
Proceedings of the Second International Symposium on Fire Economics, Planning, and Policy: A Global View

17

Proceedings of the Second International Symposium on Fire Economics, Planning, and Policy: A Global View

An Economic Assessment of Fuel
Treatments at the Landscape Level1

Hayley Hesseln,2 Don Helmbrecht,3 Janet Sullivan,3 Greg Jones,3
Kevin Hyde4

Abstract
We examined the costs of fuels treatments at the landscape level from ecological and 
economic perspectives. We set up a model using MAGIS (Multiple-resource Analysis and 
Geographic Information System), to examine landscape changes in response to thinning and 
prescribed burning on forested lands including wildland-urban interface areas. Our objectives 
are to assess treatment types based on changing costs, budget levels, and tradeoffs between 
two objectives: ecosystem restoration and hazard reduction. Specifically, we wish to address 
the following questions: How do social costs affect accomplishments in the Wildland Urban 
Interface (WUI)? How do costs affect allocation of fuels management resources between wild 
lands and the WUI? Can we fully restore ecosystems, and at what cost? How do budget levels 
affect allocation of fuels management resources? 

Introduction 
Wildland fire plays an important role in many forested ecosystems by influencing 
vegetative composition and structure, landscape patterns, and ecological functions 
(Brown and Smith 2000). In the Northern Rocky Mountains of the United States, 
many of these ecosystems and their associated species are considered to be fire-
adapted, meaning that they have the ability to survive and regenerate in a fire-prone 
environment. Historically, fire has maintained the characteristics that define these 
ecosystems. Land managers and researchers have begun to acknowledge that many 
land management policies and practices over the last century, especially fire 
exclusion; have resulted in major changes in how fire influences fire-adapted forest 
ecosystems. 

In the absence of fire, forest succession leads to the replacement of fire-resistant 
tree species with less fire-resistant species and subsequent increases in stand density 
and fuel loading. These changes are most apparent within short-interval, fire-adapted 
systems, which historically experienced frequent, low intensity fire events, but have 
also occurred in ecosystems that historically experienced less frequent, high intensity 
events (Brown and Smith 2000). Over time, this transformation has directly affected 
natural fire regimes (Morgan et al. 1996, Barrett 2002, Hardy et al. 2001) resulting in 
uncharacteristic fire frequency, severity, and/or spatial extent. 
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Fire regimes refer to “the nature of fire occurring over long periods and the 
prominent immediate effects of fire that generally characterize an ecosystem” 
(Brown and Smith 2000). The fire process, however, is uniform in neither time nor 
space. The frequency, intensity, seasonality, extent, and other characteristics of fire, 
which collectively make up the fire regime, vary considerably across the landscape 
(Agee 1993) thus making it difficult to evaluate the impacts of altered fire regimes. 

Current wildland fire management acknowledges the importance of restoring the 
natural ecological role of fire. In fact, the 2001 Federal Wildland Fire Management 
Policy states as a guiding principle that “The role of wildland fire as an essential 
ecological process and natural change agent will be incorporated into the planning 
process.” (U.S. Department of the Interior and U.S. Department of Agriculture 2001). 
Information on the effects of restoration-based fuel treatment strategies can aid in the 
success of future fuel management programs. 

The objective of this research is to use a modeling approach to analyze the 
impacts of alternative fuels treatment strategies. We will combine financial, 
economic, and social information in a decision-making framework to evaluate the 
costs of alternative treatments for two objectives; (1) hazardous fuels reduction in the 
wildland-urban interface, and (2) restoration in fire-adapted ecosystems. These 
objectives are directly applicable to modeling and are consistent with the National 
Fire Plan. Two goals of the NFP are 1) hazardous fuels reduction and 2) restoration 
in fire-adapted ecosystems. Our objectives will be tied to mapping Communities at 
Risk (CAR) and Ecosystems at Risk (EAR). 

We next provide our methodology and expectations followed by a discussion of 
potential findings. 

Methodology 
We use the optimization model MAGIS (Multi-resource Analysis and Geographic
Information System) to analyze the effectiveness of fuel treatments at the landscape 
scale (Jones et al. 1999, Chew et al. 2000) for the Bitterroot Mountains in western 
Montana. “MAGIS uses optimization to select the spatial arrangement and timing of 
treatments that fits user-determined objectives and constraints. MAGIS users can also 
specify the location and timing for specific treatments to test ‘what-if’ scenarios.” 
(USDA Forest Service 2003).  The model integrates ecological, social, and economic 
information which provides the basis from which to schedule treatments at the 
landscape level. MAGIS also provides as output the ecological effects and economic 
outcomes. Activities that can be modeled include a wide variety of silvicultural 
methods such as those geared toward mechanical fuels treatments and prescribed 
burning. 

Our study site is located along the Montana/Idaho border and is approximately 
96 km long. The Bitterroot Front was chosen as the study area because it is composed 
of approximately 105,208 hectares of forested land that represents a variety of forest 
types and includes a substantial wildland-urban interface component. 

We are using the Northern Region Cohesive Strategy Team's risk assessments 
(i.e., communities at risk (CAR) and ecosystems at risk (EAR)) to define objective 
functions in MAGIS (USDA Forest Service 2003). Specifically, we will integrate the 
risk rule sets into MAGIS so that the risk attribute changes dynamically with changes 
in vegetation over time. Vegetative states are modeled using succession and are based 
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on the Region 1 west side zones, also used in SIMPPLLE (SIMulating Processes and 
Patterns at Landscape scaLEs5)  Definitions for EAR and CAR are presented below 
as they are defined on the Internet.6

Ecosystems at Risk (EAR) 
Estimating the relative risk of ecosystems from wildland fire requires an assessment 
of the likelihood of fire occurrence; and likely fire effects to an ecosystem should it 
catch fire. A spatial of ignition probability was derived from 20-years of fire data by 
interpolating between known fire locations and counting the of fires within a 4-km2 
neighborhood. Ignitions were then classified [into]5 classes ranging from low to high.  

Fire-regime condition class is an index of the of the current condition from the 
historical fire regime. Consequently it is derived from the historical fire regime and 
an estimate of the fire severity if a fire occurred. Fire-regime condition class is as a 
proxy for the probability of severe fire effects (e.g., the of key ecosystem components 
- soil, vegetation structure, species; alteration of key ecosystem processes - nutrient 
cycles, hydrologic regimes). Consequently, fire-regime condition class is an index of 
risk to the many components (e.g., water quality, fish status, wildlife habitats, etc.).  

Ignition probability was integrated with fire-regime condition class to derive 
ecosystems-at-risk; the likelihood that components will be lost if a wildland fire 
occurred.

Communities at Risk (CAR) 
The top priority of the National Fire Plan, FS-Cohesive Strategy and the Western 
Governors' 10-Year Comprehensive Strategy Plan is undoubtedly to reduce the 
threats of wildland fire to wildland-urban interface. The relative risk of communities 
to fire requires consideration of 3 factors: (1) the of fire occurrence; (2) the likely fire 
behavior should a fire occur; and (3) human settlement patterns. Therefore, the 
ignition probability, fire behavior, and population density spatial themes were to 
estimate the relative risk of the wildland-urban interface wildland fires. 

We will use EAR and CAR as the basis for our models so that our assumptions 
and sensitivity analysis will be based on realistic fire management goals that are 
consistent with the National Fire Plan. 

Research Goals 
Our primary goal is to map a landscape in the Bitterroot Valley that can be 
manipulated for use by MAGIS to (i) minimize costs, or (ii) maximize acres treated 
for given sets of constraints including timing, budget levels, and acres treated. 
Holding other things equal we explore the following questions: How do targeted 
temporal goals affect allocation and cost? How does the budget affect 
accomplishments and allocation between two objectives? How do targeted acres 
affect costs and objectives? 

 http://www.fs.fed.us/rm/missoula/4151/SIMPPLLE
http://www.fs.fed.us/r1/cohesive_strategy/sitemapfr.htm.
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To address our research questions, we will develop a series of scenarios and 
decision rules. Potential rules may include the following: 

Treat only WUI acres (or prioritize), 
Treat only non-WUI acres (or prioritize), 
Treat all acres without preference, 
Treat acres with varying budget levels, 
Change treatment costs for stated scenarios. 

Treatment methods will be predicated on condition class. For example, 
mechanical treatment methods must first be used for ecosystems classed as fire-
regime condition class three (CC3) prior to Prescribed burning. We will assess 
various fuels treatment methods including prescribed burning, mechanical fuels 
treatments and a combination of the two. 

We provide an example of selected potential treatments available and treatment 
scenarios that may be used for the simulation. While these are not our final choices, 
they do give an indication of our assessment opportunities. Below is a table of 
potential treatment types. 

Table 1  Potential Treatment Types. 
Activity Treatment Goals 
Underburn Reduce understory fuels 
Pre-commercial thin and 
underburn 

Mechanical thinning to remove ladder fuels, then burn 
to reduce fuels from slash and other understory 
vegetation 

Commercial thin Remove mostly smaller diameter material and reduce 
ladder fuels. 

Improvement cut Remove undesirable species (regardless of size) in 
addition to smaller size components 

Shelterwood Seedcut Regeneration cut  removes 60% of the overstory, 
leaving a residual stand in large trees of desirable 
species. Understory removed. 

Based on the treatment types presented above, we will develop scenarios with 
explicit rules. We will begin with a No Action alternative and take baseline measures. 
Our objective will be to minimize EAR adding successively more constraints. We 
will repeat these iterations to minimize CAR as well and combine information to 
develop a final solution for each scenario. 

Table 2  Potential Scenarios that minimize EAR  
Scenario Activity Comments 
1. No Action No activity Develop baseline indicator using CAR, EAR, 

Condition Class, or combination. 

2. WUI objective Treat only WUI 
acres

Develop treatments based on budget restraints, 
acreage constraints, and treatment constraints. 

3. No objective 
priority 

Treat all acres Develop treatments based on budget restraints, 
acreage constraints, and treatment constraints. 

4. Ecosystem 
restoration objective 

Treat non-WUI 
areas (excluding 
wilderness) 

Develop treatments based on budget restraints, 
acreage constraints, and treatment constraints. 
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In each case, we will explore similar objectives based on maximizing present net 
value (PNV), minimizing cost, or treating a specified number of acres.  

Discussion
This research will provide fire and forest managers with much needed information 
regarding the feasibility of fuels treatment methods over time. Using an array of 
treatment scenarios we will be able to assess changes in costs and accomplishments, 
and to identify the potential success of fire management programs aimed to reduce 
risk in the wildland-urban interface, or to restore ecosystems, or some combination. 
Our findings will also be useful to policy makers for guidelines to developing 
realistic fire management policy regarding annual accomplishments and outcomes. 
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