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Abstract

This study evaluated the ability to generate prescriptions for a wide variety of stands when the goal is to reduce crown fire potential. Forest managers
charged with reducing crown fire potential while providing for commodity and ecological production have been hampered by the complexity  of
possible management options. A program called Stand-Level Optimization with Multiple Objectives (SLOMO) was developed that uses a dynamic
programming based algorithm to find near-optimal solutions for a number of problem formulations. Sixty-four stand types from eastern Oregon
were evaluated with SLOMO with the goal of reducing crown fire potential. Two attributes of stand canopies were manipulated, canopy base height
(CBH) and canopy bulk density (CBD). Additionally, a baseline case of "grow only" was evaluated for each stand to help understand the potential
effects of active management. Results illustrate the potential for optimization methods to provide useful management strategies to reduce crown
fires. Relative to the grow only goal, treatments are derived that achieve and maintain target levels for CBH and CBD over a 100-year projection.
Simulations show a substantive decrease in crown fires, especially active crown fires, with treatments derived from optimization procedures.
© 2006 Elsevier B.Y. All rights reserved.
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1. Introduction

Forestland managers are under increasing pressure to reduce
the threat of wildland fire in managed stands in dry forests
while achieving ecological and traditional wood-production
objectives (O'Hara et al., 1994). Forest-management   strate-
gies traditionally have been based on expert knowledge and
field experience with a number of different treatment regimes
(Palahi and Pukkala, 2003). Reducing a stand's susceptibility
to fires largely has been accomplished with traditional silvi-
cultural strategies that are designed more for wood-production
than for the reduction of fire risk (Keyes and O'Hara, 2002).
Management approaches need to be developed to especially
reduce crown fire potential. Crown fires are of special concern
because they are more difficult to control than a surface fire
(Scott and Reinhardt, 2001) owing to faster spread rates and
intensities (Rothermel, 1991), and they have more lethal stand
effects. Also, spotting and increased radiation make crown fires
much more dangerous when trying to defend structures within

the increasing wildland-urban interface (Cohen and Butler,
1998).

Understanding the underlying processes of crown fire behav-
ior is a key step in evaluating management strategies to reduce
fire risk. This understanding exists in quantitative form as math-
ematical models. These  crown fire models largely are based on
the works of Van Wagner (1977) and Rothermel (1991). Equa-
tions for the spread and behavior of surface fire are based on the
seminal work of Rothermel (1972, 1983), and have been incor-
porated into wildfire models such as FARSITE (Finney, 1998)
and BEHAVE (Andrews and Bevins, 1999). The Van Wagner
(1977) model describes the conditions needed to introduce and
sustain a fire into the canopy from a surface fire or adjacent crown
fire. Scott and Reinhardt (2001) established linkages between
surface and crown fire behaviors by integrating Rothermel's
(1972) surface fire model, Van Wagner's (1977) crown fire tran-
sition model, and Rothermel's (1991) crown fire spread model.
These linkages are used extensively in the Fire and Fuels Exten-
sion to the Forest Vegetation Simulator (FVS-FFE) (Dixon et
al., 2003; Reinhardt and Crookston, 2003).

Ultimately, for land managers to be effective they must cre-
ate silvicultural treatments that can be understood and applied
by the people doing the work. Vague goals to "reduce a stands'
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crown fire potential", while important, are difficult to achieve
on the ground if the crews doing the work cannot realistically
determine if they have achieved the desired effect. Keyes and
O'Hara (2002) quantified silvicultural guidelines for reducing
crown fire potential in terms useful for both silviculturists and
ground crews. These guidelines and procedures were based
on relationships by Rothermel (1972) and Van Wagner (1977)
but were described in a way to be understandable by a wider
audience-especially those who may not have the background
to understand the complex surface and crown fire models. The
Keyes and O'Hara (2002) procedure, however, still requires a
significant effort on behalf of the user in prescribing silvicultural
treatments. This paper applies stand-level optimization methods
to the issue of determining stand-level treatments for the purpose
of reducing the hazard of crown fire.

2. Stand-level optimization

The objective of stand-level management planning is to deter-
mine the optimum combination of entries, the timing of entries,
and the type of treatments applied to a stand to best meet man-
agement goals. It is difficult to determine this combination of
activities through non-computerized processes as generally only
a small portion of the potential combinations of treatments can
be evaluated. Operation research techniques applied to stand-
level management started appearing in the literature in the 1960s
(Amidon and Akin, 1968; Chappelle and Nelson, 1964; Hool,
1966). Since that time substantial research has been devoted to
solve problems for even-aged, uneven-aged, and any-aged stand
management using a variety of optimization methods (Brodie et
al., 1978; Brukas and Brodie, 1999; Gong, 1992; Haight et al.,
1985; Valsta, 1990; Wikstrom, 2001).

Dynamic Programming (DP) is a stand-level optimization
approach, which has characteristics and capabilities that pro-
vide a useful solution framework for the timing and intensity of
typical silvicultural actions such as thinning, fertilization, pest
control, and rotation age decisions (Hann and Brodie, 1980;
Paredes and Brodie, 1987). DP approaches have the ability to
avoid including multiple local optima in the final solution to
a stand-level problem (Yoshimoto et al., 1990). The Projection
Alternative TecHnique (PATH) algorithm (Paredes and Brodie,
1987) was developed to solve for the optimal solution at every
stage in a DP program, reducing the computation and storage
space requirements because the problem is reduced to a one-
state, one-stage DP problem. Yoshimoto et al. (1988) introduced
the look-ahead process to establish that the optimum solution has
been located at each stage. Then Yoshimoto et al. (1990) intro-
duced a region-limited strategy combined with the PATH algo-
rithm (RLS-PATH) that has two parts. In part one, a restricted
domain of the state space is established. In part two, DP (via
the PATH algorithm) is applied to the restricted domain. Once
the optimal solution has been located, a new, tighter restricted
domain of the state space is established. The process contin-
ues until convergence on a local optimum has been established
(Yoshimoto et al., 1990).

This paper demonstrates the use of the RLS-PATH algorithm
to generate prescriptions for reducing crown fire hazard in rep-

resentative stands in the Blue Mountains of eastern Oregon.
The RLS-PATH algorithm is used within an automated prescrip-
tion generator that uses the Forest Vegetation Simulator (FVS)
(Dixon et al., 2003), a single-tree, distant-independent growth
model to project stand growth. The term "prescription" is used
in this paper to refer to the overall schedule of activities that
occur in a stand over a planning horizon. Inherent in the term
prescription is the fact that individual tree data are explicitly
tracked over time. Thus, a prescription also implies knowledge
about what a stands' attributes are over the planning horizon.

3. Crown fire hazard

This paper focuses on reducing crown fire hazard, but other
types of wildland fires also exist (Pyne et al., 1996). There are
three main types of wildland fires: ground, surface, and crown
fires. Ground fires are characterized by burning ground fuels
such as roots, buried logs, duff, organic soils, etc. A surface
fire is one that burns in the fuel layer that lies just above the
ground fuels. Surface fires burn fuels that consist of leaves,
needles, grasses, down woody debris, logs, and shrubs. Crown
fires burn in elevated canopy fuels that consist of the live and
dead foliage, lichen, and the fine live and dead branchwood.
These fuels tend to have the lowest bulk density of all the
fuels.

Van Wagner (1977) differentiated three types of crown fire.
A passive crown fire is often referred to as torching or candling.
In passive crown fires the flames spread from a surface fire to
the canopy, but the flame is not maintained in the canopy. This
torching effect may occur in single trees or in small groups of
trees. Short-range spotting is often associated with passive crown
fire increasing the potential for ignition of new fires downwind.
A second crown fire type is active crown fire; also commonly
called running or continuous crown fires. In active crown fires
there is a linkage between an advancing surface fire and a depen-
dent fire in the crowns that is advancing with the surface fire.
There is generally a solid wall of flame extending from the sur-
face fuel bed through the upper canopy. Spotting of all ranges
(short to long) is possible with active crown fires making them
very difficult to control through containment. The last crown
fire type is independent crown fire. An independent crown fire is
one that sustains itself without requiring heat contributions from
an underlying fire. Van Wagner (1993) found that independent
crown fires rarely occur and only under extreme weather and
topography conditions.

There are three main characteristics of canopy fuels that must
be quantified in order to use the integrated model of crown
fire potential: canopy bulk density (CBD), canopy base height
(CBH), and foliar moisture content. Of these three, CBD and
CBH can be directly influenced by silvicultural activities. Both
CBD and CBH refer to the overall canopy property of a stand and
not an individual tree (which are often referred to as crown bulk
density and crown base height, respectively). The effect of foliar
moisture content is uncertain. Van Wagner (1993) found that
foliar moisture content has a less important influence on crown
fire initiation (compared to CBH), but it may have a stronger
effect on the crown fire spread rate (Scott, 1998).



tal variables such as slope, open winds peed, and fuel moisture
values remain constant. Given Rothermel's correlation rate, Eq.
(1) can be reformulated as:

Quantifying a target crown base height relies on equations
derived from convection theory and the estimates of heat release
rate (fireline intensity) for transferring heat from a surface
fire upward into the canopy (Scott and Reinhardt, 2001; Van
Wagner, 1977). Van Wagner (1977) proposed that when heat is
supplied from a surface fire, the upward heat flux would reduce
the canopy fuel moistures and eventually raise the canopy fuels
to ignition temperature. By rearranging Van Wagner's equation
for calculating a critical fireline intensity for a given CBH,
Keyes and O'Hara (2002) calculated the critical CBH for a
given fireline intensity (FU) as:

where CBHtar (m) is the target CBH above which crown fire igni-
tion is resisted for the predicted surface fireline intensity (kW/m)
and percentage foliar moisture content (FMC) (oven-dry weight)
under specified conditions. We assumed a FMC of 100% for
this study (FMC value is 100 for 100%,90 for 90%, etc.) as sug-
gested by Scott and Reinhardt (2001). It should be noted that both
CBDtar and CBHtar will change over time for any given stand.
Whether the target value increases or decreases is ultimately
dependent upon the fuel model assigned to a stand at any point
in time. The same logic used by the FVS-FFE model (Reinhardt
and Crookston, 2003) for fuel model selection was employed.

4. Methods

4.1. Problem formulation

The example presented in this paper is best described as an
any-age stand management problem. Haight (1987) and Haight
and Monserud (1990) described the any-age stand management
problem as determining the best temporal sequence of harvest
and planting levels without constraints on the stand age or size
structure. Without constraints on the stand age or size structure,
the optimal management solution may yield stands that have
irregular structures or the solution may yield stands with con-
ventional even- or uneven-aged structure, thus the term any-aged
is used.

In this paper, harvesting decisions and growth predictions
occur at discrete time intervals, every 10 years. The problem is
to determine, for each stand, the number of trees to be removed
in each period over the planning horizon, in order to maximize
the weighted value associated with the stand's ability to avoid
crown fire over a period.

The state and control vectors and variables are as follows:

stand state in period t (vector)
the attributes of tree record i at the beginning of period
t (element)

where CBDtar is the target CBD in (kg/m3) below which
crown fire spread will not occur for the given crown fire
spread rate (ROSc) (m/min) estimated under specified conditions
(Keyes and O'Hara, 2002). Calculating an anticipated ROSc first
requires calculating a correlated surface rate of spread (ROSr).
Rothermel (1991) observed a ratio of 3.34 between the crown
rate of spread and surface rate of spread by using parameters for
the National Forest Fire Laboratory Fuel Model 10 (Anderson,
1982) and with a wind reduction factor of 0.4. Other environmen-

CBD can be described as the mass of available canopy fuel
per unit canopy volume (Scott and Reinhardt, 2001). However,
in practice this can be difficult to measure. The FVS-FFE model
(Reinhardt and Crookston, 2003) uses a methodology derived
from Sando and Wick (1972) whereby an "effective" CBD can
be estimated from stand inventory data. This method does not
assume uniform distribution of canopy fuels and thus lends itself
well to a wider application of stand structures. See Reinhardt and
Crookston (2003) for a more detailed explanation of the neces-
sary calculations and Scott and Reinhardt (2001) for alternative
methods that can be considered in calculating CBD.

CBH is the lowest height above the ground at which there is
sufficient canopy fuels to propagate fire vertically through the
canopy (Scott and Reinhardt, 2001). Neither the lowest crown
base height in a stand (from individual trees) nor the average
stand crown base height does a good job of representing the
stand CBH as a whole. Ladder fuels such as small trees, dead
branches, and lichen are often unaccounted for in inventory data
and thus not represented in the inventory data. Based on the
work of Sando and Wick (1972) and Brown (1978), the FFE-
FVS model uses a calculation whereby the CBH is determined
as the lowest height at which the CBD from a 0.91-m running
mean is greater than 0.11 kg/m3.

Keyes and O'Hara (2002) proposed two broad objectives
that forest managers could specify when trying to minimize the
crown fire hazard for a stand: (1) prevent crown ignition by
manipulating CBH, or (2) prevent crown fire spread by manip-
ulating CBD. A third objective is the combination of the two
above whereby the forest manager's goal is to reduce both crown
ignition and crown fire spread. For these goals to be useful,
a method is required to quantify a target CBD and CBH for
any given stand. It should be noted that this paper is not a
review of the nuances and particulars in calculating fire behavior
indices (fireline intensity, spread rates, reaction intensity, heat of
pre-ignition). However, the calculations presented in this paper
assume some background level of understanding between the
linkages and variables used in modeling fire behavior. See Albini
(1976), Van Wagner (1977), Rothermel (1983, 1991), Scott and
Reinhardt (2001), or Reinhardtand Crookston (2003) for a more
thorough treatment on modeling fire behavior.

A target CBD can be calculated by rearranging Van Wagner's
(1977) model of a critical crown fire spread rate that is required
for a crown fire to be sustained with a given crown bulk density.
The rearranged equation is given as follows:



cutting levels in period t (vector)
percentage of record i cut in period t (element)
the harvest controls in period t (vector)
percentage of trees cut in diameter group j and
hj(t) = [0-1] (element)
a unique diameter class group
total number of diameter class groups =4 (scalar)
number of look-ahead periods = 5 (scalar)
total number of simulation periods = 10 (scalar)

A mapping occurs within the solution process such that h -> x
by:

The weighted value associated with the stands ability to avoid
crown fire is the summation of the two factors: (1) a user-defined
weight times a scalar bonus for each period that a stand has a
calculated CBH that is greater than the calculated target CBH;
(2) a user-defined weight times a scalar bonus for each period that
a stand has a calculated CBD that is less than the calculated target
CBD. The variables used in the objective function evaluation are:

Therefore, in employing the RLS-PATH algorithm, the per-
stage objective function is to maximize the scalar function

where t = 0 is the moment just after any harvest activity (includ-
ing the decision not to harvest) and t= 1 represent the end of one
period of growth (10 years). When Eq. (4) is solved the thinning
levels hj(t) will be known for each j and t.

4.2. Solution method

A program called Stand-Level Optimization with Multiple
Objectives (SLOMO) was written in the C and C++ languages to
solve stand optimization problems of the type given in this study.
SLOMO is designed with a graphical user interface that allows
a user to enter multiple stands and solve for multiple objectives.
The user completes a nine-step process to set up and specify all
the necessary parameters, inputs, and outputs. SLOMO uses the
growth and yield functions from the Blue Mountain variant of the
FVS (Dixon et al., 2003). This permits reduced computational

times as it removes the overhead associated with running FVS
in its stand-alone format. Additionally, the equations and proce-
dures from the FVS-FFE extension (Reinhardt and Crookston,
2003), Blue Mountain variant, were also recoded into SLOMO.

The harvest control vector, h(t), represents the fraction of
trees harvested by diameter classes for a specified period. Four
diameter class breaks were defined for this study (0-10.1 cm,
10.2-30.5 cm, 30.6-53.3 cm, >53.4 cm), These four classes were
chosen to strike a balance between having a useful management
utility (for either wildlife, ecological, or economic uses) and the
desire to have breaks that allow enough silvicultural flexibility
to manage the stand. By flexibility, we are loosely referring to
the concept that thinnings are typically described as low, crown,
selection, and mechanical thinnings-describing   which  trees  are
to be thinned first (Smith et al., 1997). These class breaks allow
the DP algorithm to break the solution process into logical sub-
parts that reflect how silviculturists and ground crews actually
implement activities in a stand. Within each diameter class, five
or six levels of thinning are specified. The potential percentage
of trees to be harvested in each class, hj(t), is a function of which
diameter class is being evaluated. For the bottom three diame-
ter classes (0-53.3 cm) the thinning levels are 0, 20, 40, 60, 80,
and 98. These values can be interpreted as follows: if hj(t) = 20
for a particular iteration during the optimization process, then
20% of the trees per unit area from each record in class j will
be harvested. This could be considered a proportional method
of harvesting because the value of the element is applied pro-
portionally to each record in the class. The top diameter class
(>53.4 cm) has a slightly different setup. The thinning levels for
this class are 0, 25, 50, 75, and 98. These values can be inter-
preted as follows: if hj(t) = 25, then 25% of the total trees per
unit area in that diameter class are harvested, either starting from
the top or bottom record within that class (i.e., the record with
the largest or smallest diameter). This could be considered a
non-proportional method of harvesting because the element is
applied non-proportionally to each record in the class.

We have already outlined the basic formulation for a prob-
lem that attempts to maximize the weighted function associated
with a goal of reducing a stands' potential for crown fire over
time. The earlier formulation was for an unconstrained prob-
lem. SLOMO has some built-in constraints that can be turned
on or off for particular stand goals. Two constraints applied to
this study are: (1) an upper size limit when evaluating whether
to harvest a particular tree (maximum of 60.9 cm dbh); (2) a
minimum volume that must be taken if any harvest activity is
to occur (21 m3/ha). These constraints now need to be included
and linked in our model formulation (Eq. (4) with the following
scalar function L[s(t), x(t)]:



6. Results

It took 2 min and 10 s to generate the prescriptions on a
Windows'" -based computer with a 3.2 GHz processor. There
were a total of 128 prescriptions generated (64 grow only
goal + 64 reduce crown fire goal). Stand CBD and CBH of the
64 stands were averaged for each of the two goals and plotted
(Figs. 1 and 2).

For the grow only goal, there is a dip at period 2 where
the average CBH dips to 3.9 m after initially starting at 4.5 m
(Fig. 1). This is an artifact of the growth and modeling proce-
dure that omits small trees in the CBH calculations in the initial
stand. These small stems grow to a height such that they are
included in the CBH calculations by period two. After period
2, the average CBH for the grow only goal steadily increases
to reach a high of over 7 m in period 10. In contrast, there is
a dramatic increase in the average CBH immediately with the
reduce crown fire goal prescriptions. Period 2 shows an aver-
age CBH of over 6.9 m, which is over 3.1 m higher compared
to the period 2 height of the grow only goal. A dip in the aver-

5. Study design

This study was designed to demonstrate the utility  of SLOMO
to generate good (i.e., near "optimal") prescriptions for a vari-
ety of stands with the objective of reducing the long-term
potential of crown fire in the stands. This study was origi-
nally designed as part of the Interior Northwest Landscape
Analysis System (INLAS) study in northeast Oregon, USA
(Barbour et al., 2004); however, at the time of this analysis,
the stand exam data were under development and subject to
further refinement. Time constraints dictated that we proceed
with our analysis and we choose to use a sample of the stands
with the caveat that the underlying stand data may not be accu-
rate. The utility of SLOMO can still be demonstrated regardless
of the quality of the stand data. We do acknowledge, however,
that the practicality of using such results would be specious at
best.

For this study we chose 64 stands located in the La Grande
Ranger District of the Wallowa-Whitman National Forest.
Stands were chosen based on two criteria: (1) current basal area
was between 22.9 m2/ha and 34.4 m2/ha, and (2) dominant over-
story species was either Douglas-fir (Pseudotsuga menziesii),
grand fir (Abies grandis), lodgepole pine (Pinus contorta), or
ponderosa pine (Pinus ponderosa). These criteria were chosen
because they represented enough stands in which the underlying
stand exam data appeared to be the most complete and had the
greatest potential to be accurate.

The 64 stands were run through the SLOMO program with
the following harvesting parameters set for a goal of reducing
crown fire hazard:

(1) A weight of 0.5 for meeting the CBH target.
(2) A weight of 0.5 for meeting the CBD target.
(3) An upper diameter limit of 60.9 cm.
(4) No lower diameter limit.
(5) A minimum volume of 3.4m3/ha for any solution that

requires harvesting.
(6) A minimum of 18.4 m2/ha basal area must exist in stand

before harvesting.
(7) Harvesting in consecutive l0-year periods is not allowed.

Additionally, the stand prescriptions in this paper were devel-
oped for a slope of 15%, a 6-m windspeed of 32km/h, and
temperature of  28 °C (air temperature during period of burning).

As a benchmark comparison, the 64 stands were also run
through SLOMO with a "grow only" goal. That is, SLOMO
bypassed all the optimization routines and simply grew each
stand forward in time by using the imbedded growth and mor-
tality equations. For all the runs made with SLOMO regeneration
was turned off.

At each period, the fire behavior and crown fire algorithms
were exercised to determine if a crown fire is capable of occur-
ring, and if so whether crown conditions supported a passive or
active crown fire. If a crown fire was not possible, the fire type
was identified as a surface fire only. The percentages of stands
by crown fire type (or surface fire) were recorded by time period
for each of the two goals.



methods. SLOMO has the capability to incorporate these effects,
and further research by the authors will examine management
options.

7. Discussion

Results of this initial study illustrate the potential use of opti-
mization methods in designing forest-management strategies
to reduce crown fire hazard. Concentrating on only two stand
attributes, CBH and CBD, prescriptions are derived that achieve
and maintain these attributes at relatively low fire-risk levels,
at least over the projected 100-year timeframe. Modeled crown
fire hazard further illustrates the derived treatments to quickly
reduce the likelihood of active crown fires over a planning hori-
zon. The ability to achieve specified trends and the effectiveness
of these trends in reducing crown fire hazard combine to illus-
trate the utility of optimization procedures to derive management
prescriptions.

There are numerous fire-related factors not considered in
this analysis, such as topographic effects, wind patterns, and

age CBH at period 2 for the reduce crown fire goal does not
occur because the optimization process has selected most of the
smaller trees for harvesting during the first or second periods.
The 3.l-m difference between the two goals remains almost con-
stant over the planning horizon. By period 10 the reduce crown
fire goal has resulted in an average CBH of over 10.6 m. This
ability to achieve higher CBH is important in that it makes it
harder for surface fires to reach the crown and initiate crown
fires.

For the grow only goal there is a rising average CBD over the
planning horizon (Fig. 2). In the absence of harvesting, establish-
ment of shade-tolerant understory stems, and the tendency for
individual crowns to fully occupy the available space promote a
dense, continuous, canopy cover. In contrast, the reduce crown
fire goal produces a decreasing average CBD pattern. Another
important difference is the disparate trends in CBD of the two
goals. In period 2 average CBD differs between the two goals
by 0.049 kg/m3, but by period 10 CBD differs by more than
0.12kg/m3. This implies that there may be an increasing value
in maintaining older trees in fire-prone landscape as long as the
sequence of harvest activities is followed.

The results for both goals indicate that for period 0, 73% of
the stands do not have the potential for a crown fire, 19% have
the potential for passive crown fires, and 8% have the potential
for active crown fires (Fig. 3). Ideally, a forest manager would
prefer to have a forest with increasing amount in the no crown
fire type and decreasing amount in the active fire type. This is
exactly the pattern seen with the reduce crown fire goal. For
every period shown, the percentage of stands with no crown
fire in the reduce crown fire goal is greater than the grow only
goal with differences ranging from 5% to 24%. The relatively
high percentage of stands that have no crown fire for both goals
may indicate that the initial stands were fairly crown fire resis-
tant to begin with (for the assumed topographic and weather
conditions).

A notable feature is the percentage of stands in the active
crown fire type. The reduce crown fire goal significantly reduces
the percentage of stands that fall in the active crown fire type.
A reduction of about 15% is seen in four of the demonstrated
periods.

We also looked at surface fire flame lengths because this
parameter is more often easier to understand and is emblem-
atic of surface fire behavior. In this study, the predicted surface
fire flame lengths did increase in the >2.4 m category for the
reduce crown fire goal in periods 2 and 4 (Fig. 4). The major-
ity of harvest occurs in the first two periods and results in an
increase of surface fuels, which is reflected in the selection of
a standardized fuel model that represents the increased litter
on the ground. Even with potential compaction of the surface
fuels from the harvest activity it is possible that the increase in
these fuels creates higher flame lengths as seen here. We did
not examine opportunities to directly manipulate flame length.
The flame length variables that have the greatest potential for
alteration owing to harvesting activity (or not) are the availabil-
ity of additional ground fuels from the activity and the impact
of machinery on the fuel bed depth. Conversely, the ground
fuels could be reduced after harvesting by various slash disposal



We have only considered one form of the objective function
following work by Keyes and O'Hara (2002). Critical torch-
ing and crowning windspeeds are the principal indices used by
Reinhardt and Crookston (2003) in the FVS-FFE model. Other
forms could be considered such as directly incorporating goals
for the torching and crown wind indices (e.g. the introduction of
one-way goals that keep the torching and crowning windspeeds
above user-defined thresholds). In this way managers may be
better able to express their risk levels.

With the incorporation of the FVS-FFE model (Blue Moun-
tain variant), SLOMO has the ability to derive near-optimal
prescriptions for managing stand structures with fire-safe char-
acteristics. Previous models and efforts in the area of optimiza-

. tion have been hampered by the disjointed nature ofthe programs
used-one program would feature optimization; another pro-
gram would model stand growth and yield; another program
would model fire effects, etc. SLOMO bundles those elements
into a single program with a graphical user interface. This
bundling allows a wider range of goals to be considered at one
time. Forest managers charged with reducing crown fire haz-
ard while providing for commodity and ecological production
have been hampered by the complexity of possible management
options. SLOMO allows managers to consider a range of com-
plex and often conflicting goals in a rapid manner. As with all
model predictions, the effectiveness of model-derived manage-
ment treatments will be known only after field implementation
and monitoring.
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economically feasible operation on a flat area may be infeasible
on a steeper area. Similarly, treatments in stands near roads may
be more economically feasible than areas away from roads.
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