When does it pay to
conduct Fuel Management?

Ecologically-based Invasive Plant Management
Should we spend more money on fuel management?
Public agencies spend almost a billion dollars a year
fighting wildfires and in post-fire landscape restoration
yet they spend very little on pre-fire fuel management.
Despite this enormous disparity, there has been little
economic analysis to date to support decisions regarding
where public resources are more effectively utilized.
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What is a simulation model and how can the information
obtained from a simulation model help land managers
make decisions about pre-fire fuel treatments?

We developed a model to simulate long-run wildfire
suppression costs with and without fuel treatments over a 200
-year time period. The benefits of fuel treatment are measured
as the difference in the expected present value of wildfire
suppression cost with and without treatment. These benefits
This research bulletin reports results from recent research are then compared to treatment costs to evaluate economic
efficiency.
that considers the economic efficiency of pre-fire fuel
treatment relative to wildfire suppression and post-fire
restoration on Great Basin lands. The results are intended The model takes into account:
for use in evaluating economic trade-offs of scarce public
cumulative treatment costs over time
resources for Great Basin land management.
the likelihood of wildfire with and without treatments
the costs of wildfire suppression
How do pre-fire fuel treatments help reduce the
the costs of post-fire restoration
chance of wildfires occurring?
the combined influence of fuel treatments and wildfire on
ecological conditions and ecological services over time.
The U.S. Forest Service (USFS) and the Bureau of Land
Management (BLM) spent more than a billion dollars per
year fighting wildfires in four out of the seven years
Wildfire occurrences, treatment success given that treatment is
leading up to 2006. This steady increase in wildfire
undertaken, and per-acre wildfire suppression costs are
suppression costs has occurred in part because of a
random variables in each year of the simulation model. Each
century of U.S. federal wildfire policy that has
run of the model considers the evolution of the landscape
emphasized wildfire suppression over pre-fire fuel
with and without vegetation treatments over 200 years with
treatments. This wildfire policy has resulted in a buildup
different randomly-generated realizations of these random
of fuel on the landscape.
variables in each year.
Pre-fire fuel treatments conducted on Great Basin lands
are designed with two considerations in mind:
1. Treatments aim to reduce the probability of severe
wildfires, which in turn reduces expected costs of
damages and suppression if a fire did occur.
2. Treatments attempt to restore ecosystem health and
resiliency that will reduce fuel loads and the spread of
invasive annual grasses.
Pre-fire fuel treatments are recognized as effective at
reducing probability of severe wildfires, which will reduce
the expected wildfire suppression costs.

To generate our results, 10,000 runs of the simulation model
are performed. The results are reported on a per-acre basis.
Assumptions and parameters are chosen so that the per-acre
estimates of benefits and costs of fuel treatments are scalable
to larger spatial scales. The results must be interpreted with
caution because the model considers only wildfire suppression
costs averted and not additional benefits of fuel treatment
such as reductions in wildfire damages and improvements in
wildlife habitat, forage for livestock, recreation opportunities,
and erosion control.
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What were the ecosystem states used for this model?
We modeled the Wyoming Sagebrush Steppe (4,700 ft - 6,500 ft) ecosystem
as existing in one of three ecological states:
State 1. Perennial grasses and sagebrush with a small presence of invasive
annual grasses characterize the “healthiest” state. Wildfire and fuel treatment
maintain the system in state 1. Without moderate disturbances, such as
prescribed fuel treatments, the system will transition over time to a new
ecological state.

state 1

State 2. This state is characterized by overgrown “decadent” sagebrush with
reduced perennial grasses and increased annual grasses. If wildfire occurs in
state 2, it is more intense and more expensive to suppress than wildfire in state
1. The transition back to state 1 from state 2 is reversible only with restoration
effort, and the success of this effort is uncertain. With the loss of perennial
plant vigor and the presence of annual grasses, wildfire or treatment failure in
state 2 will transition the system to state 3.

state 2

State 3. In state 3, invasive annual grasses are the dominant species, wildfires
occur frequently, and restoring the system to state 1 is expensive and carries
very low success rates.
We modeled the Mountain Big Sagebrush (6,500 + ft) ecosystem as existing
in one of three ecological states with the first state having two phases:
State 1. Perennial grasses and sagebrush
with minimal presence of invasive annual
grasses characterize this “healthiest” phase
of state 1. Wildfire and fuel treatments
maintain the system in phase A; however,
without moderate disturbances, such as
wildfire or prescribed fuel treatments, the
system will transition over time to the early
stages of pinyon-juniper expansion, or phase
B. The transition back to phase A can occur
with wildfire or be made with treatment
effort.

state 3

state 1
phase A

State 2. This is a closed-canopy pinyonjuniper state with minimal to no native
perennial grasses and invasive annual grasses
dominating in the understory. Wildfires are
less frequent but far more expensive than in
state 1 and restoration is costly and the success rate is uncertain. With the
lack of perennial plants and the presence of annual grasses, wildfire or
treatment failure in this state will transition the system to state 3.

state 1
phase B

state 2
state 2

State 3. In state 3, invasive annual grasses are the dominant species, wildfires
occur frequently, and restoring the system to state 1 is expensive and carries
very low success rates.
state 3
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What were the results when we ran this model?
The expected net benefits of treatment are
calculated as the difference in the present value
of cumulative wildfire suppression costs, with
and without treatment, over 200 years, minus the
present value of cumulative treatment costs over
200 years, averaged over the 10,000 runs of the
model.
In the Wyoming Sagebrush Steppe ecosystem:
State 1. Pre-fire fuel treatment results in
expected benefits of $272 per acre.
Treatment is economically efficient when the
ecosystem is in state 1 because it is 100%
successful, relatively inexpensive, and
prevents transition to state 2 or 3.
State 2. Fuel treatment is not economically
efficient in state 2 because the appropriate
treatment is expensive relative to expected
benefits from treatment ($133 in expected
wildfire suppression cost savings). Expected
cost savings are low because treatment in
state 2 is successful only 50% of the time and
the consequence of treatment failure is that
the system transitions to state 3, which
entails more frequent wildfires.
State 3. Fuel treatment in state 3 is not
economically efficient even though repeated
application of fuel treatment is effective at
reducing wildfire suppression costs ($139 in
expected wildfire suppression cost savings).
However, given the low probability of
treatment success (2.5%), fuel treatment in
state 3 is cost prohibitive.
When land in state 1 has pre-fire fuel treatments,
it will remain in this state. Without treatment,
the model predicts after 200 years the system
will have transitioned to state 2 7.3% of the
time and to state 3 92.7% of the time (NOT
GOOD!).
On the other hand, while treated land in state 2
or 3 can be restored to state 1, it is still
economically efficient for society to leave
lands in these states rather than pursue
restoration when only wildfire suppression
cost savings are considered.

*The graphic above illustrates average cumulative costs for treatment
and wildfire suppression with and without treatment over the course of
200 years using a 3% discount rate.
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What were the results when we ran this model? ...continued...
In the Mountain Big Sagebrush ecosystem:
State 1. Pre-fire fuel treatment results in
expected benefits of $90 per acre for phase A
and $358 per acre in phase B. Treatments are
economically efficient in both phases of state
1 because they are 100% successful, relatively
inexpensive, and prevent transition to state 2
or 3.
State 2. Fuel treatment is not economically
efficient in state 2 because the appropriate
treatment is expensive relative to expected
benefits from treatment (-$217 in expected
wildfire suppression cost savings). Expected
cost savings are negative because treatment
in state 2 is successful only 50% of the time
and the consequence of treatment failure is
that the system transitions to state 3, which
entails more frequent wildfires.
State 3. Fuel treatment in state 3 is not
economically efficient even though repeated
application of fuel treatment is effective at
reducing wildfire suppression costs ($554.00
in expected wildfire suppression cost
savings). However given the low probability
of treatment success (2.5%), fuel treatment
in state 3 is cost prohibitive.
The model predicts that when lands in phase A
and phase B of state 1 have pre-fire fuel
treatments, those systems will return to
phase A 100% of the time. However,
without treatment or wildfire, the land will
transition to state 2 and, eventually, state 3
within 200 years.

*The graphic above illustrates average cumulative costs for treatment
and wildfire suppression with and without treatment over the course of
200 years using a 3% discount rate.

The benefit-cost ratio suggests that, given a fixed budget, benefits are highest by prioritizing individual parcels of land in
descending order of benefit-cost ratios until the budget is exhausted. The average benefit-cost ratio is 13.1 in state 1 of the
Wyoming Sagebrush Steppe system, followed by 9.0 in state 1B and 5.7 in state 1A of the Mountain Big Sagebrush system.
This suggests land in state 1 of the Wyoming Big Sagebrush Steppe system should be given priority for pre-fire fuels
treatments, followed by land in 1B of the Mountain Big Sagebrush system.
The results from this model provide scientific support for land management programs that the most efficient use of
resources are those that maintain ecological health and resiliency on healthy rangeland.
For more about this research, including detailed information on methods and data used in the simulation model, see:
Taylor, Michael H., Kimberly Rollins, Mimako Kobayashi, and Robin J. Tausch. 2011. “The Economics of Fuel
Management: Wildfire, Invasive Plants, and the Evolution of Sagebrush Rangelands in the Western United States.”
To learn more about EBIPM and how we can help you with your invasive
species infestations, visit www.ebipm.org.

