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Chapter 8: Simulating Mortality From Forest
Insects and Diseases

Alan A. Ager, Jane L. Hayes, and Craig L. Schmitt1

We describe methods for incorporating the effects of insects and diseases on coniferous
forests into forest simulation models and discuss options for including this capability in
the modeling work of the Interior Northwest Landscape Analysis System (INLAS) project.
Insects and diseases are major disturbance agents in forested ecosystems in the West-
ern United States, and over time, are responsible for major changes in forest composition
and structure. Incorporating their effects into forest simulation models is difficult, espe-
cially the representation of large, episodic insect epidemics. Much empirical data on
insect mortality is available for modelers, and an array of mortality models have been
incorporated into indivdual tree growth simulators. Scaling these models to simulate
epidemics on landscapes requires, among other things, parameters that describe the
amplitudes and periodicities of pathogen/pest population cycles. Incorporating insect and
disease effects into forest simulation models makes it possible to explore ways to mini-
mize epidemic conifer mortality and secondary interactions with other disturbances. In
addition, the inclusion of other resource goals and financial considerations makes it pos-
sible to analyze the costs and benefits of forest management activities that target stands
with high risk of mortality. We discuss options for modeling insect and disease mortality
within the INLAS project.

Keywords: Forest insects and diseases, forest stand simulation, tree mortality, land-
scape simulation.
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Simulating the potential impacts of insects and diseases on forests like those in the
Blue Mountains of northeast Oregon is challenging. Defoliators (Torgersen 2001), bark
beetles (Dendroctonus spp.) (Hayes and Daterman 2001), mistletoe (Arceuthobium spp.)
(Parks and Flanagan 2001), and root diseases (Thies 2001) all have unique population
dynamics, epidemiology, and effects on forest vegetation. Interactions among these dis-
turbance agents as well as with management activities and physical disturbances such
as wildfire and windthrow are also significant. Collectively, insects and diseases are ma-
jor determinants of forest composition and structure over time, and thus warrant serious
attention in forest planning and landscape simulation efforts (Quigley et al. 2001). Previ-
ous federal and state planning efforts may have underestimated the potential effects of
insects and diseases in projections of future forest conditions, which may have reduced
the effectiveness of these plans (Gast et al. 1991).

In this paper, we review methods to model conifer mortality caused by major forest in-
sects and diseases within the framework of landscape planning models such as those
described in Ager (Chapter 3), Bettinger et al. (Chapter 4), and Hemstrom (Chapter 2).
Much of this work involves integrating and parameterizing existing mortality and risk
models implemented elsewhere, such as in the Forest Service Forest Vegetation Simu-
lator (FVS) (Wykoff et al. 1982). However, major gaps exist in the area of modeling spa-
tial spread rates data for some insect species, and the process of simulating the
complex cycles of insect populations and disease centers on a large landscape is a
challenge for any landscape planning effort. The following discussion treats forest insects
separately from forest diseases. We focused on major pests in the Blue Mountains
based on historical survey data (Gast et al. 1991) with the broad goal of summarizing
existing tools, identifying major gaps, and proposing research and development to create
a robust set of methods for modeling mortality caused by forest insects and diseases.

Extensive descriptions and reviews of insects and diseases and their effects on forest
trees in the Blue Mountains can be found in Filip et al. (1996), Gast et al. (1991), Hayes
and Daterman (2001), Parks and Flanagan (2001), Thies (2001), and Torgersen (2001).
Aerial survey maps of insect infestations provide a detailed chronology of infestations
over a 50-year period for the Blue Mountains (USDA FS 2003a).

Pertinent aspects of insect biology in the context of landscape planning models center
on the dynamics of infestations and include the periodicity and amplitude of the infesta-
tion cycles, the spatial pattern of the initial infestation centers, and the resulting damage
they cause in terms of mortality and reduced vigor. The divergent life histories of the ma-
jor mortality-causing insects complicate an integrated modeling approach in landscape
planning models.

Tree-level mortality models for the major mortality-causing insects are all implemented in
FVS extensions that are described in detail elsewhere (USDA FS 2003b) There are
many case histories of modeling insect- and disease-caused mortality at the stand (e.g.,
Cameron et al. 1990, Gast et al. 1991; also see Hayes and Daterman 2001, Torgersen
2001), and to a lesser extent, landscape scale (Beukema et al. 1997, Eager and Angwin
1997, Graetz 2000, Smith et al. 2002). Landscape simulations are usually accomplished
by imputing tree lists for stands where data are incomplete. Insect mortality models can
be built ad hoc in FVS when no formal model exists by using the COMPUTE statements
and the event monitor to trigger mortality on specific host trees when stand conditions
meet an established susceptibility criterium. The existing FVS model extensions differ in
their state of validation and complexity and require many parameters to trigger outbreaks
and regulate the mortality. Recent efforts have focused on simulating multiple pests
(e.g., Roberts 2002, Roberts and Weatherby 1997), examining interactions among pests
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(e.g., Eager and Angwin 1997), and modeling the spatial spread of insects (e.g., Smith
et al. 2002). The use of the FVS Parallel Processor (Crookston and Stage 1991) vastly
simplifies the modeling of insect spread among stands within the FVS system.

Modeling endemic insect mortality requires parameters that define stand and tree sus-
ceptibility and mortality rates among the tree type within the stand. Modeling epidemics
implies a spatial extent beyond an individual stand, and additional parameters are re-
quired to control (1) triggering of an outbreak; and (2) duration, intensity, and frequency
of occurrence (Roberts and Weatherby 1997). In the case of the westwide pine beetle
model (Beukema et al. 1997), a spatially explicit model that considers stand contagion,
parameters also are needed to control the rate of spread. Parameters needed to simu-
late insect epidemics are described individually below.

Stand susceptibility models use stand attributes such as average size and density of
host species and physical site factors including ecoclass, slope, aspect, and elevation
in determining susceptibility to insect outbreaks. In a few cases, spatial information such
as the distance to the nearest infestation also is considered (e.g., Shore et al. 2000). In
FVS, stand susceptibility models can be built and implemented by using FVS COM-
PUTE statements that calculate relevant stand metrics (Roberts and Weatherby 1997).

Outbreaks can be triggered as a function of susceptibility levels or by using assumptions
about intrinsic insect population cycles (Monserud and Crookston 1982). The resultant
mortality is dependent on other factors such as susceptibility levels and outbreak dura-
tion and intensity. Epidemic triggers can be regulated independently of endemic mortality
by changing the probability of the two levels of mortality and associated intensity of the
outbreaks. Some FVS model extensions have keywords that specify whether stands are
part of widespread or local outbreaks. Assumptions that are tailored to specific insect
pests are usually made about the interval between outbreaks and their duration. The
outbreak is manifested in mortality if susceptibility conditions are appropriate. Roberts
and Weatherby (1997) provide examples of simulating insect outbreaks by using the
FVS extensions.

Population dynamics, spread, and host availability affect duration of infestations. The
FVS insect extensions have defaults for duration. For instance, the default for Douglas-fir
beetle (Dendroctonus pseudotsugae Hopkins) pest extension (Marsden et al. 1994) is 4
years in the Blue Mountain variant. In the western spruce budworm (Choristoneura
occidentalis Freeman) extension (Crookston et al. 1990, Sheehan et al. 1989), the dura-
tion is related to a hazard rating system where low hazard generates a 5-year, moderate
a 10-year, and high a 15-year duration. Management activities that alter susceptibility
after an outbreak begins can alter the duration. Mortality of the host also affects duration
of outbreak.

Intensity is usually expressed as a function of the number of host trees killed by tree
species and diameter class per FVS cycle. Some models such as the Western Spruce
Budworm Extension can incorporate other types of damage like top kill and decreased
growth from defoliation. Intensity is modeled in concert with spread rate among stands
as part of simulating an epidemic. Damage is affected by using mortality functions in the
FVS extensions, either within an FVS extension or within outside software.

At least two methods have been applied to simulate the spread of an insect epidemic.
One approach uses Monte Carlo methods that simulate gradual growth of the infestation
among the population of stands in the simulation (Roberts and Weatherby 1997). This
approach does not consider stand contagion but rather uses random selection of stands
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that meet susceptibility criteria. The probability of an infestation can be changed in this
process to alter the rate at which stands become infested. Multiple probabilities can be
used in a similar Monte Carlo process to trigger low-level endemic mortality as well as
large epidemics. A more sophisticated approach to insect spread that considers stand
contagion was developed in the westwide Pine Beetle Model (Beukema et al. 1997,
Smith et al. 2002). Stands are simultaneously simulated by using the FVS parallel pro-
cessor, and stand-to-stand spread of beetles is simulated.

The major tree diseases in the Blue Mountains are root disease and dwarf mistletoe.
Although dwarf mistletoe is primarily modeled as causing growth reduction, root disease
is simulated as causing mortality. Principal root diseases include Armillaria root disease
caused by Armillaria ostoyae, laminated root rot caused by Phellinus weirii (Murr.) Gilb.,
Annosus root disease caused by Heterobasidion annosum (Fr.) Bref., and black stain
root disease caused by Leptographium wageneri Kendrick M.J. Wingfield. Extensive
reviews of these diseases and their occurrences in the Blue Mountains can be found in
Hagle and Goheen (1986), Hessburg et al. (1994), Campbell and Liegel (1996), Filip et
al. (1996), and Thies (2001). Fundamental differences in the biology between insects and
diseases call for different modeling methods. Although contagion is a factor with dis-
eases, the spread is too slow to consider as part of a landscape process (e.g., 2 feet per
year). Diseases can be modeled as endemic mortality, meaning that the mortality is
chronic, not episodic, and mortality is an intrastand or intrapolygon, rather than an
interstand or interpolygon process. In contrast to disease, the most important compo-
nent in simulation models for insects is the relationship between mortality and manage-
ment activities. High levels of management activities can bring about more infections and
mortality (Thies 2001), whereas in insect pests, management is largely viewed as a way
to reduce spread.

As with insects, extensive modeling capability for diseases exists in FVS (Frankel 1998,
Hawksworth et al. 1995). The western root disease model in FVS simulates the effects
of Armillaria root disease, laminated root rot, and Annosus root disease (Frankel 1998).
Considerable effort is required to build keyword files and calibrate these models for appli-
cation on large landscapes. Management to control diseases (e.g., boron treatments)
can be simulated with FVS extensions. Given the slow rate of disease spread, many of
the concerns with insect pests in terms of interstand spread and cyclical epidemics are
not an issue with diseases.

The previous discussion focused on the modeling of tree mortality from insects and dis-
eases. Depending on the overall objectives, the insect and disease considerations in
landscape planning can often be addressed by using only measures of infestation or
infection risk rather than predicting actual tree mortality. Risk models measure the long-
term outlook for the effects from pests and offer a relatively simple approach to charac-
terize forest conditions in terms of a latent potential to experience mortality, and are
often used when tree-level mortality modeling is not practical. Numerous risk rating mod-
els for insects and diseases have been developed and widely applied in coniferous for-
ests in the intermountain West and elsewhere (see Hayes and Daterman 2001,
Hessburg et al. 1994, Lehmkuhl et al. 1994, Steele et al. 1996). These models are typi-
cally used in watershed or National Environmental Policy Act (NEPA)-related analysis to
help identify susceptible stands and assign treatment priorities. Most models output
categorical values that measure relative risk, and a few quantify risk in probabilistic
terms. Risk assessments are used to identify treatment priorities to reduce hazards from
infestations or epidemics. Many, but not all of the models, have been tested through field
validation and are published with accompanying software. Risk models have been added
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to FVS as event monitor applications for the mountain pine (Dendroctonus ponderosae
Hopkins) and spruce (D. rufipennis (Kirby)) beetle. There is also integrated pest risk
software that calculates multiple insect and disease risk ratings (Ager 1996, Hessburg
et al. 1994, Scott et al. 1998).

Data requirements for the risk models differ ranging from coarse photointerpreted stand
characteristics such as canopy closure to detailed stand metrics such as the basal area
of host species within a specific diameter range. In addition, many models require physi-
ographic inputs like slope, aspect, elevation, and other physical attributes. A number of
risk models have subcomponents that independently measure risk from susceptibility to
better assess probability of mortality.

Although risk models offer a rapid way to address insect and disease considerations in
landscape planning projects, their shortcoming is that they generally do not consider
population levels and cycles, and therefore only measure the longer term risk of an infes-
tation and mortality.

State transition models of landscape vegetation (Hemstrom et al. Chapter 2) use discrete
vegetation classes and transition probabilities to model change from succession, man-
agement, and disturbance (Kurz et al. 2000). In contrast to tree-level growth models like
FVS, the growth and mortality of individual trees is encapsulated in the transition prob-
abilities. The use of states and transitions reduces the complexity of landscape simula-
tions, although there remains a significant challenge to estimate and validate transition
probabilities. There are several case studies using a state and transition approach to
modeling forest landscape change by using the Vegetation Dynamics Development Tool
(VDDT) and the Tool for Exploratory Landscape Analysis (TELSA) (Kurz et al. 2000). A
prototype TELSA model built for the Upper Grande Ronde considered insect mortality
from spruce budworm and Douglas-fir beetle; and spruce beetle and mountain pine
beetle in ponderosa (Pinus ponderosa Dougl. ex Laws.) and lodgepole pine (P. contorta
Dougl. ex Loud.). Insect epidemics were simulated, and mortality was represented by
changing the vegetative state of infested stands based on host mortality. Parameters for
simulating epidemics were obtained from data on historical infestations including USDA
Forest Service, Pacific Northwest Region aerial survey maps (USDA FS 2003a) and
other historical information (e.g., Gast et al. 1991). Pertinent information for each insect
vector included periodicity of outbreaks and the percentage of host type infested during
an outbreak. Initial results from this model show how different management scenarios
change future extent and severity of insect epidemics and the effects of alternative forest
management schedules.

Alternatives to the state and transition approach are stand-level models that use indi-
vidual-based tree growth models to simulate multiple stands on a landscape. Incorporat-
ing insect- and disease-caused mortality into these models is relatively straightforward.
For instance, a simple landscape simulation with insect and disease mortality can be
built by simulating all the stands in a landscape with FVS and FVS pest extensions
(Roberts and Weatherby 1997). This approach can be enhanced to consider spreading
of infestations by using the FVS parallel processing extension, as in the westwide pine
beetle model (Smith et al. 2002). When combined with the array of other FVS exten-
sions and postprocessors (USDA FS 2003c), the multistand approach of using FVS
and the parallel processing extension provides a flexible system that can address a
variety of scenarios.
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More complex are the stand-alone optimization models such as the Simulation and
analysis of forests with episodic Disturbances (SafeD) model (Bettinger et al. Chapter 4,
Graetz 2000, Wedin 1999), which derive their growth equations from FVS code but do
not have direct linkages to FVS and the pest extensions. In SafeD, insect and disease
mortality was modeled as an endemic process as part of stand growth (Wedin 1999),
and epidemic or periodic mortality from insects or diseases was not considered.

Each of the methods (FVS-related software, state transitions models, landscape simula-
tion/optimization models) for simulating vegetation change for the INLAS project requires
different amounts and kinds of development to enable modeling of insect and disease
mortality. The major tasks required to incorporate insect- and disease-caused mortality
by using FVS-related software approach (Ager Chapter 3) involve issues of local calibra-
tion and experience to run the FVS extensions for Douglas-fir beetle, western spruce
budworm, Douglas-fir tussock moth (Orgyia pseudotsugata McDunnough), and mountain
pine beetle on lodgepole pine. Additionally, ad hoc models for mountain pine beetle on
ponderosa pine, western pine beetle (D. brevicomis LeConte) on ponderosa pine, and
spruce beetle on Engelmann spruce (Picea engelmannii Parry ex Engelm.), such as
those illustrated by Roberts and Weatherby (1997) for ponderosa pine, need to be evalu-
ated on local stand conditions. A major part of this work will be estimation of parameters
for epidemic lengths, periodicities, and spread rates for Blue Mountain conditions. For
INLAS, we will experiment with FVS insect extensions in concert with the development
of FVS-related landscape simulation tools.

Stand-alone landscape optimization models such as those described by Bettinger et al.
(Chapter 4) pose a larger problem within the context of INLAS. Although modeling en-
demic mortality can be accomplished by using mortality functions derived from the lit-
erature, modeling epidemics in stand-alone optimization models will require substantial
work and is probably beyond the scope of this project. A first step would be converting
FVS insect extensions to run within other stand-alone programs. Parameters are then
needed for epidemic lengths, periodicities, and spread rates for Blue Mountain condi-
tions. With this accomplished, epidemics could be simulated much like wildfire as de-
scribed by Bettinger et al. (Chapter 4), where simulations are stopped each decade to
run the FARSITE fire model (Finney Chapter 9). Insect mortality could be simulated every
cycle, with epidemic parameters carrying over from cycle to cycle. Supporting epidemic
parameters described above, including spread rate, intensity, and duration, are needed.
An alternative that would take advantage of many of the FVS insect and disease models
could be achieved by using the pest extensions in FVS to process tree lists from a
stand-alone optimization model at each cycle. Specifically the Douglas-fir beetle, west-
ern spruce budworm, and western pine beetle can be applied to tree lists generated by
SafeD and used to trigger single-cycle tree damage and mortality. Components of the
FVS insect and disease models that consider more than one cycle would need to be
incorporated into the optimization model. For instance, the scheduling of periodic out-
breaks could be implemented by writing the appropriate keyword files for FVS. The inte-
gration of insect and disease mortality into forest simulation/optimization models would
provide a way to explore how different landscape goals are affected by these disturbance
agents. Both stand and landscape goals can incorporate financial or other consider-
ations to allow the estimation of the marginal cost of reducing insect and disease ef-
fects. Landscape goals also can be combined into multiobjective goals. For instance,
stand goals would minimize susceptibility, whereas landscape goals could alter the
spatial arrangement of susceptible stands to minimize spread (see Bettinger et al.
Chapter 4). Landscape planning models can explore alternative scenarios by applying
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management activities targeting specific insect pests. Results from simulations could be
applied by forest managers, pest management practitioners, and researchers concerned
with landscape planning and simulation.

State and transition models require specific transitions to represent mortality of the dif-
ferent insect and disease agents (Hemstrom et al. Chapter 2). Like the other modeling
approaches, the major part of this work is estimating characteristics of epidemics for
Blue Mountain conditions. We discuss approaches to estimating these parameters
below.

As mentioned earlier, a key component of any effort to model insect and disease mortal-
ity is parameters that describe the lengths, periodicities, and spread rate of epidemics
for each insect of concern for local conditions. This section presents the result of a pre-
liminary work to quantify these parameters by using data on past infestations. Although
ultimately the size of epidemics is dependent on host type availability and secondary
factors that influence epidemic growth (e.g., weather, spatial patterns of host, natural
disturbance), realistic values must be used for epidemic cycles.

The importance of host availability and other factors is illustrated with historical condi-
tions in the Blue Mountains. For example, it is assumed that the large historical out-
breaks of western pine beetle have not been repeated in recent times owing to a
decrease in large-diameter ponderosa pine. In contrast, infestations by defoliators have
increased with the extent of defoliator host type (e.g., true firs) (e.g., Powell 1994).
Spruce beetle epidemics are often triggered by wind events that result in a large number
of downed spruce (e.g., Gast et al. 1991). Another example is Douglas-fir beetle, where
trees weakened during defoliator outbreaks seem especially susceptible to Douglas-fir
beetles (e.g., Wright et al. 1984). Hence, bark beetle activity is often observed after sev-
eral years of budworm or tussock moth defoliation in the Blue Mountains.

Despite the dependence of outbreak size on host and other factors, we tried to gain
some preliminary insight into the spatiotemporal patterns of insect epidemics by survey-
ing historical outbreaks. For instance, it would be of interest to know how epidemics are
manifested in terms of the numbers of individual infestation sites and the average size.
Using data from the annual Aerial Insect Detection Survey conducted by the USDA For-
est Service Pacific Northwest Region and Oregon Department of Forestry, we summa-
rized and examined patterns of past insect infestations in the Blue Mountains. Additional
information was obtained from Gast et al. (1991). These data clearly show the difference
between epidemic and endemic infestations, and that endemic levels for one insect may
exceed endemic levels for others (table 6, fig. 26). Bark beetles have relatively active
endemic populations in the Blue Mountains compared to defoliators, and the acres af-
fected during an epidemic range from a twentyfold to thirtyfold increase for some spe-
cies, whereas others can cause a onefold to several hundredfold increase. Endemic
levels of defoliators are so low that damage is not visible. Clearly, the defoliator cycles
are high amplitude, and in the case of spruce budworm, have a long cycle. Although
epidemics were characterized by increases in both infestation size and number of sites,
the latter appears more important than the former. For instance, the individually mapped
beetle infestations are all about 1.5 to three times larger for the epidemic versus endemic
periods, whereas the number of polygons increased by an average of six times. We note
that this difference could be an artifact of the mapping procedure. Also, the spatial ar-
rangement of host stands could account for a major component of the size versus num-
ber contrast.

Estimating Parameters
for Insect Epidemic
Cycles



111

Table 6—Summary of aerial survey insect damage surveys showing population parametersa

Average
Population Average Average Number of Proportion mapped

Species  status duration periodicity polygons of years unit Total area

– – – – – Years – – – – – Percent – – – – Acres – – – –

Douglas-fir Endemic 108 43.75 70 7,560
beetle Epidemic 8 15 661 65.25 265 175,165

Fir engraver Endemic 137 79.20 190 26,030
beetle Epidemic 5 20 951 21.80 257 244,407

Western pine Endemic 108 75.00 143 15,444
beetle Epidemic 4 16 299 25.00 364 108,836

Mountain pine Endemic 68 70.80 200 13,600
beetle in Epidemic 9 63 749 29.20 561 420,189
lodgepole
pine

Mountain pine Endemic 216 78.70 154 33,264
beetle in Epidemic 5 14 986 21.30 315 310,590
ponderosa
pine

Spruce beetle Endemic 23 85.40 225 5,175
Epidemic 6+ Variable: 129 14.60 348 44,892

disturbance-
related

Douglas-fir Endemic 0 81.10 0 0
tussock Epidemic 3 9 353 18.90 557 196,621
moth

Western spruce Endemic 0 56.60 0 0
budworm Epidemic 12 36 583 43.40 4,858 2,832,214

a Data were obtained between 1954 and 2001 and pertain to all forested lands in the Blue Mountains province. Low damage (BS-L and BS-1)
for western spruce budworm were not included because they do not generally indicate host mortality.
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At a minimum, table 6 and figure 26 illustrate qualitative features of insect infestations
and illustrate the stochastic nature of this particular natural disturbance. In addition, the
data show the relative importance of modeling spatial spread and contagion among the
various insect pests. Defoliators like western spruce budworm that are capable of rapid
spread over very large areas probably do not warrant detailed modeling of spread be-
cause most or all host are infested over a short period. In contrast, insects that have
longer infestations per area affected (i.e., broad peaks, such as mountain pine beetle in
lodgepole pine and fir engraver beetle [Scolytus ventralis LeConte in true fir]) show longer
infestation periods per total acres infested, suggesting constraints to spreading are regu-
lating these infestations more than in the western spruce budworm. Here, more detailed
spread models might be warranted.

It should be noted that the data show population status data for the Blue Mountains as a
whole, and it is possible to have localized epidemics that result in significant damage.
Douglas-fir tussock moth epidemics have characteristically developed in several discrete
and different areas within the Blue Mountains over the last century. However, in most
cases, epidemic populations of various insects and associated damage develop concur-
rently or occur over large areas within the Blue Mountains.

Figure 26—Acres infested with major insect pests as derived from aerial survey information and Gast et al. (1991). Peak values of about
3 million acres for western spruce budworm were truncated to improve visibility of other data. Budworm damage codes for low damage
(BS-L, BS-1) were omitted.
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One additional factor that must be considered with these data is that aerial survey
sketch mapping has evolved over the years as new technology has been developed. For
example, this new technology has allowed more accurate portrayal of discrete pockets
of infestation, whereas in the early days of surveying, these were grouped in large poly-
gons; thus, polygons have decreased in size and increased in number.

The goal of incorporating insect and disease mortality in landscape simulation models in
the context of INLAS is to better understand the long-term interactions of insects, dis-
ease, management, and other disturbances, and forest succession. Through the INLAS
project, we will continue to investigate the historical epidemic data and try to produce
parameters for each of the major insect pests. Work on diseases will probably be mini-
mal given their relatively minor effect on mortality. We will explore methods to assess
uncertainty in the insect epidemic data. Given a set of reasonable parameters, epidem-
ics will be simulated by using the simulation framework described in Ager (Chapter 3) for
the INLAS project area. These simulations will use the FVS pest extensions and will be
completed for a set of management scenarios (Barbour et al. Chapter 1). The outputs will
provide the data to examine how long-term levels of insect mortality might be affected by
different intensities and kinds of forest management at the subbasin scale.

Helpful reviews of an earlier version of this paper were provided by Don Scott and Nick
Crookston.
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Chapter 9: Landscape Fire Simulation and Fuel
Treatment Optimization

Mark A. Finney1

Fuel treatment effects on the growth and behavior of large wildland fires depend on the
spatial arrangements of individual treatment units. Evidence of this is found in burn pat-
terns of wildland fires. During planning stages, fire simulation is most often used to an-
ticipate effects of fuel treatment units. Theoretical modeling shows that random patterns
are inefficient in changing large-fire growth rates compared to strategic designs. For
complex landscapes, computational methods are being developed to identify optimal
placement of fuel treatment units that collectively disrupt fire growth similarly to the stra-
tegic patterns. By combining these algorithms with forest simulations over long periods
(say 50 years), the long-term effects of various treatment strategies can be compared.

Keywords: Fire simulation, fire modeling, fuel treatments.

Large wildland fires are archetypal landscape phenomena. Landscapes are large land
areas that encompass properties that vary at scales finer than the landscape as a whole
(e.g., vegetation and topography). Wildland fires often encompass spatial and temporal
domains that are large compared to the landscape properties critical to their behavior
(fuels, weather, and topography). As fires advance across the landscape, they encounter
fine-scale variability in fuels, topography, and weather that produces complex patterns of
behavior and effects (see review by Finney 1999). Simulation models can accommodate
such high-frequency variation in the fire environment and thereby help us understand
movement and behavior of individual fires in complex conditions (Finney 1998). Simula-
tion models are the main tools used to anticipate the effects management of vegetation
and forests has on large fire growth and behavior. Fire simulations, however, must be
coupled with vegetation or forest growth simulations if long-term consequences of wild-
land fires and management are to be addressed (Johnson et al. 1998, Keane et al. 1996,
Sessions et al. 1999). This paper will first summarize fire modeling and fuel management
techniques and then discuss methods for incorporating fire growth simulations and fuel
management optimization into landscape forest simulations.

Abstract

Introduction

1 Mark A. Finney is a research forester, U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station,
Fire Sciences Laboratory, P.O. Box 8089, Missoula, MT 59807.
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Wildland fire behavior has long been known to be a function of fuels, weather, and topog-
raphy (Brown and Davis 1973). Fire behavior programs in use today, e.g., the fire behav-
ior (BEHAVE) prediction and fuel modeling system (Andrews 1986), accept inputs for
these factors and predict fire behavior characteristics. Fire behavior refers to the gross
characteristics of fire, e.g., fireline intensity (kW/m, or power per unit length of the flam-
ing front), spread rate (m/min-1), spotting distance, fuel consumption (kg/m), and whether
the fire is a surface or crown fire. These quantities are important to managing wildland
fire fighting operations, to estimating ecological effects of fires, and to designing fuel
treatments that change fire behavior. The BEHAVE program applies fire behavior models
to a given point on the ground or in one dimension.

The Fire Area Simulator (FARSITE) program extends these models to calculate fire be-
havior in two dimensions or across an area of land. As a result, data on fuels, weather,
and topography must be provided spatially, with weather and fuel moisture allowed to
change with time. Fire behavior across two spatial dimensions varies by the relative di-
rection of fire spread, e.g., heading with the wind or slope, or flanking normal or backing
counter to the heading direction. Relative fire spread direction is important in determining
the variability of behaviors and effects that occur as large wildland fires move across
landscapes (Catchpole et al. 1982). Many techniques have been applied to the problem
of two-dimensional fire growth (see reviews by Finney 1998, 1999). Techniques that rep-
resent the growth and behavior of the fire edge as a vector or wave front (Finney 2002a,
Richards 1990, Sanderlin and Van Gelder 1977) produce less distortion of fire shape and
response to temporally varying conditions than techniques that model fire growth from
cell-to-cell on a gridded landscape. They are thus preferable for performing fire simula-
tions for supporting fire management operations because they can realistically reflect
changes in fire behavior resulting from suppression, fuel, and weather changes.

Fuel management activities are designed to change the structure of wildland vegetation
and biomass distribution for the purpose of altering potential fire behavior. The prescrip-
tions and objectives for fuel management depend on the characteristics of the vegetation
and fire regime. For forest ecosystems with low- and mixed-severity fire regimes (Agee
1998), fuel management prescriptions can be designed to improve survivability of trees
following wildland fires, restore forest structure, and improve the success of fire suppres-
sion efforts. For high-severity fire regimes in brushland and forest ecosystems, fuel man-
agement objectives can change fire behavior, slowing overall fire growth and improving fire
suppression. Fuel management techniques that have proven effective in changing wild-
land fire behavior and effects consist of prescribed burning (Davis and Cooper 1963,
Deeming 1990, Helms 1979, Koehler 1993, Martin et al. 1989, Pollet and Omi 2002),
thinning (Hirsch and Pengelly 1999, Keyes and O’Hara 2002), and other mechanical
manipulation of living or dead vegetation (Brown and Davis 1973, Pyne et al. 1996). For-
est fuel treatments that reduce canopy fuels must often be accompanied by surface fuel
treatment; otherwise the surface fuel hazard can be increased (Alexander and Yancik
1977, van Wagtendonk 1996). There are three main targets of fuel management prescrip-
tions that contribute to changes in discrete kinds of fire behavior (table 7).

The changes in potential fire behavior are produced at the stand level, or within the
treated area. Fire behaviors before and after treatment can be modeled by using fire be-
havior prediction systems such as BEHAVE (Andrews 1986) and Nexus (Scott and
Reinhardt 2001) to compare fire spread rates, intensities, and propensity for crown fire.

Although fuel management tends to produce immediate changes in fire behavior, fuel
treatment effects are only temporary. Fuel conditions change over time as a result of fuel
accretion, regrowth of understory vegetation, and ingrowth of young trees. More research
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is required to understand the long-term efficacy of fuel treatments on fuel conditions and
fire behavior so that scheduling of future management activities and maintenance can be
determined.

Landscape strategies for fuel treatments can be distinguished in terms of their intention
to (1) contain fires or (2) to modify fire behavior. Fire containment has been attempted by
arranging fuel treatments as fuel breaks (Agee et al. 2000, Green 1977, Omi 1996,
Weatherspoon and Skinner 1996). Fuel breaks are designed to facilitate active fire sup-
pression at predetermined locations by indirect tactics (e.g., burnout). An alternative is to
modify fire behavior and fire progress across landscapes through strategic placement of
treatments and patterns of treatments (Brackebusch 1973; Finney 2001a, 2001b; Hirsch
et al. 2001). The latter strategy affords flexibility for integration into land management
planning and does not rely on uncertainties of success in fire suppression to mitigate fire
effects. The remainder of this paper will focus on strategic treatments.

Although behavior and effects of wildland fires can be changed within a particular treat-
ment unit or stand, the behavior and progress of a much larger fire may not be affected
by small treatment units. Fire progression maps often reveal that small units are circum-
vented by large wildland fires (Dunn 1989, Salazar and Gonzalez-Caban 1987) with little
net effect on the overall growth of the fire (fig. 27). Instead, the progress of large wildland
fires is only affected by treatments that are (1) comparable to the size of the fire or (2) by
treatments that collectively disrupt the growth of fires (Brackebusch 1973, Finney 2001a,
Gill and Bradstock 1998). Examples of landscape-scale effects of fuel management are
evidenced in large national parks (e.g., Yosemite, Sequoia, and Kings Canyon) where
fire management policies have allowed free-burning fires for nearly three decades (Par-
sons and van Wagtendonk 1996, van Wagtendonk 1995) and in Baja, California, chapar-
ral where little fire suppression exists (Minnich and Chou 1997). Because large fires
are of primary concern to fire and forest managers, the most important effects of fuel
treatments can only be achieved if landscape-scale considerations are incorporated into

Table 7—General relationships among fuels, prescriptions, and intended
changes to fire behavior from fuel treatments

Fuel target Prescription Change in fire behavior

Surface fuels (live grass Prescribed burning, Reduced spread rate and
and brush, and dead mechanical treatments intensity, and limit
and downed woody remove, compact, ignition of tree crowns
material) or reduce continuity of and other aerial fuels

surface fuels

Ladder fuels (small trees, Thinning (small-diameter Limit ability for fire to
 brush, low limbs) trees) and prescribed transition from surface to

burning (scorching and crown fire by separating
killing small trees and surface fuels from crown
brush) to decrease fuels
vertical continuity
between surface and
crown fuels

Canopy fuels (fine fuels like Thinning to reduce Limit spread of crown fire
 needles, and small twigs horizontal continuity of
 in tree crowns) crowns (e.g., overstory

thin)

Landscape Effects
of Fuel Management
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the design and positioning of fuel treatments (Brackebusch 1973, Deeming 1990, Omi
1996, Omi and Kalabokidis 1998).

The effects of individual fuel treatment units on large fires must be modeled through
simulation. Aside from the minimally managed fire regimes in a few national parks and
wilderness areas, no full-scale landscape fuel management activities have been at-
tempted. Thus, our only indications as to the effectiveness of treatments and patterns
come from theoretical and modeling activities, and occasional experience of using forest
harvest patterns for fire suppression (Bunnell 1998). Brackebusch (1973) advocated a
mosaic pattern of managed fuel patches to disrupt fire growth. Gill and Bradstock (1998)
discussed the amount of randomly arranged prescribed burns needed to disrupt fire
growth. Hirsch et al. (2001) proposed strategically locating fuel treatment units in a
“smart forest” approach to harvest scheduling and location. Theoretical work on fuel pat-
terns (Finney 2001a, 2001b) indicates that spatial patterns of fuel treatments are critical
to fire growth rates (i.e., the rate of spread of large fires) (fig. 28). Here, random fuel treat-
ments are very inefficient in changing overall fire growth rates. Compared to the
partially overlapped pattern, randomly arranged treatments permit fire to easily move
laterally around treatments unless large portions of the landscape are treated. This is
further illustrated by a comparison of large fire growth rates across the entire range of
treatments (fig. 29). If fire spread rate is reduced to one-fifth within the treatment unit
compared to the untreated surrounding landscape (as a direct effect of the treatment

Figure 27—Fire severity at the Hash Rock fire (August 2000) near Prineville, Oregon. A prescribed natural fire (i.e., fire use for
resource benefit) that occurred in 1995 produced important localized changes in fire behavior but had little effect on the progress
of the Hash Rock Fire as a whole.
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Figure 28—Simulations of fire growth on different theoretical fuel patterns. Compared to (a) no treatment,
(b) random 20-percent treatment produces little effect on overall fire growth compared to (c) a theoretical
partial-overlap treatment. Random arrangements are ineffective because the fire can circumvent treatment
areas.

Figure 29—Overall fire spread rate as a function of treatment fraction for different spatial
patterns of treatment units (from Finney 2001a, 2003) reduces relative spread rate to 0.2.
Compared to patterns that require overlap among treatments, the random treatment pattern
produces little reduction in overall fire spread rate until relatively large proportions of the
landscape are treated (because fire goes around the treated patches).
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prescription) 35-percent reduction in large fire growth rates is achieved by treating about
10 percent of the landscape in the strategic pattern compared to 50 percent in a random
pattern (fig. 29). The strategic pattern is clearly more efficient (per area treated) than a
random spatial arrangement of treatments. In nature, fire patterns created by free-burning
fires in the large national parks and Baja (Minnich and Chou 1997, Parsons and van
Wagtendonk 1996, van Wagtendonk 1995) obstruct fire growth because large percent-
ages of the landscape are maintained by previous fires, despite the random locations of
those fires and previously burned areas.

The effects of fuel and forest management activities on fire behavior are not restricted to
the stand that is treated. Behavior characteristics of large wildland fires can be altered
outside the treated area because of the way fire behavior changes depending on the
relative fire spread direction. These constitute an “off-site” effect of treatments that are
seen as changes in overall fire growth rate (fig. 28), flanking and backing fire burning with
lower fireline intensity on the lee-side of treatment units (fig. 30), and in moderated fire
effects on the lee-side of fuel changes (fig. 31). Such landscape-scale effects on large
fires become important to the patch sizes and proportions of areas burned with different
severities.

Despite the potential benefits of fuel management at the stand and landscape levels,
limitations on the amounts and locations of treatment suggest that these activities must
be carefully chosen to achieve the greatest effect and benefit. The problem might be
approached as an optimization of effects given constraints on locations, amounts, and
prescriptions that can be applied. Application of spatial optimization and strategies in
forest management (Baskent 1999, Baskent and Jordan 1996, Snyder and ReVelle 1996)
and fire management (Finney 2001a, Hirsch et al. 2001, Hof et al. 2000, Wilson and
Baker 1998) is becoming more common. For a simple theoretical landscape consisting
of two fuel types on flat terrain, a pattern of rectangular fuel treatment units can be opti-
mized for size and placement (Finney 2001a). Such patterns are optimal in terms of
efficiency and effectiveness in reducing large-fire growth rates compared to random fuel
patterns (Finney 2001b, 2003). However, there are no analytical solutions to the optimi-
zation of fuel treatment locations on real landscapes that are complex in terms of fuels,
topography, and weather. For real landscapes, where fuels, topography, and weather all
differ, an optimization of this kind is complicated by the spatial and temporal nature of
fire and its movement through a pattern of fuel treatments.

An optimization algorithm is under development for helping choose the placement of fuel
treatments on real landscapes (Finney 2002b). One process now being considered con-
sists of two steps: (1) use fire growth algorithms to identify the fastest travel routes
across a landscape, and (2) use heuristic algorithms to optimize the locations and sizes
of fuel treatments to block these routes. The fastest travel routes produced by fire growth
algorithms suggest initial places for optimal placement of fuel treatments for delaying fire
growth. The procedure requires the construction of a gridded landscape containing infor-
mation on fuels and topography (fig. 32a). Specific weather conditions associated with
the conditions targeted for fuel treatment performance, including wind direction, wind-
speed, humidity, and temperature are used to compute the fire behavior at each cell.
Each cell contains fire spread rates in all directions assuming an elliptical fire shape
(Finney 2002a) so that fire growth across the landscape can be computed from a generic
ignition source. The fire growth algorithm is based on minimum fire travel time methods
from graph theory (Finney 2002a, Moser 1991) that efficiently calculate fire growth and
behavior for each cell (node) on the landscape. The paths producing the minimum fire
travel time can then be processed to identify the “influence paths” or routes of fire travel
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Figure 30—Landsat 7 image of the Rodeo fire in Arizona
(June 21, 2002) showing interior fire fronts around arrow-
shaped islands within the main fire. These occur where
fire fronts join after circumventing the islands and are a
landscape-scale effect of varying fuels and fire behavior.

Figure 31—A ridge within the
Alder Creek fire (Montana 2000)
showing offsite effect of rocky
areas (arrows) on fire effects
and behavior. Crown fire moved
from lower left to upper right and
could not burn areas on lee side
of rocky patches (photo by Colin
Hardy, USDA FS, Missoula Fire
Sciences Lab).
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Figure 32a—Fuels and terrain data showing
fire growth contours (progression in 1-hour
time step from north to south).

Figure 32b—Fire influence paths calculated
from fire growth algorithm. Given the
ignition configuration (bottom of landscape),
fire burning through paths of high influence
(red) ultimately burns more land area than
areas around them. These suggest places
to place fuel treatment units because a
large effect would be achieved by slowing
fire spread through those areas compared
to surrounding areas.

Figure 32c—Fuel treatments (fuchsia color)
optimized by using a genetic algorithm for
this landscape. Treatments cause fire
growth to take twice as long as it would
without treatments to cross this landscape
while occupying about 15 percent of the
total land area.
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that account for the most area burned later in time (fig. 32b). These paths are the start-
ing locations for treatment units because of the large influence that blocking those paths
has on area burned. The exact number, sizes, and patterns of those treatments, how-
ever, must be obtained through the use of a heuristic algorithm (fig. 32c).

Heuristic algorithms are used to find spatially optimal fuel treatment unit sizes and
locations. At present, a genetic algorithm (Goldberg 1989) is being developed for evaluat-
ing collections of fuel treatment units to determine their effectiveness and efficiency
at changing overall fire growth rates. The challenging part of this problem is the sequen-
tial nature of fire movement. Fuel treatment units located upwind divert fire growth and
change the priorities for fuel treatments downwind (sizes and locations). Furthermore,
the optimal spatial pattern is not necessarily composed of locally optimal treatment
units. In other words, the importance of each unit is only realized in context of the entire
pattern. An approach to this problem involves the use of recursion, starting the algorithm
at downwind locations and allowing it to recurse toward the ignition location. At each
location, a population of “best” treatment units is selected based on the best populations
from previous locations (i.e., upwind or closer to the ignition). The performance of indi-
vidual treatment patterns is assessed by using the fire growth algorithm to compare fire
travel times among treatment alternatives. The genetic algorithm (GA) is used to refine
the population of individual treatment units within a horizontal strip, where each treatment
unit has characteristics of vertical location and size. Ultimately, the optimal solution is
selected from the treatments that produce the overall best effect. The algorithm consists
of the following steps:

• Evaluate the fire growth by using the minimum travel time algorithm for the landscape
without treatment.

• Divide the landscape into a series of strips of random width running perpendicular to
the main fire spread direction.

• Starting with the downwind strip (i.e., farthest from the ignition), use GA to optimize
the fuel treatment locations and unit sizes for each of the fuel treatment configura-
tions obtained from the GA on previous strips. Applying the GA to each strip requires
recursion into preceding strips to find the optimal treatment locations and sizes.
Each treatment configuration in each strip is evaluated by using the minimum travel
time algorithm.

• Within each strip, create populations of treatment locations and sizes to evaluate
and improve by using the GA. Treatment unit sizes are obtained by infilling the fire
growth contours from a starting point (e.g., an influence path) by using the differential
spread rate owing to treatment.

• Pick the best overall treatment pattern from all strips that maximize the fire travel
time across the landscape as a whole.

The above algorithm is being developed for handling spatial constraints on treatment area
and local treatment effectiveness (i.e., within a given stand and stand type). So far, the
algorithm appears to identify fuel treatment units that efficiently retard overall fire growth
(fig. 32c).
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Long-term consequences of forest and fuel management activities on wildland fire behav-
ior can only be understood by either large-scale experimentation or through simulation
modeling. Until experimental or operational treatment areas have been established on
the ground and monitored, simulation modeling will be the only method available.

Many landscape simulation approaches are currently used for spatially modeling fire and
long-term future forest development (Johnson et al. 1998, Jones and Chew 1999, Keane
et al. 1997, Mladenoff and He 1999, Sessons et al. 1996, Thompson et al. 2000). Some
of these have been proposed for modeling effects of treatments and for optimizing the
scheduling of fuel treatments. At present, these simulations do not permit control for fuel
treatment spatial patterns. As the above analysis of simple landscape patterns sug-
gests, however, fuel treatments at the landscape scale have topological effects that are
critical to changing fire growth. Improvements to landscape simulations include the pre-
scription, scheduling, and location of treatments dynamically in response to unpredicted
disturbances (fire, insects, etc.). Furthermore, the simulation must have fine-scale reso-
lution of landscape units, as either grids (raster) or small polygons, to retain the fine
resolution of spatially variable fire effects (Finney 1999).

The intent of a new modeling effort is to modify the simulation approach (Simulation and
Analysis of Forests with Episodic Disturbances [SafeD]) described by Sessions et al.
(1999) and Johnson et al. (1998) to incorporate a spatial optimization for fuel treatments
(Finney 2002b). The SafeD model has been used previously to examine how fuelbreaks
performed in the presence of wildfire and forest change (Johnson et al. 1998, Sessions
et al. 1999). Currently, SafeD (Graetz 2000) is a spatially explicit simulation/optimization
tool that features a stand prescription generator (Wedin 1999), forest growth-and-yield
modeling by using the Forest Vegetation Simulator (FVS), a heuristic method of allocat-
ing activities across a landscape with multiple constraints, and a spatially explicit fire
growth model FARSITE (Finney 1998). Together, these models allow for scheduling of
fuel and harvesting treatments, simulation of wildfire events and effects, growth and mor-
tality of vegetation, surface and crown fuel development, and specification of stand- and
landscape-level objectives. The landscape goal-seeking component of SafeD couples
heuristic techniques with goal programming to find near-optimal sets of stand and land-
scape prescriptions. Multiple stand management objectives can be specified for the
simulations. Mechanical and prescribed fire treatment effects are modeled in SafeD by
manipulation of tree lists (lists of density by size and species of trees) and surface fuel
components. Wildfire effects are created by fireline intensity maps created by FARSITE
simulations that are activated by the SafeD model.

Several additions to the SafeD model will be required to permit spatial optimization of fuel
treatments. Optimal fuel treatment locations will be determined by inclusion of a spatial
treatment algorithm (e.g., Finney 2002b).

A project funded by the Joint Fire Science Program (http://www.nifc.gov/joint_fire_sci/
jointfiresci.html) will make use of the SafeD simulation system to address landscape
fuel treatment scheduling and potential effects for several study areas. These study ar-
eas are located in the Blue Mountains in eastern Oregon (one of the INLAS study sites),
Sanders County in western Montana, the Sierra National Forest in California, and south-
ern Utah. The landscapes were chosen as samples of different ecosystems, fire
regimes, mixtures of landownership, and fuel and forest management issues and con-
straints to examine, in a practical sense, how the outcomes of landscape fuel treatment
programs can be expected to differ. A series of simulations for these landscapes will be
performed to address the following questions:
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• How important is fuel treatment topology to the potential effects of treatments on real
landscapes?

• For different fuel treatment amounts and patterns, what fuel treatment effects (e.g.,
fire sizes, burned area, severity) can be expected with no constraint on treatment
location or prescription?

• What fuel treatment effects are possible given current restrictions on fuel and forest
management activities?

• What are the tradeoffs in fuel treatment effectiveness possible by relaxing some of
the constraints?

The results of this project are intended to lead to practical methods for guiding fuel treat-
ment planning across landscapes and for helping identify constraints on needed man-
agement activities through cooperation among the many competing interests in wildland
management.

The fire behavior models presently available can be used to simulate fire growth, behav-
ior, and effects at the landscape scale. Effects of fuel treatments on changes in fire be-
havior can be modeled for a variety of prescriptions and environmental conditions. The fire
simulations also have been used to examine spatial effects of fuel treatment patterns,
suggesting that fuel treatment topology can be important to effects on fire growth and
behavior. Fire growth simulation and heuristic algorithms are being combined as a means
to find optimal patterns of treatments in highly variable conditions found on real land-
scapes. These optimizations are to be combined with landscape simulation and schedul-
ing programs to examine likely effects of spatial fuel treatment programs on wildland fire
behaviors and effects at the landscape scale.

This work was partly funded by the Joint Fire Science Program and the USDA Forest
Service, Rocky Mountain Research Station, Fire Sciences Laboratory, Fire Behavior
Research Work Unit in Missoula, Montana.

When you know: Multiply by: To find:

Meters (m) 3.28 Feet

Kilograms (kg) 2.205 Pounds

Kilowatts per meter (kW/m) 0.2889 British thermal unit 
per foot per second
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Chapter 10: Connection to Local Communities

Gary J. Lettman and Jeffrey D. Kline1

The socioeconomic health of La Grande and other northeastern Oregon communities
traditionally has been linked to the region’s forests, which have provided economic activ-
ity related to timber outputs as well as recreation and other nontimber values. Forest
management changes within the Interior Northwest Landscape Analysis System (INLAS)
project area can affect socioeconomic changes in the region. This research will evaluate
the regional economic impacts of current and alternative forest management alternatives
implemented within the INLAS project area and describe prevailing attitudes and values
toward forestry and forest management among the region’s residents. The research will
contribute to understanding the socioeconomic consequences of current and alternative
forest management scenarios and can assist forest managers and policymakers in iden-
tifying potential compatibilities regarding joint production of multiple timber and nontimber
forest outputs.

Keywords: Forest economics, input/output models, local economies, eastern Oregon.

The socioeconomic health of La Grande and other northeastern Oregon communities
traditionally has been linked to the region’s forests. Historically, lumber and wood prod-
ucts industries contributed significantly to the region’s economic base. More recently,
other forest resource-based industries, such as recreation and tourism, also have been
recognized as important contributors to local economies. However, a two-thirds reduction
in timber harvests in eastern Oregon (Oregon Department of Forestry 2001), coupled with
poor economic conditions for the region’s agriculture (Barney and Worth 2001), has led
to increased concerns regarding the socioeconomic health of northeastern Oregon’s
communities. Current county-level unemployment rates in the region are between 8
and 16 percent (Bureau of Labor Statistics 2002). Alternative forest management sce-
narios could alter forest conditions and resource outputs in ways that result in both eco-
nomic impacts to communities economically dependent on forestry activities, as well as
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in quality-of-life impacts that affect residents and visitors who recreate in the region’s
forests.

Although assessments of alternative forest management practices often have focused
on evaluating regional economic impacts resulting from timber outputs, Oregonians also
increasingly recognize forests as important cultural resources. Recent population growth
coupled with growth of nonforestry economic sectors has reduced the proportion of
Oregonians who are directly involved with the economic aspects of forests and forestry
(Kline and Armstrong 2001). These and other socioeconomic changes have led to greater
environmental orientations toward forests (Schindler et al. 1993, Steel et al. 1994). Re-
cent statewide surveys, for example, suggest that Oregonians place high values on
clean air and water, wilderness, and wildlife (Davis et al. 1999). Growing urban popula-
tions also can increase demands for outdoor recreation. In another survey, Oregonians
cited natural beauty and recreation opportunities as the attributes they most value about
living in the state (Oregon Business Council 1993). Similar changes in public values and
attitudes toward forests have been observed nationally (Bengston 1994, Davis et al.
1991, Egan and Luloff 2000, Schindler et al. 1993).

How attitudes and values regarding forests might change over time relative to concerns
for other issues of regional or statewide interest can reveal the degree to which local
communities will trade off forest values of different types with other public objectives.
Recent survey data gathered during the ongoing economic turndown, e.g., suggest that
Oregonians currently rate economic issues, such as education funding and the reces-
sion, as more important than forest management and environmental issues (Davis et al.
2001). Understanding the socioeconomic consequences of current and alternative forest
management scenarios in the Interior Northwest Landscape Analysis System (INLAS)
project area is important to evaluating resulting regional and statewide impacts. However,
understanding Oregonians’ attitudes and values regarding forests, and how they change
over time, is important to evaluating what range of forest practices and policies will be
politically feasible in the future. Together, the two types of information provide a socioeco-
nomic context for evaluating what forest management alternatives are appropriate and
can assist managers and policymakers in identifying potential compatibilities regarding
joint production of multiple forest outputs.

The objectives of this research are to (1) build and calibrate economic impact models for
state, county, and local economies to analyze the economic effects of current and alter-
native forest management scenarios; and (2) describe attitudes and values among the
region’s residents toward forests and forest management and consider what changes in
these might mean for public forest management and policy in the future.

The planned research involves two principal tasks: (1) evaluate the economic impacts of
alternative forest management scenarios and (2) describe and examine public attitudes
and values toward forests.

The economic impacts of alternative forest management scenarios will be examined
by using output data describing the volume of timber and other forest commodities pro-
duced under different scenarios as input data into economic models describing local
and regional economic activity. Harvested timber volume and other forest commodity
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measures will be estimated from tree lists data produced by INLAS vegetation models
at each modeling interval. The analysis will describe community and regional economic
impacts resulting from different levels of timber volume and other forest commodities
produced under the alternative INLAS forest management scenarios tested.

Two types of economic models could be used to examine the economic impacts of cur-
rent and alternative forest management scenarios. The first is a commercially available
economic modeling system such as the Impact Analysis for Planning (IMPLAN) social
accounting and economic impact system (Lindall and Olson 1993). This approach would
enable relatively quick and easy development of input/output models, after updating and
validating county-level data supplied with the modeling system. Such models provide
“snapshots in time” of local economies, and their resulting multipliers can be used to
evaluate economic impacts of changes in forest management practices. A disadvantage
to using these models is that analyses can be satisfactorily done only at the county
level, not for individual communities. Such models also may not fully account for informal
economic activity, such as undocumented trade and unreported income, which may be
characteristics of some forest-based activities involving recreation and nontimber forest
products for example.

A second approach is to develop economic impact models by using community or re-
gional economic surveys. Unlike commercially available modeling systems, survey-
based models could be constructed for individual communities of interest. However, their
disadvantage is their greater complexity and higher cost. Constructing survey data mod-
els involves obtaining data on the impacts of local purchases and sales of each eco-
nomic sector to demands in all other economic sectors, including imports purchased
and exports sold.

The choice between using a commercially available modeling system, such as IMPLAN,
versus using a survey-based approach will depend on assessing available funding and
staffing resources at the outset relative to information needs of the greater INLAS re-
search effort. The IMPLAN system currently is being used in socioeconomic assess-
ments in Wallowa, Union, and Grant Counties, and opportunities may exist to build on
this ongoing work.

Analyzing only the short-term impacts of alternative forest management scenarios on
local and regional economies, and only in terms of dollar flows, provides an incomplete
picture of the socioeconomic effects of different forest management activities on nearby
communities. For example, user values for fish and wildlife resources, recreation values
for activities like fishing and hiking, and preservation values for the forest are examples of
nonfinancial economic values that should be considered in evaluating future management
activities. Measuring residents’ willingness to pay for biodiversity and other nonmarket
values through surveys is beyond the scope of work foreseen for INLAS. However, there
are many examples of such analyses in published economics literature (Lettman 2001).
These will be reviewed and summarized to illustrate some of the values people may hold
for biodiversity and nonmarket forest outputs not generally included in financial-based
economic analyses.

Examining Public
Attitudes and Values
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Additionally, telephone survey and focus group data already collected for the Oregon
Department of Forestry (Davis et al. 2001) will be examined to help improve understand-
ing of the attitudes and values of people in local communities toward forests and natural
resource issues, and how these values might change over time. Because the data were
collected for seven different regions in Oregon, including northeast Oregon, it will be pos-
sible to examine attitudes and values toward forest and natural resource management
issues at the regional level and to compare regional and statewide focus group and sur-
vey results. In particular, survey results will be summarized for the northeast Oregon
counties of Baker, Grant, Umatilla, Union, and Wallowa, and compared to results state-
wide.

The review and summary of public attitudes and values will not be linked directly to other
INLAS models. Rather, they will provide background information describing the social
context in which forest management and policy decisions are made.

The research will produce analyses of the regional economic impacts of alternative forest
management scenarios and describe public attitudes and values toward forests. In par-
ticular, the economic impact analyses will produce economic impact multipliers and
other quantitative results, whereas the examination of public attitudes and values will
produce qualitative literature reviews, survey results, and other descriptive information.
Specific products will include two reports: one report describing the regional economic
impacts of current and alternative forest management and fire planning scenarios, as well
as the technical aspects of the economic impact approaches taken; and one report de-
scribing public values and attitudes toward forests and forest management, which form
the socioeconomic context in which management and policymaking will take place.
Users of the information produced by this research will include the Governor of Oregon,
the Oregon Departments of Forestry and Economic and Community Development, local
community officials, national forest planners, and others concerned with the impacts of
forest management on economic development and community stability.
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Chapter 11: Conflicts and Opportunities in
Natural Resource Management: Concepts,
Tools, and Information for Assessing Values
and Places Important to People

Roger N. Clark1

The world today, in general, and natural resource management, in particular, seem to be
about ever-increasing conflicts. As human populations grow, diversify, and move about
the landscape, concerns mount about the impacts of people on water, forests, fish, wild-
life, and other people. Strategies for resolving these impacts often result in polarized,
either-or remedies, which lead to land use restrictions or closures. Controversy grows as
people feel inappropriately excluded from areas and places they have used for years if
not generations. In this paper, a number of concepts and approaches are briefly de-
scribed for identifying and evaluating the values and places important to people. The work
proposed as part of the Interior Northwest Landscape Analysis System project focuses
on human population dynamics and the relationship between human uses and values
and natural resources, with recreation used as a case example. This information, if used
in the context of integrated planning, management, and research should help to develop
and implement strategies for sustaining a more diverse array of biophysical and social
options at multiple spatial and temporal scales.

Keywords: Recreation, integration, resource conflicts, population dynamics.

The past 50 years have seen continuing and emerging conflicts in what people value and
how they wish to use natural resources (Allen and Gould 1986). As our population grows
and diversifies, demands on forests and other natural resources increase. Alarms are
sounded from many quarters about the negative effects of people on a variety of values
that accrue from public and private lands. Also as scientific information expands, new
questions arise about the interactions (both positive and negative) between people and
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the natural resources upon which we depend for our survival and lifestyles. Just how real
these problems are is subject to debate. Opposing interest groups’ perspectives, con-
cerns about the ideological positions of managers and scientists, and conflicting data
make the public even more skeptical about who can be trusted to deal with the complex
problems we face.

Many people are dissatisfied with how decisions are made about management of lands
they care about (Wondolleck 1988, Wondolleck and Yaffee 2000). Management of roads
and trails, riparian areas, and threatened and endangered species increasingly leads to
difficult problems where the perception often prevails that people must go. This percep-
tion can lead to restrictions and closures that limit public access to resources such as
valued places for recreation. Taking care of one system (i.e., social, biophysical, or eco-
nomic) often leads to disenfranchising another. Polarization leads to either-or solutions to
complex problems. This often leads to less than optimal solutions with clear winners and
losers. Better ways are needed to identify not only the conflicts but also the compatibili-
ties between biophysical and social values and uses. Many have argued that until we
embrace people as being a part of ecosystems, rather than apart from, we will continue
to breed conflict rather than accommodation (Clark et al. 1999).

Conflicts regarding forest values typically involve the interaction among three key ele-
ments: people (their distribution, values, organization, and behavior), places (both the
geographic and symbolic sense), and processes (both ecological processes as well as
human activities and institutions that affect people, places, and their interactions)
(Stankey and Clark 1992). As we seek to better understand these conflicts and to more
effectively fashion solutions that prevent or at least mitigate them, it is important that we
understand how different management programs will affect each element. Conversely, we
need to understand how changes in these elements can affect management programs.
For example, how do changes in forest conditions affect employment opportunities in
rural communities or the availability of recreation sites? How do changes in local popula-
tions or land use rules affect adjacent forests and forest management activities?

The work described in this paper focuses on ways to better understand the relationship
between people and natural resources. What people value, their perspectives and per-
ceptions, and what they actually do and where they do it must be considered. Ap-
proaches, tools, and information are needed to help managers, scientists, and citizens
work through problem framing and problemsolving to identify and implement options that
are less polarizing than at present (Wondolleck 1988; Yankelovich 1991, 1999).

The Interior Northwest Landscape Analysis System (INLAS) project is intended to as-
semble and apply concepts, frameworks, models, and other tools to enable resource
managers to address complex biophysical and social values and uses at multiple
scales. Some concepts and tools already exist, whereas others are needed to enable
scientists and managers to better understand what concerns people have and how they
can be better included in planning and management processes.

The work described in this paper will address three components: (1) What frameworks
and concepts exist that can be applied to understand the relations between human con-
cerns, values, and uses and biophysical conditions and processes? (2) What changes
are occurring in the human population and what significance might that have for use and
management of the area? and (3) How can places that are important to people for things
such as recreation be identified, described, and evaluated with respect to other biophysi-
cal resources and uses?
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There are various frameworks and concepts that provide ways to identify, understand,
and evaluate the values and places important to people and how these interact with other
resources. Several such concepts that seem to have value for the INLAS project are
briefly described here.

Periodically, particular words and phrases take on a special if uncertain significance to
people. Integration is one such example. It is used in many circles and implies certain
conditions or actions to those who use it. In research, we frequently cite the need for
“better integration,” or the desire for “integrated approaches” or “integrated teams.” Never-
theless, exactly what makes something integrated remains elusive. In the absence of
some clarity about and shared expectations for what we expect from integration, we run
the risk of perpetuating another round of confusing rhetoric and meaningless slogans
best suited to bumper stickers (Clark et al. 1999).

A more holistic understanding about human-natural resource interactions is needed.
Such understanding will provide the foundation for developing and implementing inte-
grated resource management programs and practices. There are many reasons why
integrated approaches are increasingly desired.

• The world is complex. Either-or approaches are no longer tenable and can be
unnecessarily divisive (owls vs. jobs, timber vs. recreation, fish vs. dams, riparian
restoration vs. public access or recreation use). We need to embrace a wide range
of values and uses to find ways to reject either-or solutions to complex problems.
To understand multifaceted systems, we need models and approaches that allow
us to isolate and explain the interactions within and among its parts. As we attend
to biological and physical factors, we also must deal with the social, cultural, eco-
nomic and institutional aspects of environmental values and uses. However, these
things cannot only be considered after the fact as add-ons or things to mitigate for
or against.

• Substantive areas (basic processes, problems, issues, policies) require it.
Integrated approaches are about complex processes, connections, and inter-
relationships. Stewardship and sustainability involve relationships between people,
their environments, and processes that link them. Disciplinary, fragmented research
(even if in sum all the parts are included) does not add up to understanding the
complexity of the whole.

• Traditional institutions often fragment rather than unite. Such institutional
behavior exists in education, management, and research organizations. Diverse
perspectives are valid, and if we can tie them together, we will reveal new knowledge
and provide answers to complex questions facing society.

This project focuses on improving understanding of how systems (biophysical, ecologi-
cal, human) interact and the effects one has on the other. Lack of such knowledge leads
to loss of options as a tyranny of small decisions are made to resolve perceived prob-
lems as conflicts occur between the biophysical and social systems. Ideology rather
than science often guides such decisions. Past research and development have gener-
ally been disciplinary where experts start from world views, beliefs, etc. within like
disciplines. We have an opportunity to better understand how these complex systems
function together. This will lead to better understanding of when, where, and how multiple
uses can be allowed without unacceptable adverse effects of one on the other.

Component 1:
Frameworks and
Concepts

Interactions and
Integration
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For example, the recreation resource is unusual because it represents the combination
of most, if not all, physical and biological resources and their management. Past man-
agement has tended to focus primarily on recreation and other public uses apart from all
other resources. Expanding recreational and other opportunities for the public and ad-
dressing potential conflicts require an improved understanding of the complex system of
which recreation is a part (Clark 1987).

There are various questions to be addressed regarding the interactions between people
and natural resource values and uses. The basic question is under what conditions can
public access and use of high-quality recreation settings and sites be provided without
adverse effects on biophysical conditions and functions such as in riparian areas? To
understand this, we need to better appreciate how these systems interact. How do
these interactions vary at different spatial and temporal scales? What is acceptable
both from a biophysical and social perspective? Moreover, we need improved frameworks
and knowledge about the cumulative effects on and from recreation use and manage-
ment, as well as on and from riparian use and management (Clark and Gibbons 1991).

Inadequately framed problems are a major obstacle to designing successful projects to
better understand human-natural resource interactions (Bardwell 1991; Clark et al. 1999,
in press; Senge 1990). Several things that might be considered to improve effective prob-
lem framing are briefly described below.

It is important not to commit to a particular direction until one gets the questions right.
This means that we need to step back from individual or disciplinary definitions and join
with other interests to ensure that we are not solving the “wrong” problem. We must
learn from one another about how we define landscapes so that we can jointly deter-
mine opportunities and redefine problems and then develop explicit questions to drive
joint actions.

To be effective, problem framing and resolution must include diverse perspectives and
value systems. Because landscape values and meanings are highly variable, there is no
“correct” definition. Although this suggests that diversity may be an obstacle, it may be
an opportunity as well. What can unite us is recognition of the power of both individual
and collective perspectives. Processes that are inclusive increase the possibility of im-
proved understanding, greater representativeness in public participation, an opportunity
to learn, and eventually identifying better ways to get desired outcomes (Wondolleck
1988).

A number of things make designing and implementing integrated approaches hard to do
(Clark et al. 1999, in press). Ideologies and beliefs (world views) condition how we think
and act (Socolow 1976). Such ways of thinking can become problematic if not dealt with
constructively, but can enrich dialogue and problemsolving if embraced upfront. Striving to
get answers and solutions before clarifying the questions and problems often derails the
best intended efforts (Bardwell 1991). Scientific language and expertise make it difficult
for interested citizens to easily engage in processes and activities that affect them.
Technology can be a means to desired ends but can be a hindrance if the wrong ques-
tions are under study.

Problem framing is difficult and often inadequate to identify new questions and under-
standing. A major challenge is to understand the needs and questions to be addressed
before lines are drawn on maps and data collection started. Such problem framing is the

Problem Framing Is a
Critical First Step and
Must Be Ongoing
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most important, yet least well-done step, particularly if all interested parties are not in-
cluded up front. Problem framing must account for the world views and ideologies people
have, or these will limit or preclude effectiveness in the longer run. Problem framing must
be iterative and adaptive; it takes time and patience. If done well, clear and shared ex-
pectations will result.

To be effective, problem framing must account for diverse ways of knowing and diverse
forms of knowledge. In this sense, scientific knowledge is only one component. It is
necessary but not sufficient for understanding relationships between biophysical and
social systems.

A central problem facing INLAS is to determine the scale of an area to understand the
people-resource interactions (Clark et al. 1999, Jensen and Bourgeron 2001). Land-
scapes such as that represented by INLAS, and places within them, have meanings to
people at every conceivable scale. Which is the “right” scale depends (Clark et al., in
press). It takes on a different meaning for people who live in the region or beyond vs.
those who live nearby. It differs for people who may care about but never visit the area.
And for people who actually set foot on the land and visit the area, there may be strong
attachments to particular places. The appropriate scale from a human perspective may
not match nicely with biophysical considerations, at least within present planning and
scientific approaches.

There is no one right definition for what a landscape is or the scale(s) appropriate for
understanding relationships between humans and natural resources. Various needs and
questions will define the appropriateness of landscape meanings and scales of analysis.
Sometimes these needs are defined by scientists, and at other times by resource man-
agers, and at still others by citizens. Technical definitions are important for technical
analyses but not necessarily important to everyone; they often are a means to unclear
ends.

In a sense, the meanings that landscapes hold are determined by those viewing the
landscape or by interacting with it in other ways. Each meaning is different, not better or
worse. To fully understand the values and meanings landscapes produce requires that
analyses be inclusive of the people that interact with the landscape in diverse ways.

People think and act at multiple scales for many reasons (Stankey and Clark 1992).
There is no one way to divide time and space that will account for the multiple values,
concerns, and uses that people bring to the understanding of natural resources. Some
ways to think about how landscapes can be considered from a social science perspec-
tive are briefly described below.

• A suite of values is of importance to people. There are a number of values that
are important to people as they think about and use forests and other landscapes.
These include commodity, public use, amenity, environmental quality, spiritual, and
health values. Such values are attached to landscapes by different types of people
and at different scales. For example, recreation can be thought of as people using
microsites such as campsites or as driving for pleasure across larger landscapes.
Moreover, the array of values often blends biophysical, economic, and social domains
in different combinations across space, people, and time. This means that to under-
stand the meaning and importance of these values requires expertise beyond the
biophysical sciences.

Landscapes Are in the
Eye of the Beholder2

2 This section is adapted from Clark et al. (in press) and Stankey
and Clark (1992).
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• People organize in many ways. There are a variety of ways to think about how
people (individuals) are combined at different scales and how a social organizational
hierarchy can be described. These include individuals, family and household groups,
neighborhoods, communities, counties/boroughs, states/provinces, nations, and
ultimately, the globe. The interests people hold in the landscape at different scales
and the decisions they make about how they interact with the landscape may cut
across these different levels. Each level or scale is characterized by different
emergent properties, such that the next higher scale is not simply an aggregation of
the units at the next lower scale. There are often mismatches between these
organizational units and biophysical scales that will need to be reconciled before any
analysis begins if an integrated solution is desired.

•  People act at multiple spatial scales. These include microsites, areas (e.g.,
a grove of trees, meadows), drainages, watersheds, landscapes (e.g., the Upper
Grande Ronde), regions (e.g., the Blue Mountains), continents, and the globe. It is
important to consider such ways of defining scales because different social, cultural,
and institutional properties may emerge at each scale. Appropriate scales may be
defined by the processes at work, interactions within and between components of
complex biophysical and social systems, and policy and scientific needs.

• Human lives and activities consider multiple temporal scales. Ways of defin-
ing time include the past, today, tomorrow, weeks, seasons, years, decades, and
generations. These may or may not coincide with how time is considered by
specialists concerned with biophysical phenomena. Differences between biological
and social scales of significance are frequently at the root of conflict—such as when
forest plans are considered over a 50-year timeframe but budgets are appropriated
annually. Considerations of time often influence how acceptable people believe forest
management practices to be. Who can wait, e.g., for newly harvested forests to
become old growth when people only live for a few decades?

• Beware the ecological fallacy when drawing conclusions about people.
Meanings cannot simply be aggregated upward; people may define an entire water-
shed as a suitable place for timber harvesting, yet hold claims to spiritual, aesthetic,
and recreational meanings at the site level. What may be true at a higher scale, such
as the county level, may not be so at lower scales, such as the communities in the
county; the attributes of a transportation system may not apply to the individual
roads within; qualities of a dispersed recreation area may differ when one looks at
specific sites; and the distribution of meanings across a landscape cannot neces-
sarily be summed to arrive at an overall assignment of landscape meanings. It is
likely in many cases that different processes work at different scales. The perspec-
tives people have when they think at different scales influence judgments about the
appropriateness and acceptability of change. In addition, what may be acceptable at
one scale may not be so at another.

In the INLAS project, recreation will be used as a case example for understanding the
relationship between human uses and values and other resource uses and values. Rec-
reation was chosen because of manager interest and the existence of methods for identi-
fying recreation places people use.

Many of the concepts from the wildlife habitat literature (Thomas 1979) apply to recre-
ation (Clark 1987, 1988). Several of these might be considered when managing for recre-
ation habitats. Understanding these concepts could help managers evaluate the potential
effects of alternative strategies and prescriptions on recreational opportunities (Clark and
Stankey 1979).

Habitats for People
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• People have “home ranges.” Resident populations tend to center recreation in the
community; other users are migratory (tourists) and frequent sites well beyond their
home ranges. The size of the home range is influenced by the relative availability of
recreational opportunities desired by the population, competition among users for
these opportunities, and mode and duration of travel.

• People use definable “travel corridors.” Natural topographic features and human-
created corridors channel air, water, critters, and people. The intersection of corridors
(water crossings, power corridors, dams) or flows within them often reveals conflicts
and compatibilities between public values and uses and other resource values.
Access in general is constrained by travel routes (roads and trails) and by physical-
biological conditions, such as steep slopes, dense vegetation, and bodies of water.
Knowledge of present and potential travel corridors should help predict the effects of
management practices on recreational use patterns.

• People are “territorial.” They form strong attachments to favorite and often-visited
places and usually do not wish to see them changed. It is important to identify the
location and characteristics of such sites before any on-the-ground management
occurs.

• “Hiding cover” is particularly important at campsites. People generally want privacy
and quiet, and they try to separate themselves from other parties and from evidence
of other resource uses. This seems to be as true for people in moderately developed
areas as it is for people who prefer dispersed settings and wilderness.

• “Critical habitat” might be defined as a combination of attributes considered
absolutely necessary for some types of recreation values and uses.

• “Edges” seem to influence recreational use. For example, sites near natural or
artificial openings and riparian and coastal areas all appear to be used more
frequently than other locations.

• People like “diversity” in the sites they visit and the activities they engage in.

• Site “preferences” may differ from actual “requirements.” Requirements are elements
essential to recreation; preferences add quality to a recreational experience.
However, preferences for some people may be requirements for others.

• Habitats are “dynamic,” and both natural changes and human-caused disturbances
influence the nature of recreational settings. Indeed, the type and location of
recreation activities can change with physical alterations. Such change can be
managed both spatially and temporally to achieve desired goals.

• “Adaptation” occurs as recreation habitats are changed. Users can choose to stay in
such areas and alter their expectations or move on (thus becoming “displaced”) if the
changes exceed their accepted limits. Although either outcome may be appropriate,
the potential consequences of both should be evaluated to avoid destruction of
irreplaceable opportunities.

These concepts can help us think about how people relate to landscapes at multiple
scales and improve our ability to understand the effects of policy options and manage-
ment practices on existing and potential public values and uses.
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People form strong opinions about places and the characteristics of places at multiple
scales. They also are concerned about the appropriateness of resource management
uses (in time and space) (Clark and Stankey 1979). Legacies on the land from past man-
agement (road management, area closures, timber harvesting) affect judgments in differ-
ent ways. It is hard for some people to relate to large landscapes when they are
concerned about favorite places. Place attributes and meanings (at multiple scales) influ-
ence choices people make (Clark and Downing 1985). However, the meanings people
attach to specific places, and which define critical habitat needs, are often not correlated
with certain types of biogeographical features mapped by biologists.

A variety of factors influence recreation use patterns (Clark 1988). Some of these are
described below.

• The places where people choose to recreate are important. Most people tend to have
special places they visit repeatedly (Clark et al. 1984). Often these are places people
used as children and those where they now take their children. These places may be
large landscapes or small sites. Favorite and often-visited sites are definable, and
people form strong attachments to them (Clark et al. 1984, Clark and Stankey 1986).
In many areas, recreationists have established their own campsites, and they are
concerned about the relation between other resource uses and these sites; many
want their favorite campsites protected from the effects of logging (or other resource
uses) (Clark and Downing 1985, Clark and Stankey 1986, Clark et al. 1984).

• The type of access is the key to most recreation and strongly influences use
patterns. For example, as a group, people who recreate in roaded forest lands want
roads of various designs and standards, but they do not need to be paved in all
cases.

• Site attributes affect, in many often predictable ways, how recreationists make
choices (McCool et al. 1985, Stankey and McCool 1985). Some attract (scenery) or
detract (bugs and poisonous snakes); some facilitate (road pullouts) or constrain
(steep terrain) (Clark and Stankey 1986). Attributes that have been determined to be
particularly important in dispersed areas include water (marine, riparian, lakes,
streams), trees (of various species, densities, and age), flat areas, naturalness (or
natural appearing), and privacy from others not in one’s own party (much like wilder-
ness users). Knowledge of these attributes aids in determining what is possible,
desirable, or necessary at a particular location to protect, enhance, or create
opportunities for recreation.

Recreation (both in terms of our choice of activity and places) often plays a major role in
where people choose to live and take vacations. Relatively easy access to diverse natu-
ral environments explains why many people have chosen to reside where they do. The
forests, lakes, streams, mountains, and all the associated wildlife provide a rich back-
drop for the diverse recreation people seek. Special places and favorite activities provide
the temporary retreat from pressures at work and at home.

So when managers of public (and in some cases private) lands consider changing
what users have known and valued about those special places, users become alarmed.
People remember other places that have been lost for one reason or another (Clark and
Stankey 1979). Many questions come to mind: What will the changes mean to one’s
family? How long will it take before one can go there again? Do managers know about

Settings and Places
Important to People
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the places people like and why they like them? Can favorite places be protected? These
and other questions are important because the places people value are more than rock,
dirt, and trees that can easily be replaced. They have special meaning that even the best
manager cannot easily discern (Downing and Clark 1979).

Natural resource management programs are considered to be sustainable when they are
ecologically sound, economically feasible, and socially acceptable. Social acceptability
is an essential aspect of any successful implementation effort. The social acceptability
judgment process is critical to the efforts to manage natural resource systems on an
integrated, multiple-value basis. For instance, any given practice is likely evaluated on
the basis of potential alternatives as well as the consequences of any given alternative
on other resources, values, and benefits. If a proposal to limit public access to riparian
corridors, e.g., is presented solely as a means of restoring aquatic habitat, some par-
ticular patterns of acceptability will emerge. However, if the proposal also includes the
impacts such closures will have on historical recreation, then it is likely that some other
pattern of acceptability will emerge. At present, such multiresource issues typically lack
full consideration of social acceptability assessments, with the result that public opposi-
tion increases.

Understanding is limited about the factors affecting the formation of acceptability judg-
ments, their resistance to change, and the conditions that lead to change. A conven-
tional premise is that public judgments are primarily influenced by the level and accuracy
of the technical and scientific information held by different citizen interests, or that they
are predominantly the reflection of adverse aesthetic judgments. Existing research on
social acceptability indicates that judgments are the product of a complex, multifaceted,
and dynamic process, of which information—in the technical-scientific sense—or aes-
thetic appearances are only a part. The judgment formation process is greatly affected
by the belief systems of individuals. In addition, the trust associated with individuals or
organizations making decisions can have a major effect on what is and is not accept-
able.

The nature and extent of change acceptable to recreationists and other forest users dif-
fers (Clark and Stankey 1979; Stankey et al. 1985, 2003). People seem to have different
expectations for “macro” versus “micro” sites, and the microsite seems more susceptible
to adverse change; i.e., management activities acceptable in the general area (such as
evidence of logging or roads or restoration activities) may be considered intolerable at a
campsite.

Acceptance of change varies both in time and space and depends on many factors
(Kakoyannis et al. 2001, Shindler et al. 2002). Judgments about the acceptability of
change depend on its nature, extent, cause, and location with respect to specific areas,
the meanings people attach to landscapes at different scales, and places people value.

Acceptability—of What,
for Whom, Why

The research community has a significant role in helping create a more socially ac-
ceptable brand of forest management. Not that there is an insufficient amount of either
theoretical research or applied research already to draw from. What is in short supply,
however, is (1) well-defined, manager-friendly frameworks for conducting more socially
acceptable processes and (2) the institutional will (i.e., commitment, time, and re-
sources) for experimentation and implementation (Shindler et al. 2002).
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The Pacific Northwest is experiencing rapid and far-reaching population changes
(McCool et al. 1997). Population growth and redistribution affect both urban and rural
areas. Accompanying this growth and change is a climate of increasing conflict over the
region’s once-abundant natural resources. Much of this conflict centers on changing
societal values and expectations regarding the things public lands should produce
(McGranahan 1999). Moreover, there is increased competition for the commodities,
amenities, and recreational opportunities provided by those public lands.

Given this dynamic and challenging context, it is important to understand both how the
population is changing and the potential implications these changes have for the man-
agement of forest lands in the Pacific Northwest (Troy 1998). As certain communities
shift from rural to suburban or urban, what changes are likely to occur in attitudes and
public uses regarding natural resource issues? What are the factors that are driving mi-
gration from urban to rural areas? Are the motivations for in-migration to rural communi-
ties driven by economic concerns or by the amenities of small towns and natural
resources?

The fundamental concept driving the analysis of population dynamics is that changes in
the makeup of human populations will be accompanied by changes in the attitudes and
uses of residents toward the management of forest lands whether public or private. In
addition, these changing attitudes and uses will have a profound influence on the actions
of management agencies. Making the connection between attitudes, public uses, and
changing social conditions will help managers respond to and anticipate the needs of
local and regional residents. Ultimately this type of knowledge can help managers re-
spond to challenges and opportunities at various geographic scales and for various user
groups.

This assessment will provide a detailed description of the population dynamics in the
region and selected areas such as INLAS. Ways to understand, articulate, and display
the multiple and interrelated changes occurring within the region will be explored. Data
from sources such as the U.S. Census and Internal Revenue Service will be used to
develop graphical and interaction-oriented approaches to describe the population dynam-
ics. Adopting this approach will allow for an analysis of the factors driving more localized
changes as well as an examination of how local areas might influence and be influenced
by regional population dynamics. The graphical approach will enhance our ability to en-
gage in a broader dialogue regarding the nature of these changes.

Beyond a basic description, there is a need to address why the observed changes
matter. Thus, a second focus will produce a series of propositions regarding how the
changing character of the region’s population may influence shifts in acceptability of
forest management practices. Making this link between population dynamics, public
uses, and attitudes will require the use of existing data as well as the possible collec-
tion of new information on resident attitudes toward natural resource management if time
allows. This second product also will involve a focused examination of specific subre-
gions within Oregon and Washington, including INLAS. The choice of communities will
be made to highlight issues for areas that are currently experiencing rapid change along
with those that have relatively slower rates of change.

Component 2:
Population
Dynamics3

3 This work is being conducted by Theron Miller and Steve McCool
at the University of Montana’s School of Forestry in conjunction
with the author.
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Population change in rural areas has significant implications for the acceptability of vari-
ous land management actions (e.g., treatment of fuels, use of fire, and management of
wildlife). Where public lands are intermingled with private, rapidly developing lands, there
are significant questions about how newly arriving individuals, with potentially different
ties to public landscapes than long-term residents, will be attached to these landscapes,
and how those attachments may affect acceptability of forest management.

In addition, population growth and redistribution have implications for demand of recre-
ational opportunities provided on public lands. Because the in-migrating population may
have characteristics different from existing residents, their patterns of participation in
recreation may differ. As a result, the character and distribution of the supply of existing
facilities and opportunities may no longer be adequate for the “new” population.

Beyond the benefits to individuals directly involved in management, this type of analysis
could help provide an avenue for involvement of community leaders and concerned citi-
zens. The process of understanding the many social changes to an area can facilitate
both community learning and assist in efforts of problemsolving.

As described earlier, knowing the sites people use in forests is important for understand-
ing the potential interactions between this use and other resource values and uses. In
this project, we will focus on recreation as one example of human use taking place in the
INLAS area.

Recreational uses often compete with timber, wildlife, fisheries, and other resource
uses for the same sites (Clark 1988, Clark et al. 1984). An understanding of the relation-
ships between recreation and other uses of forested lands is required for effective multi-
resource management. Important questions needing answers include: Who are the
visitors of specific areas? What are the activities in which they engage? When do they
engage in these activities? Where do they engage in these activities? What site charac-
teristics influence where they go? What are the effects on recreation in areas where
other resource uses are managed and vice versa? How important are these effects from
the perspective of the public and land managers? What concepts, frameworks, and man-
agement tools exist or might be developed to help mitigate adverse effects?

Knowing the importance forest visitors attach to particular features of recreational set-
tings (called “site attributes”) is the foundation of effective recreation management. With-
out information about these attributes, land managers cannot maintain or enhance desirable
qualities, nor can they prevent or mitigate damage to recreational values as a result of
other forest uses, such as timber management. There is a need for a better understand-
ing of what attributes can be avoided and positive effects enhanced. Attributes constitute
the features that define an area or site as a recreational resource. Knowing what these
attributes are, their relative importance to recreationists participating in different activities
or seeking different experiences, and the sensitivity of the attributes to change is essen-
tial input to integrated resource management.

Alterations in settings induced by nonrecreational resource uses can greatly change the
type of recreational opportunities available. Conversely, maintaining the essential at-
tributes of a particular recreational opportunity setting might represent a significant con-
straint on other uses. For example, a management objective to maintain semiprimitive or
primitive recreation opportunities would limit the nature and extent of timber harvest ac-
tivities appropriate in the area (Clark and Stankey 1979). Understanding these interde-
pendencies is essential to the integration of different resource allocations and to minimizing
conflict (Clark and Gibbons 1991, Clark and Stankey 1986).

Component 3:
Place–Based
Analyses of
Recreation Use
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We must understand the complex system of which recreation is a part. There remains,
however, a lack of comprehensive knowledge and site-specific guidelines to facilitate
effective integration of recreation and other resource uses at multiple temporal and spa-
tial scales. Part of the problem is the limitation of knowledge about just where people go
and what the characteristics are of those places. In this project, the author and col-
leagues developed and applied methods for several watersheds in eastern Washington
that will be used to locate and characterize sites used by the public in parts of the
INLAS area.

This assessment of places that people use will include:

• Locate specific places along formal and informal roads in several subareas of the
INLAS project area where there is trace evidence of public use (including but not
limited to recreation).

• Use a global positioning system to establish the location of sites identified.

• Complete a written description of the sites.

• Take photos that can be used to classify the site and its surroundings (at the
microlevel and macrolevel).

• Describe and document the relationship between the sites identified and evidence of
resource management activities.

• Create geographical information system data layers to allow analysis of the
interrelationships between public use and other forest values and uses and forest
management activities.

Knowledge of important recreation sites and their attributes will assist managers in
evaluating the consequences of changes because of other resource uses on dispersed
recreation opportunities (Brown et al. 1978, Clark and Stankey 1986). Such information
will aid in developing strategies to prevent or mitigate undesirable impacts on biophysical
resources while taking advantage of positive changes to provide a desired range of public
benefits.

This work will provide three major types of products:

• Syntheses of available frameworks and concepts and how they might be used in the
context of integrated research and development and management at multiple scales
in areas such as INLAS.

• Empirical information about regional and local population migration and a framework
to evaluate the potential effects of population changes on places people use and their
acceptance of management practices.

• A description of specific places for parts of INLAS that are used by the public. This
will be useful as a stand-alone product, but its best use will be in the context of an
integrated approach to assessing the interactions between biophysical and social
values and uses in areas such as INLAS.

It is yet to be determined how this information will be integrated with other biophysical
information.

Expected Outcomes
and Products
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Both public and private resource policymakers and managers should find the information
useful for designing, implementing, and evaluating options at multiple scales. The pri-
mary beneficiaries of this research effort will be natural resource managers of federal,
state, and private lands. They will benefit from a clearer understanding of the dynamic
populations and attitudes within the areas that they operate and the types of places that
are important to existing and future populations. This will be particularly helpful for man-
agers in areas currently experiencing rapid population changes and conflicts between
human and other uses. Managers in other areas could use the results of this research to
anticipate future changes.

The ultimate beneficiary of this information is the public who depends on the resource
values and uses provided by areas such as those represented by INLAS.

Whether intended or not, almost all forest management activities affect public values and
uses. The effects of management are not necessarily negative and largely depend on
people’s preferences and expectations. However, effective multiresource management
demands an understanding of the interactions among public and other uses.

In addition, changes in human populations have significant implications for the use and
management of diverse natural resources. It is not just how many people are leaving the
area or moving in but what values and expectations they have for nearby as well as dis-
tant forests and rangelands.

Furthermore, it is critical to have detailed, place-based analysis of human and natural
resource interactions. Information about public use—the where, who, when, why, and
how—enables planning processes to consider human and natural resource interactions
at multiple spatial and temporal scales.

From this brief overview, it seems evident that a holistic, systems perspective is needed
to help integrate public uses such as recreation with other resources. The recreation
resource, in particular, is unusual, compared to some resources, in that it is represented
by the combination of all other physical and biological resources and how they are man-
aged. The complex interrelationships among these resources have important implica-
tions for recreational opportunities and use (Clark et al. 1984).

The questions posed earlier can be resolved with a more holistic perspective that recog-
nizes the nature of potential onsite interactions between public uses and other re-
sources. Past management has focused primarily on public uses such as recreation
apart from other uses. Expanding opportunities for the future and addressing the poten-
tial for onsite conflicts and ways to resolve them require an improved understanding of
the complex system of which human concerns are an integral part. The overriding ques-
tion is not whether human values and uses should be integrated with other resource
uses, but where, when, and how such integration can be achieved.

It is critical that approaches developed to understand these interactions consider people
and their uses at multiple scales. We must begin to make connections between bio-
physical and human systems, or we will continue to fall victim to extreme, polarized,
solutions to resolving complex problems (Clark and Gibbons 1991).

Almost everything resource managers do, whether planned or not, will affect opportuni-
ties for the public. People react to this reality as they anticipate or discover undesirable
changes in areas and at sites they value. Professionals must be sensitive to how what
they do affects people and places people value. Failure to do so could easily lead to
further polarization and loss of manager credibility as well as support for agency or land-
owner programs.

Users of Information
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Unfortunately, there are few specific guidelines and little detailed information to facilitate
such integration and few tested approaches for managing potentially incompatible uses
at specific locations. There are, however, a variety of concepts and frameworks that can
be used to address some of the questions listed earlier. These tools will provide aids to
help managers, citizens, and scientists work through problemsolving for complex and
controversial issues; rarely, however, will they provide definite answers.
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Chapter 12: Analysis and Modeling of Forest-
Land Development at the Wildland/Urban
Interface

Jeffrey D. Kline1

Population growth and resulting land use changes are becoming increasingly important
factors in forest management and fire planning as forests are converted to residential and
other developed uses. This part of the Interior Northwest Landscape Analysis System
(INLAS) project examines low-density residential and other development at the wildland/
urban interface in the area surrounding the INLAS project area. The research contributes
to an integrated analysis of fire risk by describing where humans are located on the for-
est landscape, how they are likely to manage the portion of the landscape they occupy,
how the spatial distribution of humans will change in the future, and what their expecta-
tions will be regarding forest management and policy and fire planning.

Keywords: Wildland/urban interface, urbanization, land use change.

Increasingly important factors in forest management and fire planning are population
growth and the impacts resulting land use changes can have on forests as they are
converted to residential and other developed uses. In-migration of people to rural areas
in the Pacific Northwest is resulting in increasing numbers of residences on forest land-
scapes. Forest-land conversion to developed uses essentially is a permanent change
resulting in the interspersion of nonforest land uses with forest, and often fragmenting
forest landscapes into smaller parcels of land. These processes can result in longer
lasting ecological and economic impacts than forest cutting and fire, where regrowth
and succession may overcome temporary loss of forest. Ecological impacts can include
direct loss of habitat or changes in habitat quality. Economic impacts can include less
intensive forest management for commercial timber resulting in reduced economic out-
put on private lands. Analysis and modeling of existing and potential low-density residen-
tial and other development at the wildland/urban interface can anticipate where these

Abstract
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1 Jeffrey D. Kline is a research forester, U.S. Department of
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Forestry Sciences Laboratory, 3200 SW Jefferson Way, Corvallis,
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changes are likely to occur in the future. Such research can contribute to an integrated
analysis of fire risk by describing where humans are located on the forest landscape,
how they are likely to manage the portion of the landscape they occupy, how the spatial
distribution of humans will change in the future, and what their expectations will be re-
garding forest management and policy and fire planning.

What researchers and policymakers refer to as the wildland/urban interface is character-
ized by relatively low-density residential and other development on forest landscapes.
Researchers and policymakers hypothesize that such development has the potential to
increase the threat of wildfire associated with increased human habitation and activity in
forests (Lorensen et al. 1993). Many forestry analysts also feel that increasing numbers
of residences located in forested landscapes are leading to increasing costs owing to
wildfire and overburdening firefighting resources that are redirected to save homes in-
stead of containing fires (Milloy 2000). Along with the potential for increased wildfire
threat and increased firefighting costs is the increased potential for significant loss of life
and property. The 2001 fire season in the Pacific Northwest provided numerous examples
of the particular challenges associated with fighting forest fires near homes (e.g., Cockle
2001, Larabee 2001, Quinn 2001).

In addition to these direct implications for fire planning, low-density residential and other
development on forested landscapes can have fewer direct implications regarding forest
management. For example, researchers believe that forest lands located within the
wildland/urban interface become less productive as a result of their fragmentation into
smaller and smaller management units, potentially diminishing the economies of scale
in timber production (Row 1978). Forest tract size has been negatively correlated with
the likelihood of commercial timber management (Thompson et al. 1981) and the propen-
sity of forest owners to harvest timber (Cleaves and Bennett 1995). Lower harvest rates
and less likelihood of commercial timber management also have been correlated with
increasing population densities (Barlow et al. 1998, Wear et al. 1999).

As people migrate into forested areas, the characteristics and forest management objec-
tives of newer more urban-minded forest-land owners also may change. It is believed that
many nonindustrial private forest-land owners are motivated by amenity, recreation, and
other nontimber objectives in addition to or in place of timber production objectives when
making forest management decisions (Binkley 1981; Bowes et al. 1984; Dennis 1989,
1990; Englin and Klan 1990; Hyberg and Holthausen 1989; Kuuluvainen et al. 1996; Max
and Lehman 1988; Newman and Wear 1993; Strang 1983; Swallow and Wear 1993).
Such nontimber objectives have been shown to be important factors motivating nonindus-
trial private forest-land owners in the Pacific Northwest (Johnson et al. 1997; Kline et al.
2000a, 2000b). Smaller forest tract sizes and changing characteristics of forest-land
owners can alter the manner in which private forest lands are managed and affect the
potential range of management and policy options available to forest managers and
policymakers regarding fire-risk reduction on private forest lands.

A potential secondary impact of development at the wildland/urban interface is overall
changes in people’s values and attitudes toward forestry. A growing number of social
scientists believe that the Nation is experiencing rapid and significant changes in forest
values (Bengston 1994) and attitudes concerning forest management (Davis et al. 1991,
Schindler et al. 1993). Researchers observe that increasing migration of urbanites to
rural areas is resulting in a shift in forest values and a push for forestry policies and prac-
tices that reflect changing forest values (Egan and Luloff 2000). Increasing development
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at the wildland/urban interface may be accompanied by a declining empathy toward tim-
ber industries and increasing demands for outdoor recreation and the protection of forest
amenities and wildlife. Research suggests that these processes could be taking place in
the Pacific Northwest (Kline and Armstrong 2001). Such changes could have implica-
tions regarding the political climate in which forest management and policy and fire plan-
ning decisions are made.

A common approach to multidisciplinary landscape-level analysis of socioeconomic and
ecological processes has been to treat humans largely as exogenous to the forest land-
scape. Land use change analyses commonly have been used in multidisciplinary stud-
ies to delineate discrete forest and nonforest or forest and urban land use categories for
integration with other landscape-level models describing socioeconomic and ecosystem
processes and conditions (see, e.g., Bockstael 1996, Kline et al. 2001, Turner et al.
1996). Similar discrete treatments of land use can be found in Bradshaw and Muller
(1998), Chomitz and Gray (1996), Helmer (2000), and Nelson and Hellerstein (1997).
These models generally use spatially referenced land use data to estimate logit or probit
regression models describing the timing and location of changes among discrete land
use categories.

For many applications, a discrete treatment of land use may be appropriate when the
processes under study are relatively insensitive to low levels of human habitation of land.
However, in other applications, when socioeconomic and ecological processes may be
sensitive to a range of human habitation, discrete land use categories may inadequately
characterize the spatial and temporal interactions of humans as agents affecting the
landscape-level processes under study. In the case of wildfire threat on forested land-
scapes, relatively low-density human habitation can be of particular interest. Wear and
Bolstad (1998) offer an alternative to discrete land use change analysis by describing the
“spatial diffusion” of human populations throughout a landscape. They use data describ-
ing building densities to identify explanatory variables useful in predicting building densi-
ties. Although Wear and Bolstad (1998) ultimately use their spatial diffusion model to
project changes among discrete land use categories, Kline et al. (in press) show that
their methods can be adapted to describe potential future building density scenarios that
also can serve as inputs into landscape-level models.

The objectives of the research are to (1) develop empirical spatial models of low-density
residential and other development at the wildland/urban interface for select areas in east-
ern Oregon, (2) use the empirical models to describe likely future development scenarios
based on projections of future population growth and in-migration, and (3) integrate po-
tential future development scenarios with other INLAS submodels describing ecological
conditions and processes and fire risk. The research is intended to provide information
concerning (1) what socioeconomic and geographic factors have contributed to increased
in-migration in eastern Oregon; (2) how these factors have influenced the spatial distribu-
tion of people; and (3) how institutional factors, such as land use zoning, have affected
that spatial distribution.

Empirical models describing historical and future low-density residential and other
development at the wildland/urban interface will be estimated for select areas in eastern
Oregon. Model estimation will rely on building density data based on aerial photointer-
pretation similar to that described in Azuma et al. (1999) for western Oregon. The Oregon
Department of Forestry currently is working to gather building density data for eastern
Oregon. When available, these data will enable analysis and modeling of building density
by using the methods of Wear and Bolstad (1998) and Kline et al. (in press). Empirical
models will be estimated describing historical land use or building density changes as a
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function of socioeconomic and geographic variables. The empirical models will be used
to project future building density scenarios based on projected changes in socioeco-
nomic variables, such as population, included in the models. The projections will be used
to create geographic information system maps (GIS) describing future building density
scenarios, enabling projections to be integrated with other INLAS submodels describing
ecological conditions and processes and wildfire threat.

The analytical method will closely follow methods used by Kline et al. (in press) to pro-
ject potential future building density scenarios for western Oregon as part of the Coastal
Landscape Analysis and Modeling Study (CLAMS) (Spies et al. 2002). In that analysis,
a negative binomial model was estimated describing the spatial distribution and rate of
change in historical building densities in western Oregon as a function of a gravity index
of development pressure, existing building densities, slope, elevation, and existing land
use zoning. A gravity index was used to describe the spatial proximity of land to existing
cities of varying population sizes. The resulting empirical model was used to project
pixel-level changes in building densities based on projected future population growth of
cities included in the gravity index computation. The projected building density changes
were applied to a 1995 building density map to describe the future spatial distributions of
buildings for successive modeling periods (fig. 33). The building density maps are key
inputs in other socioeconomic and ecological submodels comprising CLAMS.

If historical building density data are not available, analysis and modeling will be accom-
plished by using existing socioeconomic data available from the U.S. Bureau of the Cen-
sus and other sources to develop empirical models of human migration (e.g., Amacher et
al. 1998, McGranahan 1999, Swanson 1986). Analysis will focus on describing historical
spatial variation in population densities and other socioeconomic variables, and in de-
scribing potential future changes in the spatial distributions of people across the INLAS
study landscape. Landscape-level projections of future spatial distributions of people
would be accomplished by simulating future forest-land development scenarios based on
existing land use zoning maps and projections of future population (e.g., Bradshaw and
Muller 1998, ECONorthwest 2000). Projections of future populations will be obtained from
published U.S. Census figures or estimated from in-migration models. This alternative
analysis would result in GIS maps describing future population density scenarios, en-
abling projections to be integrated with other INLAS submodels describing ecological
conditions and processes and wildfire threat.

Anticipated products include relatively fine-scale GIS maps of potential future low-density
residential and other development at the wildland/urban interface for select regions of
eastern Oregon, including the INLAS study area. The maps will be used both as stand-
alone products and for integration with other INLAS submodels describing ecological
conditions and processes and fire risk. For example, the maps will identify where forest
land is most likely to be taken out of active management for timber production, enabling
timber production submodels to account for a potentially diminishing forest-land base.
The maps also will be used to identify locations within the INLAS study area where wild-
fire poses the greatest risk of significant loss of life and property, which may have impli-
cations for the types and locations of potential management prescriptions proposed and
analyzed by INLAS researchers.

In addition to maps of potential low-density development will be descriptive analysis and
projections regarding potential changes in the socioeconomic characteristics of the
population of eastern Oregon, including the INLAS study area. Analysis will include dis-
cussion regarding the potential impacts of socioeconomic change on regional public
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demands regarding outdoor recreation and forest amenities, and public perceptions and
attitudes regarding forest management and policy and fire planning goals and strategies.
This analysis would be largely descriptive and contribute to providing the socioeconomic
context in which forest management and policy and fire planning will take place. Other
anticipated products include at least one technical journal article describing the analyti-
cal approach and one nontechnical report describing the analysis and its implications for
forest management and policy and fire planning.

Figure 33—Base year and projected building density categories in western Oregon created for the Coastal Landscape Analysis and
Modeling Study. Note: Based on negative binomial model projections of building density change applied to 1995 base year map. Existing
urban development in 1995 base year shown in gray.
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The users of the information produced by this research include national forest and land
management agencies; state agencies; nonprofit organizations concerned with forests,
fire, and land use change; and researchers seeking to integrate land use change infor-
mation into landscape-level analyses of ecological conditions and processes. Geo-
graphic information system maps of potential future low-density residential and other
development at the wildland/urban interface for select regions of eastern Oregon will
serve as key inputs into other INLAS models of ecological conditions and processes.
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Chapter 13: Evaluating Forest Products as Part
of Landscape Planning

R. James Barbour, Douglas Maguire, and Ryan Singleton1

The probability that harvest activities will occur on any piece of ground is a function of the
accessibility of the ground (both physically and administratively), the costs of implement-
ing the treatment, and the value of the removed material. We describe the concept of
combining these three attributes to develop a utilization index that can be used to dis-
play where on a landscape timber harvest might be most fruitfully used to alter stand
structural conditions. Displaying the three component parts of this index allows manag-
ers to understand that a particular polygon on the landscape is either a good candidate
for timber removal or not. At least in theory, these same techniques could be applied to
the collection of any number of nontimber forest products.

Keywords: Timber management, harvesting, financial analysis, wood utilization.

Outputs from the Interior Northwest Landscape Analysis System (INLAS) modeling
framework (Barbour et al. Chapter 1) will help policymakers, managers, and the public
understand the capacity of subbasin-sized landscapes (about 500,000 acres, or about
202 300 hectares) located in the interior Northwest to deliver ecological, social, and eco-
nomic benefits including the potential to remove timber and nontimber forest products.2

Abstract

Introduction

1 R. James Barbour is a research forest products technologist,
U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station, Forestry Sciences Laboratory, 620 SW Main,
Suite 400, Portland, OR 97205. Douglas Maguire is an associate
professor of silviculture, and Ryan Singleton is a research
forester, Department of Forest Science, Oregon State University,
Corvallis, OR 97331.
2 Nontimber forest products (also referred to as special forest
products) are defined as “species harvested from forests for
other than timber commodities” (Vance et al. 2001). They can
include “nonwoody species, such as mushrooms, ferns, and
other understory plants; nonwoody parts of trees, such as
cones, fruits, bark, foliage, and sap; and woody material such
as firewood, poles, and boughs” (von Hagen and Fight 1999).
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The INLAS framework tracks the vegetation on individual landscape units (polygons) and
projects the quality and abundance of various resources under different management
policies while considering dynamic disturbance processes (Hemstrom et al. Chapter 2,
Bettinger et al. Chapter 4).

The goal of the INLAS utilization analysis is to develop a simple metric that is useful for
displaying the quality and abundance of timber and nontimber forest products under dif-
ferent policy goals. We call this metric the “utilization potential” and use it to integrate
information about the economic costs of harvesting, the administrative and physical ease
of accessing each polygon, and the types and values of materials removed. The utiliza-
tion potential under alternative management scenarios depends on both the current
stand conditions and the long-term stand growth responses to proposed silvicultural
treatments. The utilization analysis will characterize the quality and quantity of current
timber and nontimber forest products, and when possible also project their future quality
and quantity in response to proposed treatments.

Four questions make up the primary focus of the INLAS utilization analysis:

1. What is the product potential3 for materials removed from each stand (polygon) under
alternative management scenarios?

2. Will the various management scenarios require financial subsidies?

3. What is the accessibility of timber and nontimber forest products on each polygon?

4. What is the utilization potential4 for each polygon?

We will address secondary questions indirectly through integration with the other disci-
pline areas covered by the INLAS project. As the project develops, these questions may
change in scope and complexity, but they will initially include:

1. What road network is necessary for utilization and what hazards (e.g., fires, sediment,
resource damage) are associated with this network? (Links to vegetation, wildlife, and
aquatics discipline areas).

2. How does active management affect the amount or duration of smoke associated with
planned and unplanned fires? (Links to vegetation and disturbance discipline areas).

3. How does the collection of nontimber forest products contribute to the local economy?
(Links to sociocultural and economics discipline areas).

4. How do various management scenarios influence the abundance and accessibility of
nontimber forest products? (Links to vegetation and sociocultural discipline areas).

5. How do proposed treatments enhance or degrade production of nontimber forest prod-
ucts? (Links to vegetation and sociocultural discipline areas).

A key objective of the INLAS project is to use existing models as much as possible.
The INLAS utilization module will use available models and methodology to evaluate (1)
accessibility, (2) product potential, (3) financial return, and (4) utilization potential (com-
posite of 1 through 3) for timber and nontimber forest products for each polygon on the

Research Objectives

Research Approach

3 The suitability of harvested materials for manufacturing a variety
of timber and nontimber forest products.
4 Utilization combines product potential, accessibility, and financial
return.
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landscape. Models are available to describe the mechanics of timber harvest, the fi-
nances of harvesting and processing, the impacts of harvesting on other resources
and ecological processes, wood utilization, and the subsequent economic impacts of
wood processing industries. Comparable information does not currently exist for most
nontimber forest products. This information gap leads to an apparent emphasis on timber
over nontimber forest products in this section. Where possible we will incorporate avail-
able information on nontimber forest products into the INLAS framework. We hope to
highlight those areas where additional research about nontimber forest products is
needed and use our analysis of wood utilization to demonstrate how this information
could be used for integrated landscape modeling.

The potential economic value of all forest products is influenced by road access, the
costs associated with harvesting, and transportation to markets. Geographical informa-
tion system (GIS) layers are available with current road locations, polygon delineation,
topographic features, and sensitive areas. We will define the physical accessibility of
each polygon as the distance from the centroid of the polygon to the nearest road. Like-
wise, we will determine the haul distance from each polygon to one of three major exit
points from the watershed. The physical access information will point out the need for
new roads by indicating where the distance to the nearest road exceeds a predetermined
threshold level. For nontimber forest products, travel times will include both the time re-
quired to drive to the closest access point for each polygon plus an estimate of the time
required to walk from the closest road access to collection sites. Under some policy
goals, administrative access to certain polygons is restricted or prohibited. In those
cases we will reduce or eliminate accessibility to them accordingly.

We will compile information into an index and display it graphically as a set of maps that
indicate access to both timber and nontimber resources. Prescription design and man-
agement scenarios can make use of this information, and the implications for utilization
potential and product values can also be evaluated during allocation of treatments across
the subbasin. Assigning specific polygons to classes of hauling/travel distances or ad-
ministratively restricted access will provide a simple method to summarize the results of
the GIS analysis.

Our analyses will include the expected performance of harvested materials in various
primary-manufacturing applications. Projections of the volume and characteristics of
wood removed under each management scenario will allow evaluation of alternative con-
figurations of industrial facilities that might develop over the coming decades. The wood
processing facilities that use materials from the Upper Grande Ronde basin, however, are
likely to draw resources from a much broader geographic area, so it will not be possible
to estimate the size of the industry that treatments might support.

Tree lists generated by the vegetation simulators (Hemstrom et al. Chapter 2, Bettinger
et al. Chapter 4) will identify both the trees selected for removal and those slated for
retention under each management scenario. We will use information on the residual
stands to evaluate future timber volume and quality. For harvested material we will use
existing methods to estimate the harvesting costs (Hartsough et al. 2001), and both the
quantity (Wycoff et al. 1982) and characteristics (Barbour and Parry 2001, Barbour et al.
1997, Parry et al. 1996) of wood removed under different management alternatives. Sur-
veys of delivered log prices (e.g., Log Lines 2003) to existing facilities will supply the
initial input prices for financial analyses.

Accessibility for
Extraction of Forest
Products

Wood Utilization
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We will combine elements of existing models, e.g., FEEMA (Fight and Chmelik 1999),
with new programming solutions and tree-level information from the vegetation simulators
(Hemstrom et al. Chapter 2, Bettinger et al. Chapter 4) to develop estimates of both po-
tential yields of and financial returns from various wood product options.

The system will pass tree lists from the vegetation simulators included in the INLAS
framework to a tool for characterizing wood product potential and conducting financial
analyses. Storage of results in a database will allow production of customized tabular
outputs. Combining these results with GIS data on road systems and land allocation will
result in maps illustrating where different types of wood material are located, the financial
costs associated with removing it, and the biophysical or sociopolitical constraints on
removing it (fig. 34).

Output tables will include information on the means and variability of initial and residual
stand conditions, size and volume of merchantable and submerchantable trees removed
during treatments, log diameter, species distribution, and financial return. The tremen-
dous amount of data generated from each scenario evaluated by using the INLAS pro-
cess makes the creation of a succinct set of tables essential. Final formats will reflect
user needs, with one possible format shown in figure 35. This format was used for a re-
cent analysis of current and projected future conditions in the state of Montana (Barbour
et al., 2004).

A set of idealized maps (fig. 36) provides an example of spatially explicit graphical re-
sults for a hypothetical landscape with four polygons. These four simple maps provide
estimates of (1) accessibility, (2) wood product potential, (3) financial return, and (4)
utilization potential (an index arrived at by combining 1 through 3). Accessibility is a
function of road density or road proximity, physical characteristics of the land, and land
use designation. Wood product potential is derived from cut-tree lists and a set of rules
describing the types of material that the local industry can process. Financial return is
the difference between the estimated dollar costs of harvesting, hauling, handling, and
processing the raw material and the selling price of the end products. The utilization
potential is a composite measure calculated from the other three that provides a visual
display of the current status of the landscape in terms of the potential for wood utiliza-
tion.

In the example shown here, the northwest (upper left) polygon on this landscape has low
accessibility, moderate wood product potential, and a low financial return. Perhaps it is a
steep unroaded area where trees are of moderate size. Financial return is low because
expensive logging systems—helicopters or long-span skyline systems—are required,
and the material removed is not particularly valuable. As a result, the utilization potential
of this polygon is low. Managers might want to consider strategies that would not require
removal of wood from this polygon. The northeast polygon might represent a different flat
part of the unroaded area where there are many large shade-tolerant trees that are slated
for removal because of disease concerns or a desire to enhance regeneration of seral
species. Even though this is an unroaded area, the trees are large enough to justify their
removal with helicopters, which lowers financial return. As a result, the utilization poten-
tial for wood products is moderate. The southwest polygon is a flat roaded area with
sensitive soils, where fuel reduction treatments are desired and trees are small. Finan-
cial return is moderate because the cost of removing trees is low, but soil mitigation
adds to total harvesting costs. As a result, utilization potential is low. Finally, the south-
east quadrant is a flat roaded area with no operational restrictions, so the harvesting
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Figure 34—Steps in analytical process for the utilization module (adapted from Christensen et al. 2002
fig. 1).
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Figure 36—Example of geographic information system output for a highly simplified landscape with four polygons.

costs are low; the trees are moderate in size, so the financial return is good. The utiliza-
tion potential of this polygon is good. This might be the type of area where wood remov-
als would prove most successful.

In practice, this system will account for many different constraints on operations, product
characteristics, and land or stand conditions. At a glance it will provide an idea of the
suitability of different parts of the landscape for treatments that involve removal of wood
products at different points in time. It will also provide a visual method for diagnosing why
particular polygons or groups of polygons are either desirable or undesirable in terms of
wood removals. In many instances, such qualitative visual displays will produce sufficient
detail. In others, they will help analysts identify places where quantitative information is
needed. Tabular reports can then be used to provide that detail.

Current information on nontimber forest products is sparse. An initial task is to identify
the set of potentially important nontimber forest products found in the Upper Grande
Ronde watershed. Alternative products may be added or substituted as the project devel-
ops. The analyses will supply information on current demand for each of the targeted

Utilization of Nontimber
Forest Products



168

nontimber forest products. We also want to understand the contribution of different stand
structures to providing a given quantity and quality of each nontimber forest product. The
information will be summarized as the amount of material available by type, and where
possible, its estimated economic value.

We will project nontimber forest product presence and abundance from known relations
with stand structure and site or habitat type. Information to establish predictive models
will be collected from the literature, and the models will be developed or refined from pub-
lished and unpublished data that have not yet been incorporated into models. To the
degree that existing information allows, the nontimber forest products module will provide
tabular and graphical outputs similar to those for timber.

The primary outputs from this analysis will be sets of tables and maps that are suitable
for evaluating different management scenarios. Maps will graphically display the product
potential, net financial return, relative accessibility, and overall utilization potential of
timber and nontimber forest products for individual polygons or groups of polygons in a
more qualitative fashion. Maps that illustrate outcomes will allow us to graphically dis-
play results more concisely, although less precisely, than the tabular format. These will
be useful to groups who want a general picture of utilization potential and how it changes
over time but do not need quantitative information. Often the same groups who are inter-
ested in tabular outputs will first look to maps to gain a general understanding of where
the commodities they care about are most abundant. Some examples of these users
are members of the public interested in utilization of wood, gathering of nontimber forest
products, or forest conditions after treatments; policymakers who evaluate broad policy
goals and want information on the materials generated by treatments or the costs of
implementing treatments; and others interested in wood utilization or collection of
nontimber forest products.

Tabular displays of data are intended to provide information to a variety of user groups
who need quantitative information. These groups might include managers or planners
who want information about wood or nontimber product outputs generated under different
management scenarios; forest operators who bid on contracts to implement treatments;
and wood processors or purchasers of nontimber forest products who need estimates of
characteristics and volumes of materials available.

We anticipate that the nature of the outputs developed to describe utilization potential
will evolve as we work with users and clients to implement the ideas presented in this
paper. Our goal is to develop an easily understandable and useful method for evaluating
the potential for use of timber and nontimber forest products that can be integrated with
other resource outputs from subbasins in the interior Northwest, and to do that, collabo-
ration with users is essential.

Products and Audience
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Chapter 14: Bibliography

Marti Aitken and Alan A. Ager1

This chapter consists of a bibliography listing and index to recently published literature
relating to the Interior Northwest Landscape Analysis System (INLAS) project area. The
bibliography is intended to provide background information about the natural and socio-
economic research that has been conducted in the project area. It is not a complete
compendium of literature cited within the chapters of this general technical report.

The bibliography was developed by searching public and academic library databases in
Oregon, Washington, and Idaho for literature specifically related to the INLAS study
area. We also used DigiTop, the digital desktop library for the U.S. Department of Agri-
culture. The library emphasizes products focused on scientific research and provides
access to databases, journals, newspapers, statistics, and other important digital infor-
mation resources. The Thomson Institute for Scientific Information (ISI) Web of Knowl-
edge was the primary platform used.

The INLAS study area is located in the Upper Grande Ronde watershed, in the Blue
Mountains of northeast Oregon (fig. 37). The Upper Grande Ronde watershed is one of
three hydrologic unit codes (HUC4) subwatersheds in the Grande Ronde basin and is
approximately 178 000 ha. Because authors seldom reference the Upper Grande Ronde
in their keywords, broader geographic references were used. These terms included
Blue Mountains, Wallowa-Whitman National Forest, Umatilla National Forest, and
Union County. Even broader-scale geographic references such as northeastern Oregon,
or eastern Oregon were found to be too broad to be useful. Additional citation informa-
tion was gathered through the Grande Ronde Model Watershed Program (GRMWP)

Introduction

1 Marti Aitken is a resource information manager, and
Alan A. Ager is an operations research analyst, U.S. De-
partment of Agriculture, Forest Service, Forestry and Range
Sciences Laboratory, 1401 Gekeler Lane, La Grande, OR 97850.
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Figure 37—The INLAS study area in relation to the Grande Ronde watershed and the Blue Mountains.
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and from direct contact with local researchers and specialists. The GRMWP is com-
posed of local representatives and agency personnel involved with the multiple uses of
natural resources within the basin, and coordinates policy for the development, imple-
mentation, monitoring, and maintenance of the model watershed for the Grande Ronde
River basin.

The complete search turned up more than 500 references. This bibliography contains the
highlights of the search and consists of 358 citations dated from 1960 through April
2003. These citations cover a broad range of topics and have been grouped into the fol-
lowing 10 disciplines addressed in the INLAS project: aquatics, fire, grazing, herbivory,
insects/disease, modeling, socioeconomics, utilization, vegetation, wildlife, and general.
Citations addressing multiple disciplines (e.g., environmental impact analysis) can be
found under the general grouping. Citations also have been grouped into three geographic
categories: Upper Grande Ronde, Grande Ronde, and Blue Mountains. Geographic
groupings are based on the best available information about the research locations. The
intent was to reference as many citations as possible to the Upper Grande Ronde water-
shed. Citations that could not be georeferenced to the Upper Grande Ronde watershed
were georeferenced either to the Grande Ronde watershed, or to the Blue Mountains,
depending on the information available.

Publications include journal articles, government publications, reports, theses, and
books. Although the study area includes the Starkey Experimental Forest and Range,
we avoided duplicating references available through the Starkey Experimental Forest
and Range Web site (http://www.fs.fed.us/pnw/starkey/publications/index.shtml). The
Web site lists numerous publications related to ungulate behavior, habitat, and manage-
ment. This bibliography also does not contain hydrologic and water quality references
available through the Oregon Department of Water Resources Web site (http://
www.wrd.state.or.us/surface_water/index.shtml) or the Oregon Department of Environ-
mental Quality (http://www.deq.state.or.us/wq/TMDLs/TMDLs.htm).

Unfortunately, publications listed below are not on file or available for use at any central
location. Libraries, especially those serving as federal depositories, are the first and best
source for information. Listed theses and dissertations are available from the individual
schools.

Citations are listed alphabetically by author, date, and title. The [brackets] around a date
means the approximate year (exact date was not found on the publication).
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