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Abstract— Despite a wealth of literature and models concerning wildfire risk, field units
in Federal land management agencies lack a clear framework and operational tools to
measure how risk might change from proposed fuel treatments. In an actuarial context,
risk is defined as the expected value change from a fire, calculated as the product of
(1) probability of a fire at a specific intensity and location, and (2) the resulting change
financial or ecological value. The expected value definition accounts for landscape-
scale wildfire spread, intensity, and damage in a single measure, providing a relatively
robust metric for comparing the effects of fuel treatment scenarios. New advances in
calculating burn probabilities and recent work on resource valuation has set the stage
for actuarial risk analysis in fuels treatment planning. To demonstrate this approach, we
estimated expected net value change on 16,000 ha wildland-urban interface using 12
fuel treatment scenarios and four hypothetical value schemes. Burn probabilities were
estimated by simulating 200 randomly-ignited wildfires. The results showed a non-
linear response in expected value with increasing treatment area. Fuels treatments on a
relatively minor percentage of the landscape (20%) resulted in 20% to 50% increases
in expected net value for most scenarios. The modeling advances the application of
actuarial science to wildfire risk management and fuels treatment planning

Introduction

Despite an overwhelming literature concerning wildfire risk, field units in
the federal land management agencies lack a clear framework and the appro-
priate risk assessment tools for prioritizing and measuring the effectiveness of
proposed fuel treatment projects. It has been suggested that the lack of risk
assessment tools has led to short term, risk-averse management that has perhaps
exacerbated longer term risks from natural disturbances (Irwin and Wigley
2005). With few exceptions, existing wildfire risk systems are not well founded
in the actuarial sciences. None we know of model the interactions among
landscape-scale wildfire spread, fire intensity, and wildfire effects on the net
value of resources. The actuarial definition of wildfire risk is the expected net
value change calculated as the product of (1) probability of a fire at a specific
intensity and location, and (2) the resulting change in financial or ecological
value (e.g., Bachmann and Allgéwer 2001; Brillinger 2003; Finney 2005).
The net value change can include both present and future discounted values.
Assumptions about the effects of wildfire suppression on wildfire probability
and value change can also be incorporated into the expected net value change
equation. The process of wildfire 7isk assessment is concerned with changes
in expected loss in response to fuel treatments, structure improvements, and
assumptions about fire weather and suppression capabilities.
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Major advances in the spatial modeling of burn probabilities (e.g. Finney
2005; Miller and Parsons 2005; Parisien and others 2005) has set the stage
for rapid improvements in tools and methods for wildfire risk assessments.
Extensive work on resource valuation and ecosystem services has also provided
many frameworks for valuing resources in the expected loss equation (Calkin
and Hummel 2005; Calkin and others 2005; Rideout and Ziesler 2005).
We believe that a risk assessment model for fuels treatment planning is now
within our grasp, and such a model would significantly improve our ability to
measure the performance of fuel treatments over existing methods, especially
those that do not consider fuel contagion (Parisien and others 2005). Even
simplistic valuation schemes that weight key resources such as homes, wildlife
habitat, visual areas, combined with coarse estimates of burn probabilities
would provide far more robust measures for comparing fuel treatment options
compared to existing methods often used by field units.

In this paper we describe a wildfire risk model based on established concepts
and definitions of risk from the actuarial sciences. The modeling approach
was designed to be compatible with project level application on federal lands
in terms of resolution and data requirements. The system estimates expected
change in net value considering wildfire spread, intensity, and the effects of
fire on resources of concern. We tested the model on a 16,000 ha wildland-
urban interface in eastern Oregon, USA, using several hypothetical valuation
schemes. We report our initial findings here and discuss further work towards
an operational risk model for fuels treatment planning.

Materials and Methods

Study Area and Data

The Mt. Emily wildland urban interface extends 30 km along a north-
south ridge immediately north of La Grande, Oregon, where the forested
slopes of Mt. Emily and adjacent ridges descend to the agricultural lands in
the Grande Ronde Valley. For analysis purposes, a boundary was established
around the area using major drainages and natural breaks in vegetation, and
the area within contained 16,296 ha of federal, state, and privately owned
lands. About 12,471 ha within the study area are classified as forested lands
based on inventory data. Approximately 9,432 ha are managed by the U.S.
Department of Agriculture, Forest Service. The forest composition ranges
from dry forests of ponderosa pine (Pinus ponderosa), cold forests dominated
by subalpine-fir (Abies lasiocarpa) and Engelmann spruce (Picea engelman-
niz), and a transition zone containing grand fir (Abies grandis), Douglas-fir
(Psendotsugn menziesii), and western larch (Larix occidentalis). Surtface
fuel loadings exceed 140 metric tons/ha in some areas, with high loading
of dead ladder fuels in a large number of the stands (Wallace 2003). Fuel
accumulations accelerated after the 1980-1986 Western spruce budworm
(Choristonenra occidentalis) epidemic. Vegetation and surface fuels data ac-
quisition was accomplished in concert with a fuels reduction project on the
La Grande Ranger District and have been described in detail elsewhere (Ager
and others 2005; Wallace 2003).

Modeling Overview

We used a three step modeling process that involved: (1) Simulating landscape
fuel treatment scenarios with the Forest Vegetation Simulator linked to the Parallel

USDA Forest Service Proceedings RMRS-P-41. 2006.



A Wildfire Risk Modeling System for Evaluating Landscape Fuel Treatments Strategies

Processing Extension (PPE, Crookston and Stage 1991), (2) Calculating fire spread
parameters (elliptical dimensions) with FlamMap, and (3) simulating random fires
and net value change with the mechanistic fire spread program RANDIG (devel-
oped by M. Finney). We integrated the first two steps into ArcGIS using Visual
Basic scripts (Pattison 1998) and the ArcObjects library (Chang 2004) to facilitate
the design and simulation of fuel treatment scenarios. Step three involved batch
processing landscapes with the RANDIG program.

Simulating Fuel Treatment Scenarios

We simulated fuel treatments using the Blue Mountains variant of the PPE
and the Fire and Fuels Extension (FFE, Reinhardt and Crookston 2003).
PPE simulates multiple stands in a parallel fashion, i.e., the simulation is com-
pleted for all stands each time period before cycling to the next time period.
PPE can model multiple, spatially explicit treatment constraints and priori-
ties at the stand scale for a given landscape (Crookston and Stage 1991). We
simulated 12 treatment scenarios by combining six treatment intensities with
two treatment priorities. Treatment intensities were created by constraining
the total treatment area to 0, 10, 20, 30, 40, and 66 percent of the forested
lands. The 66 percent constraint represents treating every overstocked stand
in the landscape (Ager and others 2005). The treatment priorities were based
on stand density index (SDENS) and residential density (RDENS). SDENS
chose stands for treatment based on their level of overstocking as defined
by the current SDI relative to the site potential (Cochran and others 1994).
RDENS prioritized stands based on the spatial density of homes in the sur-
rounding area. Residential density (residences/km?) was calculated from a
point layer of homes obtained from the Oregon Department of Forestry us-
ing a kernel density estimator with a 2 km search radius. Each stand polygon
was assigned the average residential density of the pixels within the polygon.
In the RDENS scenario, stands were also required to meet the same stand
density as in the SDENS scenario.

Fuel Treatment Prescriptions

The fuels treatment prescription consisted of selective thinning, site re-
moval of surface fuels, and underburning. We triggered a thin when a stand’s
SDI exceeded 65 percent of the maximum. Removal of trees was ordered
from smallest to largest so that the thinning treatments were effective at
reducing ladder fuels. Stands were thinned to a target SDI of 35 percent of
the maximum for the stand. The thinning prescriptions targeted removal of
late-seral, fire intolerant species like grand fir in mixed-species stands, favor-
ing early seral species such as ponderosa pine, western larch and Douglas-fir.
The species preferences were varied slightly by plant association group as
described in Ager and others (2005). Although the treatment prescriptions
were simplistic in relation to the diversity of ecological conditions in the
project area, they conformed to overall management practices in the area.
Underburning and mechanical treatment of surface fuels was simulated with
the FFE (Reinhardt and Crookston 2003). Fuel loadings were initialized in
FFE for each stand using the surface fuels data in the vegetation database.
We simulated mechanical treatment of surface fuels to remove 90 percent of
the 7.6 cm to 14.8 cm and 40 percent of the 2.5 cm to 7.6 cm surface fuels
(Wallace 2003). Underburning was simulated using weather conditions and
fuel moisture guidelines provided by fuels specialists on the La Grande Ranger
District. The treatment simulations were performed on a 1600 mhz single
processor PC and required about 5 minutes per scenario.
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FVS database outputs (Crookston and other 2006) for crown bulk density
(kg/m?2), height to live crown (ft), total height (ft), canopy closure (percent),
flame length, and crown fire activity were examined to quantify the effects
of the treatments on stand structure. For space considerations those results
are omitted from the present paper. We converted the databases to FlamMap
landscape files using Visual Basic scripts (Ager 2005). After finding problems
with the post thinning, FFE fuel model selection logic, we overrode the FFE
fuel model selection on treated stands and, based on expected fire spread rates
and behavior for the treated stands, assigned them to fuel model 181 (Scott
and Burgan 2005). This assignment was based on expected fire spread rates
in the post-treated stands.

Wildfire Simulations

For each management scenario, wildfire spread parameters (elliptical dimen-
sions, Finney 2002) for each 30 x 30 pixel in the study area were calculated
with a command line version of FlamMap (M. Finney). A fixed set of weather
conditions and fuel moistures were used to represent 97t percentile weather
conditions generated from local RAWS weather stations (Ager and others
2005; Bradshaw and McCormick 2000). The spread parameters for each
30 x 30 m pixel were then used as input for the RANDIG.fire simulation
program. RANDIG simulates fire spread using the minimum travel time
methods (Finney 2002) and inputs on wind, fuel moisture and topography.
We used RANDIG to simulate 200 random ignitions for each of the 12 fuel
treatment scenarios. The number of ignitions was chosen after preliminary
runs showed that burn probability estimates rapidly stabilized at this value,
which is similar to the findings of Parisien and others (2005 fig. 16). The dura-
tion of each fire was determined using a Monte Carlo approach that sampled
a frequency distribution of spread event days developed from a database of
recorded fires on the Umatilla National Forest from 1970 to 2005 (data on
file, Umatilla National Forest). We simulated a range of wildfire burn periods
with FlamMap for the study area, and then assigned a burn period value to
each fire in the database by matching it to a FlamMap simulated fire with
similar size. We recognize a number of assumptions and limitations in this
approach, although alternative methods are not readily available.

Calculating Risk

Using the definition of risk as the expected net value change, we incorporated
risk calculations into the RANDIG program with the following process. We created
four pairs of landscape value grids (30 x 30 m), each pair containing data on the
potential positive and negative impacts from wildfire (table 1), and representing a
particular valuation scenario. Loss functions were then created for each valuation
scenario that defined proportional changes in value for different flame lengths (table
1). RANDIG was then modified to tally the value change at each pixel for each
simulated wildfire and report the net change at the end of simulation (200 fires
per scenario). It is important to note that the loss functions and value layers were
purely hypothetical and created for the purpose of demonstrating the utility of the
wildfire risk approach in the current study area. The first valuation scenario (FX)
assumed a fixed value of $500 per ha, and the loss function specified a loss directly
proportional to flame length (table 1). The scenario was included to demonstrate a
simple method to incorporate both fire intensity and spread in measuring landscape
effects of fuel treatment scenarios. The second valuation scenario was developed
using home locations. We assigned a fixed value of $200,000 to each of the 176
homes in the WUI and then smoothed the point data using a kernel density
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Table 1—Loss functions for different valuation schemes used in the study. Data in the table are the proportional change
in the value of each pixel at different flame lengths. Positive values represents benefits, negative values represent
losses. Loss functions are hypothetical and were developed to illustrate the process for modeling expected change

in net value.
Valuation scenario
Flame length Residential values Wildfire benefits Residential and wildfire
(m) Fixed value (FX) (RES) (WB) benefits (RES+WB)
Loss  Benefits Loss Benefits Loss  Benefits Loss Benefits
0.0-0.30 -0.1 0.0 -0.1 0.0 0.0 1.0 0.0 1.0
0.30 - 0.61 -0.2 0.0 -0.2 0.0 0.0 1.0 0.0 1.0
0.61-0.91 -0.3 0.0 -0.3 0.0 0.0 1.0 0.0 1.0
0.91-1.22 -0.4 0.0 -04 0.0 0.0 1.0 0.0 1.0
1.22 -1.52 -0.5 0.0 -0.5 0.0 0.0 0.0 -0.5 0.0
1.52 -1.83 -0.6 0.0 -0.6 0.0 0.0 0.0 -0.6 0.0
1.83-2.13 -0.7 0.0 -0.7 0.0 0.0 0.0 -0.7 0.0
213 -2.44 -0.8 0.0 -0.8 0.0 0.0 0.0 -0.8 0.0
2.44 - 2.74 -0.9 0.0 -0.9 0.0 0.0 0.0 -0.9 0.0
>2.74 -1.0 0.0 -1.0 0.0 0.0 0.0 -1.0 0.0

function with a search radius of 200 m to generate a smooth grid of home values.
The goal was to represent the value of individual homes on a number of pixels to
reflect the uncertainty in the modeling about loss from direct ignition, and the fact
that significant value in the rural residences exists around the main structure. Each
residence was represented by 125 pixels having a maximum and minimum value
of about $2000 and $8,000 respectively. A loss function was then created that as-
sumed linear damage with increasing flame length (table 1). No benefits from fire
were assumed in this scenario. Again, the scenario was purely hypothetical and built
to demonstrate the utility of the risk system. A third valuation scenario assumed
that flame lengths under 1.2 m (4 ft.) constituted a fuels treatment, and generated
a positive value of $350,/ha. Negative values were not included in this scenario. A
fourth scenario (RES+WB) combined portions of the third and second scenarios
to consider both the loss of residences at flame lengths > 1.2 m, and the benefits of
low intensity fire when flame length was less than 1.2 m.

Within each simulated fire, the flame length at each pixel was used to cal-
culate the net value change using a loss function. The loss function translated
flame length into an expected change in value expressed as a proportion.
We simulated 200 wildfires for each combination of management intensity,
treatment priority, and valuation scheme, for a total of 9,600 fires. For dem-
onstration purposes we ignored a number of important factors including
the cost of fire suppression and fuel treatments, and revenues from harvests.
These factors will be considered in future work

Results

Burn Probabilities

Burn probability (BP) and average wildfire size decreased linearly with
increasing treatment intensity for both the RDEN and SDEN scenarios (Table 2).
The highest BP’s were observed for the scenarios without treatments, and
were in the range of 0.049 — 0.060, averaging 0.057. At the maximum treat-
ment rate, where all overstocked stands were treated (8,495 ha, 66 percent),
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Table 2—Results from wildfire risk simulations on the Mt. Emily study area. Each scenario represents a management
intensity (0, 10, 20, 30, 40, 66 percent of forested area treated) and spatial treatment priority (SDEN = stand
density index, RDEN = residential density). Two-hundred random ignitions were simulated for each management
scenario. Four resource valuations schemes were used to calculate an expected net change in landscape
value. Valuation schemes are: FX= flamelength, RES = value of residences, WB = wildfire benefits from low
intensity wildfire, RES+WB = combined RES and WB. The reported average and range is for the 4 simulations
per management scenario (one for each valuation scheme).

Average Average Expected net value change
burn Range in average wildfire ($/ha) by valuation scheme
Scenario Hatreated probability burn probability size (ha) FX RES WB RES+WB
SDEN-0 0 0.057 0.049 - 0.060 883 -53.4 477 40.6 10.9
SDEN-10 1690 0.040 0.038 — 0.045 624 -28.4 -340 371 6.6
SDEN-20 3255 0.038 0.036 — 0.040 624 -30.0 -34.3 320 -4.9
SDEN-30 4887 0.029 0.027 - 0.032 499 -25.6 -244 242 2.0
SDEN-40 6547 0.025 0.024 — 0.026 408 -19.5 -235 218 -6.9
SDEN-66 8495 0.017 0.017 - 0.018 278 -12.8 -16.9 144 -746
RDEN-0 0 0.053 0.052 - 0.056 893 -46.6 -38.4 46.9 18.2
RDEN-10 1690 0.040 0.037 — 0.041 683 -40.5 -22.2 311 -407
SDEN-20 3255 0.033 0.032 -0.035 552 -32.7 -191 286 -16.8
RDEN-30 4887 0.026 0.025 -0.028 435 -211 -149 232 -179
RDEN-40 6547 0.021 0.018 — 0.024 344 -15.0 -12.8 18.0 -46.1
RDEN-66 8495 0.016 0.016 — 0.017 273 -12.8 -124 131 -58.4

average BP was reduced to 0.016 for the RDEN and 0.017 for the SDEN
management scenarios. Thus, treating every overstocked stand reduces the
average probability of a 30 x 30 m pixel burning by 0.04. The BP estimates
varied only slightly among the four different simulations for each scenario
with the range averaging 0.0043. Considerable spatial variation in BP was
observed, with the largest values (0.22) along the eastern edge in the middle
of the study area. This same area also showed the largest reduction in BP
from the thinning treatments. For instance, BP was reduced from 0.22 to
0.07 between the no treatment and treating 66 percent of the landscape us-
ing the SDEN treatment priority.

Average Wildfire Size

Wildfire sizes in the 9600 simulations (12 management scenarios by 4
valuation schemes x 200 fires) ranged from 1 to 5,600 ha. Average wildfire
size decreased linearly with increasing treatment at the rate of about 0.07 ha
per ha treated for both the RDEN and SDEN (table 2). Thus, for every 100
ha treated, the average wildfire on the entire study area was reduced by 6 ha.
On a proportional basis, treating 20% of the landscape (3,255 ha) reduced the
average wildfire size by about 34%. Differences among the spatial treatment
scenarios (RDEN,; SDEN) in terms of wildfire size were minor.

Expected Loss

The hypothetical valuation schemes (FX, RES, WB, RES+WB, see table
1) showed large ditferences among the six management intensities and only
slight differences for the two different treatment priorities (fig. 1, table 2).
Average net change for the FX valuation scheme, where we arbitrarily val-
ued each ha at $500 and assumed a loss function directly proportional to
flame length (table 1), equaled -$46.65 and -$53.35 per ha for the SDEN
and RDEN treatment priorities at the 0 percent treatment level (table 2).
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Figure 1—Expected net value for the SDEN (top) and RDEN (bottom) treatment
priorities by treatment level ( percent of landscape treated) and resource valuation
scheme. SDEN and RDEN prioritized stand treatments based on stand density and
residential density, respectively.

At the maximum level of treatment (66 percent of landscape), the net value
increased to -$12.8 per ha for both treatment scenarios. On a proportional
basis, there was a 44% increase in net value when the treatments rate was in-
creased from 0% to 20%. We observed a slightly more rapid increase in value
with the SDEN versus the RDEN spatial priority between 0 percent and 10
percent treatment levels, perhaps due to the treatment of stands with higher
SDI and more extreme fire behavior.

Maps comparing the expected loss (FX) between two treatment priorities
(RDEN, SDEN) at 20 percent treatment showed distinct treatment patterns
(fig. 2). At higher treatment levels, the difference between spatial priorities
was diminished (fig. 1). The SDEN treatment priority resulted in a relatively
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Figure 2—Map of the study area showing expected value loss ($ per ha) from wildfire
for the SDEN (left panel) and RDEN (right panel) treatment priorities with 20 percent
of the landscape treated and fixed land values ($500 per ha). Values shown in legend
represent value loss.

large increase in the net value in the central portion of the project area which
currently supports a higher proportion of overstocked stands. In contrast,
the RDEN treatment priority, which selected stands for treatment along the
castern edge of the study area near residences, showed relatively low expected
values in the central portion of the project area.

Mapping the difference in expected value (FX) between the untreated and
treating 20 percent of the forested area for the SDEN treatment priority was
used to compare the effects of fuel treatments on expected loss inside and
outside the treatment areas (fig. 3). Changes in expected loss were apparent
especially in the treated areas (fig. 3). However, the effect of the treatments
outside the treatment units were also apparent (fig. 3), thus illustrating the
secondary (landscape) benefits of the treatments.

Simulation results for the RES valuation schemes, which valued homes at
$200,000 with a linear loss function (table 1) appeared very similar to the
EX valuation scheme, with increasing net value with increasing treatment
levels. The eftect of prioritizing treatment according to residential density
(RDEN) versus the stand density (SDEN) was evident in the results, with
the expected value for the former scenario substantially higher for the lower
treatment levels (10 to 30 percent, table 2). For instance, at the 30 percent
treatment level the expected value for the RDEN spatial treatment priority
was about $15 per ha higher as compared to SDEN where stands were treated
based only on their SDI. The expected value for the RES valuation scheme
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Figure 3—Difference in expected loss between no treatment and treating 20 percent
of the landscape (left panel) for the SDEN treatment priority, and fixed land valuation
($500 per ha). Darker areas represent benefits (reduced loss) from the fuel treatments.
Left panel is a zoomed image of the central portion of the study area showing the
same data and treatment units (horizontal hatching). Darker shading shows the off-
site, landscape effect of the fuel treatments in terms of reducing burn probability and
intensity, and potential loss from fire.

and RDEN treatment priority increased about 50% when the treatment rate
was increased from 0% to 20% of the landscape. The increased expected value
(decreased loss) between the SDEN and RDEN treatment priorities were
largely due to localized treatments around residences (fig. 4). Nevertheless,
treating stands based on density alone, which resulted in the bulk of the
treatments several kilometers from the residences, reduced the expected loss
in the RES valuation scheme (fig. 4, lower right panel)

As expected, the WB scenario, which valued wildfire fuel treatments at
$350 per ha when the flame length was less than 1.2 m showed decreasing
expected value with increasing levels of treatments (fig. 1). The drop in ex-
pected value with increasing treatment intensity mirrored the reduction in
average wildfire size (table 2). With less area burned by wildfire under the
higher treatment levels the expected value would be expected to drop.

The valuation scheme that considered both residential values and wildfire
benefits (RES+WB) produced some erratic results, although in general the
decrease in wildfire benefits with increasing treatment levels overshadowed the
effects on residential values (table 2, fig. 1). The variable results are difficult
to explain and are perhaps a larger number of simulated fires are required to
estimate expected values when there are multiple valuations on a landscape.
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Figure 4 —Expected loss for the RES valuation scheme at the 20 percent treatment level for the RDEN and
SDEN treatment priorities. The RES valuation scheme valued each home at $200,000. Left panel shows treated
stands (horizontal hatching) for the RDEN treatment priority where stands were prioritized for treatment
based on residential density. Black circles denote residences. Panels on right show the expected value
change for the stand density (SDEN, upper right) and residential (RDEN, lower left) treatment priorities.
Values in the legend represent expected loss.

Discussion

The results demonstrate a wildfire risk assessment process that incorporates
important interactions among wildfire spread, intensity, and resource values,
and illustrates how landscape fuel treatment strategies may affect the expected
net value change. The simulations assumed that, from a risk standpoint, the
primary concern is escaped fires and extreme fire conditions (Finney 2005),
since these are the fires that are responsible for the most damage. Suppression
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activities are generally ineffective in these types of fires, and thus were ex-
cluded from the model. Moditying the expected value equation to account
for mitigation such as suppression capability is discussed by Smith (2001).

We envision this modeling framework as a usetful one for simulating fuel
treatment scenarios and analyzing their performance with measures like
burn probability and net value change, especially within the context of col-
laborative fuels treatment planning (Bahro 2004 ; Gercke and Stewart 2000).
For instance, the change in expected value per ha treated could be used as
a measure of treatment performance. This measure can be partitioned be-
tween the treated area and non-treated area to measure the efficiency of the
treatment package in terms of local (treated stands) versus landscape-scale
(non-treated stands) effects.

From a research perspective, this modeling framework could also help
resolve one of the key risk assessment questions concerning fuels treatment
on federal lands: the tradeoft between potential short term impacts of fuel
treatments versus long term benefits of wildfire mitigation (Irwin and Wigley
2005). In this case the net value formulation will require discounted, future
losses and benefits, and the vegetation simulations will require a temporal
component. This type of problem is tractable with the FVS-Parallel Processing
Extension and the RANDIG program.

There are important differences between the methods used here to esti-
mate burn probabilities versus probabilistic models built with historical fire
occurrence and size data (Martell and others 1989; Mercer and Prestemon
2005; Preisler and others 2005). We have estimated a conditional burn prob-
ability to compare the effects of management, and set the number of fires
to a value that sample the landscape in terms of fire spread, intensity, and
value. Until we factor in spatio-temporal probabilities for ignition, escape,
and burn conditions (Davis and Miller 2004; Miller 2003; Parisien and
other 2005), there is most likely little relationship to the burn probabilities
estimated here and the actual probability of a wildfire on the Mt. Emily area.
However, precisely what parameters most influence burn probabilities and
whether a more complex model is necessary for modeling the effectiveness
of tuel treatments remains to be seen.

Although our resource value layers were hypothetical, they were useful for
demonstrating the application of the system. The modeling framework is also
well suited for analyzing long-term risk tradeoft between wildland fire benefits
and the cost of wildfire suppression and fuels treatments (Calkin and Hyde
2004). More realistic valuation and loss scenarios have been used in other
studies to examine treatment costs, potential timber revenues, and wildlife
habitat impacts over time (Hummel and Calkin 2005).

Resource valuation is a complex problem (Freeman 2003) especially on
tederally-managed lands where planners need to integrate monetary and non-
monetary valuations for analyzing and comparing risk among fuel treatment
alternatives. Valuation schemes that use a common, relative weighting system
for multiple resource values have been proposed for federal lands (Rideout
and Zielser 2005). Many other kinds of valuation data are readily available
online or in agency GIS systems. The risk framework described here could
be easily expanded to accommodate multiple loss and benefit grids and loss
functions in an integrated measure of risk.

Future work will involve experimenting with a number of factors that
atfect burn probabilities, such as ignition location, weather conditions, and
the effectiveness of suppression. We also plan to simulate treatment scenarios
through time to address the temporal aspects of wildfire risk assessment.
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