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fforts to treat for-
est vegetation in

fire-dependent
ecosystems must
consider large areas
and long time frames
if they are to be effec-
tive in modifying
large fire behavior,
protecting human
values, or restoring
ecological processes.
While it is well docu-
mented that fire
behavior (fire intensi-
ty severity and spread
rate) can be reduced
when wildfires
encounter recently
treated stands or
burned patches, the ultimate effective-
ness of fuel treatments depends on
many factors including the amount,
pattern, and rate of treatments across
landscapes (e.g., mosaics of vegetation
and/or ownership 10,000 to >100,000

acres in size). The frequency of treat-
ments relative to the recovery speed of
fuels must be considered because vege-
tation grows continually. Fuel treat-
ments may only be effective for rela-
tively short periods after treatment, e.g.,
10-30 years. Researchers have known
for some time that design and imple-
mentation of fuel treatment and
restoration programs must take a land-
scape and multi-decadal view, but until
recently, we have lacked the analytical
tools to explore the outcomes of differ-
ent management strategies.   

When discussing fuels and fuel treat-
ments it’s important to set the stage
with four key assumptions and facts. 

First, fuel treatments, with some
notable exceptions, are not typically
intended to reduce fire occurrence in
an area, but to alter fire behavior in a
given area and consequently fire sever-
ity—the amount of damage done to
vegetation or other values. These
direct effects of fuel treatments can
facilitate fire suppression, but the ulti-
mate effect is to reduce the amount of
high-severity fire and pave the way
(especially on federal lands) for using
managed and prescribed fire to

achieve management goals. 
Second, not all fuels are the same

and not all management actions have
the same impact on fuels and fire
behavior. Fuels can be broken down
into four major types: ground (duff and
roots); surface (dead and down woody
material, grasses, herbs and low
shrubs); ladder (taller shrubs, small
trees, low branches); and crown (over-
story trees). Of these, surface and ladder
fuels are typically the most important in
controlling fire severity. Thinning or
other partial harvest for timber can be
part of a fuel reduction program, but
logging can increase potential for high-
severity fire unless logging residues
(activity fuels) are reduced. 

Third, removing fuels is not neces-
sarily the same as restoring the struc-
ture and function or resilience of fire-
prone ecosystems. For example, only
fire (wildfire or prescribed)—not
mechanical treatments—can provide
the ecological effects that support fire-
prone ecosystems.

Fourth, wildfires can reduce fuels
and modify the behavior of future wild-
fires (see Figure 1). Thus, wildfires can
be managed, where appropriate, to
achieve ecological and resource man-
agement goals.

Researchers are just beginning to use
holistic landscape models to under-
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Figure 1. Simulated interactions of fires through time on a central Oregon landscape. The year-23 fire spreads from the
southwest. In year 26 of the simulation a flank of fire spreading from the north is halted by the lack of fuel in the area
previously burned by the year-23 fire Ten years later (year 36) a fire spreading from the southwest flanks around the
area of the year-26 fire. Flanking fires tend to spread more slowly and can be easier to suppress.



stand and evaluate the effects of differ-
ent fuel treatment designs on fire
behavior; landscape models that com-
bine fire and forest succession are less
than 10 years old and are rapidly devel-
oping along with computer hardware
and software capabilities (see Figure 2).
To advance this active area of science
and technology, a group of scientists at
the Pacific Northwest Research Station
and Oregon State University are
engaged in a multi-year project to
develop landscape-scale fire and forest
models and apply them in an effort to
understand how wildfire and forests
respond to alternative fuel treatment
designs.

The research project, titled “Forest,
People, Fire” (FPF) (http://fpf.forestry.
oregonstate.edu/home) was started
with funding from the National Science
Foundation’s Coupled-Human and
Natural Systems program and is contin-
uing with funding from the PNW
Research Station, College of Forestry at
Oregon State University, and the Joint
Fire Sciences Program. The project is
more than an effort to build better
landscape forest and fire models. It is
really designed to understand how
humans, forests, and wildfire interact
across space and time in the eastern
Cascades of Oregon (initially) and how
new understanding from landscape
models contribute to the design and
implementation of more adaptive
strategies for living in and using
resources in fire-prone landscapes. The

FPF model is unique in that it com-
bines existing models of fire, vegeta-
tion, and wildlife habitat with new
empirical models of management
behavior based on surveys of family
forest owners and homeowners, and
interviews with corporate, tribal, and
federal managers.

FPF has concluded the first phase of

using the model to explore how alter-
native fuel treatments across owner-
ships might affect fire outcomes (e.g.,
area burned by high severity fire) as
well as other resources (timber, wildlife
habitat, carbon). We used the model to
simulate how fire might burn over the
next 50 years and affect resources on
the Deschutes National Forest and sur-
rounding private and public lands
under three simple initial scenarios:
(1) current management; (2) doubling
of the area of federal treatments; and
(3) no forest treatments. The scenarios
were developed through workshops
with stakeholders in the region and the
last scenario was considered plausible
if mills closed and forest management
capacity on federal and private lands
were to disappear.  

We found several interesting results
that are currently undergoing peer
review. First, current fuel management
programs reduce the expected area
burned by future high-severity fire
compared with no management (see
Figure 3). The effects are small in any
given year, but over 50 years the expect-
ed cumulative differences in fire
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Figure 2. A. Boundaries of historical fires greater than 100 acres (1994-2012)
in central Oregon, and B. potential future fire boundaries for a 21-year
simulated future period from the Envision model.
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Figure 3. Simulated cumulative effects of 10 years of fuel treatments on fire
size for an area west of Bend, Oregon. Fire boundaries marked with diagonal
lines represent potential fire areas when fuel treatments (gray areas) (<10
years old) are present. Fire boundaries outside the diagonal lines represent
fire areas that would occur if no fuel treatments were present. Diagonal lines
represent wind direction of the fires. The northern most fire is considerably
smaller when fuel treatments are present.
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between management and no manage-
ment were significant (about 25%).
Interestingly, in simulated years with
abundant fire, fuel treatments were
more effective in reducing high-severity
fire than in years with less fire. This result
is logical and points to a key considera-
tion for landscape-level fuel treat-
ments—there must be enough of the
landscape treated (or enough fire) for
treatments and fire to intersect. A rule of
thumb for landscape treatments is that
at any one time at least 20 percent of

large areas must be in recently-treated
(10-15 years) conditions to have an
effect on fire behavior. However, this
simple rule does not necessarily apply to
all landscapes—individualized land-
scape fuel treatment designs are needed.  

A second interesting result is that the
effort to accelerate the pace and scale
of fuel treatments on the landscape
may eventually run into limits in avail-
ability of acres of a given land allocation
and/or forest condition. About 50 per-
cent of the Deschutes National Forest

area is available for treatment (e.g., out-
side of Wilderness and other land allo-
cations) and some of what is available
may not be ideally suited for treatment
because of vegetation conditions (e.g.,
tree size, cover, and species of trees) or
other considerations such as econom-
ics, accessibility, or wildlife habitat.
Eventually, as more and more of a land-
scape is treated, managers will need to
manage previously-treated areas that
will have less timber volume (which
can subsidize fuel treatments) and
require only removal of surface fuels
and regeneration—this situation is
already occurring in some areas.   

We also have found that fuel treat-
ments result in tradeoffs among fire,
timber, carbon, and wildlife habitat. As
the area of treatments increases on the
landscape the amount of high severity
fire goes down, but so too does the area
of dense forest habitats (e.g., for north-
ern spotted owls or northern goshawks)
despite additional losses from wildfire.
In addition, the amount of carbon
sequestered in the forest declined with
treatment compared to the no-man-
agement scenario (wildfire occurred in
both scenarios). These findings indicate
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that different landscape-scale approach-
es to fuel treatments will lead to differ-
ent outcomes in terms of risk of high
severity fire, restoration, smoke, and
other resource objectives that might be
dependent conditions with relatively
high fire hazard.    

What we are learning from all these
simulation studies is that landscape
patterns and rates of forest manage-
ment can have a strong effect on wild-
fire and other resource objectives. Fuel
treatments do not exist in isolation in
space, time, or in social-ecological sys-
tems. While general objectives of “all
lands” strategies such as those delin-
eated in the Cohesive Wildfire Manage-
ment Strategy are valid and important,
successful implementation of such
approaches requires a thorough under-
standing of the spatial context of own-
ership, ecological conditions, and fire
regime and how it changes over time.
One-size-fits-all approaches are very
unlikely to be successful, particularly in
complex landscapes where fire hazard
is shared among multiple ownerships
and land allocations with very distinct
objectives and capacities to manage.  ◆
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A recently treated older ponderosa pine stand on the
Deschutes National Forest. The stand was thinned first
(note small stumps) to remove ladder
fuels and then burned with pre-
scribed fire to reduce surface fuels.
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A young ponderosa pine stand on the Deschutes National
Forest that was recently treated with prescribed fire.


