SAINDIY—0)eIOPOIA

“UOIyBNYIS [200] JOJ POPIU SOSUBYO [BUWIIUIW YIIM A[[00] [00) JO [9PO A} UNI U.d ISI[erodds S[D) [8I0] J0 ISI[e1oads 20Inosay—mo]

Juowaabar 1sAreuy g

*(so10® UOI[[IW 7 uey) 10JeaI3) suoiFar 0} s1sa10f [euoneu J[dnnA—o3Ie] AIoA
“(sax0® UOI[[IW 7 0} 000‘00] M0qe) DNH PIOY-Yiy 80 ‘S5)s10] [euOnLU ‘SIOLISIP JOSUEI ‘Spoysiojem oFre] A1oA—oS1eT
“(sa19® 000°001 03 000°T IN0qe) DNH PIOY-YIS 'S0 ‘Spaysiojem 9318 03 9JeISPON—WNIPIA

“(se10€ 00T 03 [ IN0QE) Opod Jun O130]0IPAY P[OL-YI9 <30 ‘SPIYSIoIEM [[BWS O} SPUBIS }SOI0J—[[EWS

:oreos Jeneds |

d1qureAy

d1qureAy

d[qureAy

pour 1897,

d[qureAy

d[qureAy

snje)s JudLIN)

SAd-H4d

SUON

(payur] Apoarip)
VSTAL ‘SAd

LAJA ‘waskg
UOTIRZI[BNSIA
odeospueT ‘SA]
INIHM
‘INHHOA ‘SAd-344

(payuI] Apoarip)
LAdA ‘SAd

S[00] J9Yj0 0) Jury

MO

MO

yS1y 0} 91eIOPOIN

JJeIopOwW 0} MO
MO
yS1y 0} 91eIOPOIN

uma:w—:e.i.weu
ele(q

Mo

Mo

dleIopoul 0] MO

dleIopoul 0] MO

Mo

QJBIPOIN

%:wEwb:av._
IsA[euy

[fewrs

[rewrs

o31e[ 03
wnipajN

o31e] 03
wnipajy

[fewrs

o31e] 03
wnipajy
I[eds
D
[eneds

$1S910J JOLIoYUT

KIp Jo syenqey JIp[im
[BII)SA1I9) UO SJUSUNEAI) [Ny
SATJRUIS)E JO S109JJ0 sajen[eaq

sanIAnoe Juowageuew [onj Aq
POIBIOUOT JUSWIPAS SAJeWNSH

(renedsuou) 9ouLQINISIP

pue ‘uowegeurU ‘UOTIBIOTOA
JO SUOTJORISIUL SOJR[NUIIS

SJUOWIBaI) [oNJ JOJ dN[eA pue
renuajod 1onpoid sayenore)

so1oads UB[J UO SjuoWEal) [ony
oy1oads Jo syoedwr s3orpaig

(Teneds) 2oueqInisIp

pue ‘uowegeurU ‘UOIIBIOZIA
JO SUOTJORISIUL SOJR[NUIIS

uonednddy

(NIHM)

[9POIA asuodsay]
jelqey SJIPIIA

[00], (SIANA)

JuSwoFeURIA

[ong (ddam)

109(01q uonoIpaIg
UOISOIF IOJBA\

(raaa)

007, Wuswdo[aaa(
SOTUIRUA(] UOTIRIOTIA

(VILSIdA)

sar3orens

UOTIRIOISIY

WNSLS00g
Jo uonen[ep

(JN¥N) 1PPOIN
asuodsoy Alojsiopun

(VSTAL) sisAfeuy

oLreudog adeospue|
A1oyerordxqg 10j [00],

dureu oo,

(penunuog) Ajjeanaqeydje paziuehiio ‘Juawabeuew |an) snopiezey Joj S|apow pue sjoo} jo Alewwing—| ajqel

20



A Consumer Guide: Tools to Manage Vegetation and Fuels

Table 2—Summary of tools and models for hazardous fuel management, organized by spatial scale

Spatial scale” Tool name
Small Armillaria Response Tool (ART)
BehavePlus

Consume 3.0
Fire Behavior Assessment Tool (FBAT)
Fire Ecology Assessment Tool (FEAT)
Fire Effects Information System (FEIS)
Fire Effects Planning Framework (FEPF)
Fire Emission Production Simulator (FEPS)
Fire and Fuels Extension for the Forest Vegetation Simulator (FFE-FVS)
Fire Regime Condition Class (FRCC)
First Order Fire Effects Model (FOFEM)
Fuel Characteristic Classification System (FCCS)
Fuels Management Analyst Plus® (FMA Plus®)
Harvest Cost and Revenue Estimator (HCR Estimator)
Integrated Forest Resource Management System (INFORMS)
Landscape Simulator
My Fuel Treatment Planner (MyFTP)
NEXUS
Simulating Patterns and Processes at Landscape Scales (SIMPPLLE)
Smoke Impact Spreadsheet Model (SIS)
Stereo photo series for quantifying natural fuels
Understory Response Model (URM)
Water Erosion Prediction Project (WEPP) Fuel Management (FuMe) Tool
Wildlife Habitat Response Model (WHRM)
Medium Armillaria Response Tool (ART)
Consume 3.0
Fire Area Spread Simulator (FARSITE)
Fire Ecology Assessment Tool (FEAT)
Fire Effects Information System (FEIS)
Fire Effects Planning Framework (FEPF)
Fire Effects Tradeoff Model (FETM)
Fire Emission Production Simulator (FEPS)
Fire Family Plus
Fire Regime Condition Class (FRCC)
Fireshed Assessment
FlamMap
Fuel Characteristic Classification System (FCCS)
Gradient Nearest Neighbor Method (GNN)
Guide to Fuel Treatments in Dry Forests
Integrated Forest Management System (INFORMS)
LANDFIRE
LANDIS and LANDIS-II
Landscape Simulator
Optimizing Fuel Solutions and Ecological Values in Landscapes (FUELSOLVE)
Simulating Patterns and Processes at Landscape Scales (SIMPPLLE)
Stereo photo series for quantifying natural fuels
Tool for Exploratory Landscape Exploratory Analysis (TELSA)
Valuation of Ecosystem Restoration Strategies (VERSTRA)
Vegetation Dynamics Development Tool (VDDT)
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Table 2—Summary of tools and models for hazardous fuel management, organized by spatial scale
(continued)

Spatial scale” Tool name

Large Comparative Risk Assessment in Fire and Fuels Planning (CRAFT)
Fire Area Spread Simulator (FARSITE)
Fire Effects Information System (FEIS)
Fire Effects Tradeoff Model (FETM)
Fire Family Plus
Fire Regime Condition Class (FRCC)
Fireshed Assessment
Fuel Characteristic Classification System (FCCS)
Gradient Nearest Neighbor Method (GNN)
LANDFIRE
LANDIS and LANDIS-II
Landscape Simulator
Simulating Patterns and Processes at Landscape Scales (SIMPPLLE)
Tool for Exploratory Landscape Scenario Analysis (TELSA)
Valuation of Ecosystem Restoration Strategies (VERSTRA)
Vegetation Dynamics Development Tool (VDDT)
Very large BlueSky
Fire Effects Information System (FEIS)
Fire Regime Condition Class (FRCC)
FIA BioSum
Simulating Patterns and Processes at Landscape Scales (SIMPPLLE)

“ Spatial scale: "
Small-Forest stands to small watersheds, e.g. 6 -field hydrologic unit code (about 1 to 1,000 acres).

Medium—Moderate to large watersheds, e.g., Sth—ﬁeld HUC (about 1,000 to 100,000 acres).
Large—Very large watersheds, ranger districts, national forests, e.g., 4™ _field HUC (about 100,000 to 2 million acres).
Very large—Multiple national forests to regions (greater than 2 million acres).
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Table 3—Summary of tools and models for hazardous fuel management, organized by analyst requirement

Analyst requirementa

Tool name

Low

Moderate

High

BehavePlus

Consume 3.0

Fire Behavior Assessment Tool (FBAT)

Fire Ecology Assessment Tool (FEAT)

Fire Effects Information System (FEIS)

Fire Emission Production Simulator (FEPS)

First Order Fire Effects Model (FOFEM)

Fuel Characteristic Classification System (FCCS)

Guide to Fuel Treatments in Dry Forests

Harvest Cost and Revenue Estimator (HCR Estimator)

Integrated Forest Resource Management System (INFORMS)
LANDFIRE

My Fuel Treatment Planner (MyFTP)

Simulating Patterns and Processes at Landscape Scales (SIMPPLLE)
Smoke Impact Spreadsheet Model (SIS)

Stereo photo series for quantifying natural fuels

Understory Response Model (URM)

Valuation of Ecosystem Restoration Strategies (VERSTRA)
Vegetation Dynamics Development Tool (VDDT)

Water Erosion Prediction Project (WEPP) Fuel Management (FuMe) Tool
Wildlife Habitat Response Model (WHRM)

Armillaria Response Tool (ART)

BlueSky

Comparative Risk Assessment in Fire and Fuels Planning (CRAFT)
Fire Effects Planning Framework (FEPF)

Fire Effects Tradeoff Model (FETM)

Fire Family Plus

Fire Regime Condition Class (FRCC)

Fireshed Assessment

Fuels Management Analyst Plus® (FMA Plus®)

LANDIS and LANDIS-II

NEXUS

Optimizing Fuel Solutions and Ecological Values in Landscapes (FUELSOLVE)
Tool for Exploratory Landscape Scenario Analysis (TELSA)

FIA BioSum

Fire Area Spread Simulator (FARSITE)

Fire Effects Planning Framework (FEPF)

Fire and Fuels Extension for the Forest Vegetation Simulator (FFE-FVS)
FlamMap

Gradient Nearest Neighbor Method (GNN)

Landscape Simulator

“ Analyst requirement:

Low—Resource specialist or local GIS specialist can run the model or tool locally with minimal changes needed for local situation.
Moderate—Requires a midlevel analyst or GIS specialist to run the model or tool or make it usable for local situations.
High—Requires a high-level analyst or programmer to run the model or tool or make it usable for local situations.
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Table 4—Summary of tools and models for hazardous fuel management, organized by degree of
data requirements

. a
Data requirements Tool name

Low Armillaria Response Tool (ART)
BehavePlus
Comparative Risk Assessment in Fire and Fuels Planning (CRAFT)
Fire Behavior Assessment Tool (FBAT)
Fire Effects Information System (FEIS)
First Order Fire Effects Model (FOFEM)
Fuel Characteristic Classification System (FCCS)
Guide to Fuel Treatments in Dry Forests
Integrated Forest Resource Management System (INFORMS)
Smoke Impact Spreadsheet Model (SIS)
Stereo photo series for quantifying natural fuels
Valuation of Ecosystem Restoration Strategies (VERSTRA)
Understory Response Model (URM)
Water Erosion Prediction Project (WEPP) Fuel Management (FuMe) Tool
Wildlife Habitat Response Model (WHRM)
Moderate BlueSky
Consume 3.0
Fire Emission Production Simulator (FEPS)
Fire Effects Tradeoff Model (FETM)
Fire Family Plus
Fire and Fuels Extension for the Forest Vegetation Simulator (FFE-FVS)
Fire Regime Condition Class (FRCC)
Fuels Management Analyst Plus® (FMA Plus®)
Harvest Cost and Revenue Estimator (HCR Estimator)
LANDFIRE
LANDIS and LANDIS-II
My Fuel Treatment Planner (MyFTP)
NEXUS
Optimizing Fuel Solutions and Ecological Values in Landscapes (FUELSOLVE)
Simulating Patterns and Processes at Landscape Scales (SIMPPLLE)
Tool for Exploratory Landscape Scenario Analysis (TELSA)
Vegetation Dynamics Development Tool (VDDT)
High Fire Ecology Assessment Tool (FEAT)
FIA BioSum
Fire Area Spread Simulator (FARSITE)
Fire Effects Planning Framework (FEPF)
Fireshed Assessment
FlamMap
Gradient Nearest Neighbor Method (GNN)
Landscape Simulator
Understory Response Model (URM)

“ Data requirements:
Low—Requires base resource data readily available at the regional or local level.

Moderate—Requires some specialized data in addition to the base resource data readily available at the regional or local
level.
High—Requires specialized data and formats that will take a major commitment of resources to compile.
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and Douglas-fir with high stem densities and heavy ladder fuels. The primary

objective is to reduce crown fire hazard while providing high-quality habitat for
deer and elk.

Step 1. Consider using Guide to Fuel Treatments in Dry Forests of the
Western United States (Johnson et al. 2006) to identify initial stand condi-
tions similar to those in the management unit; both descriptive information
and images may be helpful. Combinations of thinning and surface fuel treat-
ments can be examined in the guide to evaluate their effects on forest stand
structure and potential fire behavior.

Step 2. If other kinds of treatments are preferred, or if stand data are avail-
able, FFE-FVS could be used to generate customized simulations of the
effects of thinning and surface fuel treatments. Specify tree regeneration
following thinning to reflect local conditions.

Step 3. The Understory Response Model could be used to determine how
thinning and surface fuel treatments such as prescribed burning would affect
key forage species for deer and elk.

Step 4. The Wildlife Habitat Response Model may be used to determine
stand structure and vegetation characteristics that would benefit deer and
elk populations.

Step 5. If prescribed burning is included in an alternative, consider using
FOFEM to calculate fuel consumption and emissions. Although this infor-
mation is not central to the objectives of the project, it will be needed to
quantify environmental effects.

Step 6. My Fuel Treatment Planner can be used to calculate the economic

costs and benefits associated with conducting alternative treatments.

Example 2—-Small to Moderate Watersheds
(Approximately 5" t0 6™-field HUC watershed)

The Deschutes National Forest wants to develop a strategy to reduce crown fire

hazard and suppression costs related to protection of the wildland-urban interface

in a key watershed near Bend, Oregon. This area is currently dominated by a mix-

ture of young stands of ponderosa pine and stands of large ponderosa pine canopy

with dense Douglas-fir and white fir subcanopy. Additional objectives include gen-

erating economic opportunities for the local community while minimizing smoke

production.

Step 1. Obtain relevant geospatial layers for display in a GIS. These

layers can include forest stand structure, stand age, fuels, and cover type. If
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adequate stand inventory data are available, the Landscape Management
System (LMS) can be used to display three-dimensional structure across
landscapes up to 50,000 acres (see http://Ims.cfr.washington.edu).

e Step 2. The FCCS could be used to classify and quantify fuelbeds across
the landscape. This requires some decisions about how many fuelbeds are
adequate to characterize the variability. Each FCCS fuelbed will contain
detailed fuel data and fire potentials.

e Step 3. Consider using SIMPPLLE to generate probability maps of distur-
bance processes and vegetation attributes. These maps can be used to assign
priorities for fuel treatments based on spatial patterns of fuels across large
landscapes. Changes in the occurrence and intensity of wildfire and other
disturbance processes can be evaluated with alternative fuel treatments that
vary in space and time. Priorities and planning can be based on potential fire
spread as well as other factors such as forest structure and wildlife habitat.

e Step 4. The SIS can be used to calculate potential emissions from smoke
generated by fuel treatments that include prescribed burning. This may
include broadcast burning as well as pile burning. It is especially important
to evaluate PM2.5 production with respect to potential effects on health in
areas where people live. Fuel treatment alternatives that minimize smoke
production can then be identified.

e Step 5. My Fuel Treatment Planner can be used to calculate net present
value of alternative fuel treatments. This analysis requires only “cut lists”
for thinning treatments, and all other outputs can be calculated directly from
user inputs. Economic status must be calculated stand by stand, and can be
aggregated over space and time to determine overall financial costs and

benefits, including potential to sustain local employment.

Example 3—Large Watershed to National Forest
(Approximately 4th-ﬁeld HUC)

The Colville National Forest wants to develop a large-scale strategy for integrating
fuel management with desired conditions for vegetation structure and air quality.
This strategy will include the entire Colville National Forest and reservation lands
managed by the Colville Federated Tribes.

e Step 1. Obtain relevant geospatial layers for display in a GIS. These layers
can include forest stand structure, stand age, fuels, and cover type.

e Step 2. The FCCS can be used to classify and quantify fuelbeds across
the landscape. This requires some decisions about how many fuelbeds are
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adequate to characterize the variability and at what spatial scale fuel
can be classified. Each FCCS fuelbed will contain detailed fuel data
and fire potentials.

e Step 3. Consider using the Fireshed process to focus on the effects of
alternative fuel treatment strategies on fire regime, fire hazard, and
potential wildland fire behavior. Fireshed can facilitate delineation of
landscape management and assessment, and strategies that attain
desired conditions for fire behavior, forest health, and habitat.
FARSITE can be used to test the potential effects of different fuel
treatments on fire behavior across landscapes subjected to a fire or
group of fires. FlamMap creates raster maps of potential fire behavior

characteristics (rate of spread, flame length, crown fire activity) and
environmental conditions (dead fuel moistures, midflame windspeeds)
over an entire FARSITE landscape.

e Step 4. The VDDT can be used to examine changes in vegetation and
fuel conditions given different management scenarios, disturbance
regimes, and fuel treatments. Results are not spatial, so spatial strategies
for fuel treatments cannot be examined. However, the model is useful
for estimating vegetation, fuel, and fire trends given different combin-
ations and timing of fuel treatments. The VDDT outputs can be com-
pared and combined with FARSITE outputs to obtain a broader
perspective on the effects of alternative fuel treatments.

e Step 5. The Consume and FEPS components of BlueSky can be used
to calculate PM2.5 concentrations from potential prescribed burns and
wildfires in the landscape being managed, and to display smoke tra-
jectories from burn locations. Outputs can be overlain on GIS layers
such as topography, roads, hospitals, schools, and Class I wilderness.
This information will assist the development of spatial patterns of fuel
treatment that minimize smoke production over space and time. It will
also indicate potential tradeoffs in smoke production from wildfires

versus prescribed fires.

Species Mentioned

Common name Scientific name

Douglas-fir Pseudotsuga menziesii (Mirb.) Franco
Lodgepole pine Pinus contorta Dougl. ex Loud.

Ponderosa pine Pinus ponderosa Dougl. ex Loud.

White fir Abies concolor (Gord. Glend.) Lindl. ex Hildebr.
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Metric Equivalents

When you know: Multiply by:  To find:

Inches 2.54 Centimeters
Inches 25,400 Microns

Feet 0.3048 Meters

Miles 1.609 Kilometers
Square miles 2.59 Square kilometers
Acres 0.405 Hectares

Degrees Fahrenheit (F-32)/1.8 Degrees Celsius
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Appendix 1: Tools

For list of acronyms and models, see appendix 2.

Armillaria Response Tool (ART) (Root Disease Analyzer)

Application for fuel
treatment

Description

Appropriate spatial

scale

Analyst requirement

Data inputs

30

ART can help reveal timber stands with site
conditions that indicate risk for developing Armillaria
root disease, if susceptible host trees are present. It is
intended to help users (e.g., fuel treatment planners,
silviculturists, resource managers, and NEPA planners)
make predictions and evaluate potential impacts of fuel

treatments.

ART is a Web-based tool that can estimate Armillaria
root disease risk in dry forests of the Western United
States. It uses habitat types to identify sites with high
or low risk potential for developing Armillaria root dis-
ease, and indicates how some fuel management activi-
ties may exacerbate Armillaria disease in high-risk
stands. ART also helps determine an appropriate fuel
management plan for reducing future damage by

Armillaria root disease.

One to several stands, but can be aggregated to larger

scales.

The user must be familiar with habitat typing within the
region of the stand location. Accurate identification of
habitat type is critical.

Inputs for the stand-level tool include:

\ Stand location: Choices of stand location are currently
limited to forested areas in the intermountain West
(Idaho, Oregon, Washington, Montana, Utah, and
Wyoming).

\ Habitat type: Associations of plant species, known as
habitat types, are strong indicators of site conditions
as influenced by the interaction of topography, soils,
temperature, and precipitation patterns. Lists of habitat
types are taken from the 12 habitat type manuals that
cover the Rocky Mountain Montane Conifer Forest

biotic communities.
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\ Fuel treatment: Fuel treatments include (1) no treat-
ment, (2) thinning, (3) prescribed burning, and (4)

wildfire.

Outputs of the tool suggest whether a stand has high
or low risk of pathogenic 4. ostoyae being present and
the potential effects of different fuel treatments on
Armillaria root disease. Outputs for ART include:

\ Subseries: Subseries categories comprise groups of
habitat types that reflect combined temperature-
moisture regimes.

\ Fire group: Indicates a cluster of habitat types based
on response of dominant tree species to fire, potential
frequency of fire, and similarity in postfire succession.
Fire groups are not available for every region described
in the tool.

\ Fire regime: Fire behavior in Western forests has been
classified into five fire regimes based on moisture and
temperature gradients determined by subseries. Fire
regimes are separated into broader categories than fire
groups and are available for every region.

\ ARMILLARIA regime: Likelihood of Armillaria impact
on a stand (low or high) that depends on the subseries
of the stand and the seral and climax tree species found
on the site.

\ Potential impact on conifer species by subseries: List
of potential impacts of Armillaria disease is presented
based on presence and successional role of conifer
species.

\ Likely impact of fuel treatment on Armillaria root
disease: Fuel treatments under consideration include
(1) no treatment, (2) thinning, (3) prescribed burning,
and (4) wildfire. A proposed synopsis is provided on
the potential activity of Armillaria after a fuel treat-
ment. Within subseries where pathogenic 4. ostoyae
does not occur, fuel treatments will not affect
Armillaria root disease, regardless of host tree species

present. Within subseries where pathogenic 4. ostoyae
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Linkage to other

models/tools

Developers (partners)

Current status

Training availability
Technical

documentation

Contact

Additional

information

does occur, fuel treatments may affect Armillaria root

disease.

No direct links to other programs are presently
available. However, ART can be used in conjunction
with other models developed by the Fuels Planning:
Science Synthesis and Integration Project, to estimate

other potential effects of fuel treatments on stands.

USDA Forest Service—Fuels Planning: Science
Synthesis and Integration Project, and the Rocky

Mountain Research Station.

Auvailable for use at small scabes. Broader scale
version is in development. Additional information is

available at http://forest. moscowfsl. wsu.edu/fuels.
May be arranged on request from contacts listed below.

Documentation is available at http://forest.moscowfsl.
wsu.edu/fuels/art/.

Tom Rice
USDA Forest Service
trice@fs.fed.us

or

Mee-Sook Kim
USDA Forest Service
mkim@fs.fed.us

Root rot caused by Armillaria fungi warrants special
consideration before fuel management activities are
selected in Western forests. Armillaria species are
widely distributed, and their effects on disease and
mortality can increase greatly after human-caused
disturbances. In many environments, pathogenic
Armillaria fungi cause reduced tree growth, increased
mortality, and predisposition to bark beetle attack. In
addition, Armillaria root disease can increase wildfire
risk by contributing to fuel accumulation and fuel
ladders.
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BehavePlus

Application for In fuels projects, BehavePlus can be used to predict
fuel treatment surface fire flame length, rate of spread, tree mortality,
crown scorch height, spotting distance, and fire con-

tainment.

Description The BehavePlus fire modeling system is a Microsoft
Windows’ application to predict wildland fire behavior
for fire management purposes. It is designed for use by
fire and land managers who are familiar with fuels,
weather, topography, wildfire situations, and associated

terminology.

Appropriate spatial Primarily stand scale but can be used to assess 6th—ﬁeld

scale hydrologic unit codes (HUCs).

Analyst requirement Requires a basic understanding of fire behavior inputs
and outputs. The tool is not data intensive, but the user
needs to be familiar with the differences in fuel models
and underlying assumptions of the mathematics in the
model to provide accurate inputs and to interpret out-

puts.

Data inputs Inputs differ with modules used. Typical modules used
for fuel planning include SURFACE, CROWN, CON-
TAIN, SPOT, SCORCH, and MORTALITY. Users can
run each module separately or link the runs through
SURFACE.

 SURFACE inputs—Fuel model, live and dead fuel
moistures, windspeed (midflame or 20-foot with adjust-
ment factor), direction for which to calculate maximum
rate of spread or upslope direction of spread, wind
direction (upslope or degrees clockwise from either
upslope or north), and slope steepness.

vV CROWN inputs—The same inputs as SURFACE plus
canopy base height, canopy bulk density, and foliar
moisture.

! The use of trade or firm names in this publication is for reader information and does not imply
endorsement by the U.S. Department of Agriculture of any product or service.
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 CONTAIN inputs—Maximum rate of spread, fire size
at report, length-to-width ratio of the fire, suppression
tactic, line construction offset, resource name, resource
line production rate, resource arrival time, and resource
duration.

v SPOT inputs (for torching trees)—Mean cover height,
tree height, spotting tree species, diameter at breast
height, 20-foot windspeed, ridge-to-valley elevation
difference, ridge-to-valley horizontal distance, spotting
source location (valley bottom, midslope, ridgetop, lee
side of ridge, windward side of ridge), and number of
torching trees.

\ SCORCH inputs—Midflame windspeed, air tempera-
ture, and flame length.

vV MORTALITY inputs—Tree height, crown ratio, mor-
tality tree species, bark thickness, scorch height.

Outputs Users can specify the types of outputs provided in
modules with more than one output option. For fuel
planning, the most common outputs used include the
following.

 SURFACE outputs—Rate of spread, flame length,
direction of maximum spread if not uphill, midflame
windspeed if 20-foot windspeed used, wind/slope/
spread direction diagram if direction of maximum
spread is not uphill, and fire characteristics chart. The
fire characteristics chart provides a graph of heat per
unit area versus rate of spread with flame length cate-
gories, allowing users to note when fire behavior is
expected to exceed the limitations of hand crews,
mechanical equipment, and erratic fire behavior.

 CROWN outputs—Critical surface fire intensity,
critical surface fire flame length, transition ratio,
whether the fire will transition to crown fire, crown
rate of spread, critical crown rate of spread, active
ratio, whether the fire will be an active crown fire, fire
type, and crown spread distance (if a time is specified

in the inputs).
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\ CONTAIN outputs—Containment status (contained or
escaped), contained area, fireline constructed, number
of resources used, and containment diagram. The con-
tainment diagram displays the fireline constructed rela-
tive to the fire length-to-width ratio along with other
output data related to the fire.

\ SPOT output—Spotting distance from torching trees.

\ SCORCH output—Scorch height.

 MORTALITY outputs—Bark thickness, tree crown
length scorched, tree crown volume scorched, and

probability of mortality.

Linkage to other There are no direct linkages to other tools, but the
models/tools \ BehavePlus equations are the basic underlying equa-
tions used in FOFEM, FMA Plus, FFE-FVS, NEXUS,
FARSITE, and FlamMap.

Developers (partners)  Forest Service Rocky Mountain Research Station
(Systems for Environmental Management).

Current status BehavePlus 3.0.1 is fully functional and includes the
new fuel models released in spring 2005. Additional
information is available at http://www.fire.org. Future
versions are expected to add table shading for use in
prescribed fire planning, postfrontal combustion, and
soil heating, potentially resulting in a merging of
FOFEM and BehavePlus.

Training availability Self-directed tutorial available at Web site where the
program files can be downloaded, http://www.fire.org.
S-390 Intermediate Wildland Fire Behavior class pro-
vides students with training on use of SURFACE,
CONTAIN, and SPOT. Concepts useful for the
SCORCH and MORTALITY modules in BehavePlus
can be obtained from RX-310 Introduction to Fire
Effects class.

Technical Rothermel, R.C. 1972. A mathematical model for pre-
documentation dicting fire spread in wildland fuels. Res. Pap. INT-115.
Ogden, UT: U.S. Department of Agriculture, Forest

Service, Intermountain Forest and Range Experiment
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Contact

Additional

information

Station. 40 p. Surface fire spread model that is a fun-

damental component of BehavePlus.

Anderson, H.E. 1982. Aids to determining fuel models
for estimating fire behavior. Gen. Tech. Rep. INT-122.
Ogden, UT: U.S. Department of Agriculture, Forest
Service, Intermountain Forest and Range Experiment
Station. 22 p. http://www.fs.fed.us/rm/pubs_int/int_gtr
122.html. Describes the 13 standard fire behavior fuel
models. Pictures of the fuel models are included in the

BehavePlus program.

Andrews, P.L.; Bevins, C.D.; Seli, R.C. 2005.
BehavePlus fire modeling system, version 3.0: User’s
guide. Gen. Tech. Rep. RMRS-GTR-106 WWW. Ogden,
UT: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station. 142 p. http://www.
fs.fed.us/rm/pubs/rmrs_gtr106.html.

Fire and Aviation Management Helpdesk
USDA Forest Service

1-800-253-5559

fire_help@dms.nwcg.gov
http://fire.org/index.php?option=content&task=
category&sectionid=2&id=7&Itemid=26

BehavePlus can be used to provide basic analyses of
potential fire behavior before and after fuel treatments.
The original 13 fuel models are considered too coarse
to display some of the differences in potential fire
behavior that can be present both before and after fuel
treatments. Potential fire behavior in many fuel types
is not well represented in the original models. The
recent addition of 42 fuel models partially addresses

this problem.

BehavePlus can assess potential spotting distance and
how initial attack success is likely to change after those
fuel treatments designed to increase suppression effec-
tiveness. Some aspects of suppression effectiveness are
qualitative.
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BehavePlus can be used to assess potential fire behavior
at large spatial scales when data are insufficient to sup-
port the use of other tools, such as FlamMap. In those
cases, estimates can be made for each stand for key fire
behavior elements, classes of behavior identified (i.e.,
low, moderate, high, and extreme rates of spread), and
maps prepared by using stands as the basic unit. This
approach requires modifying certain stand features such
as slope steepness, exposure to wind, fuel moisture, and

weather inputs.

BehavePlus ties crowning potential to flame length, but
other support tools such as FlamMap, FMA Plus, and
NEXUS, use a variety of approaches to assess crown
fire potential. The output provided by BehavePlus,
FlamMap, FMA Plus, and NEXUS may well differ.
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BlueSky Smoke Forecast System (BlueSky)

Application for

fuel treatment

Description

Appropriate spatial
scale

Analyst requirement

Data inputs

Help land managers meet prescribed burn goals by
providing a forecast of where surface smoke from
burning operations could go, in order to mitigate
potential negative impacts to sensitive receptors and
to aid in go/no-go decisions.

A framework of models linking burn information,
meteorology, mapped fuel loadings, fuel consumption
and emission models, and dispersion and trajectory
models, to yield a forecast of surface smoke concen-
trations from prescribed fire and wildfire across a
region.

Applicable on a regional or national scale, where the
scale is determined by the meteorology forecast domain
and the availability of mapped fuel loadings. BlueSky
is currently being run for the following domains and
scales:

\ Washington, Oregon, Idaho, western Montana—4-km
resolution

\ Washington, Oregon, Idaho, western Montana, northern

California, northern Nevada, southwest Canada—12-km
resolution

\ Western United States—36-km resolution

v Rocky Mountain region—6-km resolution

Readily accessible at http://www.blueskyrains.org, but
data are best viewed or interpreted by someone with
knowledge of smoke dispersion, meteorology, and fire.

Burn information—Currently BlueSky is integrated with
the FASTRACS” system used by the Forest Service
and Bureau of Land Management to manage prescribed
burning in Oregon; the Washington State Department
of Natural Resources SMOKEM prescribed burning
system; the Montana-Idaho Airshed Group's RAZU

? Fuel Analysis, Smoke Tracking, and Report Access Computer System.
http://www.fs.fed.us/r6/fire/fastracs/
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burn reporting system3 (which accounts for most
federal, state, and private burning in the two states);
and the wildfire 209 incident status summary, which
contains a daily record of wildfires occurring nationally.

\ Meteorology—A three-dimensional description of a
windfield and other meteorological parameters is nec-
essary to drive the trajectory and dispersion models in
BlueSky. Currently BlueSky is integrated with MM5
output products from the University of Washington,
University of California-Santa Barbara, and the Rocky
Mountain FCAMMS Consortium MMS5 forecast
system.

\ Fuel loadings—BlueSky offers a selection of fuel load
mappings. There is a 1-km-resolution (0.62-mile) fuel
load coverage for the Western United States. BlueSky
is also using the 1-km National Fire Danger Rating
System (NFDRS) fuel load mapping. Work is under-
way to use FCCS fuel load mapping.

Outputs \ Predicted PM2.5 concentrations from planned

prescribed burns and ongoing wildfires

\ Trajectories from each burn location showing where
neutrally buoyant smoke will travel (horizontally and
vertically) over the next 12 hours

\ Trajectories from default locations across the domain
that are used to indicate where smoke from a burn
would go if a burn were lit at that location. This tool
is useful in cases for which a burn did not get into
BlueSky.

These outputs are displayed in the Rapid Access
Information System (RAINS) developed by partners at
Environmental Protection Agency (EPA). RAINS is a
Web-based geographic information system (GIS) appli-
cation that allows for overlay of BlueSky outputs on
GIS layers such as topography, census information,

roads, hospitals, schools, and Class I wilderness.

I http://www.fs.fed.us/r1/fire/nrcc/Smoke web_pages/razu_ug.pdf
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Linkage to other BlueSky links many pieces of existing data and
models/tools models, including the Fire Emission Production
Simulator (FEPS), Consume, FCCS, NFDRS,
CALPUFF, MM5, HYSPLIT, FASTRACS, MT/ID
Airshed Group, and Washington Department of Natural
Resources and 1CS-209 wildfire incident status

summary reports.

Developers (partners) Forest Service Pacific Northwest Research Station;
Bureau of Land Management; National Park Service;
U.S. EPA Region 10; University of Washington;
Washington State University; Washington State
Department of Ecology; Idaho Department of
Environmental Quality; Oregon Department of
Forestry; Montana-Idaho Airshed Group; Montana
Department of Environmental Quality; Nez Perce
Tribe; Coeur d'Alene Tribe.

Current status Fully functional. Available at http:/www.

blueskyrains.org.

Training availability Annual training workshops are taught by Jeanne Hoadley
(jhoadley@fs.fed.us), USDA Forest Service Pacific
Northwest Research Station

Technical http://www.fs.fed.us/bluesky/
documentation
Contact Narasimhan Larkin

USDA Forest Service
(206)732-7849
larkin@fs.fed.us

Additional information None.
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Comparative Risk Assessment in Fire and Fuels
Planning (CRAFT)

Application for

fuel treatment

Description

Appropriate
spatial scale

Analyst requirement

Data inputs

Outputs

Calculates the relative risks and tradeoffs associated
with alternative fire and fuel management scenarios.
Identifies which variables and assumptions have the

greatest influence.

CRAFT is a Web-based tool that leads natural resource
managers through an integrated assessment of risks,
uncertainties, and tradeoffs that surround fire and fuel
management. CRAFT helps planners identify and
clarify objectives, design alternatives, assess probable
effects, and compare and communicate risks. It inte-

grates data, model outputs, and personal beliefs.

CRAFT helps planners design alternatives based on how
well they might satisfy objectives. Relatively crude
models are developed in the “Alternative Design”
section, paving the way for a more detailed analysis
of tradeoffs in the “Effects” section that follows.
Designing alternatives is iterative. CRAFT users alter,
add, or remove alternatives from consideration based on
initial analysis of alternative effects. Analyzing effects
probabilistically helps planners readily see the most
important components of projects. This helps managers

revise alternatives to better meet objectives.

Best for large scale (e.g., 4™ _field HUC) but can be
applied at smaller scales.

Appropriate for use by experienced or relatively
inexperienced planning teams, but it helps to have
expertise in decisionmaking with multiple options and
outcomes.

Objectives of management action.

Probabilistic estimates of outcomes for various treatment
options on a landscape, including vegetation, fire char-

acteristics, and suppression costs.
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Linkage to other

models/tools

Developers (partners)

Current status

Training availability

Technical

documentation

Contact

Additional

information

Can work with BehavePlus, FVS, and FARSITE.

Pacific Southwest Research Station; School of Business,

University of Wisconsin-Milwaukee

CRAFT is an ongoing project. For more information and
to check on the availability and specific capabilities of
CRAFT with respect to your project, see “Contact.”

Web site at http://www.fs.fed.us/psw/topics/
fire science/craft/craft.

Lee, D.C.; Irwin, L.L. 2005. Assessing risks to spotted
owls from forest thinning in fire-adapted forests of the
Western United States. Forest Ecology and
Management. 211: 191-209.

Dr. Steven P. Norman
USDA Forest Service
(707) 825-2919

stevenorman(@fs.fed.us

Belief nets allow decisionmakers to explore the relative
effects of different choices on intermediate variables
and final outcomes. One can also determine which
actions, variables, or events most affect specific
resources of interest. If the risks seem too high under
all alternatives, belief nets help identify where addi-
tional knowledge may help decrease uncertainties

resulting from lack of information.

CRAFT provides a framework to improve com-
munication among all stakeholders by transparently
portraying objectives, tradeoffs, uncertainties, and risk
tolerance. Uncertainty is unavoidable in all decisions,
but different uncertainties have different consequences.
The use of probability in CRAFT portrays relative

uncertainties and their relevance to each stakeholder

group.



Consume 3.0

Application for
fuel treatment

Description

Appropriate spatial

scale

Analyst requirement

Data inputs

A Consumer Guide: Tools to Manage Vegetation and Fuels

Consume predicts fuel consumption and pollutant

emissions from wildland fires. Resource managers can
use Consume to plan treatment windows that satisfy
fuel reduction goals while minimizing pollutant emis-
sions. Consume will also provide fuel consumption and
emissions information for dispersion models and for
national and regional fuel consumption, emissions,

and carbon assessments and inventories.

Consume is designed for resource managers, fire man-

agers, researchers, air quality regulators, and carbon
modelers with some working knowledge of Microsoft
Windows applications. The software predicts the
amount of fuel consumption and emissions during wild-
land fires in all fuelbed types based on fuel loadings,
weather conditions, site environmental data, and fuel
moisture. Using these predictions, resource managers
can determine when and where to conduct a prescribed
burn (or manage a wildland fire) to achieve desired
objectives while reducing impacts on other resources
and for smoke reporting. Consume can be applied to
most forest, shrub, and grassland systems in North

America.

Consume can be used at any spatial scale, from a single
fuelbed in a burn unit to national assessments. It is most
commonly applied to burn units confined to a single
project area, e.g., within a watershed or small subset

of a national forest district or BLM resource area.

Anyone who is comfortable using Microsoft Windows

applications will be able to easily navigate the Consume
user interface. However, a working knowledge of fuels
and prescribed fire prescriptions is still required to

obtain reliable model results.

Consume contains a library of files for FCCS fuel load-

ings. Fuels are organized into six strata: canopy, shrub,
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Outputs

Linkage to other

models/tools

nonwoody vegetation, downed woody fuels, a litter-
lichen-moss layer, and ground fuels. Each stratum is fur-
ther broken down into one or more fuelbed categories.
Users can select a fuel loadings file based on selection
criteria (e.g., ecoregion, vegetation form, cover type or
change agent) or the FCCS fuelbed identification num-
ber. Alternatively, users can enter their own fuel data
directly into Consume. Additional inputs include infor-
mation about the project, burn unit, type of fire, weather
conditions, and environmental data such as fuel mois-
tures, midflame windspeed, slope, and whether the
fuelbed was created through natural processes or timber

harvest activities.

Consume calculates fuel consumption and emissions by
combustion phase for each fuelbed stratum and category
based on input fuel loadings and environmental condi-
tions. Users can specify a variety of report options,
including consumption or emissions by date, fire com-
bustion phase, and range of 1,000-hour fuel moistures.
Consumption and emissions by 1,000-hour fuel mois-
tures also can be viewed graphically to visually deter-
mine favorable burn conditions. Fuel consumption
and fire emissions may be reported at multiple spatial
scales, including projects, units, fuelbeds, and fuel
strata. Users also may use a scenario-testing tool to
model prescribed burns under a variety of environ-
mental conditions to determine favorable burning
conditions. Results can be printed directly in Consume or
exported into spreadsheets, databases, or statistical pack-

ages for additional analysis.

Consume contains a library of fuel loading files
exported from FCCS and an update option to remain
current with future versions of FCCS. Consume can be
run in batch mode to support linkages with BlueSky,
SmokeTracs, and other applications on operating
systems that do not support the Microsoft Windows-
based user interface.



Developers (partners)

Current status

Training availability

Technical

documentation

Contact

Additional

information
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Forest Service Pacific Northwest Research Station
(Hoefler Consulting Group, Seattle, Washington;
University of Washington; Forest Service Rocky

Mountain Research Station)
Consume v. 3.0 was released in 2005. Available at
http://www.fs.fed.us/pnw/fera/products/consume.html.

A tutorial is available at http://www.fs.fed.us/pnw/
fera/products/consume.html.

Prichard, S.J.; Ottmar, R.D.; Anderson, G.K.
[In preparation]. Consume 3.0 User’s Guide.
http://www.fs.fed.us/pnw/fera/consume/consume30
_users_guide.pdf.

Roger Ottmar

USDA Forest Service

(206)732-7826

rottmar@fs.fed.us

See http://www.fs.fed.us/pnw/fera/products/consume.html.
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Fire Area Spread Simulator (FARSITE 4.0.4)

Application for fuel

treatment

Description

Appropriate spatial
scale

Analyst requirement

Data inputs

FARSITE can be used to test the potential effects
of different fuel treatments on landscapes subjected to
a fire or group of fires burning under a given weather

stream.

FARSITE is a fire growth simulation model that uses
spatial information on topography and fuels along with
weather and wind files. It incorporates the existing
models for surface fire, crown fire, spotting, and fire
acceleration into a two-dimensional fire growth model.

Small watersheds (e.g., 6th-ﬁeld HUC) to large land-
scapes (4th-ﬁe1d to Sth-ﬁeld HUCQ).

FARSITE requires a high level of expertise for the
analyst and for GIS support. Users can teach themselves
to run FARSITE, but considerable experience is needed
to competently run simulations and judge how realistic

outputs are.

Creating the necessary data layers to support FARSITE
requires a relatively high level of GIS expertise. Most
data layers are created through remote sensing to pro-
vide wall-to-wall coverage at the same resolution. The
usefulness of both tools increases greatly when the data

layers include inholdings and adjacent lands.

FARSITE uses up to eight base data layers of which five
are mandatory and three are optional. These layers must
be in raster format and are combined to create a land-
scape file.

\ The five mandatory layers are slope, aspect, elevation,

canopy cover, fuel model.

\ The three optional layers are canopy base height,
canopy ceiling height, canopy bulk density. These
layers are needed to include spotting from torching
trees and crown fire simulation. In the absence of these
three layers, the models assume fully stocked stands

of fully crowned Douglas-fir.



Outputs

Linkage to other
models/tools

Developers (partners)

Current status

Training availability

Technical

documentation
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FARSITE allows importing of auxiliary grid and vector
files for features such as roads, streams, barriers, point
locations, etc. It requires weather and wind files, which
can be extensive and should overlap the analysis period
by at least 24 hours on each side. A large number of run
parameters must be specified, such as time step to be
used in calculations, visible steps to display, perimeter
resolution, and distance resolution. Crown fire can be
enabled or disabled. Spotting can be enabled or dis-
abled, and include or exclude torching trees and a
specified ignition frequency. FARSITE requires a fire

start location.

FARSITE produces maps of fire behavior parameters in
exportable form, and graphs and tables of fire area,
perimeter, fire characteristics chart plots, postfrontal
combustion, wind gauge locations, and weather station

locations.

FlamMap uses FARSITE landscape files. Current
development efforts include a large-scale fuel treatment
optimization model that uses features from both FAR-
SITE and FlamMap.

U.S. Department of Agriculture, Forest Service
Rocky Mountain Research Station (Bureau of Land
Management, National Park Service, Bureau of Indian

Affairs, Systems for Environmental Management)

FARSITE 4.1.03 is fully functional. For more informa-

tion, see http://www.fire.org.

FARSITE use is taught in S-493 Fire Area Simulation,

and the program includes a tutorial in the help files.

Finney, M.A. 1998. FARSITE: Fire Area Simulator—
model development and evaluation. Res. Pap. RMRS-
RP-4, Ogden, UT: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station. 47 p.

Finney, M.A. 1999. Spatial modeling of post-frontal fire
behavior. Final Report RMRS-99557-RJVA. Missoula,
MT: Systems for Environmental Management. 8 p.
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Contact

Additional information

Keane, R.E.; Mincemoyer, S.A.; Schmidt, K.M.; Long,
D.G.; Garner, J.L. 2000. Mapping vegetation and fuels
for fire management on the Gila National Forest
Complex, New Mexico. Gen. Tech. Rep. RMRS-
GTR-46-CD. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research
Station. 126 p. [plus CD-ROM].

National Interagency Fire Center Computer Support
Desk

(800) 253-5559

fire_help@dms.nwcg.gov

FARSITE is intended to simulate fire spread for a single
start or group of starts using a weather stream for the

days to be assessed.

FARSITE is most accurate when calibrated by using
previous weather data and fire perimeters for a parti-
cular fire. The model will run simulations for any time
desired, but cumulative errors make outputs after 5
simulation-days unreliable. When spotting is enabled,
several simulations should be run using the same
weather streams and model parameters, because spot-
ting is stochastic, and each run will produce different
results. FARSITE output files can be imported into GIS
and analyzed further or displayed with different layers
stored in polygon format.
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Fire Behavior Assessment Tool (FBAT)

Application for
fuel treatment

Description

Appropriate spatial
scale

Analyst requirement

Data inputs

Outputs

Linkage to other
models/tools

Developers (partners)
Current status
Training availability
Technical

documentation

Designing and prioritizing hazardous fuel treatments,
and evaluating the effectiveness of proposed treatments

in altering potential fire behavior.

The Fire Behavior Assessment Tool provides an interface
between the ArcMap geographic information system
(GIS) and FlamMap3, a fire behavior mapping and
analysis program that calculates potential fire behavior
characteristics at a stand level. Users may select any
threshold of flame length, rate of spread, and crown fire
activity. They may choose to map a single metric fire
behavior (Absolute Fire Behavior Query), maps of each
threshold including only those polygons exceeding the
threshold (Simple Query), or maps of each threshold
where polygons are classified based in multiple degrees

(Classification Query) such as low, medium, and high.

Small

Low

V LANDFIRE topography, surface fuel, and canopy fuel

GIS data layers.

\ Historical weather records.

\ Threshold limits for flame lengths, rate of spread, and
crown fire activity (required only for Simple Query and

Classification Query).

\ Potential flame length GIS data layer(s).
\ Rate of spread GIS data layer(s).
\ Crown fire activity GIS data layer(s).

LANDFIRE (provides data layers).
FlamMap3 (calculates fire behavior).

National Interagency Fuels Technology Team.
FBAT is currently undergoing beta testing.
Informal.

Not yet available.

49



General Technical Report PNW-GTR-690

50

Contact

Additional information

Jeffrey L. Jones
USDA Forest Service
(406) 758-5341
jjones@fs.fed.us

The Fire Behavior Assessment tool provides an interface
between FlamMap and ArcMap that allows users to run
FlamMap from the ArcMap platform. FBAT converts
ArcGRIDS depicting topography and fuels characteris-
tics into ASCII files, builds the landscape profile, and
initiates a FlamMap run. FBAT then converts the
FlamMap outputs from ASCII format to ArcGRID

format for display and to facilitate additional analysis.

FBAT contains a user interface that can be used to query
the three spatial layers derived by FlamMap. Caution is
urged in interpreting the single metric derived from the
integration of the three layers; it is recommended that
users simply use these metrics to evaluate relative
differences of potential fire behavior and avoid any
interpretation pertaining to the absolute consequences

of a specific wildland fire event.
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Fire Ecology Assessment Tool (FEAT)

Application for Application for storing, managing, and analyzing
fuel treatment National Park Service (NPS) fire effects monitoring
data
Description FEAT is a comprehensive, relational database manage-

ment system that was developed to support immediate
and long-term monitoring and reporting of fire effects in
the National Park Service units. The system will make
monitoring data readily available at the park level, with
the long-term goal of having Internet-accessible data-
bases at the local, regional, and national levels in order
to disseminate results to land managers (fire and
resource professionals) and other scientists. FEAT’s data
structure and design will facilitate data sharing between
the NPS Wildland Fire Management Program, natural
resource programs, and other agencies, resulting in
broader and more comprehensive landscape-scale

assessments.

FEAT is an integrated tabular and spatial information
system supporting data management and analysis for
immediate and long-term monitoring and reporting
of fire effects. FEAT is based on the integration of
ArcView (9.0) and Microsoft Desktop Engine. FEAT is
designed to use PDAs (personal data assistants) for field
data collection and automated database updating. FEAT
also includes an interactive “Protocol Builder” that sup-
ports automatic updating of new protocol database

tables and data collection screens.

Appropriate spatial Local to regional
scale
Analyst requirement Low
Data inputs \ Brush or grass burn severity data recorded for a

planned or unplanned disturbance event when the

disturbance type is fire.
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\ The fire behavior data recorded for a planned or
unplanned disturbance event when the disturbance type
is fire.

\ Tree burn severity data recorded for a planned distur-
bance event when the disturbance type is fire.

\ Weather data recorded for a planned or unplanned
disturbance event when the disturbance type is fire.

\ The date, time, location, and protocol for collecting
sampling data related to a disturbance.

\ The spatial dimension of a disturbance.

\ The diameter and condition of 1,000-hour fuel along a
transect within a plot.

\ The depth of litter and duff along a transect within a
plot.

\ The number of 1-hour, 10-hour and 100-hour fuels
along a transect within a plot.

\ The date, time, location, and protocol for collecting
sampling data related to a type of monitoring: vegeta-
tion, fuels, or disturbance.

\ The species code, live/dead flag, and tally for herbs
found within a frame.

\ The species code, live/dead flag, and height for herbs
found along a transect.

\ The user identification of the individual who recorded
measurement data.

\ The species code, age, and tally for shrubs within a belt
transect.

\ The species code, d.b.h. (diameter at breast height),
damage code, and live/dead flag for trees within a plot.

\ The species code, height, resprout flag code, live/dead
flag, and tally for trees within a plot.

\ The unique identification of a major fuel-vegetation
complex or vegetation association subject to a particu-
lar treatment prescription.

\ The management objectives selected for a monitoring

type.
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\ The spatial dimension of the monitoring type.

\ A National Park Service code to designate a national
park.

\ A landscape unit used to collect sampling data.

\ A line with beginning and end points within a plot
used to collect species data.

\ A visit to a plot and the associated visit code that
identifies the reason for the visit.

\ The catalog of approved sampling methods used to
collect monitoring data.

\ The spatial dimension of the treatment.

\ The management objectives associated with a
monitoring type.

\ The protocols selected for a monitoring type.

Outputs \ Generates summary statistics for fuels.
v Summaries of input data with user-defined class-

ifications to review fire effects data.

Linkage to other Replaces the NPS fire monitoring handbook, which is

models/tools no longer supported.

Developers (partners) ~ National Park Service

(Spatial Dynamics)
Current status FEAT version 2.4
Training availability Informal.
Technical User’s Guide: http://feathelp.spatialdynamics.com
documentation Spatial User’s Guide: http://featgishelp.spatialdynamics.
com
Contacts A forum is available at http://forum.spatialdynamics.com
Additional An effort is currently underway to merge FEAT and
information FIREMON into a single system that includes spatial

links (currently lacking in FIREMON) and statistical
analysis (currently lacking in FEAT).
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Fire Effects Information System (FEIS)

Application for fuel

treatment

Description

Appropriate spatial

scale
Analyst requirement
Data inputs
Outputs

Linkage to other

models/tools
Developers (partners)
Current status

Training availability

Technical

documentation

Provides background information on the potential

effects of fire on flora and fauna.

FEIS summarizes and synthesizes research about living
organisms in the United States—their biology, ecology,
and relationship to fire. It is based on literature reviews,
taken from current English-language literature of almost
900 plant species, about 100 animal species, and 16
Kiichler plant communities found on the North
American continent. The emphasis of each review is
fire and how it affects each species. Background infor-
mation on taxonomy, distribution, basic biology, and
ecology of each species is also included. Reviews are
thoroughly documented, and each contains a complete
bibliography.

Can be applied at any spatial scale

No specialized skill required.
None
Bibliographic information

None

USDA Forest Service, Rocky Mountain Research Station
Available online at http://www.fs.fed.us/database/feis.

Tutorial available at http://www.fs.fed.us/database
/feis/tutorial/scavenger hunt.html.
Research project summaries available

http://www.fs.fed.us/database/feis/

research project summaries/index.html.
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Contacts Cam Johnston

(406) 329-4810
cjohnston@fs.fed.us

or

Jane Kapler Smith
(406) 329-4805

jsmith09@fs.fed.us
Additional FEIS is currently undergoing extensive updating of older
information species accounts and some redesign of the information
reported.
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Fire Effects Planning Framework (FEPF)

Application for Creates map libraries useful for identifying where, and
fuel treatment under what burning conditions, fire may be beneficial
for achieving fuel treatments with respect to fire behav-
ior and effect upon other management objectives. Areas
where fire is likely to result in detrimental effects may
be candidates for mechanical treatments or fire under

less severe conditions.

Description FEPF simultaneously calculates risks and benefits from
fire under a variety of fire weather conditions. FEPF is
an analytic framework that steps the user through a
series of existing software programs to generate spatial-
ly explicit map libraries depicting the effect of fire on

resources of interest.

Appropriate spatial FEPF can be used at any scale from stand to landscape.
scale Appropriate scale of analysis depends on the accuracy
of underlying data used, but in any case is not less than
the 30-meter (100-foot) scale of vegetation and fuel

data inputs.

Analyst requirement Local expertise is required to develop the crosswalk
among mapable entities (such as vegetation type and
structure), management objectives, and fire behavior
and fire effects on management objectives. A landscape
dynamic simulation model is required if users wish to
consider future scenarios. Subject matter experts need
to be consulted to specify fire weather parameters,
wildlife-habitat relationships, and fire effects on key
habitat characteristics.

Data inputs FEPF requires information on fire behavior, vegetative

conditions, and fire effects on management objectives.

At its most basic, FEPF requires users to model fire
behavior under a series of locally derived fire weather
conditions (typical of moderate, severe, and extreme

fire weather conditions).
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This is generally obtained from an analysis of historical
weather conditions that uses FireFamilyPlus, followed
by FlamMap runs for each of the fire weather scenarios
(although users could use FFE-FVS in combination with
a landscape interpolation program, instead of

FlamMap). FlamMap requires:

\ Slope \ Fuel model
\ Aspect \ Stand height
\ Elevation \ Crown base height

\ Canopy cover \ Canopy bulk density

Alternatively, analysts can use vegetation dynamics simu-
lators (such as SIMPPLLE) to generate qualitative fire
behavior measures. Management objectives must be
mapped; generally this requires tying key habitat or
species characteristics to geospatial vegetative attrib-
utes. Information about fire effects on management
objectives may be obtained from a variety of sources,
including fire effects information system, other software
(such as the WHRM or URM), published literature, and

local expertise.

Outputs Digital map libraries of fire behavior and fire effects.
Each library consists of output for the 3 to 5 fire
weather scenarios chosen.

Linkage to other FEPF does not link directly to any other program;
models/tools however, it is expected that most users will want

quantitative measures of fire behavior, such as are
currently modeled by FlamMap or FFE-FVS. Use of
FireFamilyPlus greatly facilitates weather analysis,
but is not critical. Additional inputs may be generated
through use of a landscape dynamic simulation model.
FEPF has been tested with the SIMPPLLE landscape
dynamic simulation model, and could conceptually use
output from FFE-FVS, RMLANDS or other vegetation
simulators. Information on fire effects may be obtained
from FOFEM, the URM, or the WHRM.
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Developers (partners)

Current status

Training availability

Technical

documentation

Contact

Additional

information

USDA Forest Service, Rocky Mountain Research Station

The framework has been developed through a pilot
project on the Bitterroot National Forest. Subject to
funding, additional implementation and training materi-

als are scheduled.

Training materials are being developed and tested during
the early part of 2005. Additional training opportunities
and distribution are planned, pending success of submit-

ted funding proposals.

Black, A.; Opperman, T. 2005. Fire effects planning
framework: a user's guide. Gen. Tech. Rep. GTR-
RMRS-163WWW. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Rocky Mountain
Research Station. 63 p.

Anne Black

790 E Beckwith Ave.
Missoula, MT 59801
(406) 329-2126
aeblack@fs.fed.us

A Web site with additional background and information
on demonstration sites, the draft user’s guide, and a
series of 2-page fact sheets describing various aspects
of the FEPF is located at http://leopold.wilderness.net/
research/fprojects/F005.htm.
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Fire Effects Tradeoff Model (FETM)

Application for Evaluates the effects of alternative land management
fuel treatment practices, including fuel treatments, over long periods
and under diverse environmental conditions and natural

fire regimes.

Description FETM is a disturbance model designed to simulate the
effects of alternative land management practices on
future landscape conditions over long periods and under
diverse environmental conditions, natural fire regimes,
and fuel and fire management strategies. The model is
based on a stationary Markov formulation, which uses
matrices of empirically determined probabilities to
predict vegetation class replacement, and therefore

composition, over time.

FETM accounts for natural and management-related
disturbances. Natural disturbances include wildfire (for
different fire intensity levels), insects and disease, and
other user-specified disturbances. Management-related
disturbances include harvesting, mechanical fuel treat-
ments, prescribed fire, firewood collection, and other
user-specified activities. Management activities and
acres are scheduled in FETM. The user enters the
number of acres by fuel characteristic class per year
or range of years. Disturbance effects are represented
as a change in surface loading, fuelbed configuration,
vegetation age or structure, or any combination of the

above.

FETM predicts annual changes in landscape composition
and effects over any period ranging from 1 to 300 years.
For each independent run, the starting composition in
any year of simulation is linked to the previous year’s
results. The model is stochastic; random variables
include wildfire frequencies in each of the four National
Fire Danger Rating System weather classes, and poten-
tial wildfire size in the event that fuel loadings exceed

the range of historical variability. FETM is a nonspatial
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Appropriate spatial
scale

Analyst requirement

Data inputs

model, capable of predicting disturbance effects within
an area by vegetation class, but not capable of predict-
ing where those impacts will occur on the landscape or

whether the impacts are contiguous or dispersed.

FETM uses fire behavior algorithms to determine size
and intensity of fire events. It integrates aspects of
physical fire behavior modeling into its simulations,
rather than relying on historical fire data as the basis for
determining future fire sizes and effects. Integration of
fire behavior modeling allows FETM users to evaluate
consequences of changes in fire environment (e.g., fuel
loading, canopy structure, weather, topography) on
wildfire area and other fire effects. For example, FETM
can evaluate the effect of a change in surface fuel load-
ing or stand configuration on the potential for crown
fires. Integration of fire behavior modeling also offers
an opportunity to quantify fuel consumption and smoke

emissions over time.

FETM was designed for large landscapes. A rule of
thumb is that the modeling domain should be not less
than 10 times the area of the largest fire that is expected

to occur within the simulation period.

Requires a midlevel analyst or GIS specialist to run the
model or tool or make it usable for local situations.
More information on team requirements is available in
the FETM users guide at: http://www.fs.fed.us/r6/
aq/fetm/FETM_Downloads/Manual 060403.pdf.

Inputs include:

\ Delineation of administrative units included in analysis
area.

\ Personal Computer Historic Analysis (PCHA) and
Interagency Initial Attack Assessment (ITAA) database
files for each included administrative unit (major
source of required input data).

V Initial acres by fuel characteristic class (FCC).

\ Fuelbed description for each FCC.

\ Stand description (if applicable) for each FCC.
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\ User-specific disturbance effects pathways and
coefficients.

\ Mean fire frequency for low, moderate, high, and
extreme NFDRS weather classes.

\ Relationship between expected final fire size and rate
of spread from wildfire case history data.

\ Description of alternatives, including fire suppression
program option.

\ Schedules of treatment activities, including prescribed
fire.

\ Simulation period.

+ Number of model iterations over which to average

results

Graphical and tabular model outputs include:

v Annual landscape composition (acres by FCC).

\ Annual wildfire acres, total and by fire intensity level.

\ Annual fuel treatment acres (both targeted and
accomplished).

\ Annual smoke emissions from wildfire and prescribed
fire (seven pollutants).

' Smoke emissions by prescribed fire treatment intensity
in any future year.

\ Net present value of future costs and benefits from

wildfire and prescribed fire.

FETM has the capability to link to administrative unit-
specific PCHA and IIAA database files. In addition,
FETM uses the key functionality and algorithms from
several other state-of-the-science models, including
Consume 2.1 (fuel consumption and emissions),
CrownMass (predicting canopy structure and loading),
BEHAVE (predicting crown fire rates of spread), PCHA
(provides access to fire weather and history data; algo-
rithms used to compute new weather-based outputs),
ITAA (provides access to fire suppression organization
costs and benefits data; algorithms used to compute new

breakpoint rates of spread for fires burning in different
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Developers (partners)

Current status

Training availability

Technical

documentation

Contacts

Additional information

derivative fuel models), and NFDRCalc (algorithms
used to compute NFDRS fire output parameters), and
others.

Forest Service, Pacific Northwest Region, Air Quality
and Fire and Aviation Management Programs (Oregon
State Office of the Bureau of Land Management, Air
Sciences Inc.)

FETM is available to any organization or individual. A
complete description of FETM, along with model setup
files, user guide, technical documentation, brochure,
and series of currently published papers are at

http://www.fs.fed.us/r6/aq/fetm.

Training is available as needed. For more information on
training, please contact John Szymoniak or Mark Schaaf
(see below).

Available at http://www.fs.fed.us/r6/aq/fetm/FETM _
Downloads/Technical%20Documentation 060403.pdf.

John Szymoniak
USDA Forest Service
(208) 387-5748
jszymoniak@fs.fed.us

or

Mark Schaaf
Air Sciences Inc.
(503) 525-9394 ext. 11

mschaaf@airsci.com

Two example FETM applications are found on the
FETM Web site at: http://www.fs.fed.us/r6/aq/fetm/
Applications.htm: (1) the Boundary Waters Canoe Area
Wilderness fuel treatment final environmental impact
statement, Superior National Forest, Minnesota (USDA
FS 2001), and (2) an analysis of fuel treatment and fire
suppression strategies for the Angeles National Forest,
California (http://www.fs.fed.us/r6/ag/fetm/anf.htm).
FETM is currently being applied at numerous other
sites in the United States.
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Fire Emission Production Simulator (FEPS)

Application for fuel FEPS is used to simulate fuel consumption, emission
treatment production, and plume buoyancy for prescribed burns
and wildland fires under various meteorological

conditions.

Description FEPS is a dynamic simulation of fuel consumption,
emission production, and plume buoyancy. It produces
data concerning consumption, emissions, and heat
release characteristics of prescribed burns and wildland
fires. Total burn consumption values are distributed
over the life of the burn to generate hourly emission and
plume heat release information. The user can initiate a
program run from a library of “typical” fuelbed and fire
progressions or from previously stored user defaults,
providing a means to compile or plan emission inven-
tories. The size and growth rate of typical fires can be

adjusted to fit local applications.

Appropriate spatial FEPS is applicable at the scale of a wildfire or a pre-
scale scribed burn, and can be used for most forest, shrub,

and grassland types in North America and the world.

Analyst requirement FEPS is designed for scientists and resource managers
with some working knowledge of Microsoft Windows
applications. The program allows users to produce
outputs with very little input information by providing
default values and calculations; advanced users can
customize the data they provide to produce more

refined results.

Data inputs The FEPS interface allows the user to customize a
burning or wildfire event. The user may enter or adjust
default fuel loadings, fuel moistures, fuel consumption
algorithms, fuelbed proportions. and fire growth rates to
fit specific events or situations, and can specify diurnal
changes in meteorological conditions that will modify
plume rise. Many intermediate results are exposed to
the user, and the user may accept these results or insert

values of their own.
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FEPS provides a series of tabular reports and charts that
document the results of a particular event. Results can
be displayed in either “English” (Imperial) or metric
(SI) units. Reports can be printed in a default format or
exported as text or Excel files, and include the follow-
ing: (1) consumption for each phase of the fire (flaming,
short-term smoldering, and long-term smoldering); (2)
emissions of carbon monoxide, methane, and PM2.5
for each hour of the event, and the drift percentage of
PM2.5; and (3) buoyancy results for each hour of the
event. Charts can be printed or exported as image files,
and display the following: (1) consumption by com-
bustion stage over the life of the event, (2) results of
several plume rise calculations, (3) PM2.5 emissions
over time, and (4) carbon monoxide emissions over

time.

None currently, but FEPS v. 1.1 will link with FCCS and
BlueSky.

Forest Service Pacific Northwest Research Station
(Hoefler Consulting Group, Seattle, WA)

FEPS version 1.0 can be downloaded at http://www.fs.
fed.us/pnw/fera/feps/index.html.

A Web-based tutorial will be available in 2006.

The FEPS User’s Guide can be downloaded from
http://www.fs.fed.us/pnw/fera/feps/index.html.

Roger D. Ottmar
USDA Forest Service
(206) 732-7826
rottmar@fs.fed.us
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Additional information FEPS is an update to the Emissions Production Model
(EPM) software. The original EPM was designed to
help managers estimate and mitigate the rates of heat,
particles, and carbon gas emissions from controlled
burns of harvest-slash residue in Northwest forests. In
updating EPM, a significant number of improvements
were made to the usability, applicability, and accuracy
of the model. The calculation approach was redesigned,
and the model was renamed FEPS.
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FireFamily Plus

Application for fuel

treatment

Description

Appropriate spatial
scale

Analyst requirement

Data inputs

Outputs

Linkage to other

models/tools

Percentile weather can provide scientifically-based burn-
ing conditions for use in CrownMass, BehavePlus,
NEXUS, and similar tools used to evaluate potential fire
behavior. Data cannot be used by FFE-FVS. Wind data
can be used to determine percentage of days winds are
from a given quadrant and potential windspeeds for use
in smoke dispersion analysis. Climatology analyses can
aid in determining which weather elements are most

closely associated with large fire growth.

FireFamily Plus conducts analyses of historical fire
weather and fire occurrence by using databases in the
National Integrated Fire Management Interagency
Database (NIFMID). Weather files can be extracted to
prepare input data for the Rare Event and Risk Analysis
Process (RERAP) or for FARSITE or for other uses.

Mostly large watersheds (e.g., Sth—ﬁeld HUC); occasion-
ally individual stations used for large to very large land-
scapes (e.g., 4th-ﬁeld HUC, ranger district/resource area
and larger).

Moderate skill level is needed by analyst to examine
weather and station catalog data for quality, to correct

errors, and to interpret results.

\ Weather data files and station catalog files extracted
from the interagency Weather Information Management
System (WIMS) database.

\ Data years to use for the analysis.

\ Months and days to use in the analysis.

\ Length of analysis period.

Primary outputs of concern for fuel management are:
\ Percentile weather
< Winds analysis

Provides data for input into RERAP, FARSITE,
CrownMass, and NEXUS.
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Forest Service, Department of the Interior, Systems for
Environmental Management.

Program is fully functional. Go to http://www.fire.org/

for additional information.

Use of FireFamily Plus is taught in S-491 Intermediate
National Fire Danger Rating System. See http://www.
nationalfiretraining.net for class dates and locations.
Course guides can be purchased from the National
Wildfire Coordinating Group’s Publication Management
System.

None

For technical support:

Fire and Aviation Management System Help Desk
(800) 253-5559

fire_help@dms.nwgc.gov

When coupled with data on fire occurrence, users can
analyze area-specific weather conditions associated with
large fire spread. Analysis of fire occurrence data also
provides information on predominant statistical causes
and distribution of fire size classes to support purpose

and need statements.

Weather data for some stations extend into the 1960s;
however, data prior to the mid-1970s is usually incom-
plete and can result in erroneous output. Weather data
must be checked for quality, with errors removed or
corrected. Days with incomplete data should be com-
pleted if possible, or deleted. Missing records affect
resulting analyses. Weather and fire occurrence data sets
analyzed for use in fire planning usually have had errors
corrected and are preferred over raw data extracted
from WIMS.

Weather records covering at least 20 years are preferred.
Note that there are differences in long-term weather

patterns at the decadal scale, so the data period used
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can affect the output. Stations with less than 10 years of
data should be used cautiously and avoided if possible.
Data from older manual stations and newer Remote
Automated Weather Stations (RAWS) can be merged
through use of a Special Interest Group (SIG) and

analyzed.

A strong correlation exists between large fire growth-
days and 100-hour fuel moisture and energy release
component (ERC) for the G model. Critical values for
100-hour fuel moistures and ERC are listed as part of
predictive analyses for 10-day and seasonal fire danger
and posted in the “Predictive Services” section of most
Geographic Area Coordination Centers in the Western
United States (e.g., see http://www.nwccweb.us/
predict/index.asp). FireFamily Plus allows for analyses
using both variables simultaneously to estimate the

number of days when large fire growth is possible.

68



A Consumer Guide: Tools to Manage Vegetation and Fuels

Fire and Fuels Extension-Forest Vegetation
Simulator (FFE-FVS)

Application for Silviculturists have long used FVS to analyze
fuel treatment forest growth and yield under a variety of treatment
options. FFE allows the user to evaluate potential fire
behavior and stand mortality and resulting effects on

snag longevity and subsequent tree growth.

Description FFE-FVS simulates the effects of fire on forest structure,
and the effects of different treatments on fire potential.
Appropriate spatial Forest stands to small watersheds (mostly 6"_field HUC
scale and smaller), but can be cautiously aggregated to larger
scales.
Analyst requirement Requires an experienced user to run the model and

produce usable results. Users should be familiar with the
concepts used in FVS and the data used to develop snag
longevity and surface fuel loading outputs. These outputs
are based on a mix of scientifically based equations and

expert judgment.

Data inputs Forest stand attribute data are required to initialize a run
of FVS. Users can also provide:
\ Detailed snag records
v Adjustments to defaults for snag breakage rates, decay
rates, fall rates, and burn-up rates
\ Initial surface fuel loading
\ Adjustments to decay rates and duff production rates
\ Custom fuel models
\ Static or dynamic fuel models
\ Changes in fuel loading resulting from mechanical
treatments such as crushing; burning conditions
\ Fuel moistures
\ Windspeed
\ Pile burning
\ Flame adjustment factors
Outputs v Images of resulting stand structures before and after
treatment and fires.

\ “Movies” of fires burning through stands.
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Current status

Training availability

Technical

documentation

\ Graphs of potential surface fire flame length, crowning
index, surface fuel loadings, snag numbers, canopy
cover, stand structure, canopy ceiling height, and tim-
ber volume through time.

\ Detailed or summary reports of snags, surface fuels;
type of fire; scorch height; tree mortality; and fuel

consumption.

Tree tables generated by FVS can be imported into
CrownMass. “Cut lists” for trees removed by thinning
can be used directly by My Fuel Treatment Planner,
Understory Response Model, and Wildlife Habitat
Response Model.

Forest Service Rocky Mountain Research Station (Joint

Fire Science Program)

Model is fully functional at http://forest.moscowfsl.
wsu.edu/4155/ffe-fvs.html. Variants are available for all
portions of the Western United States.

Training is periodically available through the
U.S. Department of Agriculture, Forest Service, Forest
Management Service Center in Fort Collins, CO.

http://www.fs.fed.us/fmsc/fvs/training/index.php.

Dixon, G. 1998. Evaluating stand density management
alternatives using the Forest Vegetation Simulator. Fort
Collins, CO: U.S. Department of Agriculture, Forest
Service, Forest Management Service Center. 16 p.
http://ftp.fs.fed. us/pub/fmsc/ftp/fvs/docs/gtr/canpap.pdf.

Reinhardt, E.D.; Crookston, N.L. 2004. The fire and
fuels extension to the Forest Vegetation Simulator.

Gen. Tech. Rep. RMRS-GTR-116. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Rocky

Mountain Research Station. 209 p.
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Elizabeth Reinhardt
USDA Forest Service
(406) 329-4760
ereinhardt@fs.fed.us

or

Nicholas Crookston
USDA Forest Service
(208) 882-3507

ncrookston@fs.fed.us

FFE-FVS produces different crown fire results than
CrownMass and NEXUS and different estimates of
mortality and fuel consumption than FOFEM. Results
can be skewed because FFE works on a 1-year time
step and FVS works on a 5- to 10-year time step.
Live fuels are poorly represented in FFE-FVS.
Decomposition rates are not sensitive to aspect,

elevation, or potential vegetation type.
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Fire Regime Condition Class (FRCC)

Application for

fuel treatment

Description

Appropriate spatial
scale

Analyst requirement

Data inputs
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At the 6th-ﬁeld HUC scale or equivalent, FRCC can aid
in determining stand types on which to focus treatment.
At the Sth—ﬁeld HUC scale or equivalent, it can aid in
prioritizing 6th-ﬁeld HUC:s and fire regimes as well as
stand types on which to focus treatment. At the 4th-ﬁeld
HUC scale or equivalent, it can aid in prioritizing Sth—

field HUCs and fire regimes for treatment.

FRCC is an interagency, standardized tool for determin-
ing the degree of departure from presettlement vegeta-
tion, fuel, and disturbance regimes. Assessing FRCC
can help guide management objectives and set priorities

for treatments.

Originally designed for large scale (e.g., 4th-ﬁe1d HUCQC)
but being applied at all scales; very coarse classifica-

tions.

Moderate to high; the FRCC process is intended to be
completed by a team including a vegetation manage-
ment specialist with expertise on successional concepts
and a fuel management specialist with expertise on fire
ecology. Although not required by the tool, maps of
stand types and fire regimes can aid in determining fire

regime condition class.

\ Regsitration code

\ Several project area identifiers and descriptors

\ Several biophysical setting descriptors for the land-
scape and each stratum

\ Reference fire frequency and severity for each stratum

\ Current fire frequency and severity for each stratum

\ Breakpoint between open and closed canopy (defaults
are provided)

\ Reference percentages of five vegetation-fuel classes
for each stratum

\ Current percentages of five vegetation-fuel classes plus
any percentages of uncharacteristic vegetation-fuel

classes for each stratum
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\ Departure from reference conditions for vegetation-fuel
fire frequency, and fire severity for each stratum

\ FRCC by vegetation-fuel and fire frequency and
severity for each stratum

\ Weighted mean reference condition and class for fire
frequency and severity

\ Landscape natural fire regime group

\ Landscape weighted mean departure for vegetation-
fuel, fire frequency, and fire severity

\ Landscape FRCC

\ Graph of stratum and landscape FRCC

No direct linkage to other models and tools. The
Fuel Characteristic Classification System (FCCS) can
be used to describe different seral structure stages—
present, past, and desired. LANDFIRE is expected to
produce maps of FRCC at 30-m resolution in the
Western United States by 2009.

U.S. Department of Agriculture, Forest Service; Bureau
of Land Management; National Park Service; Fish and
Wildlife Service; Bureau of Indian Affairs; U.S.

Geological Survey (The Nature Conservancy)

The second generation guidebook and methods are
available. Baseline reference conditions for historical
seral stages have been developed for most historical
cover types in the continental United States. For addi-

tional information, see http://www.frcc.gov.

Online training and certification is available at
http://www.frames.gov/frcc. Various training opportuni-
ties are offered by federal agencies throughout the
United States.

Schmidt, K.M.; Menakis, J.P.; Hardy, C.C.; Hann, W.J.;
Bunnell, D.L. 2002. Development of coarse-scale spa-
tial data for wildland fire and fuel management. Gen.
Tech. Rep. RMRS-GTR-87. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 41 p. + CD-ROM.
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Contacts

Additional information

For answers related to methods and procedures, contact
helpdesk@frcc.gov

or

Wendel Hann

USDA Forest Service
(505) 388-8243
whann@fs.fed.us

Example analyses using FRCC are available at
http://www.frcc.gov. Although nonspatial in nature, the
overall approach can include spatial considerations. The
FRCC process is biased toward dry forests with short
fire-return intervals. At longer fire-return intervals, the
process is less effective, because it is unlikely a large
landscape will meet the size requirements specified in
the process, or have all five seral stages present at any
given time. In long-interval, high-severity fire regimes,
time since the last ecologically significant disturbance
is more important than spatial arrangement of different
seral stages. One seral stage is likely to dominate the
landscape at any given time. These considerations are
not included in the reference baselines. Adequate expla-
nations of how to use the uncharacteristic seral stages
are not available. These “stages” include a mix of spa-
tial considerations, other disturbance types, patch sizes,

and road densities.

The FRCC process has undergone extensive peer review
that resulted in considerable changes in the terminology,
procedures, and methods in the first 2 to 3 years of its
development. Users who attended the initial classes may
be using out-dated methods and terminology. For exam-
ple, “potential vegetation” is now called “biophysical
setting.” The current version of the software now
includes a GIS-based process (mapping tool) to auto-

mate inputs of current conditions.
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Because each seral stage can be assigned other resource
values, such as hydrological function or habitat for a
given species, the FRCC process provides a method to
integrate other resource considerations and to examine
how the mix of environmental functions and services
may change among historical, current, and desired

conditions.
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Fireshed Assessment: An Integrated Approach to
Landscape Planning

Application for Fireshed assessments are used to:
fuel treatment \ Develop a program of work—Interdisciplinary teams
use a logical, step-by-step process to design, test, and
schedule fuel and vegetation management projects to
meet multiple resource objectives.

\ Ensure forest plan consistency—A Fireshed assessment
documents a strategic design of treatments across the
fireshed, demonstrating consistency with forest plan
strategies for managing fire and fuels, and National
Fire Plan goals for reducing hazardous fuels, protecting
communities, and restoring fire-adapted systems.

\ Invite interagency and public participation at an early
stage in the planning process—Fireshed assessments
alone do not result in decisions. Assessments identify
opportunities for projects, making them a platform
from which interagency partners, collaborators, stake-
holders, and the public can participate in developing
and testing treatment designs.

\ Assess cumulative effects—As part of the fireshed
assessment process, interdisciplinary teams look at
potential changes in fire behavior, habitat, and water-
shed conditions. The results from these tests can ulti-
mately feed into cumulative effects analyses that are

conducted as part of site-specific project planning.

Description Firesheds are large (thousands of acres) landscapes,
delineated based on fire regime, condition class, fire
history, fire hazard and risk, and potential wildland
fire behavior. Fireshed assessment refers to an inter-
disciplinary and collaborative process for designing
and scheduling site-specific projects consistent with
goals of the Healthy Forests Restoration Act of 2003,
National Fire Plan, and national forest land and
resource management plans. Steps in the fireshed

assessment process include:
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\ Delineate firesheds.

\ Select a fireshed for assessment based on national,
regional, and forest priorities.

\ Describe goals and desired conditions.

\ Describe existing conditions for fire behavior, habitat,
forest health, and community protection.

\ Identify opportunities and project proposals to move
the existing landscape toward desired conditions for
fire behavior, forest health, and habitat.

Medium to large landscapes (e.g., 4. and Sth-ﬁeld
HUC) to allow managers to assess progress toward
meeting:

\ National Fire Plan goals to (1) reduce hazardous fuels
to reduce the risk of unplanned and unwanted wild-
land fire to communities and to the environment, and
(2) restore, rehabilitate, and maintain fire-adapted
ecosystems.

\ Local planning goals relative to fire, fuel, and habitat,
such as (1) strategically place treatment areas across
landscapes to interrupt potential wildland fire spread,
and reduce the extent and severity of fires, and (2)
improve the continuity and distribution of old forest

across landscapes.

Fireshed assessments consider an array of desired condi-
tions and environmental changes in a spatially explicit
manner. As such, they require a moderately high level
of GIS, fire behavior modeling, silviculture, program-

ming, and analytical support.

To model changes in fire behavior by using FARSITE,
fireshed assessments use the following raster landscape
themes: elevation, slope, aspect, fuel model, canopy
cover, canopy height, crown base height, crown bulk
density, duff loading, and coarse woody material. Fire

weather variables are also used as data inputs.

Changes in vegetation, habitat, and treatment costs are

assessed by using the following raster landscape
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themes: California Wildlife Habitat Relationships types,
vegetation type, tree size, canopy cover, protected activ-
ity centers, California spotted owl home range core
areas, treatment prescriptions, tree lists, volume, and
biomass potential. Timber stumpage values are also

used as input variables to assess treatment costs.

Fireshed assessments spatially display opportunities for

meeting multiple objectives (reducing the size and
severity of wildland fires, enhancing resilience of forest
stands to insect- and drought-related tree mortality, and
conserving habitat for at-risk wildlife species). The
assessments also provide a spatially explicit, prelimi-
nary assessment of changes in fire behavior, vegetation,
habitat, and economics under different scenarios, with
each scenario designed to move existing fireshed condi-

tions toward desired conditions.

Fireshed assessments rely on a variety of tools,
including FVS, FARSITE, FLAMMAP, and ArcGIS
tools such as focal mean. The products from a fireshed
assessment can be linked to various reporting systems,
including FACTS, NFPORS, My Fuel Treatment

Planner, and treatment scheduler.
Forest Service, Pacific Southwest Region

A regional cadre of resource specialists has been
working to develop, test, and refine the fireshed
assessment process. The cadre has conducted beta
tests of the fireshed assessment process during
workshops with the Modoc, Mendocino, and Stanislaus
National Forests. The remaining forests in the Pacific

Southwest Region are scheduled for workshops.

At each workshop, the cadre works through the fireshed
assessment process with a forest or district interdiscipli-
nary team on an actual fireshed. The cadre members
complement the skills and experience of the workshop
interdisciplinary team, acting as an extension of the

team and filling gaps. The cadre provides “real time”
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spatial analysis products displaying changes in fire
behavior, habitat, and economics and helps the team
learn how to produce similar products. After the work-
shop, the cadre continues to provide advice and support
to workshop participants to facilitate refinements to

their assessments.
None.

None.

Bernie Bahro

USDA Forest Service
(916) 640-1066
bbahro@fs.fed.us

The Washington Office of the Forest Service has spon-
sored a pilot project to test Fireshed in other national
forests outside the Pacific Southwest. Reports from

the pilot projects are expected in 2006.
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First Order Fire Effects Model 5.2 (FOFEM)

Application for

fuel treatment

Description

Appropriate spatial
scale

Analyst requirement

Data inputs

Potential uses include wildfire impact assessment,
development of timber salvage specifications, design
of fire prescriptions, analysis of first-order treatment
effects in environmental analyses, and fire management
planning.

FOFEM predicts fuel consumption, soil heating, smoke
production, and tree mortality. The model contains a

planning mode for prescription development.

Primarily stand scale but can be used for smaller water-
sheds (e.g., 6th-ﬁeld HUC).

A low-level analyst can run FOFEM. It is nonspatial.

\ Mortality—Region (Interior West, Pacific West,
Northeast, Southeast); general burning conditions (low
to extreme); for each species and d.b.h. class species,
density (trees/acre), d.b.h., tree height, crown ratio;
and flame length or scorch height.

\ Fuel/smoke/soil—Region; cover classification system
(SAF/SRM, NVCS, FCC); cover type; season of burn;
general burning condition (low to very high); fuel type
(natural, slash, or piles); fuel loading by size class
(litter, 0-Y4, 4-1, 1-3, 3+ inch; duff, herb, shrub,
foliage, branchwood) with adjustments permitted from
defaults (typical, light or sparse, heavy or abundant);
fuel moisture for Y%4-1 and 3+inch woody fuels, and for
duff; percentage of 3+ inch that is rotten and how it
is distributed; duff depth and type of duff moisture
(entire, lower, NFDR, adjusted NFDR); and percentage
of crown burned. The soil module also includes soil

texture and soil moisture percentage.
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Outputs \ Mortality—Percentage of tree mortality by species and
size class, and pre- and postfire canopy cover.

\ Fuel—Preburn loading, consumed loading, postburn
loading, percentage reduction, duff depth consumed,
percentage mineral soil exposure.

\ Smoke—Same as fuel outputs, plus emissions for
PM10, PM2.5, carbon monoxide, carbon dioxide,
sulfur oxides, nitrogen oxides, and methane from
flaming and smoldering combustion; total consumption
in flaming and smoldering combustion; and duration of
flaming and smoldering combustion.

\ Soil—Same as fuel, plus soil layer maximum tempera-
tures and duration of heating at 0 to13 c¢cm (0 to 5 inch)
depth by 1-cm increments, maximum depth reaching
60 °C (140 °F), and maximum depth reaching 275 °C

(527 °F).
Linkage to other No current linkages, but a possible linkage to Fuel
models/tools Characteristic Classification System may be added in

the future. BehavePlus and FOFEM may merge into a

single tool in the future.

Developers (partners) ~ Rocky Mountain Research Station (Systems for

Environmental Management)
Current status Fully functional

Training availability No formal training is available. Self-directed tutorials

can be downloaded from http://www.fire.org.

Technical None.
documentation
Contacts Elizabeth Reinhardt

USDA Forest Service
(406) 329-4760
ereinhardt@fs.fed.us

or

Robert Keane
(406) 329-4846
rkeane@fs.fed.us
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Additional information  One of the best uses of FOFEM currently is to evaluate
potential soil heating with and without salvage in dry
forests burned with uncharacteristic severity. Equations
used in FOFEM to estimate scorch and mortality are
more robust than those used in FFE-FVS; the equations
are the same as those used in BehavePlus. Scorch and
mortality information may be displayed in a more use-
ful format in FOFEM than in BehavePlus, although

BehavePlus produces graphs as well as tables.
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FlamMap 3.0 Beta 6

Application for FlamMap can be used to identify those portions of
fuel treatment the landscape where expected fire behavior and certain
fire effects are potentially within or outside of accept-
able levels, indicating where fuel treatments may be

justified.

The Minimum Travel Time tool allows the user to deter-
mine the fastest pathways of fire travel under specified

weather and wind conditions.

The Treatment Optimization Model allows the user to
identify treatment locations and sizes needed to disrupt

the fastest pathways.

Description FlamMap is a spatial fire behavior tool, where an entire
landscape is analyzed by using a single set of wind and
weather conditions. It creates raster maps of potential
fire behavior characteristics (rate of spread, flame
length, crown fire activity, etc.) and environmental
conditions (dead fuel moistures, midflame windspeeds,
solar irradiance) and minor and major travel paths over

an entire landscape.

FARSITE landscapes may be imported or landscapes
can be assembled from the needed input layers within
FlamMap. Use of the Minimum Travel Time and
Treatment Optimization Model tools is enhanced
through the use of gridded winds, which adjust input
windspeeds and direction based on terrain, soon to be
readily available through Wind Wizard. The output
maps can be viewed in FlamMap or exported for use

in a GIS, image processor, or word processor.

Appropriate spatial Small watersheds (e.g., 6"field HUC) to large land
scale scapes (4th—ﬁeld to Sth—ﬁeld HUCQ).
Analyst requirement Users can readily teach themselves how to use FlamMap.

The current version does not contain help files for the

Minimum Travel Time and Treatment Optimization
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Data inputs

Outputs

Linkage to other

models/tools

Model tools. As a result, some input variables are not
made clear to the user. Others are not readily apparent,
but can eventually be deduced by experimenting with
the model inputs. FlamMap is organized in an expand-
ing tree structure rather than a command-and-menu

structure.

Developing input layers can require a high level of
expertise for the user or GIS support staff. Most data
layers are created through remote sensing to provide
wall-to-wall coverage at the same resolution. The use-
fulness of FlamMap increases greatly when the data

layers include inholdings and adjacent lands.

FlamMap uses the same base data layers as FARSITE, of
which five are mandatory and three are optional. These
layers must be in raster format and are combined to cre-

ate a landscape file.

\ The five mandatory layers are slope, aspect, elevation,

canopy cover, fuel model.

\ The three optional layers are canopy base height,
canopy ceiling height, canopy bulk density. These lay-
ers are needed to include spotting from torching trees
and crown fire simulation. In the absence of these three
layers, the models assume fully stocked stands of fully

crowned Douglas-fir.

FlamMap can use the 13 standard fuel models as well

as the new models released by Scott and Burgan (2005).

Outputs can be specified and consist of maps in
exportable form. The Minimum Travel Time and
Treatment Optimization Model tools also create three
outputs pertaining to elliptical spread, although these
outputs are not explained in the help files.

FlamMap uses FARSITE landscape files and can
use FARSITE wind and weather files. In the future,
FlamMap will be able to use gridded wind files devel-
oped by using Wind Wizard.



Developers (partners)

Current status

Training availability

Technical

documentation

Contact

Additional information
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Rocky Mountain Research Station (Systems for
Environmental Management)

FlamMap 2.0 is available; FlamMap 3.0 is in beta test

model. For more information see http://www.fire.org.

Currently, there is no training and no online tutorial for
FlamMap.

Stratton, R.D. 2004. Assessing the effectiveness of
landscape fuel treatments on fire growth and behavior.
Journal of Forestry. 102(7): 32-40.

Mark Finney

USDA Forest Service
(406) 329-4832
mfinney@fs.fed.us

FlamMap is not a replacement for FARSITE or a fire
growth simulation model. There is no temporal compo-
nent in FlamMap. It uses spatial information on topog-
raphy and fuels to calculate fire behavior characteristics

at one instant.

Auxiliary grid and vector files for features such as roads,
streams, point locations, etc. can be imported and dis-
played, but have no effect on the outputs. FlamMap
does not display polygons as filled, but only as outlines.
Unlike FARSITE, the current version of FlamMap does
not recognize barrier files. Wind and weather inputs
are required. Winds may be specified within the model,
imported as FARSITE wind file, or imported as gridded
winds. Weather files can be used to condition fuels
ahead of the simulation run to adjust 1-hour fuel mois-
tures by aspect, elevation, and shading. Use of a fire
start location or line of fire is optional, depending on

the type of analysis being conducted.
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Forest Inventory and Analysis Biomass Summarization
System (FIA BioSum)

Application for

fuel treatment

Description

Appropriate spatial

scale

Analyst requirement

86

Used to identify promising locations for woody
biomass-fired electrical generation plants and con-
ventional wood processing facilities, and to assess
costs/revenues of treating broad landscapes under
various assumptions, objectives, and scenarios. The
effectiveness and economic attractiveness of numerous
alternative prescriptions can be compared and evaluated
with respect to a large, representative sample of the

forested landscape.

Individual land management units, ecoregions, and whole
states can be compared and contrasted with respect to
the scope of current fuel hazard, the extent to which
fuel treatments can pay for themselves, and the extent to

which fuel treatments can reduce fire hazard.

This framework combines and integrates the publicly
available models FFE-FVS and STHARVEST with
forest inventory plot data and digital representations of
road networks. It simulates implementation of a wide
range of fuel treatments at large spatial scales, costs of
treatments, fire hazard reduction, mix of merchantable
and nonmerchantable wood products generated by treat-
ments, and “hot spots” of woody material that could
merit processing facilities. Nearly any objective func-
tion and constraint set can be specified to analyze fuel
treatment feasibility. Results represent fuel reduction
opportunities, costs and yields for entire forested land-
scapes, based on FIA plots that represent a sample of

all forest types and conditions on all ownerships.
Very large forest landscapes (10,000 square miles and
larger)

A high level of analyst sophistication and experience is
required to use the current version of this tool; efforts

are underway to make it accessible to midlevel analysts.



Data inputs

Outputs
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Even then, users will need to be familiar with generat-
ing prescriptions in FVS, interpreting outputs from FFE,
and (optionally) carrying out standard geoprocessing
activities with ArcInfo or ArcGIS via execution of Arc
macro language scripts (AMLs) in Grid and Arc envi-
ronments if detailed representation of haul costs is

desired.

\ Standard FIA inventory plot, condition, and tree data,
including at least fuzzed plot locations.

V A complete road network for the study area (precise
connectivity not required) attributed with road speed
classes (3 to 5 classes are usually sufficient).

\ Land ownership/designation/status GIS layers and
decision rules that determine which acres may be
treated, which areas can host processing facilities,
and over which areas fuel treatment yields may be
transported.

V A set of standardized fuel treatments by forest type that
can be broadly applied within the FVS framework.

\ A set of potential processing sites at which woody
biomass or merchantable wood processing facilities
may be considered for construction, or a set of rules
for generating such locations.

\ Objectives and constraints to be applied either heuristi-
cally or via an optimization framework (e.g., treat all
acres where torching index and crowning index can be
improved from below 15 miles per hour to above 15
miles per hour, and pick the treatment for each acre
that maximizes net revenue, but only if net revenue is

greater than -$200 per acre).

Area treated, total net revenue (or cost), amount of
biomass and merchantable-size material that would
arrive at each simulated processing site; the best pre-
scription associated with each inventory plot, and the

amount of hazard reduction achieved.
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Linkage to other

models/tools

Developers (partners)

Current status

Training availability

Technical

documentation

Contact

Additional information

Framework integrates FFE-FVS, STHARVEST,
FIA data; may ultimately be linked with GNNfire to
produce wall-to-wall maps of fuel treatment effects

(e.g., hazard reduction in every pixel).

Forest Service Pacific Northwest Research Station
(Forest Service Pacific Southwest Research Station,

Southwestern Region)

Proof of concept essentially complete. Analysis for north-
ern California and western Oregon complete and being
documented in a research paper. Analysis for Arizona
and New Mexico ongoing. See http://www.fs.fed.us/
pnw/fia/biosum for more information and links to
articles.

Not currently available. User manual anticipated in
winter 2006 followed by training sessions if interest

warrants.

See http://www.fs.fed.us/pnw/fia/biosum.

Jeremy Fried

USDA Forest Service
(503) 808-2058
jsfried@fs.fed.us

None.
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Fuel Characteristic Classification System (FCCS)

Application for \ Map fuelbeds with associated fuel characteristics
fuel treatment and fire potentials, and input fuelbed characteristics
into various fire behavior and fire effects models for
fire planning and assessing fuel treatment activities.

v Quantitative measure of effectiveness of fuel or vegeta-
tion treatment for reducing fire potential, and may be
used to plan and prioritize fuel treatments or to monitor
changes on a landscape over time. Can be an alterna-
tive to using change in Fire Regime Condition Class
as the sole performance measure.

\ Characterization and quantification of landscapes for
the purpose of assessing the effects of fuel treatments,
e.g., a spatial layer of fuel loadings or FCCS fire
potentials before and after the implementation of a

fuel treatment.

Description FCCS assigns fuel properties and fire potentials to land-
scapes at all scales across the United States. FCCS
consists of a large database of physical parameters that
describe the abundance, physical character, and arrange-
ment of wildland fuelbeds. The database currently
includes 220 fuelbeds common in the United States.
The FCCS stratifies fuelbeds into 6 horizontal fuelbed
strata that represent unique combustion environments
and 16 fuelbed categories with common combustion

characteristics.

FCCS also includes an expert system to interactively (1)
select fuelbed prototypes by inputting location, vegeta-
tion form, structure, cover type, change agent, fire
regime, and condition class and (2) customize fuelbeds
in the database to site-specific data. It also contains a
calculator to generate fuelbed characteristics and fire
potentials (the intrinsic capacity of the fuelbed for
surface fire behavior, crowning potential, and fuel

consumption) for each fuelbed.
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Appropriate spatial
scale

Analyst requirement

Data inputs

Outputs
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All

FCCS is simple to run. Identifying and constructing
fuelbeds to represent the area to be assessed requires a
midlevel fuels or fire management specialist. Standard
fire potentials are calculated automatically. Customized
fire potentials require interaction between a user and the

FCCS development team.

At a minimum, FCCS requires users to:

\ Identify the Bailey’s ecoregion and vegetation form of
the assessment area.

\ Select the fuelbed prototype that most closely repre-
sents fuelbeds within the assessment area.

\ Accept a fuelbed prototype or customize the selected
fuelbed by adjusting variables assigned for each

fuelbed category with inventory data.

\ Quantitative fuel characteristics (physical, chemical,
and structural properties) based on user input.

\ Fire potential based on the intrinsic capability of the
fuelbed for surface fire behavior, crowning potential,

and fuel consumption.

Several basic output reports are available including:

\ Fuelbed name and description.

\ All input information provided by the user or inferred
by the FCCS.

\ All fuel characteristics generated by the system includ-
ing fuel loading and fuel area index.

\ Fire potential, NFDRS and fire behavior fuel model
assignments. The fire hazard potential of any fuelbed is
represented as a three-digit rating, e.g. “582” where the
three digits represent (1) potential surface fire behavior
(on a scale from 1 to 9), (2) potential crown fire poten-
tial (1 to 9), and (3) potential available fuel (or carbon)
(1 to 9). Nine optional fire potentials are calculated
automatically, and others may be added or customized

for the user by developers.



Linkage to other

models/tools

Developers (partners)

Current status

Training availability

Technical

documentation

Contact

A Consumer Guide: Tools to Manage Vegetation and Fuels

\ Reliability or data quality index.
FCCS will be linked to several models that require

fuel characteristics as inputs including Consume 3.0,
FOFEM, and FVS.

Forest Service Pacific Northwest Research Station
(Forest Service Pacific Northwest Region, Forest
Service Forest Inventory and Analysis program, Joint
Fire Science Program, National Fire Plan, National Park

Service, Bureau of Land Management)

FCCS version 1.0 has been released, and can be down-

loaded at http://www.fs.fed.us/pnw/fera/fccs.

A Web-based tutorial will be available in 2006; see
http://www.fs.fed.us/pnw/fera/fccs.

Sandberg. D.V.; Ottmar, R.D.; Cushon, G.H. 2001.
Characterizing fuels in the 21" century. International
Journal of Wildland Fire. 10: 381-387.

Ottmar, R.D.; Sandberg, D.V.; Riccardi, C.L.; Prichard,
S.J. [In preparation]. An overview of the Fuel
Characteristic Classification System—quantifying, clas-

sifying, and creating fuelbeds for resource planners.

Riccardi, C.L.; Andreu, A.G.; Elman, E.; Kopper, K.;
Long, J.; Ottmar, R. [In preparation]. National system to

characterize physical properties of wildland fuels.

Riccardi, C.L.; Sandberg, D.V.; Prichard, S.J.; Ottmar,
R.D. [In preparation]. Calculating physical characteris-
tics of wildland fuels in the Fuel Characteristic
Classification System.

Sandberg, D.V.; Riccardi, C.L.; Schaaf, M.D. [In
preparation]. Fire potential rating for wildland fuelbeds
using the Fuel Characteristic Classification System.

Roger Ottmar

USDA Forest Service

(206) 732-7826

rottmar@fs.fed.us
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Additional information FCCS can be used to map fuelbeds, their characteristics,
and intrinsic fire potential. A manager may want to pri-
oritize and measure the effectiveness of fuel treatments
across an assessment region. By mapping a combination
of selected and customized fuelbeds from the FCCS
with the associated fire behavior (FB), crown fire (CF),
and available fuel (AF) potential index (1 to 10, with 10
being the highest), decision-support and performance
measures for the vegetation and fuel treatments can be
assessed for fire hazard reduction and improved Fire

Regime Condition Class distribution.
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Fuel Characteristic Classification System (FCCS)
Fuelbed Mapping

Application for

fuel treatment

Description

Appropriate spatial
scale

Analyst requirement

Data inputs

Outputs

Mapping fuelbeds to assess effects of fuel treatments

Characterization and quantification (through links to
FCCS) of landscapes for the purpose of assessing the
effects of fuel treatments, e.g., a spatial layer of fuel
loadings or FCCS fire potentials before and after the

implementation of a fuel treatment.

Rule sets and knowledge base for associating FCCS
fuelbeds with spatial location. Used for modeling con-
sumption and emissions from prescribed and wildland
fires.

Applicable at any spatial scale up to 1 km for which
adequate vegetation and environmental data exist.
Useful for regional-scale modeling of air quality (coarse
scale) or for modeling fire hazard, fire potentials, and
fire effects at stand, landscape, or forest/district scale.

FCCS is simple to run. However, mapping FCCS fire
potentials across a landscape requires a GIS analyst,
database manager/programmer, and fuel specialist. At
the unit or subunit level, input is needed from local
managers. At the watershed or larger scale, spatial

statistics may be needed.

\ Select the fuelbeds that most closely represent fuelbeds
within the assessment area.

Mapping across areas without detailed fuel or spatial
data requires:

\ GIS layers for vegetation, potential vegetation, or
biophysical setting, and land use.

\ Definition of FCCS fuelbeds associated with each
portion of the landscape to be mapped.

If fuelbeds before and after treatment are identified:
< Mapped and statistically-represented change in fire
hazard after treatment or natural event.
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Linkage to other
models/tools

Developers (partners)

Current status

Training availability
Technical

documentation

Contact

Additional information

If spatial information is also available:
\ Mapped layers of FCCS fuelbeds at any scale from
stand to landscape or continental, from natural distur-

bance or management treatments.

Used in conjunction with FCCS, CONSUME and
FEPS, vegetation succession models (e.g., VDDT,
FVY), fire-effects tradeoff models, the Landscape
Management System (LMS), or any other tool that

accepts spatial data layers of fuels.

Can best be accomplished through active partnership
among FCCS development team, other scientists, and

resource€ managers.

Applied at coarse scale (1 km or 0.62 mile) across the
Western United States. There is an ongoing partnership
to provide initial application at the regional scale

(Pacific Northwest national forests and districts).
Training provided through workshops and as requested.

McKenzie, D.; Andreu, A.G.; Norheim, R.A.; Bayard,
A.R.; Kopper, K.E.; Elman, E. [In preparation].
Mapping fuels across the conterminous United States

for coarse-scale modeling of fire effects.

Don McKenzie

USDA Forest Service
(2006) 732-7824
donaldmckenzie@fs.fed.us

None.
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Fuels Management Analyst Plus (FMA Plus)
Application for DDWoodyPC calculates fuel loading by size class for

fuel treatment use in assigning fuel models and assessing general fuel
loadings by using either data collected through Brown’s
planar intercept fuel inventory method or photo series
data used as sample data. CrownMass assesses pretreat-
ment crown fire risk, effects of stand thinning, and post-
treatment crown fire risk with or without subsequent

fuel treatment.

Description FMA Plus is used to determine dead, down woody fuel
loading by using either Brown’s inventory methods or
photo guides, to assess crown fire risk, and to predict
slash resulting from thinning and logging operations.
The tool consists of three modules: (1) DDWoodyPC
for estimating dead, downed woody fuel; (2) Photo
Series Explorer to view scanned images of older photo
guides to fuel loadings; (3) CrownMass to predict
crown fire risks and estimate slash loadings, and Fuel
Model Manager to create custom fuel models for use

in CrownMass.

Appropriate spatial Primarily stand scale but can be used to assess small
scale watersheds (e.g., 6th-ﬁeld HUC).
Analyst requirement Moderate level of analytical skill needed, nonspatial in

nature, but can be applied to several stands and mapped.
For down woody fuel estimates, users should be famil-
iar with Brown’s fuel inventory methods and equations.
For crown fire risk assessment and slash predictions,
users should be familiar with common stand exam pro-
cedures, equations that support debris prediction or the
former DEBMOD (DEbris MODification) program
used on the Forest Service Data General computer
system, and elements of the fuel complex associated
with the start and spread of crown fires.

Data inputs For DDWoodyPC:
\ Slope
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Outputs

Linkage to other
models/tools

Developers (partners)

\ Number of pieces counted in 0-'4, -1, and 1-3-inch
size classes

\ Two duff depths

\ Diameter of each sound and rotten piece >3 inches
diameter

\ Three fuel bed depths

\ Predominant species

For CrownMass:

\ Merchantable tip diameter

\ Slope steepness (in two locations)

\ For each tree: plot ID, tree number, diameter breast
height, species, height, crown ratio, trees per acre,
structure stage, proportion in crown of foliage through
1,000-hour fuels, proportion cut, proportion deposited
on surface, proportion of boles left, percentage rotten,
equation set (Intermountain or Pacific Northwest
coast), surface fuel loading, fuel moistures, 20-foot
windspeed, wind adjustment factor, burn day temper-

ature.

DDWoodyPC:

\ Fuel loading by size class and total loading.

CrownMass:

\ Statistics and graphs on canopy and surface loadings

v Graphs and data on canopy characteristics by plot

\ Expecte