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EXECUTIVE SUMMARY

Abstract

Forest fuel reduction treatments are needed, as demonstrated by the increased number of devastating crown fires and
annual increases in National Forest acres categorized as high risk.  This report develops analysis components for
effective fire risk reduction strategies to help professionals, publics, and policy-makers gain a better understanding
of the current circumstances and alternatives. A range of thinning strategies were simulated and evaluated for the
Okanogan and Freemont National Forests providing a set of results for comparative climatic and infrastructure
conditions. Measures of fire risk reduction, economic cost, habitat protection, and carbon sequestration were
evaluated, to develop the basis for characterizing both market and non-market values resulting from forest fires and
fire risk reduction activities.  The market cost of removing enough small diameter material to reduce fire risk 
sometimes exceeds the market value for the material removed. However, non-market benefits of reduced fire
fighting and rehabilitation costs, facility losses and fatalities, protected habitats, sequestered carbon, saved water and
other public values appear to more than offset treatment costs. Contracting alternatives and infrastructure needs are
also evaluated.  Treatment strategies can be customized to local forest and market conditions, providing the basis for
management training as well as public education.

Management Strategies

The Okanogan and Fremont National Forests (ONF & FNF) were selected as case study areas to evaluate a range of
management treatments that could reduce fire risk.  They provide a north to south range in climate as well as 
substantially different market infrastructures. Forest inventory data were assembled from the Continuous
Vegetation Survey (CVS) with 502 plots for FNF and 413 plots for ONF suitable for the analysis. Simulations of
alternative treatments were produced using the Landscape Management System (LMS) developed at the Silviculture
Laboratory of the College of Forest Resources, University of Washington in cooperation with the USDA Forest
Service. For this investigation, LMS is used with the Forest Vegetation Simulator (FVS) as the growth model and
the Fire and Fuels Extension (FFE), both developed by the USDA Forest Service. LMS also provides numerous
habitat suitability and forest diversity measures, carbon sequestration measures and log production algorithms for
economic analysis.  This array of LMS outputs provides a consistent suite of metrics for measuring the critical
influences of both fire and fire risk reduction management strategies.

Four thinning treatments were modeled: (1) removal of all trees with a DBH less than or equal to nine inches (9 and
under); (2) thin from below (smaller trees first) removing 50% of the original basal area/acre (Half BA); (3) thin
from below with a residual basal area target of 45 ft2/acre favoring ponderosa pine and western larch (BA 45); and
(4) removal of all trees with a DBH greater than or equal to 12 inches to simulate a high revenue alternative (12 & 
over). In addition, (5) a no action alternative (with no disturbances) was developed (No action) and (6) a crown fire
representative of each forest (Wildfire). All simulations were treated in 2000 and simulated growth of post-
treatment inventories was modeled forward to 2030, without understory regeneration to mimic the impact of
periodic controlled burns (or other fuel removals) and with understory regeneration to simulate natural ingrowth.
Twelve total alternatives were simulated and analyzed for each of the 915 surveyed locations.

Fire Risk Assessment

Pre-treatment risk assessments indicated that 77.7% of the FNF plots and 76.8% of the ONF plots were at moderate
to high risk of crown fire.  This risk index is based upon the estimated wind speed in miles per hour (mph) at 20 feet
off the ground needed to initiate an active crown fire from a surface fire. Wind speed estimates less than or equal to 
25 mph were considered to be in a high fire risk category and from 25 through 50 mph in a moderate risk category.
Estimates over 50 mph were considered low risk.

Treatment Results

The table below displays example risk reduction performance of treatment alternatives for the subset of FNF plots
considered at high risk.
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Post-treatment risk reduction in FNF high risk stands

Treatment High risk Moderate Risk Low risk

No action 100% 0% 0%

9 & under 37% 48% 15%

Half BA 7% 66% 27%

45 BA 2% 27% 71%

12 & over 80% 20% 0%

Wildfire 0% 0% 100%

Thinning 9 inch and under trees leaves 85% of the beginning high risk stands in a moderate or high risk category
whereas retaining 45 BA almost eliminates the high risk with 29% in a moderate or high risk.  Removing trees over
12 inches converts a few stands from high to moderate risk but none to low risk.  Selection of best treatment
alternatives can be customized to site conditions; however, removing some trees in the 9-12 inch diameter range is 
usually required for a substantive reduction in fire risk. With overstory trees retained and the understory re-
established, fire risks return within 15-20 years.

Market Economics

Cost estimates for logging operations and treatment yield volumes are both site and equipment specific. As a result
there is a significant range of variability in net revenue across all stands for the same treatment strategy.  In addition,
harvesters report that operations under federal contracts are uniquely costly indicating that refinements in federal
contract requirements could reduce costs.  Although the BA 45 treatment failed to generate the net economic returns
of the 12 and over treatment, it produced the greatest risk reduction and, with low cost assumptions, provided a
positive net return.

FNF average net revenue by treatment per acre 

Treatment High cost Low cost

9 & under $-374 $-134

Half BA $-319 $+139

45 BA $-168 $+529

12 & over $+1,244 $+2,198

The range of net revenues per acre across all stands and treatments is quite large ($-2,015 to +11,414) indicating
opportunities to customize treatments to specific conditions.  Stands with positive revenues offset losses on other
stands in this analysis of average impacts. A simple tradeoff between fire risk reduction and economics suggests
treatment strategies can use positive revenue sites to compensate for revenue negative stand treatments. However,
there may be other environmental considerations of importance as well. Habitat and carbon sequestration are both
considered of high value by society. Additionally, there may be other economic values that are not reflected in
treatment costs. Consideration of broader values of fire risk reduction provides a much more powerful motivator for
fire risk reduction than looking only at net market revenue.

Wildlife Habitat

Treatments can substantially affect stand structure and, as a consequence, the habitat quality.  Fires generally have a 
more extreme impact on habitat than any treatment. While the No action alternative might seem to benefit some
species of wildlife, it assumes an unlikely eventuality of no fire and implicitly produces overstocked conditions
different from pre- settlement forests with frequent fire return intervals.  The impacts of the other treatments on
habitat are mixed with some species benefiting at the expense of others.  Habitat strategies associated with fire risk 
reduction are inherently local and need to be integrated into other objectives. Goshawks favor high-risk forests that 
are neither sustainable nor characteristic of pre-settlement conditions but their habitat can benefit from light
thinnings and from avoidance of crown fires. The Lewis woodpecker can benefit from heavy thinnings if the largest
trees and snags are retained.  The Williamson's sapsucker needs soft snags making it very susceptible to fires. 
Pileated woodpeckers favor multi-story old forests, which are currently uncommon in the ONF or FNF.  Retention
of large trees and snags over time would eventually improve habitat for woodpeckers.  The grizzly bear avoids stem
exclusion structures and would favor a mix of treatments that reduces the dominance of overly dense stands.
Analysis of the alternatives provides the opportunity to identify better habitat strategies in concert with other
objectives and local conditions. 
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Carbon Analysis

Carbon is sequestered in the forest, and contributes undesirable emissions with fire, but is also stored in wood
products for long periods. When biomass is converted to energy it displaces fossil fuels reducing carbon emissions.
The 12 inch & over treatment produces the most flow of products and hence the most carbon sequestration but does
not reduce the fire risk and is not sustainable. The BA 45 treatment produces the next highest level of carbon
sequestration, reduces fire risk and is sustainable; in addition, much of the carbon is stored in products displacing
energy-intensive substitute products like concrete and steel. As carbon credit markets are developed, they may
contribute to treatment costs, paying for otherwise unprofitable treatments.  Carbon is just one of the non-market
benefits that result in positive values from fire risk reduction strategies.

Value Changes Associated with Fire Risk Reduction

While it is generally recognized that there are many non-market values that should be associated with fire risk
reduction treatments, they are rarely articulated.  With numerous outputs tabulated for each management strategy, it 
is possible to begin to put numbers on many non-market values. The tables below provide a conservative
comparison of values and costs per acre for fire risk reduction in high and moderate risk forests.  The benefits appear
to far outweigh the costs, providing motivation for more aggressive fire risk reduction efforts than have been
undertaken to date.

Market and Non-Market Values of Fire Risk Reduction/acre Moderate High

Reduced fire fighting cost $231 $481

The value of reduced facilities losses $72 $150

The value of reduced fatalities $4 $8

The value of lost timber amenities $371 $772

Habitat losses ? ?

The community value of fire risk reduction $63 $63

Carbon credits $20 $41

Green energy credits ? ?

Electrical transmission cost reductions ? ?

Regeneration and rehabilitation costs $58 $120

Water quantity and quality $86 $86

Regional economic benefits $386 $386

Total Benefits $1,291 $2,107

Costs of Fire Risk Reduction/acre Moderate High

Operational costs $374 $374

Forest Service contract preparation costs $206 $206

Soil compaction ? ?

Sedimentation ? ?

Impacts to wildlife habitats ? ?

Total Costs $580 $580
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While some non-market values have not been estimated, most appear to have lower order impacts and would
probably not affect conclusions. While the value society places on habitat should be at least as high as the market
revenue foregone, which can be roughly estimated from the 12 inch & over treatment revenue, habitats are more
likely protected by treatments that avoid fire than by No action and should be significantly positive with more
sustainable management.

Cogeneration Opportunity

Applying non-market values to motivate increased fire risk reduction treatments or selecting treatments that come
close to breaking even does not by itself create a use for the lowest valued small diameter material harvested.
Cogeneration in any number of forms adds value in the conversion of low-valued biomass to energy and can be 
considered a default use of material when higher-use markets are unavailable. Forest inventory analyses indicate
that opportunities for cogeneration development exist on both forests. The primary limitation is assured access to
sufficient biomass to warrant cogeneration investments.  This raises the importance of contracting relationships and
the sustainability of fire risk reduction planning.

Sustainability and Contracting

The Forest Service has generally been stymied in the process of completing environmental reviews and arranging
contracting where costs and revenues are not directly related to positively valued timber markets.  Stewardship End 
Result Contracts are being developed to allow negative revenue risk reduction operations that provide benefits such
as contract longevity to support investments of risk capital in needed infrastructure.

Uses of the Report

This report provides parametric data on treatments that reduce fire risk, including their costs, market values, non-
market values, and contracting issues. Specific examples can be used to customize strategies for a wide range of
forest, infrastructure and market conditions.  The information is also useful in training operators on how to design
and layout fuel reduction treatments.

This report also demonstrates how an integrated forestry software package can assist federal agencies and other
interested users in gaining greater efficiencies in planning fire risk reduction treatments to achieve multiple values
with less conflict and less cost.  The Landscape Management System (LMS) provides a sophisticated user-friendly
software environment from which professional and public users with little training can participate in analysis of
complex data to better understand the consequences of management alternatives.  The results from case study
analysis of two National Forests, presented in this report, demonstrate that fire risk can be effectively reduced while
creating and protecting other positive environmental, economic, and social values.
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1. BACKGROUND

1.1 The Forest

Changes in forest composition and structure due to a century of fire suppression, grazing, and past harvest practices
have been widely documented (Pyne 1997, Arno 2000). Where once frequent fire return intervals resulted in
savanna-like forest conditions, now dense understories of shade-tolerant species have become established (Pfilf et al.
2002).  Outbreaks of insects and of root disease have resulted in large areas of tree mortality (Stewart 1988).  Dead 
trees and multiple layered canopies have become ladder fuels and increase risk of destructive wildfires. Concerns
about large areas of National Forest lands in the inland west that are overstocked with small diameter suppressed
trees are not new (Cooper 1960, Pyne 1982). However, increases in forest fire severity, extent, and costs in recent
years have served to focus public attention on the widespread and urgent nature of this problem (Agee 1993,
Western Governors Report 2001 and 2002). In 2002, Interior Secretary Norton estimated that 2/3 of public lands
(more than 120 million acres) are at moderate to high risk of catastrophic fire (Norton 2002).

1.2 The Risk

While the average annual population growth over the last two decades in the United States has been about 1%,
western states have experienced growth rates ranging from 2.5 to 13% (Riebsame 1997, Babbitt and Glickman
2000). As a result, development has occurred adjacent to federal lands in what has become known as the
“wildland/urban interface”. Consequently, risk from forest fires to private property and human life has increased
making fire fighting more complicated, expensive, and dangerous (Babbitt and Gickman 2000).

In the period between 1990 and 1998, 133 individuals died while involved in fighting wild fires (Mangan 1999).
Loss of life resulting from fire fighting activities is not the only health hazard associated with forest fires.  Because
of the fine particulate matter and other pollutants present in the smoke, forest fires can pose a significant health
threat to people living in the “wildland-urban interface” (GAO/RCED-99-65 1999, Norton 2002).  Smoke from 
forest fires increases atmospheric carbon associated with global warming (Buchanan and Keye 1997).  Intense forest
fires create other undesirable environmental consequences such as destruction of wildlife habitat and pollution of 
surface waters (Camp 1995, Laverty and Williams 2000, Hill 1998). Without intervention, these burned lands
recover slowly and may be susceptible to vegetation changes that result in undesirable ecological consequences
(Babbitt and Glickman, 2000).

Economic impacts from forest fires are considerable.  Costs to fight forest fires reached record breaking proportions
in 2000 when the federal government spent $1.5 billion on 8.3 million acres only to have the record broken again in 
2002 when costs reached $2.2 billion on 7.2 million acres (The Office of the President 2002). However, these costs
do not reflect other economic impacts at the federal level that result from losses of valuable timber resources or from
post-fire expenditures such as forest regeneration. In addition to federal costs from fires are losses incurred by state
and local governments or by the private sector. For example, after the 2000 fire season, Montana Governor Racicot
estimated that businesses had lost about $3 million a day because of fire. Idaho Governor Kempthorne estimated
losses in Idaho at $54.1 million overall, of which $15 million came from about 500 small businesses (Babbitt and 
Glickman 2000).

1.3 The Imperative

In 2000, the USDA Forest Service outlined a strategy to address forest health and wildfire in the forests of the inland
west entitled Protecting People and Sustaining Resources in Fire-Adapted Ecosystems; a Cohesive Strategy
(Laverty and Williams 2000).  This report states that, “Without increased restoration treatments in these ecosystems,
wildland fire suppression costs, natural resource losses, private property losses, and environmental damage are
certain to escalate as fuels continue to accumulate and more acres become high-risk.” The report goes on to identify
the key components of a national strategy to deal with unprecedented wildfire risk: 

Improve fire prevention and suppression
Reduce hazardous fuels
Restore fire-adapted ecosystems
Promote community assistance

1



1.4 Better Information and Technology

The challenge of developing long term strategies to reduce wildfire risks across tens of millions of acres of inland
west forest is daunting. The body of information to be considered is huge and the planning process may be
formidable. Infrastructure is limited, funding is scarce, costs high, and conflicts rampant (USDA Forest Service
2002). Strategies to help professionals, publics, and policy-makers gain better understanding of the present
circumstances and the future possibilities of forest fire risk could be helpful.  Areas of greatest risk will need to be
prioritized for immediate attention. Predictive capabilities will be needed to assess future effectiveness of
alternative treatment strategies for the achievement of risk reduction and other multiple-use management objectives.
Development of efficient fuels reduction treatments at the least cost customized to local conditions will be necessary.
Interested members of the lay public must be informed of present conditions and future possibilities such that
choices for action are not confusing and subject to distrust.

This project will demonstrate how emerging modeling and data analysis technologies can assist the planning of fuel
removal treatments for the achievement of multiple management goals. This project will also provide suggestions on
how forest treatments to reduce fire risk might be customized to local conditions in order to lower costs and increase
effectiveness. The project findings will provide the basis for developing technical tools, instructional materials, and
training modules for creation of educational materials to assist the Forest Service and cooperating publics in the
collaborative development of effective management strategies for the reduction of risk from catastrophic wildfire
within dry site National Forests.  The technologies useful for planning today will provide enduring benefit as the
technologies used to assist monitoring and evaluation in the future.
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2. METHODS

This project has developed a parametric sensitivity analysis to be used in tandem with existing modeling capabilities
to assess the relative costs and benefits of alternative fuels reduction strategies. Additional information needed to
gain better understanding of the opportunities and obstacles associated with fuel removal activities on federal lands
has been gathered from the scientific literature, government publications, and personal interviews with forestry
professionals and community representatives.

2.1 Study Sites

The Okanogan National Forest (ONF) in Washington and the Fremont National Forest (FNF) in Oregon were
selected as case-study areas for this project.  Both of these National Forests are located within the dry interior
portion of the western United States. Both the Okanogan and the Fremont National Forests contain substantial
acreages of overstocked forests that are considered to be at risk from wildfire.  Both National Forests have
experienced destructive wildfires in recent years. The rural communities surrounding these National Forests have
double-digit unemployment and have experienced economic declines due to job losses associated with reductions in
federal timber harvest volumes.  Individuals, organizations, and businesses from both areas demonstrated interest in
this investigation and contributed valuable reference information through personal interviews.

2.2 Technical Tools

2.2.1 The Landscape Management System

The effects of forest management alternatives on fire risk reductions, forest product outputs, economic metrics,
wildlife habitat, and carbon sequestration were simulated using the Landscape Management System (LMS).  LMS is
an evolving computer-based, landscape-level forestry analysis software tool developed at the University of
Washington College of Forest Resources (McCarter1997, McCarter et al. 1998, McCarter 2001).  LMS offers a
software platform for the integration of component capabilities that include growth and yield models, interactive 
stand treatment simulation programs, tabular and graphical analytical outputs, and stand and landscape visualization
programs.  Data sources necessary for LMS include stand inventory information (tree-based measurements),
landscape data (slope, aspect, elevation, site quality), and Geographic Information System (GIS) spatial data (stand
boundaries, streams, roads, etc.).  LMS can be used to project stands and landscapes forward in time to predict
potential future stand and landscape forest conditions, while virtually treating stands through harvesting,
regeneration, and other activities to simulate potential management practices. The user interface within LMS is 
designed to provide a user-friendly “click and go” command format.  The intended result is that this powerful
forestry software is available for use by individuals with minimum computer skills and limited financial resources.
Consequently, LMS has proven to be beneficial not only as a powerful analysis support tool for forestry
professionals but also as a communication tool for use with stakeholder groups embarked on the often conflict-
vulnerable process of consensus building (Courtmanche 2002).  LMS is available for download and provided at no
charge through a forestry research partnership between the University of Washington and Yale University. The web
site address is http://lms.cfr.washington.edu/.

2.2.2 Forest Vegetation Simulator

The Forest Vegetation Simulator (FVS) is an individual-tree, distance-independent growth and yield model
(Crookston 1990, Van Dyck 2000). FVS will simulate growth and yield for most major forest tree species, forest
types, and stand conditions. FVS can simulate a wide range of silvicultural treatments. Variants of FVS provide
growth and yield models for specific geographic areas of the United States.  Prognosis (Stage 1973) is the original
model that evolved into the Forest Vegetation Simulator. Stage developed Prognosis for use in the Inland Empire
area of Idaho and Montana. In the early 1980s, the National Forest System's Timber Management Staff selected the
individual-tree, distance-independent model form as the nationally supported framework for growth and yield
modeling. Over the following years, the Forest Management Staff's Growth and Yield Unit incorporated much of the
Prognosis modular structure and capabilities into the national model framework. This model framework is the Forest

Vegetation Simulator, or FVS (Wykoff et al. 1982). There are 21 different FVS variants. Each is calibrated to a
specific geographic area of the United States. Various extensions are available for some of the variants. These
extensions provide the ability to estimate the influence of other agents upon tree growth (such as insects, disease,
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and fire), extend FVS modeling capabilities, and permit multiple stand simulation.  For the simulations needed for
this investigation the East Cascades Variant (EC) of FVS and the South Central Oregon and Northeastern California
Variant (SORNEC) of FVS were selected for use within LMS to contribute growth-modeling capabilities for the
Okanogan National Forest and the Fremont National Forest respectively.  More information and a suite of FVS
regional variants are available for download at no charge from the USFS web site at: http://www.fs.fed.us/fmsc/fvs/.

2.2.3 Fire and Fuels Extension to the Forest Vegetation Simulator 

The Fire and Fuels Extension to the Forest Vegetation Simulator (FFE-FVS) links existing FVS models, that
represent fire and fire-effects, with newly developed fuels dynamics and crowning submodels (Beukema et al. 1997,
Scott and Reinhardt 2001).  The Fire and Fuels Extension (FFE) has been developed to assess risk, behavior, and
impact of fire in forest ecosystems (Beukema et al. 2002).  FFE can produce reports of changes in various indices of
potential fire severity as a result of alterations to stand characteristics resulting from simulated management
alternatives. More information and downloadable FFE for use with selected variants of FVS are available for
download at no charge from the USFS web site at: http://www.fs.fed.us/fmsc/fvs/.

2.2.4 Carbon Sequestration Model

A life cycle assessment process has been developed to serve as an accounting system for the carbon consequences of
forest management alternatives (Manriquez, 2002).  Estimates of changes in the amount of carbon stored over time
in the standing forest are calculated using biomass to carbon conversion factors specific by species for tree bole,
bark, foliage, limbs, and roots.  Estimates of carbon stored in harvested wood products are also calculated.
Estimates of carbon emitted to the atmosphere from harvesting and manufacturing operations are considered as 
reductions to carbon stored in wood products.  Estimated as well is the amount of carbon not emitted due to
displacement of fossil fuels in energy generation by wood used in a wood boiler, and substitution of wood for steel
for construction materials.  The model is implemented in Microsoft Excel and designed to work in tandem with
LMS, allowing a comprehensive estimate of forest carbon storage, substitution, and displacement over time for
different management alternatives. This carbon assessment process is based on studies of wood biomass (Gholz,
1979), carbon content (Birdsay, 1992), decomposition (Harmon, 1993), product utilization (Bowyer et al, 2002),
harvesting and manufacturing emissions (Franklin Associates, 1998), fossil fuel displacement (Bowyer et al, 2002),
and construction material substitution (Bowyer et al, 2002). Changes in forest biomass from growth (simulated with 
a growth model) and decomposition are simulated and converted to stored carbon estimates.  Carbon amounts are
moved from the forest to the products pool following a silvicultural operation, simulated in LMS.  The model
calculates log utilization to determine amounts of short-term and long-term products.  These products are either
decomposed through time or used in displacement (short-term) or substitution (long-term).  Emissions from 
harvesting and manufacturing are determined from the types of silvicultural treatments done and the amount of
harvest volume removed and processed.

2.2.5 Wildlife Habitat Models

Wildfires and forest management activities result in changes to wildlife habitat quality. When fuel removal
treatment alternatives are compared to the potential impacts of wildfire, it is important, therefore, to consider the
implications for wildlife habitats.   Habitat suitability modeling provides an estimate of habitat quality (an index
from 0.0-1.0) and quantity (i.e. area of the landscape) consolidated into a single metric known as a ‘habitat unit’ for
each species of interest. Wildlife habitat models are analyzed to assess the tradeoffs in habitat units associated with
various management alternatives.  For some species, Habitat Suitability Index (HSI) models are available from the
U.S. Fish and Wildlife Service (USFWS 2001); for others, habitat models developed by the U.S. Forest Service
(Wisdom et al. 2000b) for the Interior Columbia Basin Ecosystem Management Project (ICBEMP) are used.
Wildlife species analyzed differed between the two National Forests due to geographic ranges, model availability,
and species of concern.  Lists of species identified as important for consideration in this project were obtained from
Kent Woodruff, Okanogan National Forest biologist, and Brent Frazier, Fremont National Forest biologist.
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Changes to wildlife habitat conditions resulting from treatment simulations were analyzed for nine species on the 
Okanogan National Forest:

northern goshawk (Accipiter gentilis)
Lewis’ woodpecker (Melanerpes lewis)
white-headed woodpecker (Picoides albolarvatus)
Williamson’s sapsucker (Sphyrapicus thyroideus)
Canada lynx (Lynx canadensis)
grizzly bear (Ursus arctos)
pileated woodpecker (Dryocopus pileatus)
northern flying squirrel (Glaucomys sabrinus)
Townsend’s big-eared bat (Corynorhinus townsendii)

Changes to wildlife habitat conditions resulting from treatment simulations were analyzed for seven species on the
Fremont National Forest (all of above except lynx and grizzly bear):

pileated woodpecker (Dryocopus pileatus)
northern flying squirrel (Glaucomys sabrinus)
Townsend’s big-eared bat (Corynorhinus townsendii)
northern goshawk (Accipiter gentilis)
Lewis’ woodpecker (Melanerpes lewis)
white-headed woodpecker (Picoides albolarvatus)
Williamson’s sapsucker (Sphyrapicus thyroideus)

Habitat Suitability Index (HSI) models were developed by the U.S. Fish and Wildlife Service for use in Habitat
Evaluation Procedures (USFWS 1980a, 1980b). These predictive models estimate the habitat quality of particular
patches or units (i.e. stands) for a given wildlife species based on a combination of variables (e.g. canopy closure,
snag density, basal area). For species of concern for which HSI models are not available, a second category of 
habitat models is used. These species habitat models are referred to as forest structural stage models or “species
source habitat matrix” models and were developed by the U.S. Forest Service (Wisdom et al. 2000b) for use with the
Interior Columbia Basin Ecosystem Management Project (ICBEMP).  These ICBEMP models are based upon
matrix tables that provide the source habitat types (combination of cover type and structural stage) for 91 terrestrial
vertebrate species within the interior Columbia River basin. Source habitats are defined as, “those characteristics of 
macrovegetation that contribute to stationary or positive population growth for a species in a specified area and 
time.”  A stand is categorized as either being a source habitat or not.  There is no consideration of marginal habitat.

HSI models for four bird species were used on both Forests:

Northern Goshawk

Aspect (Fremont only)

Basal area 

Quadratic mean diameter
Lewis’ Woodpecker 

Canopy cover

Snags
White-headed Woodpecker

Aspect

Canopy cover

Snags

Large ponderosa pine density

Number of pine species 
Williamson’s Sapsucker

Canopy cover

Snags
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Documentation of these models, including variable thresholds and HSI equations, can be found in Appendix D.  For
the Lewis’ woodpecker (Sousa 1982) and Williamson’s sapsucker (Sousa 1983), models were available from the
USFWS (2001).  Modifications were made to both of these models to facilitate their use in this project.  The changes
are documented in Appendix D.  The goshawk and white-headed woodpecker models were developed using
available scientific literature and discussions with species experts throughout the region (Weber and Cannings 1976;
Bull et al. 1986; Milne and Hejl 1989; Blair and Servheen 1993; Garrett et al. 1996).

Source habitat models for five species were used on the Okanogan and three were used on the Fremont:

Canada lynx (Okanogan only)
grizzly bear (Okanogan only)
pileated woodpecker 
northern flying squirrel
Townsend’s big-eared bat

Documentation of these models can be found in Wisdom et al. (2000b).  The matrix tables provide information on 
whether or not a given cover type/structural stage combination is source habitat for each species. Two of the seven
structural stages (stem exclusion – open canopy and old forest - single canopy layer) are omitted from some of the
cover types in the tables, therefore some interpolation is required to assign these stages as source habitat or not. For
example, in the interior ponderosa pine cover type (the only one to include all seven structural stages), stem
exclusion – open canopy and stem exclusion closed canopy are the only stages that are not considered source habitat
for the grizzly bear.  Therefore, stem exclusion – open canopy is not considered source habitat for this species in the
cover types where this stage is omitted.  Appendix D shows the source habitats for all five species, including the
assumptions that were made for some structural stages.

For the HSI models, LMS spatial and inventory stand attributes are used to calculate the HSI score for each stand for 
every combination of wildlife species, treatment, and time period.  LMS stand attributes are used to calculate the
cover type/structural stage for each stand for every combination of treatment and time period. An interface to LMS 
inventory files has been constructed to calculate whether or not each stand was source habitat based on its cover
type/structural stage for every combination of wildlife species, treatment, and time period. 

2.3 The Data

2.3.1 Current Vegetation Survey

Forest inventory data used in this project has been downloaded from the USFS’s Region 6 Current Vegetation
Survey (CVS) web site (URL http://www.fs.fed.us/r6/survey/). Since the 1930’s, the U.S. Forest Service has been
responsible for determining the extent, condition, volume, growth, and depletion of the Nation’s forests on a 
periodic basis.  CVS data collection locations with permanent plot clusters have been established on a 1.7-mile grid
over all national forests in Region 6. Information available at the individual plot level includes inventory year, stand
number, tree number, species, DBH, height, and crown ratio. 

Conditions on the Fremont and Okanogan National Forests were represented, simulated, and analyzed using the
Current Vegetation Survey (CVS) Occasion 1 data sets. Data for these national forests was collected during the
period from 1994 to 1996. Re-measurements of many plots occurred during successive panels of CVS Occasion 2,
but full re-measurement data was not available for both forests. As a result, CVS Occasion 1 data, with a base year
of 1995, was selected to provide the forest inventory information used to undertake the simulation analysis required
for this study.  The 1995 data were “grown” forward within FVS for one growth period of five years to 2000 to
bring data close to present time before treatment simulations were conducted.

The Fremont National Forest contains 601 total CVS plots.   Plots with dominant species by basal area of lodgepole
pine (Pinus contorta), ponderosa pine (Pinus ponderosa), or white fir (Abies concolor) were used in the analysis. 
Plots with other dominant species associated with higher-elevation long duration fire cycles or non-forested plots
associated with grasslands, rocky outcrops, or water were not considered in this analysis. For the Fremont National
Forest, 61 plots were dominated by juniper (Juniperus occidentalis). While these areas may well benefit from fuel
reduction, presently there is no growth model for this species. For this reason the plots dominated by juniper were
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not used to conduct treatment response simulations. However, an estimate of available juniper biomass based upon
representative volumes/acre is included in this report. Juniper harvests could augment feedstock supplies for
biomass-to-energy projects and juniper removals are considered likely to reduce overall forest fire risk (Swan 2002).
A total of 502 plots or 84% of the total plots for the Fremont National Forest (FNF) were selected as forested areas
to be evaluated for treatment simulations.

A total of 663 CVS plots were available from the Okanogan National Forest.  Plots used in the analysis were those
in which the dominant species, determined by basal area, was ponderosa pine, lodgepole pine, Douglas-fir
(Pseudotsuga menziesii), or western larch (Larix occidentalis). Plots with other dominant species associated with 
higher elevation long duration fire cycles and non-forested plots were considered not suitable and were removed
from the data set used for this analysis.   The number of plots used in the simulations for the Okanogan National
Forest (ONF) was 413 or 62% of the total available CVS plots.

The selected 502 plots (FNF) and the 413 plots (ONF) from the CVS database were used to create two forest
inventory datasets representative of the variety and distribution of forest age classes, densities, tree species, tree 
sizes, and crown characteristics present in the ONF and the FNF that would be subject to consideration for
hazardous fuel reduction treatments. For purposes of conducting forest-wide simulations, the data from each plot 
has been assumed to represent the inventory of a one-acre forest stand. Subsequently, the simulated FNF will have a
502 acre “forest” and the simulated ONF will have a 413 acre “forest”. To expand per acre volumes from CVS data
for landscape inventory estimates, one would use 1849.6 as an expansion factor resulting from the 1.7 mile grid used
to systematically distribute CVS sampling point locations.  Harvest and growth simulations for these two “forests”
will be conducted that have been designed to determine the relative performance of alternative fuel reduction
strategies as assessed by a variety of metrics that include risk reduction effectiveness, economic performance,
habitat displacement/creation, and carbon sequestration/release/offset.

2.3.2 Literature and Reports

An effort has been made to review pertinent elements of the scientific literature and various government reports in
order to achieve several informational goals identified by the research team as important to the results of this project.
In addition to general background information on the history and magnitude of wildfire risk associated with
overstocked forests, other information including but not limited to logging and hauling costs, forest product types
and values, Forest Service administration costs, Forest Service contracting authorities, community demographics
and infrastructures, etc. has been assembled to best inform this investigation. It is the hope of the authors that
referenced information collected as part of this project has broader educational utility to assist collaborative
processes seeking better achievement of wildfire risk reduction.

2.3.3 Personal Interviews

Many individuals generously contributed information founded upon their professional and personal experiences.
For example, operational cost estimates and log market reports provided by private contractors served to enrich the
quality of cost data from other sources.  Suggestions from local people on how to customize Forest Service contract
offerings for increased efficiencies proved to be essential for better understanding of operational possibilities
customized to local circumstances. The valuable insights provided to this project from personal interviews served to
underscore a recurring theme in this project: solutions will likely be based upon integration of anecdotal and
institutional knowledge that customizes treatment strategies to local conditions.

Table 2.1. Interviews

Sector Fremont Okanogan Total

Forest Service 10 13 26

State 3 6 9

Mills 6 3 9

Contractors 11 8 19

Organizations 6 5 11

Total 36 34 71
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2.4 Assessments of Initial Forest Conditions

2.4.1 Fire Risk Classification

High, moderate, and low fire risk was estimated for each CVS plot in the simulation dataset based on the Severe
Crowning Index assessment from the Potential Fire Report produced by FFE.  The Crowning Index indicates the
estimated wind speed in miles per hour (mph) at 20 feet off the ground that would initiate an active crown fire
assuming ignition of a surface fire. Assumptions required by the model include a temperature of 70 degrees
Fahrenheit and ‘very dry’ moisture conditions (Crookston, Beukema et al. 2002).  Results from the crowning index
estimates for each stand were sorted into one of three risk classes.  Lower wind speeds indicate greater risk. If the
crowning index was less than or equal to 25 mph, then the plot was considered to be in the high fire risk category.
Moderate risk stands were those with a Severe Crowning Index greater than 25 mph, but less than or equal to 50
mph.  Low fire risk stands were those with a crowning index greater than 50 mph.  Very young or clearcut stands
function outside of the range of the model and subsequently record Severe Crowning Indices less than zero.  To
accommodate this model behavior, stands with a crowning index below zero are classed as low risk.

Table 2.2  Fire Risk Classifications

Fire Risk Classification Severe Crowning Index

Low > 50 MPH & < 0 MPH

Moderate > 25  50 MPH

High  25 MPH

It should be noted that risk classifications are arbitrary thresholds useful and necessary for comparative analysis but
that they may very well understate the risk at the margins.  The word moderate properly segments a risk difference
between high and low although the risk of a fire from wind speeds only slightly higher than 25 MPH might not be
considered a moderate risk by many publics. It is in part for this reason that performance comparisons for treatment
alternatives were reported in this investigation for high and moderate as separate risk classes and then combined as 
the total area to be considered for risk reduction treatments.

The initial 1995 fire risk distribution for the Fremont and Okanogan National Forests was reported as the percentage
of CVS plots in each of the fire risk categories for 1995 prior to any treatment or growth simulation. Fire risk 
distribution was similarly reported for projected and treated plot inventories at each growth cycle. For purposes of
simulations to demonstrate comparisons between treatment alternatives only the plots with high and moderate initial
classification were treated. Low risk areas did not receive treatment simulations since treatments of low risk areas
would logically be considered unnecessary or of low priority. While some low risk areas may experience increases
in risk over time most low risk areas appear to be either very young small diameter forests or rangeland/forest
interface with sparse distributions of forest inventories that are unlikely to require fuels reductions at the time of this 
study.

2.4.2 Forest Structure

Forest structure was determined using an approach utilized by the Business Bureau of Economic Research at the
University of Montana in “A strategic assessment of fire hazard in Montana” (Fiedler et al. 2001). This canopy 
structure classification system identifies stands as being single-layered, two-layered, multi-layered, or scattered.
Five potential layers could be present in a stand, based on a minimum amount of basal area in a diameter size class.
The sapling size class required at least 5 square feet of basal area in trees with less than 5” DBH to be present. The
pole, medium, large, and very large size classes included trees within a DBH range of 5-9”, 10-15”, 11-20”, and
greater than 20”, respectively.  These size classes required at least 10 square feet of basal area to be present to be
considered as a canopy layer.  Stands classified as single- and double-layered had one and two size class layers
present, respectively.  Multi-layered stands had more than two layers present.  Scattered stands had no layers present
and at least 25 square feet of basal area in the stand.  Using this system, each plot was classified in 1995.  The initial 
stand structure distribution for each landscape was determined as the percentage of plots in each category.
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2.4.3 Forest Type

Forest type for the Fremont National Forest was determined based on criteria provided by the Sue Puddy, the
Silviculturist at the Fremont National Forest.  This classification system identified plots by dominant species and
structure.  The categories were Ponderosa Pine Closed, Ponderosa Pine Moderate, Ponderosa Pine Open, Ponderosa
Pine Very Open, Juniper, Lodgepole Pine, Mixed Closed, and Mixed Open.  Plots with at least 12 ponderosa pine
trees per acre (TPA) with a DBH greater then 14” were classified as one of the Ponderosa Pine types.  The canopy
closure algorithm by Crookston and Stage (1999) was then used to distinguish Ponderosa Pine Closed (greater than
50% canopy closure), Ponderosa Pine Moderate (35-50%), Ponderosa Pine Open (25-35%), and Ponderosa Pine
Very Open (less than 25%). Plots with greater than or equal to 70% of the TPA in juniper were classified as Juniper.
The Lodgepole Pine forest type was defined by plots with greater than or equal to 50% of the total TPA in lodgepole
pine and less than 15% of the total TPA in ponderosa pine trees with a DBH greater than 10”.  Plots in the Mixed
forest types were classified as not meeting any of the above criteria. Mixed Closed plots had greater than 40%
canopy closure.  Mixed Open plots had less than or equal to 40% canopy closure. Forest type distribution for both
the Fremont and Okanogan National Forests were reported as the percentage of plots in each structure type in 1995.

Forest type classifications for the Okanogan National Forest were used to sort the percentage of plots in Cold Dry,
Dry, Mesic, and Moist conditions. Cold dry forests typically have mixed mortality fires in an elevation range from
6000-7200 ft. Dry forests have 7.5-50 year fire return intervals and are found from 1,200 to 5000 ft. Mesic forests
experience weather driven catastrophic fire events every 100 or more years found in a wide elevation range from
1800-6000 ft. Moist forests are 100 to 300 year fire return interval found in mid elevations of 3000-4500 ft
(Northeastern Cascades Late-Successional Reserve Assessment Team 1998).  The forest type was determined using
plot locations, which are UTM coordinates, for each CVS plot which were “joined” in the GIS with a forest type
layer provided by John Townsley, the Silviculturalist at the Okanogan National Forest.

2.5 Growth, Treatment, and Wildfire Simulation 

To analyze the relative effectiveness of alternate harvest treatment intensities on fire risk reduction and the 
subsequent economic results, four silvicultural prescriptions were developed to conduct harvest simulations for each
CVS plot for the Fremont and Okanogan National Forests. A No-action simulation of growth without disturbance
and a Wildfire simulation where all acres were ignited were conducted to represent opposite ends of a control
spectrum to evaluate do nothing verses the consequences of potential fire disturbances verses effectiveness of the
risk reduction treatments.  The four harvest treatments were selected to span a range of removal intensities,
removing various categories of trees from the very small to the very large and with both fixed and variable density
targets.  The treatment alternatives were selected, as well, to be readily comparable to simulation findings emerging
from other fire risk reduction research projects. All harvest simulations growth projections were done using variants
of FVS within LMS. The East Cascades (EC) Variant of FVS was used for the Okanogan inventories, and the South
Central Oregon and Northeastern California (SORNEC) Variant of FVS was used for the Fremont inventories.
Simulated treatments were conducted in 2000. Post-treatment inventories were grown forward to 2030 using 5-year
growth simulation periods. A set of results were developed with and without ingrowth. Alternatives models included
No-action (no treatment or disturbance within the study period), four different harvest treatments, and a wildfire
simulation.

The six treatment prescriptions that were developed to investigate the response of different forest types to different
treatment strategies include:

No-action (No action). This prescription assumes no harvest activities and no wildfire for the duration of the
simulation period. While no wildfire seems an unrealistic expectation, this simulation is valuable to display
increases in risk for the forest landscape over time.

Remove 9” and Under (9 and under). This prescription harvests all trees 9” in diameter at breast height (DBH) and
smaller.  This treatment represents an approach in use by the Forest Service and recommended by Babbitt and 
Glickman in 2000.

Remove 50% BA, From Below (Half BA). This treatment is a removal of half of the total basal area (BA)/acre by
removing the smallest trees (thinning from below).
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Leave 45 sqft BA, From Below (BA 45). This treatment is intended to simulate restoration of savannah-like
conditions that are similar to what has been described in literature as the pre-settlement open-stand conditions that
resulted from frequent but low wildfires (Agee 1993). In the FNF, all ponderosa pine were left standing, while in the
Okanogan both ponderosa pine and western larch were favored as leave trees. In both cases, these species were
selected for retention in order to help restore these forests to what is considered to be an open pre-settlement
condition dominated by thick bark fire tolerant species. For an example of what BA 45 means as a management
target consider that if  trees are approximately 12” DBH then at BA 45 approximately 57 trees per acre (TPA) would
be left after harvest.  TPA = BA/DBH2*.005454

Remove 12” and Greater, From Above (12 and over). This treatment is to simulate harvest designed to maximize
economic return by taking the largest and most valuable trees that are 12” DBH and larger. This practice was
commonly known as “high grading” in the first half of the twentieth century.  This simulation conservatively
estimates the value of stand inventories at risk from wildfire.

Wildfire Simulation (Wildfire). This simulation is undertaken to demonstrate the levels of mortality for different
stand inventories that might be associated with wildfire.  The wildfire was simulated using the FFE extension within
FVS. Burn conditions to be specified in the model were a temperature of 70 degrees Fahrenheit, a wind speed at 20 
feet in the stand of 20 miles per hour, and nominal moisture levels of “very dry” (Crookston, Beukema et al. 2002).
All treatments and the wildfire simulation occurred in year 2000. The four thinning treatments modeled included a 
removal of all trees with a DBH less than or equal to nine inches (9 and under); a thin from below removing 50% of
the original basal area (Half BA); a thin from below with a residual basal area target of 45 square feet favoring
ponderosa pine and western larch (BA 45); and a removal of all trees with a DBH greater than or equal to 12 inches
(12 and over).

Results were produced for each alternative with and without regeneration to simulate either controlled burn fuel
removal or fire risk impacts associated with accumulating fuel loads from ingrowth. Simulations with regeneration
were modeled to have a stocking level of 500 trees per acre 4 years after a treatment or wildfire. The distribution of
species for the new seedlings was based on the distribution of species by basal area in the residual stand. No-action
simulations received no regeneration. All simulations including No-action utilize FVS to “grow” existing
inventories (including regeneration where applicable) forward through time to the end of the simulations period at 
2030.

2.6 Analysis of Economics

Each of the four harvest alternatives were also analyzed to examine the positive or negative net revenue that resulted
when estimated harvest and hauling costs were subtracted from the gross revenues from sale of estimated log yields.
Interviews provided a range of primary data regarding local logging and hauling costs and log values by grade and 
species per thousand board feet (MBF). Secondary data was also gathered from available Forest Service documents
and market reports that show the current market opportunities and trends of historic log prices. The collected cost
information for operational costs/acre, and average log values/MBF that were incorporated into the economic
evaluation of the treatment alternatives examined in this project are described later in the text. Within LMS, a
bucking algorithm was used to optimize estimates of log segments that result from trees harvested in simulated
silvicultural treatments.  Estimated volumes of logs by grade and species from harvest simulations were multiplied
by delivered log prices to estimate gross harvest revenue for each stand (plot).  The gross and net revenue per acre 
were computed based upon subtraction of local logging and hauling costs from local market log values by species 
and grade. In some cases, effective fuel reductions required the removal of non-merchantable small diameter trees.
Where this was the case an additional operational cost/acre referred to in this study as pre-commercial thinning
(PCT) was charged against gross revenues to complete the economic analysis for each stand.  The gross log
value/acre minus the logging, hauling, and (PCT) costs equals net economic return per acre. Estimates of preparation,
administration, and litigation costs to the USFS are not considered in this economic analysis but have historically
been significant as noted in the USFS publication “The Process Predicament” (USDA Forest Service 2002).

2.6.1 Conversions

To utilize the specific logging costs, hauling costs, and log value estimates that were gathered from interviews and 
publications, some numbers required conversion from tons to thousand board feet. Forestry professionals from both
National Forests were interviewed for the appropriate conversion factor to use. Weight to volume conversion factors
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are by nature variable due to water content in log, tree species, and time since the log has been felled. A conversion
rate of 7 tons/MBF was agreed to be most generally representative and was selected to be used to convert some costs
and values based on tonnage into $/MBF. Table 2.3 shows the range of conversion factors that resulted from local
interviews (local interviews 2002).

Table 2.3.  Tons per Thousand Board Feet (MBF) for Eastern Washington and Oregon

High Low Average

5.6 8.6 7

2.6.2 Logging and Hauling Costs

Nineteen logging contractors were interviewed in Oregon and Washington. These loggers were willing to share
information on the logging equipment mixes that they have, the costs to log with their equipment, and the cost to 
haul the wood to the mill. The haul costs were assigned based on the interview results according to the average haul
the loggers suggested for each forest. Harvest operations costs estimates collected from these contractors include
both cable and ground based logging operations. Table 2.4 shows the high and low logging, hauling, and PCT costs
per acre. These costs were assigned by calculating an average of all the high and low operations costs collected from
contractors for each forest. These figures were used for economic valuation of thinning simulations for the FNF and
ONF. The PCT costs are included to estimate the range of costs required to thin some of the non-merchantable stems
in conjunction with the removal of any merchantable material. A low PCT cost of $300/acre and a high of $500/acre
were used to simulate treatment of non-merchantable material as part of fuel reductions in any stand with greater 
than 200 TPA 6” in diameter or smaller. The interviews with contractors and USFS employees suggested 200 TPA,
of submerchantable material as the threshold of when PCT costs become a realistic addition to logging costs. PCT
costs include removal of submerchantable material to the road or landing. This material could be used as biomass
fuel for energy generation, but has historically not been economically feasible to remove to a conversion site.

Table 2.4. FNF and ONF Low and High Logging, Hauling/MBF and PCT Costs per Acre

Harvest Type by Location Low High

Fremont Cable $160 $246

Fremont Ground $132 $217

Okanogan Cable $210 $296

Okanogan Ground $182 $267

Pre-Commercial $300 $500

There is a high degree of variability in logging and hauling costs suggested by interview respondents. To
demonstrate a representative range of potential operations costs, simulated harvest yields were analyzed for both
high and low cost for the four thinning treatments. Interviews with many employees in the Forest Service,
Department of Natural Resources, and Oregon Department of Forestry served to confirm contractor cost estimates
and validate the range of costs per acre. Several factors including equipment, terrain, contract specifications, and
density of stand are known to influence operation cost variability.  In addition, many of those interviewed
commented on their experiences logging for the USFS compared to logging on private land. Some contractors
reported that higher operations charges were necessary to profitably operate on federal forests as opposed to private
or state owned forest lands. Other contractors reported that as a result of unfavorable experiences with USFS
contracts that they only work on private land now. Interview comments suggested that the many complicated factors
regarding contract requirements for harvest activities on federal lands have made such operations difficult and 
expensive.

2.6.3 Mill Log Values

Logs that are removed during fuel reduction thinnings, can include a mixture of non-merchantable trees, pulp logs
and sawlogs. Interviews with mills around the FNF and ONF were combined with log price market reports to 
estimate delivered log prices. Prices in this study are current as of August 2002. Table 2.5 shows the average prices
by grade and species collected from nine mills and three regional log value reports.
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Table 2.5.  Regional Log Sort Values $/MBF Used for Economic Valuation

FNF Sorts PP DF LP RC WP ES WF GF AF WL WH

Pulp 100 122 122 122

Hewsaw 452

Saw 4 400

Saw 3 530

Saw 2 575

Saw 1 625 270 300

ONF SORTS PP DF LP RC WP ES WF GF AF WL WH

Pulp 100 100 100 100 100 100 100 100 100 100

Hewsaw 350 350 322 377 343 350 336 336 350 336

Saw 4 331 462

Saw 3 487 525

Saw 2 525 410 289 585 343 300 300 300 410 300

Saw 1 800 479 375 711 628 428 330 330 479 330

2.6.4 Net Revenue Calculation

Volumes of harvest were simulated for alternative thinning treatments and divided to estimate potential yield
volumes by species and grade estimated by the bucking algorithm in LMS. Estimates of merchantable volumes of
pulp and sawlogs were divided by species and grade. Each species and grade volume was multiplied by the assigned
price per MBF. Gross estimated revenues from log sales were determined for each stand and for each treatment
alternative by summing species and grade returns for each stand. Treatment costs were subtracted from gross
revenue from log sales to determine net revenue. The average net revenues for each treatment type by risk class
were calculated for comparison with risk reduction success resulting from each treatment alternative. Risk reduction
and the associated economic results when compared for each treatment alternative are presented to offer dual 
measures of effectiveness. Such comparisons are valuable to foresters planning treatments for maximum risk
reduction at least cost. Since harvesting and hauling contractor costs are subtracted from gross revenues, the
resultant positive or negative net return from each treatment simulation may be considered indicative of either
potential timber sale revenues (theoretical bid maximums in excess of operational costs in the case of a positive
returns) or stewardship costs for risk reduction (while logs may not be profitable from a timber sale prospective they
do have sufficient value to discount fuel reduction costs when included in a combined goods and services
transaction). Neutral returns mean that the value of the logs harvested will cover the risk reduction treatment costs
but do not have sufficient value to warrant a timber sale offering. In some cases foresters may want to combine
treatments and stands such that the positive revenues available from one stand fuel reduction harvest can be used to 
offset the negative revenues associated with another stand fuel reduction harvest. This may be done to create a
service contract that is cost neutral or a timber sale where the harvest value of some stands carries the cost of fuel
reductions for other stands and still yields positive revenue.

2.6.5 Market and non-market values of fire risk reduction

Removal of small diameter trees to reduce hazardous fuel conditions is known to be costly.  Large trees can be
removed for their lumber and other product values as reflected in the market; however, the market value for the 
smaller logs is often less than the harvest and hauling charges.  However, failure to remove small diameter logs
results in the retention of ladder fuels that support the transfer of ground fire to crown fire and aggravate negative
wildfire impacts to the landscape.

Unfortunately, the market does not automatically reflect the value of negative environmental consequences that
result from crown fires. If the negative impacts that result from crown fires were fully reflected in the market, there
would be high motivation to avoid them, providing the necessary incentive to remove high fuel loads in spite of the
cost. There are many non-market values associated with reduction of fire risk that should be important to forest
owners and to society at large. For example, the cost of fighting fire could and should be considered a cost of not
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removing high fuel loads. Similarly, there is the value of avoiding facility losses and fatalities.  Communities value a 
lower fire risk and reduced smoke.  Habitats for threatened and endangered species are valued by many publics but
may be lost to wildfires.  Fires reduce the carbon stored in the forest and the opportunity to produce long lasting
pools of carbon stored in products.  Fires prevent the use of biomass for energy conversion and green energy credits.
Regeneration after fires is problematic and costs are high. Post-fire rehabilitation is needed to avoid serious erosion
and water contamination from excessive sediment.  Surface water consumed by overly dense stands could be saved
for other uses such as salmon habitat, municipal reservoirs, and irrigation.  There are also forgone rural economic
development benefits from the taxes and rural incomes that result from fuel reduction harvest and utilization. Since
economic activity in these regions has been in decline as a consequence of the policies to lower federal harvests, any
reduction in unemployment has higher than normal leverage on state and local finances by lowering assistance costs.

There may be some negative impacts from fire risk reduction activities offsetting these benefits such as root damage
to the trees that are being left in the overstory.  These factors need to be considered as possible offsets to the benefits
of lowering the risk of infestations and decease caused by high stand densities. A complete benefit cost analysis
would attempt to determine the broader benefits and costs of fire risk reduction treatments.

The purpose of this study has been to assemble technical tools and methodologies to assist the design and
management of fire risk reduction activities for integration of a suite of public values through strategies customized
to local conditions. A review of available literature has been undertaken to develop estimates of non-timber market
and non-market values to inform a comprehensive cost/benefit analysis of fuels reduction treatment alternatives.
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3. CASE STUDY SITE DESCRIPTIONS

The Fremont National Forest (FNF) in Oregon and the Okanogan National Forest (ONF) in Washington were
selected as study areas for this project. Both of these National Forests are located within the dry interior portion of
the western United States. Both of these forests are thought to have had frequent fire return cycles, prior to European
settlement, that created many areas that were dominated by open stands of ponderosa pine (Fremont National Forest
2003; Okanogan National Forest 2003). Both the FNF and the ONF contain substantial acreages of overstocked
forests that are considered to be at risk from wildfire Table 3.1. Both National Forests have experienced destructive
wildfires in recent years. The communities surrounding these two forests provide a variety of infrastructure options
to remove fuel from overstocked stands. However, the logging, transportation, and processing of low value smaller
wood has historically not been profitable. The rural communities surrounding these forests have experienced double-
digit unemployment and economic declines due to job losses associated with reductions in federal timber harvest
volumes. Individuals, organizations, and businesses from both areas demonstrated interest in this investigation and
contributed valuable reference information through personal interviews. The citizens of these local Oregon (OR) and
Washington (WA) communities appear eager to meet the challenge to remove the fuel from forests with a high fire
danger.

Table 3.1.  Acres in Initial Fire Risk Class for Forests on FNF and ONF

National Forest High Moderate Low Total

Fremont 284,838 436,506 207,155 928,499

Okanogan 216,403 369,920 177,562 763,885

3.1 Fremont National Forest

The FNF is in the south central dry interior of the state of Oregon. There are several rural communities surrounding
the FNF boundary. The forest lies roughly between the towns of Lakeview, Klamath Falls and Bend, Oregon just
north of the California/Oregon border (Figure 3.1).  The majority of the 1,198,301 acres within the boundary of the
FNF are in Lake County which is 8,359 square miles. The population of Lake County is 7,470 and neighboring
Klamath County is 64,116 (US Census Bureau 2003). The town of Lakeview is at the Southeastern corner of the
FNF close to the California border and has a population of 2,800 (Fremont National Forest 2003). Lake County
has .9 people per square mile. The unemployment rate for 2002 was 8.7% and it was 10.4% in 2001. The high for
the 1990’s was an unemployment rate of 12.2% (Lake county 2003).  “Lake County was also the only county in the
state that experienced a net job loss during the 1990’s” (Kauffman 2001).

The forest includes wildlife and tree species adapted to the climate and elevation variation from 5,000 to 7,000 feet
with mild terrain on slopes roughly 40% and less. About half the FNF is a mixed open forest type; see Figure 3.2,
with multi-structured canopies.  See Figure 3.3 with Elevation Class Distributions.
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Figure 3.1.  Fremont National Forest Boundaries 

Figure 3.2.  FNF Forest Type Distribution   Figure 3.3.  FNF Elevation Class Distribution
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  Figure 3.4.  FNF Canopy Structure Distribution Figure 3.5.  FNF Dominant Species Distribution

Half of the forest plots have greater than 500 trees per acre (TPA). The basal area per acre (BA) ranges from less
than 50 ft2/acre to over 250 ft2/acre. The most abundant quadratic mean diameter (QMD) class is four inches. See
Figures 3.6, 3.7, and 3.8.  The major tree species include ponderosa pine, juniper, lodgepole pine, and at higher
elevations white fir. Most of these trees are adapted to summer drought and extreme temperature fluctuations due to
the nature of the arid region (Fremont National Forest 2003). The 10-20 inches of average precipitation occur from
the autumn through the spring and as a result the summers are dry and hot. Of the 502 plots on the FNF the fire risk
distribution is 154 high, 236 moderate, 112 low risk. Figure 3.9 shows high (30.7%), moderate (47%), and low fire
risk (22.3%) as a percentage of total forest of total forest acreage.

Figure 3.6.  FNF TPA Class Distribution  Figure 3.7.  FNF QMD Class Distribution
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Figure 3.8.  FNF BA Class Distribution Figure 3.9.  FNF Risk Distribution

The results of risk analysis conducted with FFE indicate that 77.8% (390 plots/stands) of FNF is presently in a 
moderate to high risk condition with 30.7% (154 plots/stands) of the FNF considered to be high fire risk forests.
There is 22.3% (112 plots/stands) of FNF in the low risk classification.  The FNF has experienced destructive
wildfires in recent years. In 2002 over 125,000 acres of the FNF burned due to wildfire (local interviews 2002).

In 2001 22 MMBF were harvested from FNF (local interviews 2002). There is one mill in Lakeview, Oregon.
However, as many as 4 mills in the surrounding area receive logs from the FNF. The Fremont National Forest also
has a sustained yield unit, and a network of local publics and non-profit organizations working to maintain forestry
infrastructure.

3.2 Okanogan National Forest

The Okanogan National Forest (ONF) is located in north central Washington. In 2000, the ONF was merged with 
the Wenatchee National Forest to become the Okanogan-Wenatchee National Forest. Okanogan is the northern
portion of what is now the Okanogan-Wenatchee NF. Figure 3.10 shows the original Okanogan National Forest
boundary. The Okanogan National Forest consists of 1,226,550 acres total that are spread across four counties
including Skagit, Whatcom, Okanogan, and Chelan counties. The population is most concentrated around the towns
of Omak and Okanogan. Several of the other towns close to the forest include Oroville, Tonasket, Twisp, Brewster, 
Winthrop, Chelan, and Leavenworth. The population in 2001 for Okanogan County was over 20,100 and for Chelan
County 67,000 (US Census Bureau 2003). The unemployment rate for the past ten years has been over 10% for
Okanogan County. In 2000 it was 11% and 2001 it was 10.8%.

ONF is predominately a dry forest type.  The ONF has some rugged terrain located from 3000 to 6000 feet in
elevation. The Okanogan National Forest is dominated by multi-structured Douglas-fir, lodgepole pine, ponderosa
pine, and western larch  with a QMD of less than 12”. The BA per acre of the forest plots ranges from less than 25
ft2/acre to more than 200 ft2/acre. Tree densities for the majority of the forest plots range from 250 to 4000 TPA
(See Figures below).
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Figure 3.10.  Okanogan National Forest Boundaries

Figure 3.11.  ONF Forest Type Distribution    Figure 3.12.  ONF Elevation Distribution
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Figure 3.13.  ONF Canopy Structure Distribution  Figure 3.14.  ONF Dominant Species Distribution

Most of these trees in the ONF are adapted to summer drought; high summer temperatures of 90 degrees Fahrenheit
are not uncommon (Okanogan National Forest 2003). The 20-40 inches average precipitation occurs from the
autumn through the spring with summers that are dry and hot (local interviews 2002).

 Figure 3.15. ONF TPA Class Distribution   Figure 3.16. ONF QMD Class Distributions
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Figure 3.17.  ONF BA Class Distribution Figure 3.18.  ONF Risk Distribution

Results of FFE analysis of the ONF data in Washington indicate that of the 413 stands total, 117 (28.3%) are
classified as high risk, 200 stands (48.4%) are moderate risk, and 96 stands (23.2%) are low fire risk.  There have
been large fire years in the past decade in 2000 and 1994 on the ONF.  The mills and infrastructure surrounding the
ONF are further distances away from the forest as compared to the mills around the FNF. Subsequently, the haul
distances and costs required to transport the wood to processing facilities are normally higher in the ONF than in the
FNF. There are also a wider variety of species in ONF that, with fuel reductions treatments, may potentially be
available for harvest yet may require long-distance hauling to a wide variety of mills. Federal harvest reductions
have been more dramatic in the ONF than the FNF.  Today the ONF harvest is only a fraction of a percent of the 10
year average reported in the 1989 Okanogan National Forest Plan. The total harvest on the ONF for 2001 was .1
MMBF. Whereas in 1989 the 10 year average harvest volume was 71 MMBF for the Okanogan National Forest
(Okanogan National Forest 1989).
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4. RESULTS

4.1 Fire Risk Results

4.1.1 Fremont National Forest

As shown in Figure 3.9, 30.7% (154 plots) of the 502 plots on the FNF are in high fire risk classification. There
appear to be some common characteristics of high fire risk stands on the FNF.  High risk stands have thin bark
species and multi-layered canopies that are indicators of past fire suppression (Agee 1993).  Figures 4.1 and 4.2
display the species and structure distribution within high fire risk stands on FNF.  The majority of the stands
designated as high fire risk are white fir dominated (53.2%) and have multi-layered canopies (94.2%). The presence
of white fir, a thin barked shade tolerant and fire intolerant species, as well as, multi-layered canopies would indicate
that wildfire has been successfully suppressed and that the current condition is not reflective of historic frequent
ground fire conditions (Hopkins 1981).

A     B

Figure 4.1. FNF High Risk Species Distributions Figure 4.2. FNF High Risk Structure Distributions

Conversely, the low risk stands are dominated by ponderosa pine and scattered canopy structure. The presence of
ponderosa pine (Figure 4.3) and scattered structures (Figure 4.4) might suggest that some low risk stands could be
rangeland/forest interface with a low density of residual overstory trees.  See the Appendix B for a full set of tables
and charts that display initial and post-treatment forest conditions for FNF.
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  Figure 4.3.  FNF Low Risk Species Distributions  Figure 4.4.  FNF Low Risk Structure Distributions

Treatment simulations results indicate that the thinning treatments, Half BA and BA 45, may be the most effective 
in reducing fire risk in high and moderate risk forests. After the Half BA treatment, 55.4% of high and moderate risk
forests were transitioned to low risk while after the BA 45 treatment, 63.8% of high and moderate risk forests were
transitioned to low risk. This is compared with the 9 and under treatment which results in 22.1% of the high and
moderate stands in the low fire risk category after treatment. The 12 and over treatment results showed a transition
of 20.5% of high and moderate risk stands to low risk.

Table 4.1 a,b,c. FNF Post-treatment Conditions for Stand Originally in High and Moderate Risk Classes
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emont 2000 Without Regen High & Moderate Risk Groups

ean Treatment Effects

reatment Mean TPA Mean QMD Mean BA Risk change High Risk Multi Str. PP

trees change %change inches change %change sqft change %change to Low Plots Change Change

tion 940 6.4 113

66 -874 -93 14.7 8.3 129.5 80 -34 -29.7 -86 53 -118 4

fBA 43 -897 -95.5 17.9 11.5 179.4 57 -57 -50 -216 10 -254 17

63 -877 -93.3 18.3 11.9 186.4 45 -69 -60.6 -249 3 -284 65

ver 907 -33 -3.5 4.4 -2 -31.5 53 -60 -52.8 -80 124 -148 -45

ildFire 0 -940 -100 12.9 6.5 101.4 1 -113 -99.5 -390 0 -318 47

emont 2000 Without Regen High Risk Groups

ean Treatment Effects

reatment Mean TPA Mean QMD Mean BA Risk change High Risk Multi Str. PP

trees change %change inches change %change sqft change %change to Low Plots Change Change

tion 1220 5.9 151

82 -1138 -93.3 15.3 9.5 160.6 104 -47 -31.3 -21 53 -53 -3

fBA 53 -1167 -95.6 18.8 12.9 219.9 76 -76 -50 -42 10 -102 17

37 -1184 -97 21.8 15.9 270.2 45 -106 -70.2 -110 3 -129 45

ver 1180 -40 -3.3 4 -1.9 -32.2 72 -80 -52.6 0 116 -49 -16

ildFire 0 -1220 -100 7.2 1.4 23 0 -151 -99.9 -154 0 -147 7

emont 2000 Without Regen Moderate Risk Groups

ean Treatment Effects

reatment Mean TPA Mean QMD Mean BA Risk change High Risk Multi Str. PP

trees change %change inches change %change sqft change %change to Low Plots Change Change

tion 757 6.7 88

56 -701 -92.6 14.2 7.5 111.7 64 -25 -28 -65 0 -65 -3

fBA 35 -722 -95.3 17.2 10.5 156.3 44 -44 -50 -174 0 -152 0

80 -677 -89.4 16 9.3 138.4 44 -44 -49.9 -139 0 -155 20

ver 730 -27 -3.6 4.6 -2.1 -31.2 42 -47 -53 -80 6 -99 -29

ildFire 1 -757 -99.9 16.6 9.8 146.2 1 -88 -99 -236 0 -171 48

390 stands

154 stands

236 stands

Table 4.1 a,b,c presents a tabular summary of the comparative results of treatment simulations for the FNF. On the
Fremont National Forest, the Wildfire simulations for high and moderate risk stands resulted in close to 100%
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mortality as evidenced by post-treatment trees per acre (TPA) displayed in Table 4.1 a,b,c. Half BA and BA 45
resulted in the highest post-treatment quadratic mean diameter (QMD).  For the high risk stands, BA 45 resulted in
the greatest reduction in basal area (BA) other than Wildfire but coincidentally had approximately the same post-
treatment BA for moderate risk stands as Half BA because mean initial BA was 88 ft2/acre. BA 45 resulted in the
greatest number of stands from both high and moderate risk classes that after treatment were no longer in the
multiple canopy structure. BA 45, because of its requirement to retain ponderosa pine, resulted in the largest
number of stands dominated by ponderosa pine after treatment.

Stands designated as in a high risk forest condition logically represent those forested areas with the most opportunity
and the greatest need for fire risk reduction. Figures 4.5 and 4.6 on the following pages are presented to demonstrate
graphic presentation of post-treatment risk reduction comparisons for high risk stands. As graphic presentation of
Table 4.1 b, Figure 4.6 shows that the greatest reduction of risk that results from fuel removal treatments in high risk
forests occurs with the BA 45. Figure 4.5 shows the response to treatment with regeneration included in the 
simulations. This is equivalent to thinning and not planning any future fuels reduction treatments such as thinning or
burning to control fuel build up from regeneration ingrowth. Subsequently, 15 to 20 years after fuel reduction
treatments, fire risk begins to increase dramatically, suggesting that entries for ingrowth removals should commence
10-15 years after treatment to prevent future risk increases.

Conversely, Figure 4.6 is intended to display the forest risk through time as it might be with a control burn program
to remove risk from ingrowth. Reductions in risk are maintained into the future by excluding regeneration from the
simulations. Amongst the high risk stands both the BA 45 and the Half BA treatments reduce risk in most of the
stands; 151 or 98.1% of the BA 45 and 144 or 93.5% of the Half BA treated stands moved from high risk to either
moderate or low risk status. However, the BA 45 treatment resulted in many more stands dropping from high to low
risk status than the Half BA treatment. 110 plots (71.4%) went from high to low risk for the BA 45 treatment while
only 42 plots (27.3%) went from high to low risk as a result of the Half BA treatment. The post-treatment growth
simulations without regeneration for stands originally at high risk indicate that the number of stands in low risk
classification actually increase slightly in the first cycle (average 4-5% depending on treatment) over time for the
FNF, see Appendix B.  This may be due to reductions to ladder fuels associated with growth of leave trees. See
Appendix B for the full set of fire risk response results for FNF.

All three thinning from below treatments result in substantive risk reduction as does the Wildfire simulation.  The 12
and over treatment does result in some risk reduction but does not result in any stands changing from high risk to
low risk.  Post harvest risk after 12 and over treatments increases, even without regeneration, back to high risk
classification. No-action simulations result in net risk increases on high and moderate stands in the FNF. The
Wildfire simulations result in near total mortality from crown fires in both high and moderate fire risk stands on
FNF.
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Figure 4.5.  FNF High Fire Risk Response to Six Simulations with Regeneration
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Figure 4.6. FNF High Fire Risk Response with No Regeneration after Treatment 
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4.1.2 Okanogan National Forest

As shown in Figure 3.18, high fire risk stands comprise 28.3% (117 plots) of the Okanogan National Forest stand
data examined in this investigation. The most prevalent species in all ONF stands is Douglas-fir (64.2%). While
Douglas-fir is not necessarily a thin barked species in inland west ecosystems it functions as a late seral shade
tolerant species present when fire return cycles become infrequent (Agee 1993). Within high fire risk stands in the
ONF, the percentage of stands dominated by Douglas-fir is (72.7%) and multiple canopy layers (89.7%) are the
dominant forest structure.  Both FNF and ONF appear to have high risk forest characteristics of multi-storied canopy
and late seral dominant species that are likely a result of prolonged fire exclusion.

A

Figure 4.7. ONF High Risk Species Distributions   Figure 4.8. ONF High Risk Structure Distributions

Figure 4.9.  ONF Low Risk Species Distributions Figure 4.10.  ONF Low Risk Structure Distributions
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While low risk stands in the ONF are also dominated by Douglas-fir they appear to have a higher percentage of 
ponderosa pine and western larch than high and moderate risk areas. The dominant canopy structure is scattered.
See Appendix C for the full set of tables and charts that display initial and post-treatment forest conditions for ONF.

The response of the high and moderate risk classes to treatment simulations indicates that the treatment, BA 45, was
the most effective in reducing the risk. Post-treatment results for BA 45 show 72.5% of high and moderate stands
transitioned to low risk status.  The Half BA treatment resulted in 56.2% of stands going to low risk after treatment.
This is compared with the 9 and under which resulted in 35% of the stands in the low fire risk category.  The 12 and
over treatment resulted in 17.4% of high and moderate risk stands going to low risk, however, as with the FNF, most
of these stands originate as moderate risk and rapidly return to higher risk.  No-action resulted in increased numbers
of stands in high risk over time.

Table 4.2 a,b,c.  ONF Post-treatment Conditions for High and Moderate Risk Classes
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Action 1153 5.3 114

nder 66 -1087 -94.3 13.9 8.7 164.7 71 -43 -37.8 111 26 -139 13 4
lfBA 61 -1092 -94.7 16.1 10.8 205.3 57 -57 -50 178 13 -218 15 9

117 -1036 -89.9 15.5 10.2 194.2 45 -70 -60.9 230 3 -231 34 24
ver 1122 -31 -2.7 3.8 -1.5 -28 64 -51 -44.3 55 92 -110 -4 -8

ildFire 40 -1113 -96.5 13.1 7.8 148.7 23 -91 -79.8 226 39 -218 26 8

anogan 2000 Without Regen High Risk Groups
n Treatment Effects

reatment Mean TPA Mean QMD Mean BA Risk changHigh Risk Multi Str. PP WL
trees change %change inches change %change sqft change %change to Low Plots Change Change Change

Action 1346 5 138
nder 74 -1272 -94.5 13.4 8.4 167.7 75 -63 -45.8 37 26 -66 5 1

lfBA 93 -1254 -93.1 14.2 9.2 183.2 69 -69 -50 21 13 -76 2 2

94 -1252 -93 15.2 10.2 202.9 45 -93 -67.5 73 2 -94 11 6
ver 1315 -31 -2.3 3.9 -1.1 -21.4 88 -50 -36.2 3 86 -27 0 0

ildFire 71 -1275 -94.7 8.9 3.9 78.2 34 -104 -75.3 47 39 -73 3 3
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n Treatment Effects
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Action 1040 5.4 100
nder 61 -979 -94.2 14.3 8.8 163.1 69 -32 -31.5 74 0 -73 8 3

lfBA 43 -997 -95.9 17.2 11.8 217.2 50 -50 -50 157 0 -142 13 4
130 -910 -87.5 15.7 10.3 189.5 45 -56 -55.7 157 1 -137 23 16

ver 1009 -30 -2.9 3.7 -1.7 -31.5 49 -51 -50.8 52 6 -83 -4 -8

ildFire 22 -1018 -97.9 15.5 10.1 186.8 17 -84 -83.5 179 0 -145 23 5

317

117 stands

200 stands

Due to the climate and inventory differences between the ONF and the FNF, the Wildfire simulation on the ONF did
not result in total mortality to all forest inventories as it did in the FNF. However, Wildfire simulations for the ONF
indicate that high and moderate risk classes did experience a reduction in mean TPA of 96.5% and a reduction in BA
of 79.8%.  High and moderate risk forests in the ONF retained a mean TPA of 40 and a BA of 23 ft2/acre after 
wildfire.   Half BA and BA 45 resulted in the highest post-treatment quadratic mean diameter (QMD).  For the high
risk stands, BA 45 resulted in the greatest reduction in basal area (BA) other than Wildfire.  BA 45 resulted in the
greatest number of stands from both high and moderate risk classes that after treatment were no longer in the
multiple canopy structure.  BA 45, because of its requirement to retain ponderosa pine and western larch, resulted in
the largest number of stands dominated by ponderosa pine and larch after treatment.  It is also a result of retention of
ponderosa pine and larch that BA 45 has larger post-treatment TPA than either 9 and under or Half BA (Table 4.2
a,b,c).

High fire risk stands represent the highest level of fuel and the most critical opportunity for fire risk reduction.
Figures 4.11 and 4.12 on the following pages are presented to demonstrate graphic presentation of post-treatment
risk reduction comparisons for high risk stands.  As with Table 4.2 b, Figure 4.11 and 4.12 show that the greatest
reduction of risk that results from fuel removal treatments occurs with the BA 45. Figure 4.11 shows the response to
treatment with regeneration included in the simulations. This is equivalent to thinning and not planning any future
fuels reduction treatments such as thinning or burning to control fuel build up from regeneration ingrowth. Since the
ONF is a wetter and colder forest, the increase in risk associated with accumulations of ingrowth may not be as rapid
or as dramatic as the FNF. However, it is evident that without future entries for ingrowth removals risk levels will
increase by the end of the simulation period.
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Conversely, Figure 4.12 is intended to display the forest risk through time as it might be with a control burn program
to remove risk from ingrowth. Reductions in risk are maintained into the future by excluding regeneration from the
simulations. For example, BA 45 initially reduced 62.4% of the high risk stands to low risk and another 35.9% from
high to moderate risk reflecting a 98.3% risk reduction to high risk stands. Without ingrowth, only 4 stands treated
with BA 45 returned to high risk by 2030 while, with ingrowth, 52 stands had returned to high risk during the
simulation period. Amongst the high risk stands both the BA 45 and the Half BA treatments reduce risk in most
stands; 115 or 98.3% of the BA 45 and 104 or 88.9% of the Half BA treated stands moved from high to either
moderate or low risk status. As with the FNF simulation, the BA 45 treatment resulted in a higher percentage of risk
reductions dropping from high to low risk status than the other treatments. Unlike the FNF, BA 45 on ONF high
risk forests resulted in greater post-treatment risk reduction than the  Wildfire treatment.  The 12 and over treatment
results in little risk reduction (only 2.6% of high risk stands went to low) and the risk for these stands returned
quickly.  By the end of the simulation period 91.5% of stands treated with 12 and over remained as high risk.
Forests that were not treated, the No-action simulation, remained as high risk.  See Appendix C for the full set of fire
risk response results.

All three thinning from below treatments result in substantive risk reduction as does the Wildfire simulation.  The 12
and over treatment results in little risk reduction.  No-action simulations result in net risk increases on high and
moderate stands in the ONF. The Wildfire simulations result in surviving residual trees and with ingrowth risk levels
elevate after 15 years.

There are response differences between Okanogan and Fremont forests. Okanogan high risk stands that are treated
do not return to high risk as soon after treatment as Fremont stands. The wildfire simulation on the ONF does not
completely burn up all the high risk stands as does the wildfire simulation for the FNF. Forest stands on ONF have a
cooler and moister climate. As a result, the fuel moisture content in many high fire risk ONF stands is likely to be
higher and therefore less susceptible to complete combustion from wildfire than the stands in the FNF. 
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Figure 4.11. ONF High Fire Risk Response to Six Simulations with Regeneration
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Figure 4.12.  ONF High Fire Risk Response with No Regeneration after Treatment 
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4.2 Economic Results

4.2.1 Fremont National Forest

In Table 4.3 (see also Appendix B), the mean, minimum, and maximum net economic results from harvest treatment
simulations are displayed in $/acre for low and high cost assumptions for all stands with high and moderate fire risk
stands in FNF. Refer to Section 2.6, Analysis of Economics, Tables 2.4 and 2.5 for cost and price assumptions used
for this analysis.  The economic results of treatment simulations indicate that 9 and under has an average net cost to 
the USFS with both high and low logging costs assumptions on the FNF. The 12 and over treatment, however,
provides significant mean revenue with both high and low logging cost assumptions. The other two thinning
treatments, Half BA and BA 45, provide positive mean revenues with low logging costs on the FNF, but have
negative revenues with high logging costs applied to treatment simulations.

Table 4.3.  FNF Mean Net Revenue for Thinning Treatments on High and Moderate risk forests with High

and Low Logging Costs

Treatment High Cost
Mean

High Cost
Minimum

High Cost
Maximum

Low Cost
Mean

Low Cost
Minimum

Low Cost
Maximum

9 and under ($374) ($1,132) $92 ($134) ($466) $240

Half BA ($319) ($1,309) $1,270 $139 ($569) $2,683

BA 45 ($168) ($2,015) $3,885 $529 ($770) $6,241

12 and over $1,244 ($1,857) $8,270 $2,198 ($765) $11,414

Figures 4.13 and 4.14.  FNF Net Revenue High and Moderate Risk Stands with Low Costs

The economic analysis of net revenue for each thinning treatment simulation of high and moderate risk stands has a 
range of results that are displayed in Figures 4.13, 4.14, 4.15, and 4.16. See Appendix B for the full set of economic
results for FNF. The high risk stands treated with BA 45 assuming high logging costs are very close to neutral mean
revenue which indicates that, for many stands, the value of the logs removed will come close to covering the costs of
the risk reduction (Figure 4.15). High risk stands treated with BA 45 and with low logging costs result in positive
mean revenue with very few stands with negative net returns (Figure 4.13). The Half BA treatment appears to
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generate a modest positive mean return with low cost assumptions while the high cost assumptions result in negative
mean net revenues. The 9 and under treatment results in a negative mean net revenue with both high and low costs
for both high and moderate risk categories. These economic analysis results for the FNF show that treating the high
risk stands is more likely to result in positive returns than treating the moderate risk stands. Generally treatments to
high risk stands yield greater saw log volumes than do treatments to moderate risk stands.

A     B

Figures 4.15 and 4.16. FNF Net Revenue High and Moderate Risk Stands with High Cost

4.2.2 Okanogan National Forest

In Table 4.4, the mean, minimum, and maximum net economic results from harvest treatment simulations are
displayed in $/acre for low and high cost assumptions for all stands with high and moderate fire risk stands in ONF.
Refer to Section 2.6, Analysis of Economics, Tables 2.4 and 2.5 for cost and price assumptions used for this analysis.
The economic results of this analysis show for that high and moderate risk stands on the ONF, the 9 and under and
the Half BA treatments result in an average net cost to the USFS under both high and low logging costs scenarios.
However, the mean return from the Half BA treatment is close to breakeven with low logging costs. The 12 and over
thinning is the only treatment that provides revenue with both high and low logging costs used in this analysis. But
all of the other three thinning treatments have some stands with positive net revenue. The BA 45 average net
revenue is positive with low logging costs on the ONF but has an average cost of $169/acre with high logging cost
assumptions (Table 4.4).

Table 4.4.  ONF Mean Net Revenue for Thinning Treatments on High and Moderate risk forests with High

and Low Logging Costs

Treatment High Cost
Mean

High Cost
Minimum

High Cost
Maximum

Low Cost
Mean

Low Cost
Minimum

Low Cost
Maximum

9 and under ($345) ($892) $67 ($287) ($625) $270

Half BA ($265) ($946) $953 ($39) ($618) $2,110

BA 45 ($169) ($1,160) $2,660 $291 ($598) $5,191

12 and over $1,025 ($331) $7,358 $1,953 $4 $11,113

The economic analysis of treatments to high and moderate fire risk stands on the ONF has produced a range of
results displayed in Figures 4.17, 4.18, 4.19, and 4.20. See Appendix C for the full set of economic results. Only the
12 and over treatment has mean positive net revenue with both high and low logging costs for both high and
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moderate risk classes.  BA 45 treatment has a mean positive net revenue with low logging costs for both high and
moderate risk classes but not for high cost assumptions. The Half BA has negative returns for all cases, although,
assuming low costs, are close to neutral. The 9 and under treatment generates average negative net revenues with
high and low costs for both risk classes.

Figures 4.17 and 4.18.  ONF Net Revenue for High and Moderate Risk Stands with Low Cost

Figures 4.19 and 4.20.  ONF Net Revenue High and Moderate Risk Stands with High Cost
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4.3 Cost to Fight Fire on the Fremont and Okanogan National Forests

Every year during the forest fire season, National Forests must expend resources to fight forest fires.  The FNF and 
ONF report that forest fire fighting costs can range from $300 to almost $11,000/acre depending upon fire size and
conditions.  These figures do not include suppression costs to states, counties, or municipalities nor do they include
losses of forest resources and property. The closer to the wildland/urban interface generally the greater the fire
fighting cost.  Individual large forest fires may cost as much as $1,000,000/day due to large numbers of ground
crews and expensive ground and air equipment (local interviews 2002).  Fire fighting cost trends appear to be
increasing as fires become more explosive and impossible to control (United States National Interagency Fire Center
2002). In addition to fire fighting costs, once the fire is out, regeneration and restoration projects can be problematic
and add more costs. Individuals in the local communities and Forest Service agree that the alternative to thinning
overstocked forests will be spending billions of dollars for decades to fight wildfire (local interviews 2002).

Average fire suppression costs/acre 1992-2002 for the FNF are presented in Figure 4.21. The need for expensive fire
suppression efforts has resulted in increases to FS fire suppression budget. Ironically, however, forest management
budgets (funding that is needed to support fire risk reductions through fuels removal treatments) are shrinking
(Michaels and Evans 2003). In 2002, 125,000 acres of forest burned on the FNF. Forest silviculturalists and fire
scientists report that where prior fuel reduction activities had been undertaken, forest fires dropped to the ground and
burned with low intensity (Michaels and Evans 2003).

Fremont National Forest 10 year Average Fire

Suppression Cost/Acre 1992-2002

$12,000

$10,000

$8,000

$6,000

$4,000

$2,000
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<1 1<10 10<100 100<1000 1000

Fire size in # of Acres

Figure 4.21.  Fremont National Forest Fire Suppression Average Costs/Acre by Magnitude for 1992-2002 
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Okanogan-Wenatchee Average Fire Suppression

Cost/Acre 1990-2002
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Figure 4.22.  Okanogan-Wenatchee National Forest Fire Suppression Average Costs/Acre by Magnitude for 

1990-2002

Where fuel loads had not been reduced, fires burned forests with increased intensity and consumed the crowns (local 
interviews 2002). Anecdotal observations agree with wildfire simulations conducted as part of this investigation.
Simulations predict that all stands in high and moderate risk classes (78% of the total FNF area studied) would
experience near total mortality in the event of a wildfire. The total pre-commercial thinning budget for the Fremont
Winema National Forest combined for thinning non-merchantable trees was $1,020,000 in contrast to much higher
fire fighting costs (Michaels and Evans 2003).

The ONF has had similar costs associated with fighting fire as those reported by the FNF. Actual costs by fire size
are shown in Figure 4.22 (Burdick 2002). Both forests display common trends of higher costs/acre for smaller fires,
which are often in the wildland/urban interface. However, an increasing number of large forest fires has resulted in
suppression costs in the $ millions/year for both national forests. The total fire suppression costs for the Forest
Service for Okanogan-Wenatchee was $11,024,200 in 2001 and $12,552,000 in 2002. These figures do not account
for the state, county and private fire suppression costs or loss of valuable resources. They do include the funding of
the initial attack resources, heat and light, administration costs, fire management personnel, etc.  Costs associated
with the risk of forest fires are considered further in the Market and Non-Market Values section of this report.

4.4 Wildlife Habitat

Wildfires and forest management activities result in changes to wildlife habitat quality. When fuel removal
treatment alternatives are compared to the potential impacts of wildfire, it is important, therefore, to consider the
implications for wildlife habitats.   Wildlife habitat models are analyzed to assess the tradeoffs in habitat units
associated with various management alternatives.  The intent of this investigation was to employ the use of wildlife
models created by federal agencies to examine species of interest on federal lands.  Two modeling approaches were 
identified that fit this intent. For some species, Habitat Suitability Index (HSI) models are available from the U.S.
Fish and Wildlife Service (USFWS 2001); for others, habitat models developed by the U.S. Forest Service (Wisdom
et al. 2000b) for the Interior Columbia Basin Ecosystem Management Project (ICBEMP) are used.  Wildlife species
analyzed differed between the two National Forests due to geographic ranges, model availability, and species of
concern.  Lists of species identified as important for consideration in this project were obtained from Kent Woodruff,

01<1 = =10<100 100<300=00<3000=3000<5000=5000
  <1 1<10 10<100 100<300 300<3000 3000<5000 5000

Fire Size in # of Acres
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Okanogan National Forest biologist, and Brent Frazier, Fremont National Forest biologist.  Criteria for habitat
designation are listed by species in Appendix D. 

While habitat modeling provides insight into the potential responses of wildlife populations to management
activities, there are some drawbacks and potential pitfalls with these types of exercises.  One concern is that, due to
the assumptions and cliff-like thresholds employed to support modeling mechanics, the accuracy level of habitat
models is at best a coarse resolution estimate.  Most HSI-type wildlife habitat models available have not been
validated by an independent study in the area of interest.  Successful use of habitat models for planning the
management of forestlands, therefore, is reliant on the knowledge and professional judgement of experts with local
understanding of each species habitat needs. The value of insights gained from habitat modeling exercises are more
likely, therefore, to be relative and comparative rather than absolute, but are especially useful when planning
alternative management options across broad landscapes.

A larger problem that was encountered in this project was the broad range of inclusion that some of the source
habitat (ICBEMP) model structural stages displayed.  For example, ‘Stem exclusion’ open canopy (SEO) functions
as a “catch all” category for forest structures that don’t fit other classifications.  The result is that vastly different
structural conditions are all classified as SEO (Figure 4.23). 

Figure 4.23.  Source Habitat (ICBEMP; Wisdom et al. 2000a) Structural Stage Classifications Identify both of

these Stands as Being Within the Same Stage – ‘Stem exclusion (open canopy)’

‘Stem exclusion’ closed canopy (SEC), a common structural condition in second-growth forests, was virtually
absent when stand inventories were classified according to the criteria in the source habitat models.  Greater than
70% canopy cover is required to meet the definition of SEC. On the Okanogan, only 4 of 413 stands (1%) had at
least 70% canopy cover before treatments. On the Fremont, none of the 502 stands met the 70% minimum.
However, the ONF had 28.3% and the FNF had 30.7% of forest stand inventories that, after most of a century of fire
suppression, have canopies dense enough to be considered overstocked and at high risk of forest fire.

Another important aspect of habitat modeling is the selection of species that are representative of a gradient of
ecotypes.  One could select a particular suite of species that would all respond favorably (or negatively) to proposed
treatments in order to bias conclusions about potential impacts on the “wildlife community”. While modeling the
entire wildlife community is logistically prohibitive, it is important to have an unbiased reason for selecting species
as most appropriate for forestry investigations.  For this project, consultation with biologists from the Fremont and
Okanogan National Forests drove the selection of species that are to be considered as indicators of diverse forest 
conditions and are of particular interest for planning management activities within these forest areas. 

4.4.1 Fremont habitat analysis results

An assessment of pre- and post-treatment forest conditions using the wildlife habitat models mentioned above shows
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that results are varied for the diverse group of birds and mammals considered for the FNF part of this investigation:
northern goshawk, Lewis’woodpecker, white-headed woodpecker, Williamson’s sapsucker, pileated woodpecker,
northern flying squirrel, and Townsend’s big-eared bat.  As would be expected, some species favor conditions
created by one or more of the thinning alternatives, while others apparently benefit from a No-action or Wildfire
alternative (see Appendix B).

Distributions of the initial habitat conditions for the species of interest are irregular.  HSI models predict an
abundance of habitat for open canopied species such as Lewis’ woodpecker and white-headed woodpecker with less
habitat available for moderate and closed canopied species such as the northern goshawk.  The small diameter of the
majority of the trees on the FNF results in basal areas/acre that are low when compared to areas of very high basal
area thought to be preferred by northern goshawks (preferred BA > 220 ft2/acre).  In contrast, the Williamson’s
sapsucker would appear to have limited habitat probably because of a lack of large snags (Figures 4.24 and 4.25).

Figure 4.24. Initial Habitat Distributions for Selected Species in Moderate to High Risk Areas in the FNF

Pileated woodpeckers and flying squirrels are considered to have relatively narrow habitat ranges that are primarily
comprised of older forest structures. While the northern flying squirrel may be found in older forests on the FNF
dominated by ponderosa pine, lodgepole pine, or grand fir/white fir, in the case of the pileated woodpecker, habitat
is limited on the FNF to grand fir/white fir dominated old forests. If a goal of forest management is to return large
areas of the FNF to a pre-settlement condition dominated by large dispersed ponderosa pine, then habitat areas for 
the pileated woodpecker, as recognized by the ICBEMP model employed by this investigation, are likely to be few.

Figure 4.25 a,b,c. Initial Habitat Distributions for Selected Species Displayed by Risk Class in the FNF
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Source habitat models predict an absence of pileated woodpecker and northern flying squirrel habitat in low and
moderate risk stands, and very little (<5% of total possible habitat units) in high risk (Figure 4.25 a,b,c).
Townsend’s big-eared bat habitat, however, is relatively common in both high and moderate risk stands as they
utilize all stands beyond the ‘Stem exclusion’ stage as source habitat.

The following text provides a summary of the modeled species habitat consequences of all growth and treatment
simulations. A full set of output graphs for all species by risk class and treatment over time for the FNF can be
referenced in Appendix B and will be useful for review of the following results.

4.4.1.1 No-action

Habitat increases over time for goshawks as No-action results in increases to basal area and QMD, both of
which are important habitat considerations for goshawks.

Habitat decreases for Lewis’ woodpeckers as canopy closure increases.

Habitat remains approximately stationary for white-headed woodpeckers and Williamson’s sapsuckers in both
high and moderate risk stands.

Habitat for pileated woodpecker and northern flying squirrel increases slightly in high risk stands under No-
action. In moderate risk stands, habitat for pileated woodpecker and northern flying squirrel is absent and does
not appear over the 35 year period with No-action.

Townsend’s big-eared bat habitat decreases slightly in high risk forests as an increasing number of stands move
into the stem exclusion stage. Habitat for Townsend’s big-eared bat in moderate risk stands increases slightly
with No-action as more stands move into the young forest stage.

In general, No-action results in more habitat for closed-canopied, mature forest species (e.g. northern goshawk),
while decreasing habitat for more open-canopied specialists (e.g. Lewis’ woodpecker).

4.4.1.2 Wildfire scenario (without regeneration)

The No-action treatment assumes no fires during the investigation period, however, No-action would likely
result in catastrophic wildfire in many high and moderate risk stands.

Habitat for species that prefer older forests such as the northern goshawk and Williamson’s sapsucker
disappears following the Wildfire simulation.

Habitat for Lewis’ woodpecker increases dramatically as a result of wildfire due to a post disturbance
abundance of fire-created snags and substantial decreases in canopy cover.

Habitat suitability for white-headed woodpecker increases slightly in moderate risk stands and decreases
slightly in high risk stands following Wildfire. While Wildfire increases the number of snags available (which 
are desirable for white-headed woodpeckers), it also reduces the number of large ponderosa pines, a key habitat
component of white-headed woodpeckers. The modeling result is that one factor equalizes the other for the high
and moderate risks combined.

Wildfire eliminates habitat for pileated woodpecker, northern flying squirrel, and Townsend’s big-eared bat.

4.4.1.3 Thinning treatments (without regeneration)

Habitat suitability for northern goshawks varied considerably among thinning treatments, particularly in high
risk stands.  The 9 and under treatment increases habitat suitability beyond that of No-action, while Half BA
results in habitat increases similar to No-action.  Conversely, both the BA 45 and 12 and over treatments reduce
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habitat below that of No-action and, while both increase after initial declines following treatment, neither
regains the habitat suitability comparable to No-action. For the FNF, the HSI model for northern goshawks
requires a minimum basal area of 60 ft2/acre with a preferred habitat basal area of greater than 220 ft2/acre.

Habitat for Lewis’ woodpecker increased substantially under all three thin-from-below treatments due to
decreases in canopy cover. The 12 and over treatment improved Lewis’ woodpecker habitat to a lesser extent
initially but habitat suitability declined rapidly following this treatment due to the re-closure of the overstory
canopy.

Habitat for white-headed woodpecker did not differ from No-action over time for the three thin-from-below
treatments, however, the 12 and over treatment reduced habitat suitability because of the removal of large
ponderosa pines.

Habitat for Williamson’s sapsucker was reduced by the thin-from-below treatments due to reductions in canopy
cover. The 12 and over treatment, however, did not substantially reduce habitat suitability below that of No-
action.

Habitat suitability for pileated woodpecker is very low in both high and moderate risk stands and is not
increased very substantially with any of the treatments.

In high risk stands, northern flying squirrel habitat increases to its highest level using the 12 and over treatment
due to the creation of some ‘Understory Reinitiation’ stage classifications for some stands.  Initially, 12 and
over reduces habitat below that of No-action, but over time it reaches nearly twice the level of No-action.  All
three thin-from-below treatments result in fewer habitats for northern flying squirrel than No-action. Habitat for 
northern flying squirrel is low in moderate risk stands and is not increased substantially with any treatments.

Habitat for Townsend’s big-eared bat after the 12 and over treatment remains very similar to No-action, while
habitat declines to near zero for all the thin-from-below treatments in both high and moderate risk stands.  This
modeling determination is because these treatments result in most of the forest being classified together as the
‘Stem exclusion’ open canopy (SEO) condition.

4.4.1.4 Wildfire scenario (with regeneration)

Including regeneration does not change the results for any wildlife species habitat evaluations under the
Wildfire scenario.

4.4.1.5 Thinning treatments (with regeneration)

With regeneration, goshawk habitat is lower compared to the Below 9 treatment without regeneration because
the quadratic mean diameter (QMD) is reduced by the addition of many small trees. The modeled assessment
of goshawk habitat quality is dependent upon QMD with the preferred QMD greater than 16 inches. Goshawk
habitat in high risk stands is lower in the Half BA treatment when regeneration is included compared to
simulations without regeneration. In moderate risk stands, however, goshawk habitat, after the Half BA
treatment, improves with the inclusion of regeneration. This is due to the fact that the regeneration adds needed
basal area to the stands in order to meet the minimum goshawk habitat basal area requirement of 60 ft2/acre for
the Fremont. The BA 45 treatment with regeneration results in increases of goshawk habitat in both high and
moderate risk stands after the first decade for this same reason.  The 12 and over treatment does not differ
substantially with the addition of regeneration with respect to goshawk habitat suitability.

In both high and moderate risk stands, habitat for Lewis’ woodpecker declines slightly in the last decade of
simulations due to an increased canopy cover caused by maturing regeneration.

Habitat for white-headed woodpecker remains constant with or without regeneration.

The quantity of Williamson’s sapsucker habitat resulting from treatments with regeneration differs from
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treatments without regeneration during the last three growth periods where habitat suitability increases slightly
due to increases in canopy cover. Williamson’s sapsucker habitat, however, remains below No-action for all 
the treatments even with regeneration.

Habitat suitability for pileated woodpecker and northern flying squirrel did not change when regeneration was
included. Habitat for Townsend’s big-eared bat, however, differed dramatically when regeneration was
included.  In both high and moderate risk stands, the 12 and over treatment created an abundance of ‘Young
forest, Multi-story’ stands when regeneration was included. ‘Young forest, Multi-story’ is source habitat for
Townsend’s big-eared bat. Habitat suitability using 12 and over is greater than No-action for both high and
moderate risk stands when regeneration is included.

The three thin-from-below treatments all improved Townsend’s big-eared bat habitat substantially when
regeneration was included; however only in moderate risk stands did habitat increases for thin-from-below
treatments surpass No-action.

4.4.1.6 Species summaries for FNF
Information from the literature and the results of this investigation would indicate that northern goshawk habitat
occurs in high and moderate risk stands and attempts to reduce fire risk with heavy thinning may decrease the 
quality of habitat for this species.  Light to moderate thinning from below (e.g. 9 and under) may improve goshawk
habitat in some stands, however. Goshawks require a relatively mature stand with high canopy cover and adequate
flight space beneath the canopy. Goshawks also are thought to require large-diameter snags and logs that if retained
in young managed forests could make these areas suitable as habitat. However, those management actions that
maximize basal area while minimizing densities of small trees in the understory and midstory layers and retain
large-diameter logs and snags appear to be best suited for goshawk habitat enhancement through management
(Wisdom 2000a 2000b).

The best Lewis’ woodpecker habitat occurs in open stands (< 30% canopy cover) with at least 1 snag per acre.
High and moderate risk stands tend to have adequate amounts of snags but likely have too high a percentage of
canopy closure.  Low risk stands generally have open canopy conditions but may not contain enough snags.
Management actions that thin heavily from below while leaving the largest trees and at least one snag per acre 
would best benefit Lewis’ woodpeckers (Wisdom 2000a 2000b).

White-headed woodpeckers are thought to prefer relatively open stands, however, they are regularly found in
stands with up to 60% canopy cover. An important component of white-headed woodpecker habitat is the presence
of large ponderosa pine trees that provide opportunities to forage on seeds and bark-inhabiting invertebrates.
Management for white-headed woodpecker habitat could include retention of medium and large ponderosa pines
and retention of at least one large (>18 in.) diameter snag per acre. Snags may be short and still be suitable for
white-headed woodpeckers which will nest in snag cavities relatively close to the ground (Wisdom 2000a 2000b).

Williamson’s sapsuckers select habitat with moderate canopy cover (30-60%) and presence of soft snags.  Canopy
cover on the Fremont, however, is relatively low with a mean of 28%, therefore, retention of existing canopy in
many stands is an important management objective for this species.  The need for soft snags makes the challenge of 
managing for habitat particularly difficult for this species.  Snags may take decades to soften up enough to be
suitable for use by this species for nesting. Wildfire is particularly damaging to this species because, in addition to 
the destruction of needed canopy cover, heat from wildfires results in hard snags that generally fall over before
becoming soft enough for use by Williamson’s sapsuckers (Wisdom 2000a 2000b).

Source habitat for pileated woodpeckers occurs only in ‘Old forest, multi-story’ and  ‘Old forest, single-story’,
which are stands with 30% canopy cover of large trees (>53.2 cm dbh).  These structural stages are very
uncommon in the Fremont and options to develop them within a 35-year period are limited.  Management actions
such as retention of large trees and snags would benefit pileated woodpecker in the absence of ‘Old forest’ stands
(Wisdom 2000a 2000b).

Source habitat for northern flying squirrel occurs in both ‘Old forest’ stages as well as ‘Understory reinitiation’.
While ‘Old forest’ conditions are difficult to develop within the short-term, results of this investigation would
appear to indicate that over time management might produce ‘Understory reinitiation’ stands using the 12 and over
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treatment.  However, using 12 and over treatments to produce northern flying squirrel habitat runs counter to the
known ecology of northern flying squirrels (i.e. selection for stands with large trees and snags). ‘Young forest,
multi-story’ can be northern flying squirrel source habitat if a sufficient number of large snags and trees (>53.2 cm
dbh) are retained (Wisdom 2000a 2000b).  ‘Young forest, multi-story’ is a very common stage on the Fremont,
particularly if regeneration is part of a silvicultural treatment. A failure to consider ‘Young forest, multi-story’ as 
well as some of the areas classified by the source habitat model as ‘Stem exclusion, open’ as suitable flying squirrel
habitat may result in an underestimation by source habitat models of northern flying squirrel habitat.

Source habitat for Townsend’s big-eared bat occurs in all stages except for ‘Stand initiation’, and ‘Stem exclusion’
(open and closed canopy).  Regeneration in thinned stands may be particularly important to this species, as growth
of the young trees results in a beneficial habitat classification change from ‘Stem exclusion open canopy’ to ‘Young
forest, multi-story’ (Wisdom 2000a 2000b).

4.4.2 Okanogan habitat analysis results

An assessment of pre- and post-treatment forest conditions using the wildlife habitat models mentioned above shows
that results are varied for the diverse group of birds and mammals considered for the ONF part of this investigation:
northern goshawk, Lewis’woodpecker, white-headed woodpecker, Williamson’s sapsucker, pileated woodpecker,
northern flying squirrel, Townsend’s big-eared bat, Canada lynx, and grizzly bear. As would be expected, some
species favor conditions created by one or more of the thinning alternatives, while others apparently benefit from a
No-action or Wildfire alternative (see Appendix C).

Distributions of the initial habitat conditions for the species of interest are irregular.  HSI models predict an
abundance of habitat for open canopied species such as Lewis’ woodpecker and white-headed woodpecker with less
habitat available for moderate and closed canopied species such as the northern goshawk.  The small diameter of the
majority of the trees on the ONF results in basal areas/acre that, while larger than the FNF, are relatively low when
compared to areas of very high basal area thought to be preferred by northern goshawks (preferred BA > 240
ft2/acre).  In contrast to the FNF, the Williamson’s sapsucker would appear to have broader habitat opportunities
than the white-headed woodpecker.  This may be because the white-headed woodpecker prefers pine forests and the
majority of the Okanogan forests are dominated by Douglas-fir (Figures 4.26 and 4.27a,b,c. See also Appendix C).

Figure 4.26. Initial Habitat Distributions for Selected Species in Moderate to High Risk Areas in the ONF 

43



Figure 4.27 a,b,c. Initial Habitat Distributions for Selected Species Displayed by Risk Class in the ONF

Pileated woodpeckers and flying squirrels are considered to have relatively narrow habitat ranges that are primarily
comprised of older forest structures. While the northern flying squirrel may be found in all the forest structural
stages on the ONF that have grown beyond ‘Stem exclusion’ and are dominated by Douglas-fir or lodgepole pine, in
the case of the pileated woodpecker, habitat is limited on the ONF to only the oldest Douglas-fir dominated old
forests. Earlier successional stages or lodgepole pine forests, that may be suitable for flying squirrels, are thought to
be unacceptable to the pileated woodpecker. If a goal of forest management is to return large areas of the ONF to a
pre-settlement condition dominated by large dispersed ponderosa pine, then habitat areas for the pileated
woodpecker, as recognized by the ICBEMP model employed by this investigation, are likely to be few.  Source
habitat models predict an absence of pileated woodpecker and northern flying squirrel habitat in low and moderate
risk stands, and very little habitat for pileated woodpeckers in high risk although flying squirrel habitat appears in
greater abundance in the ONF than the FNF (Figures 4.24, 4.25, 4.26, 4.27).  Canada lynx, grizzly bear, and
Townsend’s big-eared bat habitats, however, are relatively common in all risk classes of forest as they utilize many
of the structural stages of Douglas-fir and lodgepole dominated forests as source habitat.

The following text provides a summary of the modeled species habitat consequences of all growth and treatment
simulations. A full set of output graphs for all species by risk class and treatment over time for the ONF can be
referenced in Appendix B and will be useful for review of the following results.

4.4.2.1 No-action

Habitat increases over time for goshawks as No-action results in increases to basal area and QMD, both of
which are important habitat considerations for goshawks.

Habitat decreases for Lewis’ woodpeckers as canopy closure increases.

Habitat remains approximately stationary for white-headed woodpeckers and Williamson’s sapsuckers in both
high and moderate risk stands.

Pileated Woodpecker habitat appears to be very rare (<5% of total possible habitat units) in both high and
moderate risk stands and is never consequentially developed under any of the treatment scenarios; either with or
without regeneration.

Habitat for northern flying squirrel increases most dramatically over time under the No-action simulation in the
high risk stands with increases that are less dramatic in moderate risk stands. 

Townsend’s big-eared bat, Canada lynx, and grizzly bear habitats remain stable and abundant with No-action as
more stands move into older forest structures.

In general, No-action results in more habitat for closed-canopied, mature forest species (e.g. northern goshawk),
while decreasing habitat for more open-canopied specialists (e.g. Lewis’ woodpecker).
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4.4.2.2 Wildfire scenario (without regeneration)

The No-action treatment assumes no fires during the investigation period, however, No-action would likely
result in catastrophic wildfire in many high and moderate risk stands. However, wildfire simulations for the
ONF do not result in the near total stem mortality as experienced with the FNF.  In some stands wildfire
performs in similar fashion to a heavy thin-from-below management treatment.  Small trees are removed/killed
and large overstory trees are left as living residuals. Wildfires also create snags that can be important to wildlife
such as woodpeckers.

For northern goshawks, Wildfire reduces habitat below that of No-action in both high and moderate risk stands.
Since the fire tends to kill the smaller trees the wildfire results produce goshawk habitat levels that are similar to
the Half BA treatment simulation or about half of the level of No-action over time.

Wildfire substantially increases habitat over No-action for Lewis’ woodpeckers and white-headed woodpeckers
by reducing canopy closure and creating new snags.  In contrast to the Fremont, Wildfire on the Okanogan did
not destroy many of large ponderosa pines.  This is a habitat element considered very important for white-
headed woodpeckers.

Habitat for Williamson’s sapsucker disappears following Wildfire. Wildfire removes too much canopy cover
for Williamson’s sapsuckers.  The optimal range is 30-60% (Okanogan mean pretreatment = 36%).
Additionally, Williamson’s sapsucker requires soft snags, which are not created by wildfire.  Wildfire removes
the pre-existing soft snags and those new snags created by wildfire are not considered to be suitable for use by
Williamson’s sapsuckers.

Wildfire reduces habitat for northern flying squirrel, Townsend’s big-eared bat, lynx, and grizzly bear in much
the same way that the under-thinning treatments result in habitat reductions.  Lynx habitat does not decline
substantially (it goes from 95% to 80% of total possible habitat units), while habitat for northern flying squirrel,
Townsend’s big-eared bat, and grizzly bear all decline to small fractions of levels present with No-action.

4.4.2.3 Thinning treatments (without regeneration)

Habitat suitability for goshawks varied considerably among thinning treatments, particularly in the high risk 
stands.  The 9 and under treatment results in habitat suitability comparable to that of No-action, while Half BA
and 12 and over result in reductions to habitat similar to those of Wildfire (about half the level of No-action
over time).  Conversely, BA 45 eliminates habitat due to the large basal area requirement for Okanogan forests
to be considered goshawk habitat. Whereas 60 ft2/acre is the minimum basal requirement for the FNF to be
goshawk habitat, 80 ft2/ac is required for the ONF and, to be considered preferred habitat, the forest must have
a basal area of greater than 240 ft2/acre. 

Habitat for Lewis’ woodpecker increased substantially under all three thin-from-below treatments due to
decreases in canopy cover. The 12 and over treatment improved Lewis’ woodpecker habitat to a lesser extent
initially but habitat suitability declined rapidly following this treatment due to a loss of canopy openings as the
forest grew.

Habitat for white-headed woodpecker did not differ substantially from No-action over time as an effect of the
thin-from-below treatments, while the 12 and over treatment reduced habitat suitability due to loss of large
overstory ponderosa pines.

Habitat for Williamson’s Sapsucker was reduced by the thin-from-below treatments due to reductions in the
degree of canopy closure.  The 12 and over treatment, however, did not substantially reduce habitat suitability
below that of No-action.

Habitat suitability for pileated woodpecker is very low in both high and moderate risk stands and is not
increased substantially with any of the treatments.
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In both high and moderate risk stands, northern flying squirrel habitat remains below, but close to, No-action
using the 12 and over treatment that results in the development of some ‘Understory reinitiation’ stand
classifications. Initially, 12 and over reduces habitat below that of No-action, but over time it reaches close to
the level of No-action. All three thin-from-below treatments nearly eliminate northern flying squirrel habitat.

Habitat for Townsend’s big-eared bat and grizzly bear using the 12 and over treatment remains very similar to
No-action, while habitat declines to near zero under all thin-from-below treatments in both high and moderate
risk stands. Lynx habitat declines by approximately 20% from No-action when the thin-from-below treatments
are used (comparable with ‘wildfire’).  The 12 and over treatment maintains habitat at similar levels as does the
No-action.

4.4.2.4 Wildfire scenario (with regeneration)

Including regeneration does not change the results substantially for any of the HSI species (goshawk, Lewis’
woodpecker, white-headed woodpecker, Williamson’s sapsucker) or for the northern flying squirrel under the
‘wildfire’ scenario. Over time, however, regeneration has the effect of moving stands from ‘Stem exclusion,
open canopy’ (a stage commonly created by ‘wildfire’ on the Okanogan) to ‘Young forest, multi-story’.  The
result is that habitat increases for lynx, grizzly bear, and Townsend’s big-eared bat when regeneration is
included in the wildfire simulation.

4.4.2.5 Thinning treatments (with regeneration)

With regeneration, goshawk habitat does not fare as well under most of the thinning treatments because QMD is
reduced by the introduction of many small trees.  Under the BA 45 scenario, however, goshawk habitat is
increased slightly compared with no regeneration as a result of the addition of needed basal area provided by the
young trees.

In both high and moderate risk stands, habitat for Lewis’ woodpecker does not differ substantially when
regeneration is included.

Habitat for both white-headed woodpeckers and Williamson’s sapsuckers does not differ substantially when
regeneration is included.

Habitat suitability for northern flying squirrel did not change substantially when regeneration was included.

Habitat for Townsend’s big-eared bat, lynx, and grizzly bear, however, differed dramatically when regeneration
was included. ‘Young forest, multi-story’ is source habitat for these species and including regeneration moves
stands from ‘Stem exclusion, open canopy’ (a stage classification that commonly results from thinning 
treatments on the Okanogan) to ‘Young forest, multi-story’.

4.4.2.6 Species summaries for ONF
Information from the literature and the results of this investigation would indicate that northern goshawk habitat
occurs in high and moderate risk stands and attempts to reduce fire risk with heavy thinning may decrease the 
quality of habitat for this species.  Light to moderate thinning from below (e.g. 9 and under) may improve goshawk
habitat in some stands, however. Goshawks require a relatively mature stand with high canopy cover and adequate
flight space beneath the canopy. Goshawks also are thought to require large-diameter snags and logs that if retained
in young managed forests could make these areas suitable as habitat. However, those management actions that
maximize basal area while minimizing densities of small trees in the understory and midstory layers and retain
large-diameter logs and snags appear to be best suited for goshawk habitat enhancement through management
(Wisdom et al. 2000a 2000b).

The best Lewis’ woodpecker habitat occurs in open stands (< 30% canopy cover) with at least 1 snag per acre.
High and moderate risk stands tend to have adequate amounts of snags but likely have too high a percentage of
canopy closure.  Low risk stands generally have open canopy conditions but may not contain enough snags.
Management actions that thin heavily from below while leaving the largest trees and at least one snag per acre 
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would best benefit Lewis’ woodpeckers (Wisdom 2000a 2000b).

White-headed woodpeckers are thought to prefer relatively open stands, however, they are regularly found in
stands with up to 60% canopy cover. An important component of white-headed woodpecker habitat is the presence
of large ponderosa pine trees that provide opportunities to forage on seeds and bark-inhabiting invertebrates.
Management for white-headed woodpecker habitat could include retention of medium and large ponderosa pines
and retention of at least one large (>18 in.) diameter snag per acre. Snags may be short and still be suitable for
white-headed woodpeckers which will nest in snag cavities relatively close to the ground (Wisdom 2000a 2000b).

Williamson’s sapsuckers select habitat with moderate canopy cover (30-60%) and presence of soft snags.  Canopy
cover on the Okanogan, however, is relatively low with a mean of 36%, therefore, retention of existing canopy in
many stands is an important management objective for this species.  The need for soft snags makes the challenge of 
managing for habitat particularly difficult for this species.  Snags may take decades to soften up enough to be
suitable for use by this species for nesting. Wildfire is particularly damaging to this species because, in addition to 
the destruction of needed canopy cover, heat from wildfires results in hard snags that generally fall over before
becoming soft enough for use by Williamson’s sapsuckers (Wisdom 2000a 2000b).

Source habitat for pileated woodpeckers occurs only in ‘Old forest, multi-story’ and  ‘Old forest, single-story’,
which are stands with 30% canopy cover of large trees (>53.2 cm dbh).  These structural stages are very
uncommon in the Okanogan and options to develop them within a 35-year period are limited.  Management actions
such as retention of large trees and snags would benefit pileated woodpecker in the absence of ‘Old forest’ stands
(Wisdom 2000a 2000b).

Source habitat for northern flying squirrel occurs in both ‘Old forest’ stages as well as ‘Understory reinitiation’.
While ‘Old forest’ conditions are difficult to develop within the short-term, results of this investigation would
appear to indicate that over time management might produce ‘Understory reinitiation’ stands using the 12 and over
treatment.  However, using 12 and over treatments to produce northern flying squirrel habitat runs counter to the
known ecology of northern flying squirrels (i.e. selection for stands with large trees and snags). ‘Young forest,
multi-story’ can be northern flying squirrel source habitat if a sufficient number of large snags and trees (>53.2 cm
dbh) are retained (Wisdom 2000a 2000b). ‘Young forest, multi-story’ is a very common stage on the Okanogan,
particularly if regeneration is part of a silvicultural treatment. A failure to consider ‘Young forest, multi-story’ as 
well as some of the areas classified by the source habitat model as ‘Stem exclusion, open’ as suitable flying squirrel
habitat may result in an underestimation by source habitat models of northern flying squirrel habitat.

Source habitat for Townsend’s big-eared bat occurs in all stages except for ‘Stand initiation’, and ‘Stem exclusion’
(open and closed canopy).  Regeneration in thinned stands may be particularly important to this species, as growth
of the young trees results in a beneficial habitat classification change from ‘Stem exclusion open canopy’ to ‘Young
forest, multi-story’ (Wisdom 2000a 2000b).

Source habitat for Canada lynx occurs in all stages except for ‘Old forest, single story’ in Douglas-fir, Engelmann
spruce-subalpine fir (Picea engelmannii, Abeis lasiocarpa), and western white pine (Pinus monticola) cover types;
and in all stages except ‘Old forest, single story’ and ‘Stem exclusion’ (open and closed canopy) in grand fir-white
fir (Abeis grandis, Abeis concolor), western larch, lodgepole pine, and western redcedar-western hemlock (Thuja
plicata, Tsuga heterophylla) cover types. Therefore, habitat management for this species would include a mix of
early and late successional stages interspersed throughout the landscape to provide denning (mid to late
successional) and hunting (early successional) habitat in accessible proximity to one another.  Retention of down 
wood may be important for dens (Wisdom 2000a 2000b).

Source habitat for grizzly bear occurs in all stages except ‘Stem exclusion’ (open and closed canopy). Therefore,
habitat management should include strategies similar to lynx that includes a mixture of early and late successional
stages interspersed throughout the landscape.  Special attention should be paid to minimizing the amount of time
stands spend in the stem exclusion stage (Wisdom 2000a 2000b).

4.5 Carbon sequestration, displacement, and substitution

Increasing concerns about global warming as a result of air pollution warrant an examination of the consequences
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for addition or subtraction of atmospheric carbon that are associated with the treatments, No-action, and wildfire
simulations that have been conducted in this investigation.  On both the FNF and ONF, the highest risk forests
contain the most carbon in forest biomass.  Please reference Appendices B and C for a full set of carbon output
graphs for each forest.

The No-action alternative for all risk classes for both forests results in the greatest comparative sequestration and 
storage of carbon in the forest and products combined, however, this alternative assumes the unlikely eventuality
that in the simulation period there will be no forest fire.  The No-action simulation falls behind proactive
management alternatives in the cumulative carbon assessment when substitution is considered. The No-action
alternative fails to generate any products and therefore results in increased use of non-renewable building 
alternatives that are energy intensive in manufacture. Manufacture of materials such as steel that are used in the
place of wood for building construction results in disproportionately high levels of carbon emissions (Bowyer et al. 
2002).

Wildfire, a likely outcome during the simulation period for many stands without fuel reduction treatments, results in
the least carbon stored.  Some of the carbon stored in forest biomass is lost during the wildfire event and snags (trees
killed by fire but still standing) decay relatively quickly and release sequestered carbon over time indicating a high
carbon cost associated with wildfire.

For each forest and risk class, the 12 and over treatment results in the harvest removal of the most carbon (large
logs) from the forest and subsequently results in the production of the most wood products.  A comparison of the
standing forest carbon after each treatment simulation with the No-action standing forest carbon will offer insights
on the distribution of forest biomass within the forest inventory. These standing carbon estimates are available for
review presented as metric tons/acre for each forest (Tables 4.5-4.10). For example, since the 12 and over treatment
is the only harvest of larger trees from above, the relative amount of forest biomass in trees that are 12 inches DBH
and larger can be determined by subtracting the 12 and over post-harvest standing carbon from the No-action
standing carbon in 2000. The BA 45 apparently removes more biomass than the other two thin-from-below
treatments (Half BA and 9 and under) except in the case of the moderate risk forests in the FNF.  This information
would indicate that average stands from this risk group have greater than 90 ft2/acre of basal area.  Since all thin-
from-below treatments appear to retain roughly equivalent to or greater than volumes of standing forest carbon than
the 12 and over from above, it would appear that very few tree 12 inches DBH or larger were removed by any thin
from below treatments.  Conversely since the 9 and under treatment results in relatively little apparent biomass
removal (albeit removal of many small stems; Tables 4.1 a,b,c, and 4.2 a,b,c), the forest carbon/biomass difference
between this treatment and the BA 45 and Half BA treatments is likely found in 10-12 inch DBH trees.  These
observations serve to support earlier suspicions that substantive improvements in risk reduction and economic
performance can be had by including some 10-12 inch DBH trees in fuels reduction treatments.

While standing forest biomass to carbon estimates are based upon a series of conversion relationships unique by
species and tree component, the approximate relationship for quick estimates is that the carbon is roughly equivalent
to 50% of the biomass. Beyond standing forest carbon, however, estimation of the carbon implications of harvest
intensities becomes more complicated.  The relationship between standing forest carbon and carbon in products
shifts with treatment intensity. Summing the carbon in forest, products, and the credit from displacement, 9 and
under generally stores the most carbon among the harvest treatment alternatives. When substitution is considered,
however, the order of treatments assessed for effectiveness of carbon storage or offset is completely reversed.  These
relationships highlight the significance of avoiding the use of alternative building products that are non-renewable,
energy intensive to manufacture, and a source of atmospheric pollution. The treatment simulations that produce the
most wood products provide the greatest cumulative reduction to atmospheric carbon. From this perspective, 12 and 
over is the most effective treatment, followed by BA 45, Half BA, and 9 and under.  The challenge to integrated
forest management is to balance post- treatment goals, therefore, even though the 12 and over treatment simulations
may provide the best cumulative carbon performance, the resultant fire risk reduction is inadequate and the
likelihood of forest fire within these stands during the simulation period remains high. Whereas thin-from-below
treatments may result in respectable carbon storage while more adequately reducing fire risk.

Regeneration adds between 2 and 8 metric tons per acre (MT) by 2030 in the FNF, and between 1 and 5 MT by
2030 in the ONF.  Regeneration biomass has minimal influence on the cumulative consequences of carbon storage,
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displacement, and substitution during the simulation period.  However, regeneration increases future fire risk which 
may have undesirable carbon consequences.

4.5.1 Fremont 

The range of treatment alternatives developed and analyzed for fuel reduction effectiveness had differing impacts on
carbon sequestration and storage.  Results are presented for each risk class on the FNF at four progressive stages in
the complete carbon analysis.  The first two results for each risk class present the amount of carbon stored in the
forest and in products minus harvesting and manufacturing emissions.  The third result presents the amount of
carbon in the forest and long-term products, plus the amount of potential carbon emissions displaced from producing
energy by burning the short-term products to generate electricity as a substitute for natural gas.  The last result in
each set presents the carbon from the third stage plus the amount of potential carbon emissions displaced by 
substituting the long-term products for steel construction materials.  All results are presented as average per acre 
metric tons (MT) of carbon after each cycle. 

High risk stands in the FNF contained a mean of 41 MT of forest carbon per acre at the beginning of the simulation
period. This was significantly more then the initial conditions for the Moderate risk stands, which contained 21
MT/acre of carbon.  The High and Moderate risk classes combined averaged 24 MT/acre before treatments.

4.5.1.1 No-action

The No-action treatment for all risk classes stores more carbon in the forest, products, and displacement than all 
other treatment alternatives.

Because the No-action alternative generates no products and because steel emits large amounts of carbon during
the manufacturing process, when substitution is considered, all treatment alternatives result in less carbon
released to the atmosphere than the No-action alternative. The No-action treatment assumes that there are no
forest fires during the investigation period.

4.5.1.2 Wildfire

Wildfire simulation represents the likely outcome for many moderate and high risk stands during the period of
investigation.

Wildfire simulation provides useful estimate of the carbon costs of wildfire.  The carbon released to the
atmosphere from wildfire is high for all risk classes, as the amount of carbon per acre at the end of the
simulation period is significantly lower than the No-action or other treatment alternatives.

4.5.1.3 Treatments

In High risk stands, the 12 and over treatment removes the most carbon from the forest and stores the most in 
products.  BA 45 removes nearly as much carbon from the forest but stores several MT/acre less in products.  9
and under removes the least from the forest and stores the least in products.

In Moderate risk stands, the order remains the same as in High risk stands.  BA 45 is nearly identical in carbon
removed from the forest and carbon stored in products as the Half BA treatment.

The amount of carbon in the forest after each treatment decreases until 2010 while decay is greater than growth,
then increases through the remaining time period as regeneration becomes established.

The growth model predicts a release of understory trees following the 12 and over treatment, causing
significantly more biomass growth then the other treatments after 2010.

If substitution is not considered, more carbon is stored during the simulation period in the No-action alternative.
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When substitution is considered, the treatments that generated the most long-term products provided the most
substitution, therefore resulted in the least release of atmospheric carbon.  In High risk stands there was a
significant difference between each treatment:  12 and over resulted in the least carbon release, followed by BA 
45, then Half BA, then 9 and under. In Moderate risk stands, the order was the same, but the Half BA treatment
had very similar results to the BA 45 treatment.

4.5.1.4 Regeneration

In High risk stands regeneration adds 2 to 8 MT/acre of carbon by 2030 among all treatment and wildfire
alternatives

In Moderate risk stands regeneration adds 2 to 6 MT/acre of carbon by 2030 among all treatment and wildfire
alternatives

Products and emissions are not affected by regeneration

For the carbon analysis, regeneration has a minor impact on carbon stored in the forest, and an extremely small
impact on carbon when substitution is considered.

Table 4.5. Average Metric Tons per Acre of Carbon in the Forest by Treatment for the FNF 

High Risk Moderate Risk High and Mod. Risk

Treatment 2000 2030 2000 2030 2000 2030

NoAction 45 64 23 36 27 41

Wildfire 43 6 21 3 25 4

9&Under 41 50 22 28 25 31

HalfBA 35 39 18 21 21 24

BA45 29 24 18 21 19 21

12&Above 27 38 15 22 16 24

Table 4.6. Average Metric Tons per Acre of Carbon in Products by Treatment from the FNF

High Risk Moderate Risk High and Mod. Risk

Treatment 2000 2030 2000 2030 2000 2030

NoAction 0 0 0 0 0 0

Wildfire 0 0 0 0 0 0

9&Under 2 1 1 0 1 0

HalfBA 6 2 4 1 4 1

BA45 12 3 4 1 6 1

12&Above 15 4 8 2 9 2

Table 4.7. Average Metric Tons per Acre of Carbon in the Forest, Products, and Displacement by Treatment 

in the FNF 

High Risk Moderate Risk High and Mod. Risk

Treatment 2000 2030 2000 2030 2000 2030

NoAction 45 64 23 36 27 41

Wildfire 43 6 21 3 25 4

9&Under 42 51 22 29 25 32

HalfBA 39 42 21 23 24 26

BA45 36 30 20 23 23 24

12&Above 36 45 20 25 22 28
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Table 4.8. Average Metric Tons per Acre of Carbon in Forest, Products, Displacement, and Substitution by 

Treatment in the FNF

High Risk Moderate Risk High and Mod. Risk

Treatment 2000 2030 2000 2030 2000 2030

NoAction 45 64 23 36 27 41

Wildfire 43 6 21 3 25 4

9&Under 68 76 40 47 36 42

HalfBA 112 114 70 72 63 65

BA45 173 167 89 90 69 72

12&Above 214 224 132 139 115 121

Table 4.9.  Average Increase in Metric Tons per Acre of Carbon with Regeneration

High Risk Moderate Risk High and Mod. Risk

Treatment 2030 2030 2030

NoAction 0 0 0

Wildfire 3 3 3

9&Under 5 4 5

HalfBA 6 6 6

BA45 8 6 7

12&Above 2 2 2

4.5.2 Okanogan

The range of treatment alternatives developed and analyzed for fuel reduction effectiveness had differing impacts on
carbon sequestration and storage.  Results are presented for each risk class on the ONF at four progressive stages in 
the complete carbon analysis.  The first two results for each risk class present the amount of carbon stored in the
forest and in products minus harvesting and manufacturing emissions.  The third result presents the amount of
carbon in the forest and long-term products, plus the amount of potential carbon emissions displaced from producing
energy by burning the short-term products to generate electricity as a substitute for natural gas.  The last result in
each set presents the carbon from the third stage plus the amount of potential carbon emissions displaced by 
substituting the long-term products for steel construction materials.  All results are presented as average per acre 
metric tons (MT) of carbon after each cycle. 

High risk stands in the ONF contained a mean of 38 MT of forest carbon per acre at the beginning of the simulation
period.  This was significantly more then the initial conditions for the Moderate risk stands, which contained 29 MT 
of carbon.  The High and Moderate risk classes combined averaged 30 MT/acre before treatments.

4.5.2.1 No-action

The No-action treatment for all risk classes stores more carbon in the forest, products, and displacement than all 
other treatment alternatives.

Because the No-action alternative generates no products and because steel emits large amounts of carbon during
the manufacturing process, when substitution is considered, all treatment alternatives result in less carbon
released to the atmosphere than the No-action alternative. The No-action treatment assumes that there are no
forest fires during the investigation period.

4.5.2.2 Wildfire

Wildfire simulation represents the likely outcome for many moderate and high risk stands during the period of
investigation.

Wildfire simulation provides useful estimate of the carbon costs of wildfire.  The carbon released to the
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atmosphere from wildfire is high for all risk classes, as the amount of carbon per acre at the end of the
simulation period is significantly lower than the No-action or other treatment alternatives.

4.5.2.3 Treatments

In High risk stands, the BA 45 treatment removes 1MT/acre more forest biomass than the 12 and over treatment
but 12 and over results in more carbon in products indicating that several MT/acre removed by BA 45 must
have been non-merchantable logs. The 9 and under treatment removes the least from the forest and stores the
least in products.

In Moderate risk stands, the 12 and over removed more carbon from the forest and stored more in products.

The amount of carbon in the forest after each treatment decreases until 2010 while decay is greater than growth,
then increases through the remaining time period as regeneration becomes established.

The growth model predicts a release of understory trees following the 12 and over treatment, causing
significantly more biomass growth then the other treatments after 2010.

If substitution is not considered, more carbon is stored during the simulation period in the No-action alternative.

When substitution is considered, the treatments that generated the most long-term products provided the most
substitution, therefore resulted in the least release of atmospheric carbon.  In High risk stands there was a
significant difference between each treatment: 12 and over resulted in the least carbon release, followed by
BA45, which was significantly different than Half BA, and 9 and under.  In Moderate risk stands, the
performance order was the same.

4.5.2.4 Regeneration

In High risk stands regeneration adds 1 to 4 MT/acre of carbon by 2030 among all treatment and wildfire
alternatives

In Moderate risk stands regeneration adds 1 to 5 MT/acre of carbon by 2030 among all treatment and wildfire
alternatives

Products and emissions are not affected by regeneration

For the carbon analysis, regeneration has a minor impact on carbon stored in the forest, and an extremely small
impact on carbon when substitution is considered.

Table 4.10.  Average Metric Tons per Acre of Carbon in the Forest by Treatment for the ONF

High Risk Moderate Risk High and Mod. Risk

Treatment 2000 2030 2000 2030 2000 2030

NoAction 42 62 31 48 33 50

Wildfire 35 21 27 12 28 13

9&Under 34 40 27 33 29 36

HalfBA 32 37 24 27 25 27

BA45 26 26 22 24 23 25

12&Above 27 41 18 28 19 28
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Table 4.11. Average Metric Tons per Acre of Carbon in Products by Treatment from the ONF

High Risk Moderate Risk High and Mod. Risk

Treatment 2000 2030 2000 2030 2000 2030

NoAction 0 0 0 0 0 0

Wildfire 0 0 0 0 0 0

9&Under 4 1 2 1 2 1

HalfBA 5 1 5 1 5 1

BA45 9 2 6 2 7 2

12&Above 10 3 9 2 10 3

Table 4.12. Average Metric Tons per Acre of Carbon in the Forest, Products, and Displacement by

Treatment in the ONF 

High Risk Moderate Risk High and Mod. Risk

Treatment 2000 2030 2000 2030 2000 2030

NoAction 42 62 31 48 33 50

Wildfire 35 21 27 12 28 13

9&Under 37 41 29 34 30 37

HalfBA 35 39 26 29 28 30

BA45 32 30 25 27 27 28

12&Above 33 46 24 32 25 33

Table 4.13.  Average Metric Tons per Acre of Carbon in Forest, Products, Displacement, and Substitution by 

Treatment in the ONF 

High Risk Moderate Risk High and Mod. Risk

Treatment 2000 2030 2000 2030 2000 2030

NoAction 42 62 31 48 33 50

Wildfire 35 21 27 12 28 13

9&Under 78 83 53 58 54 61

HalfBA 95 100 80 83 88 90

BA45 141 139 97 99 105 106

12&Above 154 167 135 142 150 157

Table 4.14.  Average Increase in Metric Tons per Acre of Carbon by 2030 by Treatment with Regeneration

High Risk Moderate Risk High and Mod. Risk

Treatment 2030 2030 2030

NoAction 0 0 0

Wildfire 2 5 3

9&Under 4 4 4

HalfBA 3 3 3

BA45 3 4 3

12&Above 1 1 1

4.6 Market and Non-Market Values of Fire Risk Reduction

As a consequence of the large intense fires in the inland west over recent years, considerable public attention is 
being directed at addressing the question of how to reduce the hazardous fuel loads from the overly dense forests
that characterize the region.  Removal of the many small trees that make up these fuel loads is known to be costly.
While large trees can be removed for lumber and other product values as reflected in the market, the market value
for the smaller logs may be less than the harvest and hauling charges, resulting in a reduction in value for thinning
operations that are needed to lower fire risk. However, failure to remove these small logs results in the retention of 
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ladder fuels that support the transfer of any ground fire to a crown fire with destructive impacts to the forest 
landscape.

Unfortunately the market does not automatically reflect the costs of negative environmental consequences.  If the
negative impacts that result from crown fires were fully reflected in the market, there would be high motivation to
avoid them, providing the necessary incentive to remove high fuel loads in spite of the cost.  There are many market
and non-market values associated with reduction of risk that should be important to forest managers and to society at
large (Pfilf et al. 2002). For example, the cost of fighting fire could and should be considered a cost of not removing
high fuel loads. Similarly, there is the value of avoiding facility losses and fatalities.  Communities value a lower
fire risk and reduced smoke.  The United States Congress has historically placed a very high value on species
protection (USDI Fish and Wildlife Service ESA 2003, USDA Forest Service NFMA 2003) yet irreplaceable
habitats for threatened and endangered species may be lost when forests burn. Fires also reduce the carbon stored in
the forest and the opportunity to produce long lasting pools of carbon stored in products.  Fires consume biomass
that otherwise could be used for energy conversion and green energy credits.

Regeneration after fires is problematic and costly, and there can be other rehabilitation needed to avoid serious
erosion and water contamination from excessive sediment. Water consumed by overly dense forests could be saved
for other uses such as habitat, municipal reservoirs, and irrigation.  There are also foregone rural economic
development benefits from the taxes and rural incomes that would result from fuel reduction activities.  Since
economic activity in these regions has been in decline as a consequence of lower federal timber harvests, any
reduction in unemployment has higher than normal leverage on state and local finances by lowering assistance costs.

In contrast, there may be some negative impacts from removing hazardous fuels such as root damage to the trees left
in the overstory or compaction to soils in skid trails that could offset the benefits. These costs need to be considered
as well as the benefits of lowering the risk of infestations and disease caused by high stand densities. A complete
cost/benefit analysis would attempt to determine if the value of fire risk reduction treatments more than offsets their
cost.

The purpose of this study is to assist the design and management of fire risk reduction activities that integrate a suite
of public values with strategies customized to local conditions.  Rather than attempt to estimate these values for each
local community, this project provides a coarse estimate and methodology to assist in the consideration of the broad
set of values associated with reductions of hazardous forest fuels.  Once the range of values for consideration has 
been established, a methodology for cost assessment and appraisal can be refined for local situations as necessary.

4.6.1 Reduced fire fighting cost

Fire cost data is generally available, but it differs from year to year, from fire to fire, and from one location to
another.  The most costly efforts are likely to be expended when facilities or other assets are in the path of a fire.
Fire cost data from the FNF and the ONF appear to agree: the larger the acreage of a fire event then generally the
lower the average per acre cost.  Large fires have other costs such as losses of habitat and timber resources that can
be considered in addition to fire fighting expenditures. Averages of historic fire fighting costs can be used to
estimate the future benefit of lowering fire risk through fuel reduction activities. While precise risk assessments are
impossible, approximations of the value trade-offs associated with investments today to avoid future risks are useful.

Stands thinned to remove fuel loads have been shown to be unlikely to experience crown fires (Omni et al. 2002).
Accounting for the value of that reduced risk exposure must take into consideration both the consequences of not
thinning and when those consequences (costs) might occur. With limited knowledge about the probability of when a 
future fire might occur in a specific location, the savings of future fire-fighting costs must be discounted to an
expected present value based upon either a reasonable estimated time to fire or based upon a distributed risk
probability.

The present condition of forested areas at risk is a result a century of logging and fire suppression in forests that
historically had short fire return intervals (Agee 1993, Powell et al 2001). In 1999, the U. S. General Accounting
Office (GAO) issued a report which concluded that “the most extensive and serious problem related to the health of
national forests in the interior West is the accumulation of vegetation.” The GAO estimated that 39 million acres of
national forestlands were at high risk due to excessive fuel loads and that $12 billion would be needed between 1995
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and 2015 to reduce excess fuel accumulations, an average expenditure of $725 million annually (GAO 1999). Since
this 1999 GAO report, estimates of the acreage of forest considered at high risk have increased. In 2001, the Forest
Service reported that 56 million acres of national forestlands were considered at high risk of catastrophic fire,
primarily due to overcrowded trees (Powell et al. 2001).  The challenge is to better understand the magnitude of this
risk exposure and then to be able to translate that magnitude into a present value of risk that is useful for local as
well as regional estimations of costs and benefit of fire risk reduction investments.

While analysis of data for this investigation has shown that very large areas of both the Fremont and the Okanogan
National Forests (586,323 acres on the FNF; 721,344 acres on the ONF) are at high or moderate fire risk, no
methodology has been offered to assess the temporal probabilities of when a forest fire might occur. Such a 
modeling exercise would be an extremely complex undertaking with output accuracy limited by the generous
assumptions that would be needed to deal with multiple unknowns. On the other hand, it is reasonable to assume
that at some time there will be a forest fire in high and moderate risk forests and that there is monetary risk 
associated with that inevitable event. We need estimates of the present value cost of fire risk exposure to understand
the benefits of investments in fuels reductions today to reduce risk tomorrow. Creation of an output table that can be
used to compare the relative magnitude of cost with the risk of ignition at different times could help define cost
ranges.  Present value calculations can be used to look at potential costs of future forest fires parametrically such
that time, discount rate, and magnitude of event are definable variables readily customized for assignment of present
values that fit a spectrum of local expectations.  The calculations for two possible accounting approaches to assess
the present value of future costs associated with fire in moderate to high risk classes are displayed in Figure 4.28.
Method 1 is a calculation of the present (discounted) value of a fire fighting expenditure to be made at a known
future date. Method 2 is a calculation that estimates the expected present value of a future fire fighting expenditure
at an unknown time with an equal probability of risk for all years in a defined interval. For purposes of this
approach, the risk of concern is the present forest condition and the time to fire. Additional risks/costs associated 
with post-fire re-burn or accumulation of future fuel loads from regeneration, while they are arguably real long term 
liabilities that add to forest management costs, are not considered for this valuation exercise.

In Table 4.15, cost estimates developed from the use of both methods are displayed.  Fire fighting cost is assumed to
be $1000/acre and the discount rate is 5%. These figures are offered here only as reasonable estimates. On the FNF 
and the ONF, the average cost/acre to fight forest fires has been over $1000/acre for the largest fires, and smaller
fires can be much more costly (see Figures 4.21 and 4.22). An assumed inflation adjusted discount rate of 5% is
common in financial analysis. Results from Method 1, the present value of a future cost at a specific time, show 
lower cost estimates than those of Method 2 because Method 1 assigns no value to risk probability that a fire could
happen sooner than the specified time. Method 1 analysis shows that thinning a forest 30 years before it would have
burned results in a present value savings of $231/acre. Considered another way this means that $0.23 is the present
value saved today of every $1.00 of fire fighting cost that otherwise would have to be expended in thirty years. As
the time to fire shortens, reductions from discounting decrease and the present value approaches the cost outlay.  For
example, if the forest fire would have occurred in 15 years instead of 30 years, the present value of the fire cost
savings is $0.48 per $1.00 of fire fighting cost instead of $0.23.

Method 1:    Method 2:

Where:

0V  = present value at time 0 

nV  = future value after n periods (years)

a  = fire fighting cost /n 

i   = interest rate 

n  = number of periods (years)
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Figure 4.28.  Present Value Estimations of Future Fire Fighting Costs 

55



Table 4.15. Parametric Present Value Estimations of Fire Risk Costs with Assumptions of $1000/acre to

Fight Fire and 5% as the Discount Rate

Year 5 10 15 20 25 30 35 40 45 50 55 60

Method 1. Present

cost/ac of a forest fire

at specified future year

$784 $614 $481 $377 $295 $231 $181 $142 $111 $87 $68 $54

Method 2. Expected

present cost/ac with

equal probability of risk

for all years for the 

defined interval:

$866 $772 $692 $623 $564 $512 $468 $429 $395 $365 $339 $315

Method 2 employs the use of a standard accounting formula for a terminating annual series (annuity) to estimate the
present value of a future expenditure in a given time interval with an equal probability of risk for every year in the
interval.  For this methodology the cost (in this case $1000/acre) is divided by the number of years in the given
interval such that each year has an equal share of the cost burden. The cost (risk probability) assigned to each year 
is weighted by the discounted interest per year through the time interval. The length of the interval may be
considered a surrogate for anticipated risk. Since the time of a future fire event is unknown, Method 2 may be the
more robust choice of methodology for the purpose of understanding the present value of expected future fire costs.
However, Method 1 may be simpler for forest managers and interested publics to use, and it produces readily
understandable results that should be considered conservative estimates of present value. It should be noted that the
present value for a 30-year period under Method 2, which assumes a uniform fire probability over the interval
($512/acre) is almost the same as assuming the fire is in the middle of that interval (i.e. at 15 years) under Method 1
($481/acre).  One can use Method 1 for a conservative estimate of method 2 by reducing the middle of the Method 2
interval as the estimated year of a fire under Method 1.

For purposes of developing a user-friendly approach to present valuation of fire risk and other values this report will 
assume that high risk areas burn in 15 years (or as mentioned above, the mid point of a 30-year uniform fire
probability), moderate risk areas burn in 30 years (or as mentioned above, the mid point of a 60-year uniform fire 
probability), and low risk areas incur no fire fighting costs.  In high fire hazard areas, it is assumed that the present
value cost for fire fighting is $481/acre (i.e. $0.48 of every $1.00 of future fire fighting cost).  The corresponding
value for the moderate fire risk areas is $231/acre ($0.23 of every $1.00 of fire fighting cost) and zero cost for the
low fire risk areas.

4.6.2 The value of reduced facilities losses and fatalities

Facility losses and fatalities also contribute to the costs from fire above and beyond the direct cost of fighting fires.
Like the cost of the fire, the present value of these benefits will be reduced by the likelihood of when the fire would
have occurred.  Fatalities from forest fires for the 1990-1998 averaged 4.5 persons per million acres of wildland
fires (Mangan 99).

It is difficult to equate the value of lives lost to fire with the cost of fighting fires. The EPA has evaluated methods to
estimate the value of reducing risk to human lives, and these estimates can be applied to the situation considered
here. While estimates in the range of $3,000,000 to $6,000,000 value per person have been used, this report will
adopt a recent estimate by the EPA of $3.7 million per person which is used to  calculate the cost of regulations in
comparison to expected health benefits (Associated Press 2003).

If the Method 1 approach is employed to estimate present value cost of fatalities, the estimated value of reducing
fatalities though fuel removal would be $7.99 per acre for high risk areas and $3.83 per acre for moderate risk areas. 
While these estimates represent a much smaller contribution than the direct cost of fighting fire, when calculated
against an estimate of 56 million acres of national forest at high risk (Powell et al. 2001), the present value of forest
fire fatalities is $447,440,000.

Facility losses are highly variable depending on the location of structures relative to the forest. Data now available
from four large Colorado fires of 2002 (Rocky Mountain Insurance Information Association 2003) show insurance
losses of $70 million from a total burned area of 225,000 acres which averages to $313 per acre. Using Method 1,
the present value of preventing these losses would be $150.24 per high risk acre and $71.99 per moderate risk acre.
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Actual values could be substantially different though depending upon the location of infrastructure. The range of
average cost for the four Colorado fires contributing to the above estimate was $250 to $1690 per acre.

4.6.3 The value of lost timber amenities

The loss in marketable timber value represents another opportunity loss even if the forest plan does not include a 
provision for harvesting, the implicit value in other amenities associated with the timber must be at least as high as
the cost for not harvesting in order to justify the no-action alternative. Since these other amenities are lost if the
timber is destroyed by a crown fire, the market value of timber lost can be used as a probable lower bound of the
true value. Simulations based upon the net yields of the 12” and larger DBH trees from the FNF and ONF show that
a conservative estimate of the average lost marketable timber value is $1605/acre. When discounted to produce a
present value (Method 1) this figure becomes $772.01/acre for high risk or $370.76 for moderate risk stands.

4.6.4 Habitat losses

Since the passage of the Endangered Species Act (ESA) in 1973 and the subsequent listing of the snail darter
(Percina tanasi) in 1975 as an endangered species, a debate has been ongoing about what monetary value is
appropriate to assign to species and their habitats.  Thirty years after the passage of the ESA, a valuation agreement
remains elusive.

In 1978, Chief Justice Warren Burger wrote the majority opinion for the U.S. Supreme Court in the precedent-
setting case of the snail darter: “It may seem curious to some that the survival of a relatively small number of three-
inch fish among all the countless millions of species extant would require the permanent halting of a virtually
complete dam for which Congress has expended more than $100 million. We conclude, however, that the explicit
provisions of the Endangered Species Act (ESA) require precisely that result ” (Mansfield 2000).  Later that same
year, however, Congress disagreed with the Supreme Court’s valuation and exempted the Tellico Dam Project in
Tennessee from the ESA.

Twelve years later, when the northern spotted owl (Strix occidentalis caurina) was listed as a threatened species, no 
exemption was to be forthcoming in spite of much higher public costs and social impacts.  The dominant political
perspective appeared to be that no cost ceiling was to limit maximum protections for spotted owls. For example, in
1994, Lippke and Conway estimated the economic impact of harvest reductions to protect 231 owl nests/circles
located on state and private forestlands in western Washington. Harvest reduction was estimated to be 2.9 billion
board feet for the first ten years resulting in a $448 million loss in personal income per year which adjusted for 2003
dollars becomes $587 million or $2.3 million per owl pair per year (Lippke and Conway 1994). If this circumstance
is indeed a reflection of the policy consensus, then cost should not be a limiting factor for hazardous fuels reduction
activities in areas where spotted owl habitats are at high risk of fire. In 1995 the USDI Fish and Wildlife Service
concluded that large crown fires would be detrimental to the owl by reducing or eliminating nesting, roosting, and
foraging habitat (USDI Fish and Wildlife Service 1995). The Forest Service has estimated that it could take 200
years to re-establish ideal conditions for owls following a large-scale catastrophic fire (USDA Forest Service
Southwestern Region 1995).

Costly strategies for protection of species habitat have been launched for salmon and steelhead (Oncorhynchus).
Five species of salmon and steelhead are listed as threatened or endangered under the ESA.  A recent study to
estimate the costs of salmon and steelhead recovery suggests that $2.879 billion was spent during the five years 
between 1997 and 2001 or $575.7 million per year (Landry 2003). In 1998 the Bonneville Power Administration
(BPA) spent $342 million on salmon recovery. That year 856,000 salmon entered the mouth of the Columbia River
meaning that the average cost per salmon was $399.14 (Bonneville Power Administration Fish and Wildlife
Program 1999). Stream temperatures may increase during a forest fire and remain elevated for many years because
of increased solar radiation due to the loss of shade generating foliage (Minshall and Brock 1997). Fire-related
increases of sediment in streams can result in fish kills for several years after a hot forest fire (Bozek and Young
1994).  Some fire-fighting chemicals may be toxic to endangered salmon (Buhl and Hamilton 1998). Forests at high
risk of fire that contain salmon streams should be logical targets for fire risk reduction investments when fuel loads
are high. 

Given that habitats for threatened and endangered species may be lost when forests burn and that the United States 
Congress has historically placed a very high value on species protection, (USDI Fish and Wildlife Service ESA
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2003, USDA Forest Service NFMA 2003), an elusive question has been what is a threatened or endangered species
or its habitat worth? While some types of wildlife can safely escape wildfires, others will not. Long term vegetation
changes result from fires in overstocked high risk forests. Habitats for many different species are lost when a crown
fire consumes forest biomass, but habitats may also be increased for other species. Fire risk reduction treatments
may have negative impacts such as soil compaction on habitat but these impacts are not as severe as those from a hot
forest fire. The protection of habitat in shortest supply should be an adjunct focus of fuel treatment plans. In some
cases protection of habitat may mean fuel removals in other areas; where high or moderate risk forests comprise
unique habitats, fuels reductions could occur in adjacent forests to create fire breaks. While the net value of fuels
treatments should be a plus for habitat, for this risk evaluation we can consider the value of the lost timber amenities
as the lower bound proxy for the habitat value.

4.6.5 The community value of fire risk reduction

Experimental choice surveys, a specialized form of Contingent Valuation Analysis (CVA), provide a promising
method for estimating the Willingness To Pay (WTP) for fire risk reduction. In Washington State, rural and urban
families were the subjects of an experimental choice survey, as they selected the best of different forest management
alternatives that altered forest attributes. They selected from different mixes of: (1) biodiversity and habitat, (2)
aesthetics, (3) rural jobs, (4) cost, and (5) a brand label for the treatments (Xu et al. 2003).  The result showed a
substantial WTP for biodiversity/habitat and aesthetics restoration, as well as a willingness to accept (WTA) a level
of cost and job losses to achieve these benefits.  A willingness to pay of more than $100 per year per family for 
aesthetics and habitat restoration was not uncommon with the amount sensitive to the location of the family
(urban/rural) and income.  Fire risk would seem to be an even more tangible risk resulting in comparable if not
greater WTP estimates.

Contingent values for protection from wildland fire have been estimated in other regions (Winter and Fried 1998a
and b). Winter and Fried estimated a mean annual WTP for collective risk reduction of $57/household for rural 
Michigan populations with the amount sensitive to the level of risk.  Presumably the fire risks in the Inland West
region are greater, supporting at least as high a WTP. While rural families may be willing to pay more than distant
urban families, it is the collective WTP that determines the benefit amount per acre.  For better understanding of
WTP in the FNF and ONF areas, local surveys would be required to provide estimates of the collective willingness
to pay for fire risk reduction by reducing fuel loads.  However, using the Michigan WTP of $57/household/year, the
number of households in the counties (Lake and Kalamath) surrounding the FNF and the counties (Chelan and 
Okanogan) surrounding the ONF (U.S. Census Bureau 2003) and the number of acres in high and moderate risk in
both forests (see Table 4.16; low risk acres remain fire safe at no cost), one can calculate a present value/acre of all
theoretical annual household contributions. Since theoretically the WTP value of a forest protected from destruction
is the present value of a perpetual annual series of payments (Figure 4.29) of $57/household/year, the value of
reducing risk on an acre (high or moderate) is the same: $44.80/acre for the FNF and $81.60/acre for the ONF. For
this report a mean value of $63.20/acre will be used. Adding the WTP benefit from more distant urban families
would logically increase the value but has not been done for this presentation.

i
a

0V

 Where: V = present value/acre at time 0 0

 a = WTP * no. of households/no. of acres
 i = interest rate

Figure 4.29.  Present Value of a Perpetual Annual Series
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Table 4.16. Present Value (PV)/acre of Theoretical WTP Annual Contributions from Households for

Protection from Wildfire on the FNF and ONF (Note that PV is Less for FNF because of Less

Population and More Acres at Risk)

forest households acres total WTP/year $/yr/acre PV/acre
FNF 28365 721344 $1,616,805 $2.24 $44.80

ONF 41968 586323 $2,392,176 $4.08 $81.60

4.6.6 Carbon credits

By international agreement, countries are attempting to lower carbon emissions (i.e. increase carbon sequestration)
in order to slow down global warming. Forests play an important role as carbon is sequestered and stored in forests
and wood products. Global carbon emissions can be reduced by biomass conversion to energy that reduces fossil
fuel consumption. Wood products prevent carbon emissions by displacing the use of non-renewable, energy-
intensive building products such as steel or concrete (Bowyer et al 2002). As demonstrated by carbon assessments
for treatment alternatives in this investigation, carbon pools can be measured for any given treatment plan and
compared to a No-action plan or a post fire scenario. The transition from a No-action alternative to a post fire
alternative, using the FNF and ONF simulations as examples, is likely to result in an average release of 21.5 tons of
carbon per acre (2000-2030) if the high and moderate risk forest burns. However, the alternative of thinning from
below to 45 ft2 basal area/acre (BA 45) has been shown to reduce the fire hazard effectively and at the same time
provide a flow of wood products that displaces fossil fuel intensive products and energy while contributing to a
cumulative carbon pool of as much as 80.5 tons per acre.  Carbon markets are not well-developed but can be
expected to grow with the value of carbon increasing as more emitters of carbon (primarily utilities) bid for carbon
offsets.  Some studies suggest the value of carbon will need to become much higher than $10/ton in order to reach
future emission targets even though current prices are closer to $2.  Even $4 per ton would result in an average
carbon credit of $326 per acre for the BA45 treatment.  If the carbon accounting rules took into consideration the
likely impacts of fire risk reduction treatments, the discounted value would be $156.81/acre for high risk and
$75.31/acre for moderate risk. However, the Kyoto protocol presently treats carbon flows in products beyond the
forest as leakage.  Even with this accounting convention, though, as long as the likelihood of fire is considered, the 
credit for just the carbon in the standing biomass could represent a discounted value of $41.37 per acre for high risk
and $19.87 per acre for moderate risk.

The amount of potential carbon stored is also substantial. The difference between the total carbon stored under
BA45 verses a wildfire could contribute 68 million tons of additional carbon by 2030.

4.6.7 Green energy credits

Like carbon credits, there are markets that credit green energy sources such that power purchasers pay a premium
per kilowatt hour for power produced without fossil fuels and from renewable resources.  This could be considered
duplicatory with carbon credits and hence no credit is included in this investigation. However, there are emerging
market opportunities with benefits for green power producers presently being developed through public utilities
districts that may translate back to increased value for wood biomass from overstocked small diameter forests.

4.6.8 Electrical transmission cost reductions

Rural generated energy reduces the need for transmission lines. These cost reductions are likely to be regional-
specific and perhaps smaller than many of the other benefits already noted.  They could be quite important for some
remote locations with a growing population. Rural generation plants also bring the additional benefit of economic
development.

4.6.9 Regeneration and rehabilitation costs

Regeneration costs for commercially harvested forestland normally average $250 per acre (interviews 2002). 
Regeneration costs may be much higher and less successful after a hot forest fire (interviews 2002). Additional
expenditures may be needed for rehabilitation activities to reduce erosion and protect water quality.  Rehabilitation
costs have been reported in the $0-$400 per acre range (interviews 2002).  Increased regeneration costs and
rehabilitation costs are likely to be site specific, hence for this valuation only an average regeneration cost
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($250/acre) has been used to estimate present value of post-fire restoration investments ($120/acre for high risk 
areas and $58/acre for moderate risk areas). 

4.6.10 Water quantity and quality 

Dense, closed forest conditions result in lower water yields than forests with openings in the canopy 
(Covington1994).  Research has shown that thinning forests increases snow pack water equivalency (SWE) and 
snowmelt runoff while decreasing water losses from evapotranspiration, resulting in increases in available ground 
and surface water (Troendle 1987, Shepard 1994, Stednick 1996). Increases in water yield from forested sites are 
proportional to the percentage of canopy removed by harvest (Macdonald 2002).   Forest hydrologists have 
estimated that selective harvesting can result in 20%-40% increases of water yield from pre-harvest conditions and 
that these increases may last for decades (Troendle 1985, Swanson 1987). 

Thinning of overstocked, forested areas at risk from wildfire can help insure future water quality as well as increase 
water availability.  When significant precipitation occurs after a high severity forest fire, rapid surface runoff and 
peak flows may result in flash floods and erosion that can cause destruction to aquatic habitats and seriously affect 
water quality for human use (Newcomb and MacDonald 1991, Robichaud and Brown 1999, Scott 2001, Graham 
2002). 

Development of site-specific economic estimates for the contribution from hazardous fuels reduction treatments to 
increased availability of water quantities and protected water quality will be important for comprehensive 
assessments of the costs and benefits of fire risk reduction in overstocked forests.  A valuation of estimated 
additional water yields summed with a valuation of an estimate of protected water quality will require a research 
effort beyond the scope of this investigation.  However, scientists have agreed for some time that benefits can be real 
and consequential (Wilm and Dunford 1948, Oregon Forest Resources Institute 2000).  For purposes of non-market 
assessments, this report will develop a conservative value estimate for water quantity and quality to be used as a 
placeholder until further research can better inform valuation decisions. 

What is water worth?  On the low end, irrigators in the Imperial Irrigation District (IID) in southern California have 
senior water rights on the Colorado River and get the water for free after paying a delivery charge of $15.50/acre-
foot.  An acre-foot is the equivalent of one acre of water one foot deep and is equal to 326,000 gallons.  Recently the 
IID negotiated a sale of up to 200,000 acre-feet per year to the San Diego County Water Authority (SDCWA) at the 
rate of $249/acre-foot.  However, the Metropolitan Water District of Southern California (MWD) calculates its 
untreated water rate at $349/acre-foot (Imperial Irrigation District 2002).  In Washington state, Kris Kauffmann, 
Professional Engineer and the principle consultant of Water Rights Incorporated, reports that an average selling 
price for irrigation water rights in eastern Washington is $500/acre-foot. 

By comparison, Seattle water consumers pay for water purchased from Seattle Public Utilities in units of 100 cubic 
feet.  There are 7.48 gallons in one cubic foot and 43,560 cubic feet in one acre-foot.  In a progressive rate system 
designed to penalize heaviest users, Seattle residents a base rate of $2.35-$2.75/100 cubic foot (CCF) or $1025-
$1199/acre-foot depending upon the billing season.  As consumption increases, graduated rates rise to as high as 
$9.75/CCF or $4251/acre-foot (Seattle Public Utilities 2003). 

Fish need water also.  In 2000, the Washington Department of Ecology (DOE) spent $405,000 to purchase water 
rights from a Walla Walla farmer so that the water might stay in the river (Associated Press 2000).  At that time, 
DOE Director Tom Fitzsimmons announced that, “Buying water for fish is a key part of managing water in the 21st

century…Water has a price tag attached to it, even for fish.” 

In a study prepared by the Colorado State Forest Service entitled Proposing a Forestry Solution to Improve 
Colorado’s Water Supply, authors used a value estimate of $100/acre-foot to calculate economic benefits from water 
yield increases associated with forest harvests.  While admittedly future research will help refine this figure, 
$100/acre-foot will be used in this report to demonstrate the relative value of water availability increases from forest 
management.  The value of protecting water quality is more elusive and for this report will be considered as part of 
the $100/acre-foot figure, insuring that this figure will be accepted as a conservative estimate of real value. 



The Fremont National Forest (FNF) reports 10-20 inches of annual rainfall and the Okanogan National Forest
(ONF) reports approximately twice as much annual rainfall of 20-40 inches.  From the risk assessments conducted
by this investigation, the high and moderate risk areas of the FNF are calculated to contain 721,344 acres.  For the
ONF the high and moderate risk areas are calculated to contain 586,323 acres.  These are acres that for purposes of
fire risk reduction simulations are considered eligible for treatment.  If all acres considered at risk were treated on 
the FNF and ONF and resulted in 1 inch of annual precipitation (not lost from evapotransporation) being added to
the available water supply then the volume of increased water would equal 60,112/acre-feet per year for the FNF
and 48,860/acre-feet per year for the ONF.  At $100/acre-foot the value of this increased water supply would be
$6,011,200/year for the FNF and $4,886,000/year for the ONF.  These calculations result in a conservative estimate
of $8.33/risk-acre/year for the value of the increase to the local water supply from harvest.  If this benefit of 1 inch
of additional water exists for fifteen years until regeneration begins to result in reductions of available surface water,
the present value of an $8.33/risk-acre/year benefit for 15 years is $86/acre.

4.6.11 Regional economic benefits

Rural communities, which are most at risk from forest fires, are often economically depressed. While fighting fires
will induce some economic activity, much of that benefit goes to imported labor with little positive local impact.
Fires also hinder some rural economic activities such as tourism and recreation.  Fire risk reduction treatments,
however, when scheduled over time, produce positive and sustainable contributions to the economies of local
communities.  Since many of these communities have lost jobs through the reduced sale of federal timber, the 
economic development aspect of thinning can be important.

The Freemont National Forest website quotes a harvest to jobs conversion estimate of 8 direct employees per million
board foot of harvest and another 16 employees for indirect impacts.  In order to convert this into economic activity
and tax receipts, this report uses similar estimates tied to a Washington State model (Conway 1994) that were
further customized to thinning treatments in Lippke et al. (1996). While the direct and indirect employment impacts
are almost identical to the Freemont estimates, the Conway model shows nearly equal impacts broadly distributed to
the non-rural parts of Washington State while also providing estimates of the benefits to the Gross State Product
which can be extended to tax receipts. A typical thinning treatment of 1 acre each year could generate dynamic
direct and indirect impacts of .04 rural employees, $386 State and Local tax receipts (at 11% of State Product) and
$664 Federal Receipts (at 19% of State Product including some federal/state transfer duplication).  If the
government incentivizes fuel reduction treatment programs, much of this investment is recoverable to the Treasury
from tax collections. In contrast the untreated acres that result in fire cause a much larger government expenditure
(net of the tax collections) on fire fighting economic activity created with little benefit to the local communities.
Estimated state and local tax receipts of $386/thinned acre will be used here as a measure of the public economic
value generated from forest thinnings to reduce hazardous fuel loads.

4.6.12 Summary of Market and Non-Markets Values of Fires Risk Reduction 

While the values assigned to the benefits listed below in Table 4.17 can rightly be considered coarse estimates, they
have been shown to be legitimately defensible and intentionally conservative.   These figures suggest that the
benefits of fire risk reduction are of high value and generally of much higher value than any market losses resulting
from thinning to reduce the fire risk.
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Table 4.17.  Summary of Total Values/Acre Estimations of Benefits Associated with Fire Risk Reductions

M
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Water quantit
R
Total Ben

arket and Non-Market Values of Fire Risk Reduction/acre Moderate High

educed fire fighting cost $231 $481

e value of reduced facilities losses $72 $150

e value of reduced fatalities $4 $8

e value of lost timber amenities $371 $772

bitat losses ? ?

e community value of fire risk reduction $63 $63

arbon credits $20 $41

een energy credits ? ?

lectrical transmission cost reductions ? ?

eneration and rehabilitation costs $58 $120

y and quality $86 $86

egional economic benefits $386 $386

efits $1,291 $2,107

Even so, the costs of fire risk reduction should legitimately be considered.  The most obvious cost is that of the 
operation itself.  Tables 4.3 and 4.4 display the (positive or negative) net returns from thinning simulations for the
FNF and ONF respectively. Net returns that are negative indicate that any financial benefit from the merchantable
timber that may be removed is inadequate to cover the overall cost of the thinning operation. The highest treatment
cost had a negative return of $374/acre, which resulted from the 9 and under treatment simulation with high costs
assumptions on the FNF. On many of the treated areas, however, the 9 and under treatment failed to remove enough
of the forest biomass to reduce the risk classification.  The most effective treatment for average risk reduction was
the BA 45 treatment.  This treatment with high operational cost assumptions had a negative return of $168/acre for
the FNF and $169/acre for the ONF.  In contrast, the BA 45 treatment simulations with low operating cost
assumptions produced positive returns on both forests. To ensure conservative accounting, the highest treatment
cost of $374 per acre is used in Table 4.18 as a risk reduction cost estimate.

Consideration of the additional costs associated with the preparation of fuels reduction service contracts or timber
sales is problematic and beyond the scope of this investigation. However, Forest Service Chief Dale Bosworth
(2003) estimated an average cost for timber sales preparation during fiscal years 2001-2003 of $206/acre.

Other potential negative costs associated with harvest activities to reduce hazardous fuel loads might include
environmental impacts of soil compaction, damage to leave trees, and road sediments. However, these costs are
difficult to estimate and may be avoided with due diligence.  Compromises to habitat quality for some species may
result from fuel reduction treatments, but it is questionable whether habitat adjustments that result from fuel load
reductions are less desirable for species protection than the habitat impacts of catastrophic wildfires (USDI Fish and
Wildlife Service 1995, USDA Forest Service Southwestern Region 1995).

Table 4.18.  Summary of Estimated Costs that Might be Associated with Fire Risk Reduction Treatments

Costs of 

Oper
F
Soil com
Se
Im
Total Costs

Fire Risk Reduction/acre Moderate High

ational costs $374 $374

orest Service contract preparation costs $206 $206

paction ? ?

dimentation ? ?

pacts to wildlife habitats ? ?

$580 $580

For this coarse filter cost/benefit analysis, the benefits were intentionally estimated at the low end of their potential
while operations costs were estimated at the high end of their potential.  It is worthy to note that a subset of stands
showed positive net returns after operations costs for all treatment alternatives presented in this investigation.  Even
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with a net cost of fuel reduction operations, though, the results of this cost/benefit analysis show that the future risk
of catastrophic fire is far costlier to the public than investments made today to protect against such an eventuality.

4.7 Cogeneration Analysis

Hazardous fuel loads considered for removal to reduce risk of forest fires on the FNF and ONF are made up of many
small diameter logs (Figures 3.7 and 3.16) that are generally considered below size for use as raw material in the
manufacture of wood building products. When pulp markets have been strong, there have been opportunities to
economically utilize some of this material as pulp.  However, pulp markets are currently weak and many of these
trees are too small to be used as pulp. New consideration is being given to the potential utilization of small diameter
forest biomass as a clean and renewable alternative to fossil fuels for the generation of energy.

To assess the approximate volume of forest biomass available from fuels reductions in the high and moderate risk
areas of the FNF and ONF, an estimate of cubic foot volumes per acre for small diameter logs (non-merchantable
material) was calculated from a simulated harvest of trees 6 inch and under in diameter at breast height (DBH).
Harvest simulations produced volume results of 133,211,521 total cubic feet on the FNF and 124,028,627 cubic feet
on the ONF. One cubic foot of forest biomass is assumed to be equivalent to 25 lbs of dry weight or 0.0125 Bone
Dry Ton (BDT) (Han et al. 2002).  Energy assessments report that one megawatt (MW) of electricity can be 
generated from 7700 BDT of wood biomass (TSS Consultants 2002).   Based upon these conversion relationships,
estimated forest biomass for the FNF and ONF could be considered sufficient to fuel a 9-10 megawatt cogeneration
facility located near each forest for 20 years. Expected peak operating capacities, however, would need to be
predicated upon whether harvests are to be prioritized to reduce highest risk fuel loads first or whether harvest plans
are staggered to achieve sustainable rather than declining volumes of biomass over a duration of time sufficient to
amortize cogeneration investment (10-20 years).

Estimation of biomass-to-energy capacity, suggested here as available from hazardous fuels removals, is
intentionally conservative and likely under estimates total potential. Collective volumes of additional biomass such
as the tops and logging residues from the harvest of larger diameter trees, non-merchantable logs from state and
private lands, biomass produced as trim and side-cut from milling operations, and regeneration biomass contributing
to second generation harvest opportunities (Rummer et al. 2002) are not included in this estimate.  Logging residues
have been observed to be 7.9% of total harvested saw log volumes (McClain 1996).  Biomass volumes harvested
from state and private forestland owners could be considerable as well.  However, interviews indicate that if the
delivered price paid for biomass is less than harvest and haul expenses limited quantities of this fuel will be
available from privately managed forestlands (TSS Consultants 2002).  Saw mill biomass from trim and side-cut has
been estimated to be 14.6% of total harvested saw log volumes, however, 12% of this volume could be utilized as
clean chips with 2.6% available for use as fuel (Keegan et al. 1997).  Future volumes of biomass that develop from
regeneration of public forestlands are problematic to estimate. While important for consideration in long-term forest 
plans, these future forests are likely to become available after new cogeneration capacity has been fully amortized.
Addition of biomass supplies from other sources than public land hazardous fuels removal programs could increase
estimated generating capacity by several times. However, additional supply sources are a needed prerequisite for 
investor confidence.  A rule of thumb for financing and development of biomass power plants is that fuel availability
must be 2 to 3 times the volume of fuel necessary to sustain a new biomass plant (TSS Consultants 2002).

Since 1936, the area of the inland west dominated by western juniper (Juniperus occidentalis) has expanded fivefold.
This rapid expansion of juniper establishment has occurred as a result of favorable climate conditions and decades of
reduced fire frequency and intensity.   Juniper crowns have been observed to intercept more than half of the annual
rainfall before it reaches the soil.  Intercepted precipitation is returned to the atmosphere through evapotransporation
or sublimation.  Ranchers have reported that juniper establishment in rangelands has resulted in small streams and
springs drying up and ceasing to flow (Gedney 1999).   Interviews in Oregon with USDA Forest Service, Bureau of
Land Management, and private landowners indicate that there is strong agreement that broad areas of juniper should
be removed to support rangeland and watershed restoration/improvements (TSS Consultants 2002).  While, there is
no juniper on the ONF, analysis of CVS data for the FNF reveals that 61 plots (112,826 acres) are dominated by
juniper. This inventory data was excluded from the risk analysis for this report because there is not a growth model
for this species, however if harvested, juniper could supply 250,000 to 900,000 BDT of additional biomass.  This
would be roughly equivalent to an increased cogeneration capacity of 2-6 megawatts/year for 20 years.
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An obstacle to investment in cogeneration development has been the cost of delivered fuels as compared to the
wholesale value of generated electricity.  For every $5.00/BDT change in the delivered price of fuel, the cost of 
cogeneration production is increased by about $0.006 per kilowatt-hour (kWhr). A feasibility study to consider the
siting of a cogeneration plant in Prineville, Oregon estimated that the current average delivered price for a BDT of 
wood biomass is $33.14; assuming a maximum haul distance of 50 miles (TSS Consultants 2002).  At this delivered
price/BDT, cogeneration fuel costs alone approach $0.04/kWhr. When the cost of fuel is added to the fixed and
variable costs of facilities operations and an expected rate of return, a base load power sales contract at $0.095/kWhr
would be needed to insure solvency of a cogeneration project.  Current power sales contracts for base load plants
range from $0.025 to $0.04/kWhr. These figures reveal that alternative sources of energy delivered to the power
grid are selling for less than the cost of delivered biomass fuel not including other cogeneration costs such as labor, 
maintenance, depreciation, and amortization. However, results from the analysis in the Market and Non-Market 
Values of Fire Risk Reduction section of this investigation provide compelling evidence that public investments in
hazardous fuels removals are fiscally prudent.  Opportunities for cogeneration highlight another benefit. When the
government pays to have hazardous fuel loads removed from at risk forests a collateral result is that the cost of
delivered biomass has been underwritten making cogeneration newly competitive with less environmentally
desirable energy alternatives. 

4.8 Contracting and Public Outreach 

Forest Service, Washington Department of Natural Resources (WA DNR), Oregon Department of Forestry (ODF),
community interest groups, timber processors, forest products manufacturers, and representatives of co-generation
interests have been interviewed toward developing information on harvest costs, haul costs, log prices, community
development issues, and suggestions for improvements in fuel reduction activities (36-FNF, 34-ONF). While not all 
interview respondants agreed on the appropriate scope of fire risk reductions programs, all seemed in agreement that
some risk reduction through management is desireable. All respondants were forthcoming with suggestions for
improvement of the contracting process for fuels reduction activities. Recent monitoring and evaluation reports on
pilot Stewardship Contracting authorities also agree that opportunities to improve efficiencies in Forest Service
hazardous fuels reduction activities are available. During the course of this project ideas emerged from the 
investigation team as well.  The following comments have been designed to merge suggestions from multiple
sources into useful recommendations.

In June 2002, the Forest Service offerred a critical review of the statutory, regulatory, and administrative framework
under which it has struggled to develop a program to reduce the growing backlog of forest acres at risk of
catastrophic fire. This report, entitled “The Process Predicament”, divides operational challenges into three 
fundamental problem areas: excessive analysis, ineffective public involvement, and management inefficiencies.
Based upon information resources, encountered in the process of this project, this report provides suggestions
pertinent to each of these three areas of concern followed by a brief review of developing Stewardship End Result
Contracting opportunities.

4.8.1 Excessive analysis

Inordinate investments of Forest Service resources have been dedicated to project process analysis.  Forest Service
officials have estimated that planning and assessments consume 40% of total direct work on the National Forest.
Improvements in administrative procedures could shift upwards of $100 million per year from planning process to
on-the-ground work projects (USDA 2002).  Chief Bosworth refers to this situation as “analysis paralysis”
(Bosworth 2001). With the backlog of forests at risk growing by 3% per year while accomplishment of actual  in-
the-forest projects has declined by 50% or more in the last 12 years (Powell et al. 2001), the ‘process predicament’
has reached crisis proportions. While Chief Bosworth (2001) has called for procedural changes to expedite planning
processes, especially for time sensitive projects, he also cautions that, “Forest Service managers must continue to
ensure that all land management decisions are based on a collaborative, integrated approach that addresses the
environmental implications of our actions in a timely and efficient manner.”

Therefore, the operational challenge of reducing excessive analysis could be logically broadened such that where
analysis is necessary it can be performed in the most efficient and effective means possible. The analytical portion of 
this investigation has been developed to demonstrate that technology can assist greater analytical efficiencies to 
support consideration of complex environmental concerns while informing timely decisions.  User-friendly
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modeling technologies such as the Landscape Management System LMS) have the ability to rapidly deliver visual,
tabular, and graphical analytical outputs from large data sets that are readily interpretable by both professional and
lay publics (McCarter et al. 1998, McCarter 2001).
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Figure 4.30. The Landscape Management System Provides Visual, Tabular, and Graphical Capabilities

Stakeholders seeking to gain common understanding of the complexities implicit in present forest circumstances
towards comparative evaluations of potential alternative management outcomes will benefit from emerging
analytical capabilities such as have been presented in this project. Analysis created today is an investment in the
monitoring and evaluation capability of tomorrow. However, reasonable information expectations must be
established such that process is not stalled by excessive caution (Barnard 2003). Decisions must be made based
upon best available information. Monitoring the results and learning from experience (adaptive management) will
help inform future management choices (Lee 1999).

4.8.2 Ineffective public involvement

A profoundly important and  universally available communication technology with application in public forest
planning processes is the world wide web. The Forest Service spends millions of dollars each year on publication
costs for plans, reports, environmental impact statements, etc. that are sent by mail for public comment. Add to this
expense, additional costs and time delays for postal services.  As an example, the National Forest tracked costs on a 
fire recovery project in the Bitterroot National Forest and found that printing and mailing costs for just this one
project exceeded $100,000 (U.S. Forest Service 2002).

Currently there is no standardized Forest Service web strategy.  Subsequently each forest presents its own web page
with highly variable and sometimes disappointing levels of utility.  An agency mandated by law to be
extraordinarily communicative should avail itself of an opportunity to utilize the most significant advancement in
communication since the invention of the printing press. Less expensive and more timely public involvement can be
achieved by the development of standardized web sites for every National Forest. Web sites offer low cost
instanteous delivery of voluminous documents for public comments, as well as scientific research findings,
electronic mapping services, recreational information, forest fire advisories, video conferencing of public meetings,
and much more. Interactive web capabilities could provide stakeholder groups and interdisciplinary teams an
opportunity to be more involved with public process with less cost and time.  Mosely reported (2002) that a lack of
interdepartmental communication, especially between planning, timber, and procurement staff, created an
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institutional barrier within the Forest Service that led to confusion and conflict. Web based communication formats
help to standardize problematic dialogues and assure that professionals and publics alike are on the same
informational page.  Better informed people are likely to be more cooperative process participants.

The Washington Department of Natural Resources (WA DNR) has a timber purchasers committee which
functions in an advisory capacity to the state timber sale program.  If the Forest Service launches a credible program
that is adequate to substantively reduce fuel load accumulations in the inland west, harvesting companies and 
industry associations report willingness to collaborate in an advisory capacity on development of successful thinning
projects.  Better business-to-customer communication between the agency and harvesters interview respondents
suggest could be beneficial. For example, all contract loggers and mill representatives, that were interviewed,
reported that the unreliability of Forest Service cruise information occasionally results in minimum bid levels for
timber sales that are unreasonable. Forest Service personnel complain that, after lengthy and expensive planning
processes, they are frustrated when timber sales don’t receive a minimum bid.  For harvest activities that are
primarily intended as fuels reduction treatments, purchasers suggest that the timber that is to be removed be sold on
a per acre basis or folded into service contracts.  This is another area where the internet could be helpful to facilitate 
better agency/service-provider information exchange. Advertisement and bid of Forest Service contracts could
reasonably be conducted from web sites as well.

Other concerned community groups interviewed as part of this project expressed similar interest in assisting
planning towards protecting forested environments while creating local economic opportunities.  Both the FNF and
the ONF have active citizen groups willing to work towards better conditions for their respective communities.
However, if equitable opportunities for public involvement in Forest Service planning process are to be achieved
then such process must proceed in a timely manner to implementation.  Small businesses and citizen volunteers can 
not reasonably be expected to participate in long and protracted planning processes that produce few opportunities.

4.8.3 Management inefficiencies

With increasing emphasis on harvesting small diameter forests, tree-marking has become expensive both in time and
paint (Mosely 2002).  Employees have complained about the undesireable health and environmental side-effects that
may accompany the use of tree paint. Harvesters report that operational constraints and hazards are inadvertantly
created by pre-selection of take trees. Foresters that spend time marking trees are not available to perform other
duties that burden the short-handed Forest Service workforce.  Comments from harvesters and Forest Service
personnel indicate agreement that cost saving will be achieved if the Forest Service reduced its use of agency
personnel to mark trees in thinning treatments.  The alternative is to have operator selection of take trees to achieve
a designated silvicultural outcome.  The WA DNR reports success after ten years of experience with operator
selection.  Both the Associated Oregon Loggers and the Washington Contract Loggers Association have
implemented accredited logger training programs that provide harvesters with sufficient ecological and silvicultural
training to operate on Certified Private Forestlands.  Both organizations have expressed eagerness to work with the
Forest Service to make appropriate additions to these training programs such that harvesters could be qualified to
select take trees and meet contract density targets for federal fuels removal treatments.  The technological
capabilities to model forest conditions that are presented in this report for the benefit of the Forest Service planning
process could also be very valuable as educational tools for harvester training programs. University programs such
as the Rural Technology Initiative could be available to help with design of silviculture short courses. An
educational partnership between the Forest Service and harvester associations could also help to broaden the pool of
prospective bidders on federal service contracts; reducing costs and distributing local opportunities.  The Forest
Service, using new stewardship authority granted by Congress, recently has begun experimentation with operator
selection (designation by description) within some Stewardship End Result Contracting pilot projects.

4.8.4 Stewardship Contracting

Stewardship End Result Contracting is a new Forest Service contracting authority that creates greater ability
(beyond the traditional constraints of timber sales and service contracts) for the development of innovative forest
management projects.  Stewardship contracts might include prescribed burning, road maintenance or reclamation,
watershed or stream restoration, pre-commercial thinning, thinning to remove hazardous fuels for fire prone forests,
or other modifications of vegetation to achieve land management goals (U.S. Forest Service 2003).  This new
authority may prove especially valuable for dealing with marginal value small diameter thinning projects that are 
designed to reduce fuel loads.
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Many rural communities have experienced economic decline due to severe reductions in federal harvest volumes.
Over the last decade, many timber purchasers and harvesting companies have either gone out of business or have
found work in state or private forests.   If consequential risk reduction is to occur in the inland west, a program of
sufficient magnitude and duration will be needed to inspire the confidence necessary to support investments to 
rebuild rural harvesting and manufacturing infrastructure. Opportunities are being assessed for utilization of non-
merchantable logs as feedstock to fuel biomass-to-energy cogeneration facilities but rural investors will need to be
assured that business opportunities associated with a federal program of fuels reductions are real.  Service
contractors and timber sale purchasers report that expanded contract flexibilities in areas such as bonding
requirements, scope of projects, and duration of contracts could be helpful. Best value contracting and multi-year

contracts are new Stewardship End Result Contracting authorities that may hold promise for response to these
suggestions (Kauffman 2002, Pinchot Insitute 2002).

A recent examination of awarded federal contracts revealed that urban companies get most of the work from Forest
Service stewardship activities that take place in rural areas (Mosely 2001) in spite of federal Small Business Set-

Asides and Hub Zones programs that are designed to assure that rural businesses benefit from preferential
contracting opportunities.  Forest Service experiments with work contracts that contain Goods for Services

packaged into a service contract are reported to result in more small and local contractors bidding on work projects.
Goods for services contracts provide the Forest Service with the ability to include some merchantable timber in a 
service contract such that the cost of the stewardship activity is discounted by the value of any recoverable log sales
revenues.  Under such circumstances unlike traditional timber sales the small operator benefits from new ability to 
compete with large companies because of low up-front cost of bidding (Kauffman 2002).

When the economic costs of hazardous fuels reductions are greater than the market returns from harvested log sales,
the recoverable value of the logs can be used to discount the cost of the fire risk reduction activity. The resulting
combination of harvest contracts with restoration activities minimizes operational impacts to the forest environment
by limiting equipment to one entry rather than two. Economic benefits to the Forest Service may be substantial as 
well.  For example, the recent combination of one timber sale with a service contract into a stewardship project is 
estimated by the contracting officer to have saved the Forest Service $850,000 over the price of two single purpose
entries (Bird et al. 2000). Further savings result from reductions to administrative costs when projects are combined.
One NEPA process is required to be completed rather than two.  Harvested values applied directly to treatment
activities mean no loss from government overhead as would occur if revenues were returned to the general fund only
to be sent back to the Forest Service as a stewardship appropriation.  Several areas of activities may be combined
into one long term contract where the value of the harvestable trees from one area carries the costs of fuel removals
in another area.  In some cases, the Forest Service is able to conduct restoration activities in areas that without goods
for services contracting opportunities would otherwise not be treated (Kauffman 2002). The extended length of the
contract helps the small business by providing an enduring work opportunity. Goods for Services is a new
contracting authority that has been reported to allow multiple value trade-offs (Pinchot Institute 2002).

Stewardship end result contracting has been mandated by Congress to be accompanied by the design of a multiparty
Monitoring and Evaluation Process to review the pilot projects.  In July 2000, the Pinchot Institute was awarded
the contract for development and implementation of the Multiparty Monitoring and Evaluation Program.  Several
reports have been completed by regional teams that synthesize accountings from local teams and analyze the effects
of regional conditions and circumstances:

The objectives, as specified by Congress, are to consider:

The potential impact of greater collaboration in land management;

The potential for new authorities to facilitate project implementation; and

The potential for stewardship contracts to meet the needs of local communities.

A recommendation of this report will be that this list be expanded to include an additional objective: consider the
relative achievement of the environmental, economic, and social goals as declared as objectives by each project. 
Stewardship end result contracting programs need to be judged for short- and long-term results.  The long-term
lessons from collaboration and restoration may not be apparent for years but will provide essential information for
management improvements in the future.  The Pinchot Institute has recommended that funding, training, and
technical support for both agency and multiparty stewardship monitoring efforts are essential (2002). Technologies
presented within this report could provide useful support for such a program.
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However, the Forest Service is being asked to do more with less.  A lot more; from 1992 to 2000, according to the
National Academy of Public Administration, the number of Forest Service employees fell by 23% (USDA Forest
Service 2002). While the backlog of forest acres considered overstocked and at high risk from forest fire is 
increasing yearly (2-3% per year), funding available for forest density management dropped by 55% from 1988 to
2000 (Powell et al. 2001). A demographic analysis of regional employees indicates that in the years from 2000 to
2005, 35% of the certified Forest Service silviculturists in the Pacific Northwest Region will be eligible to retire.
The Forest Service is experiencing progressive skills erosion in the workforce that logically increases the rate of 
work backlog.  This same Forest Service report recommends that the Pacific Northwest Region should enter into a
cooperation education program to develop a qualified recruitment pool for needed new hires (Powell et al. 2001).
The technological capabilities and philosophical approaches to analysis, as presented in this report, have been
designed to deliver educational benefit and to inform critical thinking as applied to management planning of fire-
prone dry-site forests in the inland west. These skills will be essential for future Forest Service employees.

Another pilot contracting authority being tested by the Forest Service is called Receipt Retention.  Receipt retention
may provide the opportunity to address the challenges of limited resources represented by a shrinking skilled work
force as well as those of monitoring and evaluation such as have been presented in the two previous paragraphs.
Through receipt retention, the Forest Service has been given the ability to retain portions of the receipts at the local 
level from the sale of commercial products, such as timber, to be held for later reinvestment in non-revenue
producing stewardship activities.  For decades the Forest Service has managed similar trust funds for road 
maintenance, regeneration establishment, brush control, etc. (e.g. Knutson-Vandenberg Fund, the Brush Disposal
Fund, and the Salvage Sale Fund). However, most of these funds were required to be reapplied to the project areas
from which the commercial material had been harvested. New authorities give greater flexibilities for broader
discretionary use (U.S. Forest Service 2002).

A combination of annual appropriations and retained stewardship receipts should be used to establish a trust fund for 
long term educational partnerships between the Forest Service and universities of natural resource sciences in the
involved states.  Institutions of higher learning have established skills in training deliveries and are neutral providers
of emerging science and technology. Many university faculties have long-term research relationships with the Forest 
Service through many years of collaboration. Students supported by the Forest Service scholarships would commit
to post college service much like the Reserve Officers Training Corps (ROTC) program that has been utilized
successfully by the armed forces. While in college students would work under faculty supervision to collect data and
participate in analysis to monitor and evaluate stewardship activities. Project partnerships with students, faculty,
Forest Service professionals, community organizations, and rural harvesters will facilitate healthy cross-fertilization
to encourage innovative and collaborative problem solving while supplying the National Forest with a future source
of skilled workers and establishing a long-term strategy to monitor and evaluate the results of stewardship activities.
Training of current personnel and interested publics in the use of the technologies presented in this report should
begin immediately so that regional programs for fuel reduction treatments receive timely benefit.
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5. CONCLUSIONS AND DISCUSSION

Investigation of Alternative Strategies for Design, Layout, and Administration of Fuel Removal Projects has
provided parametric examination of treatments that reduce fire risk, including their costs, market values, non-market
values, and contracting issues.  Specific examples are intended for use to customize strategies for a wide range of
forest, infrastructure and market conditions.  The information is also intended to be useful in training Forest Service
professionals, and harvest operators on how to design and layout fuel reduction treatments.  Some of the findings
from the investigation of the two case study forests are worthy of summary:

Greater than 75% of both forests was found to be in moderate to high fire risk classifications.

Generally the 9 and under treatment did not result in sufficient fuels removal to substantively reduce risk in 
most stands but in some stands with certain diameter distributions this treatment could be used successfully.

The Half BA and the BA 45 appeared to be the most effective treatments for fire risk reduction.

BA 45 resulted in the highest percentage of targeted species (ponderosa pine and western larch) after
treatments.  BA 45 had the best overall fire risk reduction performance.

The 12 and over treatment produced the greatest revenues but performed poorly for risk reduction.

Wildfire destroyed almost everything on the FNF but left surviving stems on the ONF.

The economic performance of the Half BA and BA 45 treatments indicates that many stands may be treated
at little or no cost with thinning of some stands resulting in a positive net return. 

Wildlife results were mixed and sometimes counterintuitive.  Treatment planning for wildlife will need to
be customized to local conditions. For example, wildfire simulations might indicate that controlled burning
to reduce fuel loads may have utility for the ONF where modeling results shows some trees survive wildfire
but controlled burning may be inadvisable on the FNF where modeling results indicate that wildfire
produces total mortality.

The negative atmospheric carbon consequences of wildfire are significant.  No-action (without fire) results
in the greatest carbon storage in the standing forest but standing forest carbon is not as large as the
magnitude of carbon not released to the atmosphere as a result of substitution.

Substantial market and non-market values that are not usually accounted for when fire risk reductions are
evaluated, justify increases in investments to reduce fire risk. 

There are sufficient volumes of non-merchantable materials in at-risk areas of both the FNF and ONF to
warrant consideration of development of cogeneration facilities.

71 interview respondents offered valuable comments and suggestions on potential contracting
improvements.

Emerging technologies and contracting innovations are available to help the Forest Service reduce
operational costs and delays.

This report also demonstrates how an integrated forestry software package can assist federal agencies and other
interested users gain greater efficiencies in planning fire risk reduction treatments to achieve multiple values with
less conflict and less cost.  The Landscape Management System (LMS) provides a sophisticated user-friendly 
software environment from which professional and public users with little training can participate in analysis of
complex data to better understand the consequences of management alternatives.  The results from case study
analysis of two National Forests, presented in this report, demonstrate that fire risk can be effectively reduced while
creating and protecting other environmental, economic, and social values. These results also brought out some
strategic considerations for effective use of technology and for future work towards expanding these developing
technical capabilities.

Analytical technologies can help us with what we do know.
o Based upon available data, in the case of this project the CVS data, we can test the behaviors of

alternative strategies. Results help users understand the spectrum of alternative options and the
gradient of likely outcomes.  This information helps to inform field choices and communicate
those choices to interested publics.

o CVS data offers a valuable representation of forest conditions but is very coarse resolution.  By 
analyzing CVS data we gain operational efficiencies when knowledge from simulations serves to
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focus attention on areas of critical interest (in this case highest fire risk). From high risk areas the
focus can be narrowed further to high risk areas in the wild/urban interface where the most
urgently critical areas for treatment might logically exist. In these areas better data may be needed
to assist decision-making but investments in data collection can be minimized when focused on
the precise type and location of need rather than broadcast as part of a much more expensive
sampling strategy.

o Use of LMS and other tools can help the Forest Service to better understand and communicate
what will be the likely consequence of No-action.

Analytical technologies can help us to discover what we don’t know.
o An example of unexpected discovery from this investigation can be found in the wildlife habitat

modeling section. When habitat models were examined, the robustness, especially, in this case, of
the ICBEMP source habitat models, came into question.

o Future work is needed to develop and validate wildlife models that are necessary to better inform
management decisions.  As landscape simulations from this investigation have demonstrated; No-
action is not always a safe habitat default.  Forest managers must juggle harvest treatments to
produce multiple values that necessarily include wildlife habitat. Some areas may need to be
heavily thinned as fire breaks to protect other areas that may be at risk but are not treated because
of special habitat considerations. Other areas may be treated as part of restoration activities to
combine risk reduction with creation of older forest structures. Other areas that are not of special
concern may be treated primarily to reduce risk and provide habitat for wildlife that prefer open
structures.  Planning landscape changes over time will necessitate better wildlife habitat models.

A primary objective of this report has been to develop and demonstrate an integrated forestry software package that
can assist federal agencies and other interested users to gain greater efficiencies in planning fire risk reduction
treatments to achieve multiple values with less conflict and less cost.

The Landscape Management System (LMS) provides a sophisticated user-friendly software environment from
which professional and public users with little training can participate in analysis of complex data to better
understand the consequences of management alternatives. The LMS has been in development under the direction of
Dr. Chadwick D. Oliver and Dr. James B. McCarter for more than 10 years as part of the Landscape Management
Project at the University of Washington, College of Forest Resources in partnership with the USDA Forest Service.
New capabilities and operational refinements are added regularly such that the sophistication of LMS is constantly
expanding to stay compatible with other evolving software applications, to meet user demands, and to increase
speed and user-friendliness. LMS has been developed to be compatible with other federally developed forestry
programs such as SVS, Envision, FVS, and FFE.  LMS is being used by many public and private forest landowners
and managers and is the only software of its caliber that is distributed to the public at no charge. LMS has proven to
be a uniquely positioned investment in the provision of technical support to all interested parties with an eagerness
to better understand forest management planning.

The Rural Technology Initiative (RTI) was created in 2000 as a partnership between the University of Washington,
College of Forest Resources, and Washington State University, Department of Natural Resource Sciences, to aid in 
the transfer of technology for managing forests for increased forest products and environmental values in support of
rural forest-resource based communities.  An advisory board representing rural constituents and community groups
supports and guides RTI activities.  RTI staff, faculty, and supported graduate students have extensive expertise in
forestry modeling capabilities and development of technology-based training modules for delivery to rural
communities. RTI is uniquely positioned to disseminate study findings through its network of tribes, consultants,
WSU Extension agents, landowners, community organizations, public lands foresters, and industrial associations.
RTI has developed a technology delivery system through UW, WSU Extension, Community Colleges, and Satelite 
Learning Centers to continue training and outreach activities long after project completion.  Technology trainings, in
analytical capabilities demonstrated in this investigation, could be conducted by RTI personnel and made available
to federal agency personnel for a host of interested government, community, small private and industry interests.
Trainings in available technologies for forest management could produce lasting process improvements and
maximize benefits of federal investments in forestry modeling technologies.
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