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ABSTRACT
Ecological risk assessments typically are organized using the processes of planning (a discussion among managers,

stakeholders, and analysts to clarify ecosystemmanagement goals andassessment scope) andproblem formulation (evaluation

of existing information to generate hypotheses about adverse ecological effects, select assessment endpoints, and develop an

analysis plan). These processes require modification to be applicable for integrated assessments that evaluate ecosystem

management alternatives in terms of their ecological, economic, and social consequences. We present 8 questions that define

the steps of a newprocesswe term integrated problem formulation (IPF), andwe illustrate the use of IPF through a retrospective

case study comparing 2 recent phases of development of the Fire Program Analysis (FPA) system, a planning and budgeting

system for the management of wildland fire throughout publicly managed lands in the United States. IPF extends traditional

planning and problem formulation by including the explicit comparison of management alternatives, the valuation of

ecological, economic and social endpoints, and the combination or integration of those endpoints. The phase 1, limited-

prototype FPAsystemuseda setof assessment endpoints of common form (i.e., probabilities of givenflameheights over acresof

selected land-resource types), which were specified and assigned relative weights at the local level in relation to a uniform

national standard. This approach was chosen to permit system-wide optimization of fire management budget allocations

according to a cost-effectiveness criterion. Before full development, however, the agencies abandoned this approach in favor of

a phase 2 system that examined locally specified (rather than system-optimized) allocation alternatives and was more

permissive as to endpoint form. We demonstrate how the IPF process illuminates the nature, rationale, and consequences of

these differences, and argue that its early use for the FPA system may have enabled a smoother development path. Integr
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INTRODUCTION

Integrated assessment requires an integrated problem
formulation process

Human societies derive an array of services from inherently
complex ecological systems (Millennium Ecosystem Assess-
ment 2005). Consequently, environmental problems and the
actions intended to address them have complex ramifications
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for societal well-being. Therefore, decision makers should be
informed by analyses that integrate (i.e., bring together to
form a coherent whole) the social, economic, and ecological
outcomes of management alternatives. Interdisciplinary inte-
gration has been defined as ‘‘the activity of critically
evaluating and creatively combining ideas and knowledge to
form a new whole or cognitive advancement’’ (Repko 2008).
It contributes to solving complex problems by providing a
systematic approach to combining and interrelating insights
grounded in commonalities while taking into account differ-
ences (Klein and Newell 1997) and providing opportunity for
‘‘nonlinear thinking’’ (Nikitina 2002).

Early risk-assessment approaches stressed the necessity of
isolating the scientific processes of risk analysis from any
discussion of technical feasibility, economics, or policy (NRC
1983). More recent assessment frameworks have urged that
analyses be multidisciplinary and procedures more open and
inclusive (UNEP 1996; PCCRARM 1997; USEPA-SAB 2000;
Stahl et al. 2001). In this regard, the approaches that are now
recommended for assessing environmental risks have much in
common with the planning processes used to manage US
water resources (USACE 2000) or federal lands (USFS 2002),
which tend to be concerned with both environmental risks
and resource utilization; they tend to be multidisciplinary, to
recognize multiple objectives, and to acknowledge the need
for public involvement. Industries complying with environ-
mentally relevant standards of the International Organization
of Standardization (e.g., the families of ISO 9000, ISO 14000,
and ISO 18000) have also recognized that environmental
analyses should be broadly based: stakeholders must help craft
the compromises that are inevitable with any substantive
environmental management action (ASTM-I 2006), and
social and economic values must be taken into account.

However, even as the frameworks have been broadened to
encourage assessments to be more fully integrated, many
technical barriers to integration still exist. For example, a
comprehensive analysis of economic benefits of US Clean Air
Act regulations from 1990–2010 (USEPA 1999) was able to
estimate only a few kinds of ecological benefits, such as those
stemming from improved visibility in national parks, from
improved recreational fishing in areas impacted by acid
deposition, and from improvements in timber and agriculture
due to tropospheric ozone reductions. The analysis was
unable to value other ecological changes, including reductions
in acid-induced forest ecosystem damage or nitrogen-induced
eutrophication of US estuaries. Similarly, the US National
Research Council’s critique of ‘‘Superfund and Mining
Megasites’’ (NRC 2005) concluded that one major deficiency
of the Superfund program is a general lack of ‘‘ability to
address socioeconomic as well as health and environmental
aspects of remediation, including the need for economic
assistance for low-income communities and provision of
health support services for communities living with health
risks.’’

Various factors contribute to this seeming lack of
completeness. Some ecological or social processes require
basic research before analyses can proceed routinely. Collec-
tion of primary data about economic benefits can be costly
and time-consuming. Substantial effort may be required to
develop and evaluate models capable of linking sources,
exposures, effects, and benefits. Decision processes also vary
in their valuation requirements, posing differing demands on
analysis. Most significant US regulatory decisions require

benefit-cost analysis (BCA) (USEPA 2000; OMB 2003).
Although BCA enjoys wide acceptance, its requirements can
also be cumbersome and limiting (Boyd 2004). Some
environmental management programs have made effective
use of multicriteria decision analytic techniques for the joint
evaluation of multiple values and objectives (McDaniels et al.
1999; Larichev and Olson 2001; Linkov et al. 2006). The US
Environmental Protection Agency’s (USEPA) Science Advi-
sory Board (USEPA-SAB 2009) recently reviewed and
summarized the range of valuation systems that have been
used to inform environmental decisions, categorizing them as
either preference-based (including attitudes or judgments,
economic values, community-based values and constructed
preferences) or biophysically based (including bio-ecological
values and energy-based values). The Board stressed that, due
to this wide variety, the appropriateness of any given
valuation system will vary with the decision problem and
that therefore selection criteria should be established.

Thus, an integrated environmental analysis typically
requires some combination of basic research, data collection,
and model development, as well as the adoption of 1 or more
valuation techniques. Because these elements are interde-
pendent, it is imperative that they be approached in a
coordinated manner. A systematic process is needed for
examining all of these requirements and formulating an
integrated assessment approach. The USEPA’s Guidelines for
Ecological Risk Assessment (USEPA 1998) describe 2
processes, respectively referred to as planning and problem
formulation, that are used to plan the steps of an assessment.
Planning is a discussion among managers, stakeholders, and
analysts to clarify the goals and objectives of ecosystem
management and the scope of assessment. Problem formula-
tion is carried out by risk analysts, ideally interacting
iteratively with stakeholders, and produces a plan for
ecological data collection, analysis and use to inform
decisions. These processes, as previously described (and as
further elaborated in USEPA 2001), do not fully meet the
needs of integrated assessment because they do not provide
guidance for including social and economic assessment or
comparisons of management alternatives.

In this study, we describe a process that we term integrated
problem formulation (IPF). IPF combines the planning and
problem formulation processes and expands them as needed
to meet the demands of integrated assessment. We present a
set of 8 questions that guide IPF, and we illustrate their use by
means of a case study. We believe that this procedure will
be useful as a front-end process for organizing integrated
assessments in various environmental decision settings, and
that it will benefit from further use and refinement.

An integrated problem formulation exercise

In October 2003, the Society of Environmental Toxicology
and Chemistry sponsored an expert workshop, held in
Pensacola, Florida, to examine integration of ecological risk
assessment and socioeconomic valuation. The workshop’s
findings (Stahl et al. 2007) included a set of general principles
for organizing and integrating the valuation process (Heninger
et al. 2007). The 2003 workshop organizers determined that a
second workshop should apply those principles to the design
of an IPF process, and that this could best be accomplished
through a detailed case study. Allocation of federal funding
for wildland fire management in the US was selected as a
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problem appropriate for this exercise for 3 reasons. First, the
scope of the wildfire problem is large and rapidly growing.
Second, as wildland fire presents both risks and benefits
to society, effective funding allocation requires the collection
and integration of information on social, economic, and
ecological risks and benefits. Third, an analytic system
currently being developed by the US Forest Service and
Department of Interior to address this need, the Fire Program
Analysis (FPA) system, could serve as a model for case study
evaluation. An initial version of the FPA system had just
been completed in early 2006, and following reviews this
phase 1 system was being replaced by a phase 2 system that
differed substantially in approach. The contrast between these
2 approaches could serve to illustrate the choices involved in
design of an integrated assessment.

Using the complex issues pertaining to wildland fire
management as a case study, the IPF approach was refined
and evaluated in a protracted series of discussions punctuated
by a workshop held October 22–25, 2006, at the Wingspread
Conference Center in Racine, Wisconsin. Over the course of
these interactions, the 8 guiding questions were evaluated
and a conceptual model of the environmental system and
decision problem was developed. In IPF, a conceptual model
represents the relationships of stressors and ecological entities
to societal values and impacts, and also depicts how manage-
ment alternatives are expected to alter stressors or their
effects (Bruins et al. 2005). The conceptual model developed
for wildland fire management enhanced understanding of
the decision problem and complemented the process of
IPF refinement. Participants included professionals from
governmental and nongovernmental organizations concerned
with wildland management and conservation, environmental
protection, the interests of rural communities, and the
interests of the forest industry. Expertise represented
included ecological risk assessment and management, wildfire
risk assessment and management, forest ecology and manage-
ment, economics and the social impacts of wildfire.

CASE STUDY: WILDLAND FIRE MANAGEMENT
IN THE UNITED STATES

Integrated problem formulation is intended as an approach
for planning an integrated assessment, so that assessment
steps (data gathering, analysis, etc.) can proceed in a
coordinated manner. IPF is guided by a series of questions
that establish environmental issues to be addressed, and
the management objectives and alternatives salient to the
decisions that the assessment addresses (Table 1). These
questions also are used to identify endpoints for the assess-
ment and their measurement, and to frame analyses impor-
tant to the decisions and their effectiveness. This section is
organized according to the guiding questions. We introduce
our conceptual model of the wildland fire management
problem in the discussion of questions 1 and 2, referring to
it as needed in the process of addressing the remaining
questions.

Questions 1 and 2: What is the problem or decision
being addressed? What is the management context of
the problem or decision?

Management of an environmental problem can be eff-
ective and efficient only to the extent that it addresses all
contributing stressors, as well as the sources and driving forces

that produce them. Therefore, the problem and its decision
context must be clearly defined. In most cases, those who
plan an assessment have sufficient understanding to adopt
preliminary definitions of the problem before analyzing its
context, even though these definitions may require revision
once the situation has been evaluated more fully. Here, we
have combined the discussion of these topics. Consideration
of context should include: geographic and ecological setting;
social setting, including institutions, regulatory and legal
requirements, decision makers, other affected parties and
social values; and available management options. It also
involves the temporal setting, which can include historical
development of the problem, past management strategies,
and the rates of relevant natural processes both past and
future (USEPA 2001).

Ecological context and problem history. Fire is a natural part of
forest ecology throughout most of the US and plays an
important ecological function within forest ecosystems
(DellaSala et al. 2004). Indeed, ecosystems throughout the
western US have been shaped by fire for millions of years
(Noss et al. 2006). Different types of forests can vary in their
characteristic fire regimes (Schoennagel et al. 2004). Some
forest types have frequent low-intensity fires that kill under-
growth, but do not kill most mature trees (Veblen et al.
2000). For example, ponderosa pine forests in much of the
southwestern US have low-intensity natural fire regimes,
which result in an open canopy and widely spaced mature
trees. Other forest types have infrequent, high-intensity fires
that kill nearly all trees, such as occurred in the famous
Yellowstone fires of 1988 (Turner et al. 2003). Such fires are
often extremely difficult to extinguish and can burn until
there is a substantial change in weather conditions and rainfall
(Dombeck et al. 2004; Kauffman 2004).

The number of large (>400ha) fires occurring in the
western US increased sharply in the 1980s and continues to
exceed historic trends (Westerling et al. 2006). Fire manage-
ment costs tripled during the period 1998 to 2006, becoming
the largest budget items in the US Department of Agriculture
(USDA) Forest Service (USFS) and the Department of the
Interior (DOI) (Public Lands Council 2007). The severity of
the current wildfire management crisis is best understood as a
convergence of several decades-long trends involving historic
fire management practices, climatic conditions, and land use
change related to population growth.

In some common forest types, such as ponderosa pine, fire
suppression during the past 50 y has significantly altered the
natural regime of low intensity fires. Additionally, logging,
livestock grazing, road building and other land uses have
changed these forests (Dombeck et al. 2004). Many small
trees have matured, making the forests much denser than
they were historically. Dense forests have ‘‘fuel ladders’’
that connect ground vegetation to tree canopies, allowing
ground fires to access the upper canopy. Such forests are
now susceptible to uncharacteristic (i.e., outside the range
of historical variation; Hardy 2005), high intensity ‘‘stand-
replacing’’ fires that often kill nearly all trees, even fire-
adapted mature trees. As stated by the federal bureaus,
‘‘while the policy of aggressive suppression appeared to be
successful, it set the stage for the intense fires that we see
today’’ (USDA and DOI 2000).

The long-term, average area of the western US experienc-
ing drought has trended upward from 18% in 1900 to 40% in
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2003 (Cook et al. 2004), and especially severe conditions
prevailed from 1999 to 2004. Recent analysis shows a close
correspondence between western large-fire frequency and
mean spring-summer temperature (Westerling et al. 2006).
Furthermore, increased population and changes in urban and
rural development patterns have contributed to exacerbating
growth of the wildland-urban interface (WUI), both in area
and numbers of housing units contained (e.g., Hammer et al.
2007). The WUI infers both interface, where populated areas
abut wild land, and intermix, where structures are built in
wildland at a density of at least 1 per 16 ha (66 FR 751).

United States agencies use the Fire Regime Condition Class
(FRCC) system established by Hann and Bunnell (2001)
to define degrees of ‘‘departure from the historical natural
regimes, possibly resulting in alterations of key ecosystem
components such as species composition, structural stage,
stand age, canopy closure, and fuel loadings.’’ While not an
evaluation of fire risk per se, FRCC serves as a metric for
reporting the number of wildland acres in need of hazardous
fuels reduction and for evaluating the level of efficacy of fuel
treatment projects. In the Interagency FRCC Guidebook
(Hann et al. 2004), low departure (FRCC 1) describes fire
regimes and succession status considered to be within the
historical range of variability, while moderate and high
departures (FRCC 2 and 3, respectively) characterize
conditions outside of this historical range (Hann and Bunnell
2001; Hardy et al. 2001; Schmidt et al. 2002).

Recent management initiatives. Review of the severe fires of
1988 (which included the Yellowstone fires) and 1994 (which
resulted in numerous firefighter fatalities) prompted the Clinton
administration to initiate a comprehensive review of wildland
fire policy. This led to what is now known as the 1995 Federal
Interagency Fire Policy (DOI and USDA 1995). Key features of
this policy were calls for a more integrated approach to wildland
fire management and for the recognition and management of fire
as a central feature of natural systems. This was soon followed
by the unprecedented severe fire year of 2000, which generated
a further sequence of government actions. A National Fire Plan
was prepared (see http://www.forestsandrangelands.gov/NFP/
as accessed 25 June 2009), and an interagency team consisting of
representatives from the USFS, Bureau of Land Management
(BLM), US Fish and Wildlife Service (USFWS), Bureau of
Indian Affairs (BIA) and National Park Service (NPS) was
organized to provide the vision for a new integrated fire
management and planning system (Rideout and Botti 2002). In
January 2002, the team produced a report entitled ‘‘Developing
an Interagency Landscape-scale Fire Planning Analysis and
Budget Tool’’ (USDA and DOI 2002), which became known
as the Hubbard Report. Other important measures included
passage of the Healthy Forests Restoration Act of 2003, which
included key provisions for facilitating fuels treatments (remov-
ing brush and other fuels) on USFS and BLM lands, and the Ten
Year Comprehensive Strategy (DOI and USDA 2001), which
outlined the need for cooperation among citizens and all levels
of government.

The Hubbard Report described current management and
planning approaches as inadequate, and established a develop-
ment roadmap that included performance criteria. Desired
attributes of this system were given as follows:

� Be objective driven and performance based—meaning that
it would have clear ties to land management goals,

� Address the full scope of fire management activities—
meaning it should provide an integrated analysis of all
components of the fire program, in contrast to the old
systems that analyzed preparedness, fuels management and
so on as separate programs,

� Model the effects of different management strategies over
time,

� Identify fire-management resources—meaning identify the
type, number and location of resources that would best
meet management objectives,

� Contain a cost-effectiveness analysis—meaning that any set
of defined objectives would be produced at least cost and
that a menu of cost effective alternatives would be
produced for budget analysis, and

� Provide analysis over a range of scales—meaning that the
planning and budget analysis would be scalable from the
interagency planning unit through the national system.

Achieving these objectives also required recognizing and
overcoming adverse incentive structures. The uncertainty
and threat surrounding fire events provide an incentive
for managers to use any available resources to aggressively
suppress fires. Because much of the expense of fighting large
fires is funded from a separate national account, local officials
have little disincentive to call for increased levels of fire-
fighting resources. They may also be hesitant to call a fire
contained (full line perimeter) or controlled (no longer a threat
to escape), because fire-fighting resources might then be
released or reassigned elsewhere. By contrast, the potential
benefits of permitting a specific wildland fire to burn are hard
to ascertain and may not substantively affect a fire incident
commander’s decisions (Donovan et al. 2008). While such
decisions can seem rational from a local perspective, they can
have unintended consequences at larger scales, contributing to
both economic inefficiencies and potential shortages at other
fires as they arise. Successful planning requires an institutional
willingness to identify desired conditions over broad land-
scapes and time scales, to accept responsibility for managing
long term risk, and to share budgets and resources. Such
planning also requires an analytical planning and budgeting
system commensurate with the challenge.

Development of the FPA System was therefore seen as a
critical step. An initial, Phase 1 version of the FPA system was
begun in 2002. Chartered as a limited prototype to address
preparedness planning only, the phase 1 system estimated
wildfire risks across all US federally owned lands, and it
estimated optimally efficient deployment of fire management
resources within each of 139 Fire Planning Units (FPUs)
covering the conterminous US, as well as at the national
level. Following reviews (DOI and USDA 2006b), a second
and more complete phase of FPA system development was
undertaken in 2006, and as of this writing is still in the
process of being implemented. The phase 2 system differs in
its approach to identification of management alternatives,
evaluation of alternatives and identification of preferred
outcomes.

Problem definition and issues of scale. Given this context, we
initially stated the decision problem for this IPF exercise to
be: ‘‘How should limited public resources be allocated to
minimize the risks to social welfare posed by wildfires in the
US?’’ Here, public resources referred to federal, state, and local
governmental resources potentially applied to wildland fire
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management and included funds, equipment and personnel;
social welfare included any social, economic, or ecological
contributions to human well-being. In use, however, we
found this statement to be vague in several key aspects,
causing some confusion during our discussions. The federal
agencies conduct planning at multiple scales, ranging from
local districts and units to the agency and department level.
The formation of landscape-perspective, interagency Fire
Planning Units (FPUs) was a central feature of FPA develop-
ment, reducing their number from approximately 1500 to
139 (each current FPU encompasses an area ranging in size
from a few thousand to several million ha). However, the
federal government is concerned with cost-effective manage-
ment of risks both within and across FPUs. Similarly,
decisions are made annually corresponding to the budgeting
process, but this can obscure crucial tradeoffs between short-
and long-term risk reduction (i.e., aggressive suppression
causes fuels to accumulate). A more explicit decision state-
ment would be: ‘‘How should limited public resources
be allocated, among and within Fire Planning Units, to
minimize both short- and long-term risks to social welfare
posed by wildfires in the US?’’ This refined statement
still leaves unclear the politically sensitive question of
whether state and local resources should be accounted
for in the federal allocation exercise, but that can be regarded

as a problem of application rather than of assessment tool
design.

Conceptual model and related terminology. After much modi-
fication and refinement, our conceptual model (Figure 1)
views wildland fire management planning decisions as the
means by which public and private resources are applied to
various combinations of management actions, which vary by
location and year (management options). Wildfire management
consists of activities taken before, during and after the
occurrence of fire (pre-fire, fire response, and post-fire options
in Figure 1). The specific combination used depends on local
conditions and management objectives. Although these
details are not depicted, fire managers can affect the
occurrence, severity, and extent of wildland fires through a
long-term strategy of fuels treatment, including mechanically
removing fuel (involving brush removal and/or timber
harvest), igniting fires to reduce fuels (controlled burning),
and allowing natural ignitions to burn within specific
prescriptions (wildland fire use). Pre-fire strategic manage-
ment also involves actions by homeowners and communities
to reduce the ignitability of structures, and education to
reduce ignitions. Tactical response to a fire begins with initial
response, which includes assessment and, when suppression is
indicated, initial attack. Initial attack can evolve into extended

Figure 1. Conceptual model of wildland fire management on public lands throughout the USA. Vertical shading shows different portions of the analysis. Circled

numbers indicate the 8 main questions of the Integrated Problem Formulation process (see Table 1) and their relevance to each portion. WUI means wildland-

urban interface.
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attack when additional time and resources are required
for containment. If full suppression is not selected as the
appropriate strategy, initial response can evolve into long-
term monitoring of wildland fires and localized actions to
prevent such fires from burning outside designated manage-
ment areas. After a fire is extinguished, managers can
rehabilitate areas of unstable soil or severe vegetation
mortality using mechanical erosion control methods and by
replanting vegetation.

Wildfire occurs in dynamic relationship with management
actions and sources of ignition, vegetation condition (espe-
cially fuel availability) and pattern, and climate (environ-
mental processes). These are affected by driving forces that
include historic management practices, climate change and
growth of the WUI. Wildfire and some wildfire management
practices produce environmental stressors that affect social,
economic, and ecological entities valued by society. Analytic
processes seek to identify discrete endpoints reflective of
those values and to predict how planning decisions will affect
them (socioeconomic and ecological consequences). Analysis
must determine how to value those predicted changes
(valuation) and how to synthesize those values meaningfully
for purposes of making optimal planning decisions (integra-
tion). An integrated assessment process entails modeling all of
these relationships, a priori, in a manner that will enable
effective planning decisions. It also should involve performance
monitoring (dashed line), a posteriori, and use of that
information to improve future decisions.

Question 3: What are the management objectives?

Management objectives should be established based on an
in-depth understanding of the values and concerns of
decision-makers and other stakeholders. Once these have
been enumerated, fundamental objectives should be deter-
mined and potential conflicts noted (McDaniels 2000;
USEPA 2001). Representatives of various stakeholder sectors
who attended our workshop articulated their interest groups’
concerns as follows:

� Congress—Expanding fire management costs are crowding
out other programs that the public values, posing a
management challenge for the US Congress (Public Lands
Council 2007). Congressional oversight concerns can be
summarized in 3 themes: cost (containment and cost-
effectiveness), cohesion (comprehensiveness, system inte-
gration, and geographic comparability), and accountability
(transparency and optimization). The performance meas-
ures currently reported by the agencies (e.g., acres receiving
fuel treatment) do not address these themes. A budget
allocation procedure using an optimization approach based
on explicit valuations of economic, social, and ecological
outcomes would be viewed favorably because of the
transparency it would provide. Deviations from optimi-
zation (as are sometimes needed by managers on-the-
ground) can be documented and used to improve future
budgeting.

� States—Most US states are legally required to follow a
specific hierarchy for allocating resources and responding to
wildfire. This hierarchy reflects key values and includes
firefighter safety, public life safety (including minimizing
health problems associated with smoke), property protec-
tion, and ecological protection. States also share many

other values of federal agencies, but must act in the context
of state laws and priorities.

� Forest Industry—The forest industry values life, property,
and healthy vegetation, and believes these are best
protected by categorizing wild lands according to popula-
tion density (WUI or non-WUI), value and defensibility of
property, and fire condition class of vegetation. Within a
given land category, fuels treatment priorities should be to:
a) maintain those areas in FRCC 1 condition, b) treat all
FRCC 3 lands to achieve FRCC 1, and c) treat all FRCC 2
lands to achieve FRCC 1. Resources should be applied with
order of priority to: 1) WUI vegetation treatment, 2)
establishment of strategically located fuel breaks, 3) non-
WUI forestlands vegetation treatment, 4) shrub lands
vegetation treatment, 5) grasslands vegetation treatment,
6) creation of adequate defensible space around all
structures, and 7) containment of 98% of fires during initial
attack. State and federal policies should acknowledge that
climate change and population increases will challenge our
ability to achieve the above goals. The industry favors
government incentives for the use of harvested biomass
(such as woodchips from fuels reduction to generate
electricity), and legislation requiring defensible space
around properties and the use of fire resistant building
materials.

� Rural Communities—While national policy focuses resour-
ces on the relatively populated areas that constitute the
WUI (NASF 2003; DOI 2003), communities in less
densely populated areas also need the resources and
capability to defend themselves, including stationary
equipment, trained crews, and development of escape
routes (which both help control fire spread and serve as
anchor points for suppression activities). In many areas the
federal agencies are heavily dependent on local resources
for initial attack on wildfires. Under the National Fire Plan,
the federal agencies have funded these collaborators
through State and Local Fire Assistance programs. Hazard-
ous fuels mitigation treatments and projects identified in
Community Wildfire Protection Plans (CWPPs) receive
priority for federal funding in WUI areas (SAF 2004).
However, many rural communities may lack the capacity to
develop CWPPs. Although CWPPs designate some lands as
habitat for threatened and endangered species, very little
funding is available for fuels reduction, restoration and fire
suppression on these lands. When rural lands are damaged
by fire, the local economy is adversely affected; loss of
homes is also especially devastating for those rural residents
who own little else (Lynn and Gerlitz 2005).

� Environmental Groups—These organizations often empha-
size that fire is a natural and necessary part of many
ecosystems, whereas uncharacteristic wildfires are among
the many compounding stresses that threaten these
ecosystems. Ecological values to be protected include:
natural biodiversity, soil integrity, air quality and water
quality, timing and storage. Therefore, fire management
should address five key ecological goals: 1) where ecolog-
ically and socially appropriate, restore natural fire regimes
to fire-dependent ecosystems to maintain forest, shrub, and
grassland conditions at landscape scales, 2) prevent damage
to soils, streams and biodiversity from uncharacteristic
wildfires, 3) manage smoke effects of wildfire and
prescribed burning, 4) control the spread of invasive
species after wildfire, and 5) in areas where it would be
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impossible to restore natural fire regimes, such as frag-
mented landscapes or those in which high-intensity, large-
scale fires are part of the natural regime, find manageable
ways to mimic wildland fire’s ecological role.

Federal agencies, fundamental objectives, and the management
task. In view of the concerns listed above, US federal agencies
responsible for wildfire management face multiple and some-
times conflicting mandates and goals. Differences among ag-
encies’ particular missions and management cultures also
complicate any narrowing of objectives. In particular, the h-
istoric focus on economic utilization within the missions of
the USFS, BLM, and BIA contrasts with the focus on ecolo-
gical preservation within the missions of the NPS and USF-
WS. Protection objectives also vary geographically; a
compilation and synthesis of land and resource values ident-
ified during Phase 1 as important to land managers in 1 or
more FPUs is identified in Table 2. Given the heterogeneity of
the wildfire management problem, it is clear that a relatively
broad list of protection objectives must be retained.

Based on the foregoing discussion, a succinct statement of
the objective for public wildfire management in the United
States could be advanced as follows:

‘‘Human life and valued ecological, economic, and social
assets are protected cost effectively from the short- and long-
term risk of wildfires—as well as from adverse after-effects of
wildfires and fire-fighting activities—and wildland ecological
conditions are improved.’’

In this example, human life, a varied set of valued assets,
and the management of public funds are each recognized as
fundamental. It is implicit that conflicts among the protection
of ecological, economic, and social assets will be addressed
according to some assessment of relative value, whereas
human life is in a special category. Finally, the notion that
ecological condition is both compatible with and ultimately
necessary for achieving the objective is acknowledged. This
statement does not represent the policy of any specific agency
or group but was adopted for purposes of this exercise.

Question 4: What are the management alternatives?

Management alternatives are sets of actions or policies that
could be put in place to achieve the management objective.
Clearly, the suite of management options that may be
considered occur within the legal frameworks of federal,
state, and local jurisdictions. And as noted above, the tone of
the management alternatives should reflect the interests of
affected stakeholders and resonate with their perspectives on
social welfare (including social, economic, or ecological
benefits and offsets) provided by the system. The goal of this
stage of IPF is to identify a set of plausible alternatives
for further consideration. As described earlier, wildland fire
management involves combinations of actions taken before,
during and after fires, which vary from place to place and
from year to year. In a planning system, however, manage-
ment alternatives to be evaluated emphasize pre-fire actions
(and their costs); responses (and their costs) during and after
fires are then simulated as outcomes. An effective budget
allocation system must have the capacity to represent these
kinds of actions over space and time.

There are 2 major differences between FPA phases 1 and 2
with respect to the representation of alternatives. First,
because phase 1 was chartered as a limited prototype, the
scope of management alternatives in each FPU to be
evaluated in the phase 1 system was limited by design to
the preplacement of preparedness resources (local staff and
equipment such as firefighters, fire engines and aircraft) with a
focus on initial attack. By contrast, phase 2 is expanding the
scope of analysis to include fuels treatments. Second, in phase
1 local managers did not specify discrete preplacement
alternatives. Rather, the phase 1 system evaluated how
different kinds and levels of preparedness investments change
probabilities of harm to various types of valued resources
(discussed below) and generated preplacement prescriptions
that were estimated to optimize cost-effective protection
within and across FPUs. This feature of phase 1 later was
flagged as a source of concern by reviewers who worried that
these synthetic prescriptions could violate policy (DOI and
USDA 2006b). By contrast, phase 2 requires the planning
units to generate respective lists of preparedness alternatives
and fuels treatment alternatives. The fuels treatment compo-
nent consists of identifying high priority treatment areas to
reduce threats to highly valued resources, along with areas in

Table 2. Compilation of fire protection attributes elicited in phase 1
of development of the Fire Program Analysis system (adapted from

NIFC 2006)

Wildland-urban interface values: residential areas (�1 structure/
16ha) at risk due to wildland proximity (interface or intermix)

Commercial values: grazing, utility rights-of-way, oil/gas
infrastructure, commercial timber, commercial trust timber,
agriculture, and mineral leases

Cultural/historic values: cultural resources, historic properties,
Native American interests, paleontological sites, and heritage
sites

Environmental quality: air quality, water quality, watershed values,
hydrologic function, riparian systems, and invasive species

Legislated or policy restrictions: designated wilderness, wilderness
study areas, research natural areas, roadless areas and other
areas that have either legislated or policy restrictions

Natural resource values: critical wildlife habitat (other than for
threatened & endangered species), high value habitats, sensitive
habitats/species, noncommercial woodlands, fire-dependent
plant communities, and representative plant and animal
communities of special significance

Other special concerns: improvements, special uses, nonfederal
improvements, non-WUIa improvements, nonurban
development, and wildland industrial interface

Recreation: developed recreation, dispersed recreation, high
public use, and travel corridors

Threatened & endangered species and critical habitat: identified
critical habitat for federally listed threatened and endangered
species, and state listed species

Ecosystem restoration: restoring ecosystems to desired conditions
that are sustainable and healthy

Ecosystem maintenance: maintaining desired ecosystem
conditions that are sustainable and healthy

aWildland–urban interface.
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which fire should be used to restore and maintain ecosystem
values. Combinations consisting of 1 option from each list
constitute alternatives for simulation of outcomes.

Question 5: Given the management objectives and
alternatives, what are the assessment endpoints?

Endpoints for an integrated assessment should be specific
and measurable expressions of the management objectives
identified in response to question 3. Endpoint form will
therefore depend on the objectives, but it will also depend on
modeling capability as well; therefore, questions 5 and 6
might be addressed iteratively. Social and economic endpoints
are not necessarily distinct; social scientists tend to evaluate
community-based context, not simply utility to individuals,
when evaluating a change (Turnley et al. 2007). Endpoint
expressions typically identify a valued entity and some
characteristic of that entity (USEPA 1998). Endpoint forms
corresponding to the wildfire management objective stated
above could vary widely. In the preliminary list compiled in
Table 3, valued entities could include WUI and WUI-resident
populations, firefighters, and the various land-based resource

types identified in Table 2. Uncharacteristic fires themselves
could be thought of as negatively valued entities, as could
program costs. The characteristics of those entities to be
quantified could fall into different categories that vary as to
their difficulty of estimation. Completion of a procedural
requirement (such as the completion of a CWPP) or the
attainment of a condition (such as an FRCC class) are
simplest to estimate, whereas determination of risks (prob-
ability of exposure to fire of unacceptable intensity) or event
magnitudes (fires contained) require modeling of fire behavior
in response to weather, terrain and containment efforts.

Differences in endpoint selection approach between phases
1 and 2 are indicated by footnotes in Table 3. In phase 1,
endpoints were locally tailored but identical in form. All areas
were categorized and mapped according to a set of resource
types that was selected for each FPU in a consensus process
involving local fire managers. Endpoints were then the
probabilities of exceeding certain flame heights in each
resource type. An example of this process, conducted with
officials of the Southern Sierra FPU in California and
described in Rideout et al. (2008), yielded the endpoint
table shown in Table 4. This similarity in form facilitated

Table 3. Possible and selected approaches to assessment endpoint definition for wildland fire management

Valued entity (extent expression) Characteristic Category of characteristic

WUI (area, population, economically
vulnerable population, number or
value of structures)

Having (not having) CWPPs, fire safety codes or
adequate response capacity

Completion of a management procedure

Meeting (not meeting) fuels management
objectivesa

Completion of a management procedure

In a given FRCC (or, where FRCC does not reflect
fire risk factors, some substitute classification)

Ecological condition

Exceeding a given probability of fire of unac-
ceptable intensitya,b

Risk to valued entity

Exceeding a given probability of smoke exposure Risk to valued entity

Firefighters (number) At risk of injury or death Risk to valued entity

Resource type, as listed in Table 2
(area)

Meeting (not meeting) fuels management
objectives

Completion of a management procedure

In a given FRCC (or substitute classification) Ecological condition

Exceeding a given probability of fire of
unacceptable intensitya,b

Risk to valued entity

At given levels of risk from secondary effects of
fire (invasive species, water quality impacts)

Risk to valued entity

Uncharacteristic fires (number, area
burned)

Preventeda Event magnitude

Contained in (escaping) initial attacka Event magnitude

Exceeding a given size, or exceeding a given cost Event magnitude

Allowed to burn for fuels reductiona Event magnitude

Costs (dollars) Of whole programb Program expenditure

Of program componenta Program expenditure

aEndpoint of this general form used in FPA phase 2 system.
bEndpoint of this general form used in FPA phase 1 system.
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the use of cross-program cost optimization, as elaborated
below. By contrast, in phase 2, five assessment endpoints
(termed performance measures) are applied within and across
all FPUs:

� Expected total suppression costs associated with unplanned
fires,

� Expected acres burned within the WUI,
� Expected acres trending toward objectives, defined as the
sum of acres receiving fuels treatment and acres burned by
wildfire below an acceptable intensity level, minus the acres
burned at undesirable intensities,

� Expected acres burned at undesirable intensities in areas
with highly valued natural, historical, or infrastructure
resources,

� Expected number of fires contained in initial response or
prevented through fire prevention programs.

These measures, which correspond to a varied set of
management concerns, are more various in form. It may also
be noticed that the fourth phase 2 measure combines acreages
across resource types that were differentiated in phase 1. In
endpoint selection processes, questions often arise as to
whether given endpoints should be differentiated or bundled
for analysis. For example, should an endpoint be defined with
respect to the critical habitat of a particular endangered
species, or more broadly to reflect a general set of habitat
conditions and species? We suggest 2 sets of conditions in
which bundling is appropriate: the first being when the
endpoints covary (such as when 2 species’ habitats frequently
overlap, and their responses to fire are similar), and the
second being when the endpoints are similarly valued and
tradeoffs between them are not considered important. Thus,
valuation issues, which will be addressed under question 7,
can influence endpoint identification as well.

Question 6: How should expected changes in risks to
the endpoints (resulting from management actions)
be characterized?

At this stage of IPF it is necessary to state clear hypotheses
about the specific causal mechanisms by which the assessment
endpoints are affected by the problem under evaluation, and

the mechanisms by which the endpoints would respond to
the management alternatives being considered (i.e., risk
hypotheses and risk management hypotheses, respectively; see
Bruins et al. 2005). Then, the availability or feasibility of
obtaining data and models necessary to estimate those
endpoint changes must be considered. Given the hypothe-
sized relationships that are diagrammed in Figure 1, risk
estimation procedures used in a budgeting process should
account for both short- and long-term effects of budgeting
decisions. Over short time scales they should model fire
spread across heterogeneous landscapes, fire response to
suppression or management efforts, risks to firefighters, and
potential for impacts to valued resources of various kinds
(with special attention to WUI). They should also address
effects of secondary stressors such as smoke and watershed
pollution. Over longer time scales they should account
for vegetation change as affected by fuels management or
rehabilitation efforts. If the system also is to be used for long-
range strategic planning, models projecting changes in driving
forces (WUI growth and climate change) also should be
incorporated.

National data resources are available to assist the character-
ization of wildland fire risks in the US. LANDFIRE is a joint,
USFS and DOI mapping project to characterize landscape
condition with regard to wildland fire risk for the entire
United States. LANDFIRE incorporates field and remote
sensing data, gradient modeling, predictive landscape model-
ing and vegetation disturbance dynamics to provide spatial
data layers including FRCC and all layers required to run fire
modeling applications (Rollins 2009). FPA uses LANDFIRE
data to identify priorities for fuels treatment and for
preplacement of preparedness resources.

WUI has been mapped nationally (Radeloff et al. 2005).
The National Association of State Foresters (NASF) regularly
surveys states to determine progress in identifying commun-
ities-at-risk (i.e., communities located within the WUI),
developing CWPPs, and reducing risk through increasing
local capacity, enacting local ordinances or treating hazardous
fuels (NASF 2003, 2007). In 2007, for example, only 9.2% of
communities-at-risk had CWPPs and 7.3% had taken actions
to reduce risk. However, most of this information, which in
many cases reflects rural poverty (Lynn and Gerlitz 2005), is
not taken into account in FPA. A national project to map
wildfire risk and rural communities’ capacity to adequately
address such risk has not yet been carried out.

In both phase 1 and phase 2 of FPA, an Initial Response
Simulator, based on an algorithm by Fried and Fried (1996), is
used to estimate the expected effectiveness of initial response,
identify suppression costs for contained fires, and identify fires
that exceed simulation limits (i.e., escapes). From a set of
ignition events, the Initial Response Simulator simulates fire
spread and response to the building of a containment line. In
FPA phase 1, fire spread was modeled for a 1-yr sequence of
ignitions, taking into account both the placement of prepared-
ness resources and wildland fire use. In phase 2, FPU-specific
preparedness and fuels treatment alternatives, as well as the
effects of wildland fire use, are modeled in the Initial
Response Simulator using 200 annual sequences of stochas-
tically generated ignition events. Escapes are passed to a Large
Fire Simulator for a series of simulations (10 000 or more
simulated fire seasons) in which fuel treatments vary by
management alternative, while weather and fire location vary
randomly. The Large Fire Simulator (Finney 2007) is a series

Table 4. Relative value of land attributes as meriting initial-attack
protection fromwildfire, for the Southern Sierra Fire Protection Unit.
Implicit attribute price varies as a function of flame length (adapted

from Rideout et al. 2008)

Attribute list

Flame length (feet)

>6 4–6 2–4 0–2

WUIa 1.00 1.00 1.00 1.00

Sequoia groves 0.75 0.75 0.75 0.40

Commercial timber 0.60 0.60 0.60 0.60

Forested area (noncommercial) 0.40 0.35 0.35 0.20

Rangeland 0.30 0.30 0.30 0.30

Roadless area 0.20 0.10 0.10 0.10

aWildland–urban interface.
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of simulation and statistical models that are used to estimate
the distribution of fire sizes expected, the probability of
burning from escaped fire for each 7.3 ha pixel in the FPU, the
conditional probability of burning at 1 of 6 flame intensity
levels (by pixel), and the expected annual large-fire suppres-
sion costs. Suppression is not modeled directly; rather, a
containment algorithm developed by Finney et al. (2009) is
used to select the number of days each fire burned, which is
used in turn to estimate final fire size. Suppression costs are
estimated using the stratified cost index developed by Gebert
et al. (2007). Statistical analysis of the results of these
simulations generates performance measures for the manage-
ment alternatives in terms of the five phase 2 endpoints given
above.

These risk estimation procedures clearly cover many, but
not all of the relationships described in Figure 1. Additional
procedures that have been considered but are not currently
implemented include modeling the effects of fuels treatment
on vegetation change and modeling large fire responses to
different management techniques, including wildland fire use.
Secondary stressors and changes in driving forces currently are
not considered.

Question 7: How will the expected changes in social,
economic, and ecological endpoints be valued and
integrated for use in making decisions?

In addition to estimates of how each endpoint is expected
to change under each of the management alternatives,
decision makers typically need some way to integrate this
multivariate information into condensed forms that provide
insight as to the preference of one alternative over another.
Economic analysis would typically approach this as a problem
of maximizing overall utility subject to an income constraint.
However, analytical difficulties (as referred to in the
Introduction), complicating factors related to the legality or
public acceptability of certain alternatives, and the uncertain
preferences of future generations lead to the consideration of
a broader menu of methods.

Participants in the Racine workshop suggested the follow-
ing considerations in the selection of valuation/integration
methods:

� Able to accommodate multiple endpoints,
� Flexible with respect to the sorts of goals it reflects (i.e.,
narrow or broad),

� Transparent, accessible, based on assumptions that are
readily understood,

� Accurate (valid and reliable) and robust,
� Producing values that can be integrated across endpoints,
� Does not require monetization of endpoints,
� Place and scale independent,
� Comprehensive, and
� Accepted by the scientists and nonscientists who will use it.

The 2 phases of FPA have used different methods of
valuation and integration. As pointed out earlier, all phase 1
endpoints were similar in form (i.e., risks to WUI or other
areally measured resources). The local fire managers who
identified these endpoints also assigned relative weights to
their importance of protection at each flame height (as
illustrated in Table 4). In all FPUs, the relative value of WUI
was set at 1.0. This WUI ‘‘common currency’’ allowed for

direct comparison of all of the values by the technique of
marginal rates of substitution (MRS). A traditional approach
to understanding tradeoffs based on utility theory, MRS is the
rate at which consumers are willing to give up units of one
good in exchange for more units of another (Rideout et al.
2008). This approach is useful for understanding interactions
among management options that are substitutes or comple-
ments for one another, allowing for the application of
optimization analyses. After fire-spread modeling of phase 1
management alternatives, endpoint outcomes were evaluated
at the FPU scale by an MRS-based optimization routine
which synthesized the unique set of preparedness measures
estimated to afford the most cost-effective protection across
all resources at risk (subject, of course, to all of the data and
computational limitations of the phase 1 system). This
information was then aggregated nationally for optimal
allocation of preparedness funds.

By contrast, the phase 2 performance measures differ
from one another in form (Table 3), making relative value
among them hard to assess. Instead, estimated outcomes for
the 5 measures are placed into a goal program for exploratory
analysis. This technique treats each of the performance
measures as a goal with defined target and weight. Targets
are generally assigned as the maximum (or minimum) value
observed among the alternatives, depending on the measure;
weights can be changed in the program to observe alternative
solutions to the problem. By varying the weights systemati-
cally, analysts can examine the sensitivity of solutions to
different weighting schemes (and implicit value judgments),
and identify robust solutions (i.e., combinations of the locally-
developed management alternatives) that perform well from
multiple perspectives. The complete set of alternatives can be
used in further analysis to better understand how, where,
and why different combinations of preparedness and fuel
treatments perform best.

Question 8: How will the outcomes and effectiveness
of the management actions be evaluated?

Management effectiveness should be gauged by measuring
the accomplishment of the management objective. Therefore
effectiveness measures, like assessment endpoints, should
mirror the objective, but because modeling and monitoring
procedures may differ fundamentally, it cannot be assumed
that effectiveness measures will be identical to the endpoints.

A set of implementation measures for the National Fire
Plan was developed, and later updated, by the Western
Governors Association (DOI and USDA 2001, DOI and
USDA 2006a); some of these are also in use by the White
House Office of Management and Budget to evaluate program
effectiveness (Table 5). They include both short term
(e.g., treatment of hazardous fuels) and long term measures
(e.g., achievement of desired wildland conditions) that
correspond well to most of the performance measures
established in phase 2. However, they make no distinctions,
beyond the WUI or non-WUI distinction, regarding popula-
tions protected or the value of assets protected.

DISCUSSION AND CONCLUSIONS
The Hubbard Report (USDA and DOI 2002) laid out

a detailed roadmap for creation of an FPA system. Would
the use of an IPF process, as introduced in this study, have
added anything? Specifically, could it have simplified the
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development path and helped avoid the scrapping of an initial
(phase 1) approach, in favor of a very different one (phase 2)?
Although this IPF case study entailed substantial effort, before
and following our 2006 workshop, several participants who
had been part of the development of FPA expressed the
opinion that FPA development could have benefited from the
systematic and analytic nature of IPF. At least from the
perspective of this retrospective case study, it is apparent that
the respective phases of FPA development diverged signifi-
cantly in their approach to the step we have referred to in
question 7 as ‘‘valuation and integration.’’ This key difference
resulted in other differences that emerge in responses to
questions 4 and 5.

The Hubbard Report had directed that the new system
‘‘contain a cost-effectiveness analysis.’’ While acknowledging
that traditional BCA would not be feasible (because some
endpoints, such as those related to ecosystem health, would
not easily be monetized), it assumed that relative importance
of different objectives could be established, allowing
the overall effectiveness of different management plans to
be compared. Through use of a WUI common-currency
metric and the MRS technique, the phase 1 approach took
pains to ground the evaluation of relative importance in
economic welfare theory. Phase 1 system assessment end-
points (question 5) were commensurate within and across
FPUs, based on relative weights obtained in a transparent
process. Not only could different plans be compared, but
the phase 1 optimization routine (question 7) afforded the
ability to synthesize the unique, most cost-effective manage-

ment alternative (question 4) for any given set of con-
straints—a capability that exceeded the Hubbard Report
criterion.

The teams of scientists and managers who reviewed the
phase 1 system (DOI and USDA 2006b) worried that the
MRS-based metric by which alternatives were compared in
phase 1 would be considered counterintuitive and that the
synthetic, optimized management prescriptions for each FPU
might prove less workable, and less congruent with agency
policies, than alternatives prepared by local managers on the
ground. The commensurability requirements of the phase 1
approach also complicated the use of other performance goals
of interest to agency managers, such as acres burned and
initial-attack success rate. By contrast, the phase 2 system
compares discrete, locally determined management alterna-
tives, is more amenable to iterative runs and is more flexible
with respect to performance objectives. Because these
objectives differ from one another in form, however, they
lack a basis of commensurability, and there is no objective
way to establish weights and compare effectiveness among
alternative plans. Arguably, the early use of an IPF process
could have exposed and clarified these issues for agency
decision-makers.

Another important goal in IPF is to ensure that assessment
scope is broad enough to encompass all significant drivers of
the environmental problem being addressed. Our exploration
of the wildfire management context, depicted in Figure 1,
shows climate change and WUI growth as additional drivers
of critical importance that currently are inadequately linked

Table 5. Performance measures established for evaluating implementation of National Fire Plan (DOI and USDA 2006a)

Implementation goal Specific performance measures address

Improve fire prevention and suppression Ignitionsa

Containment during initial attacka

Costly escapesa

Reduce hazardous fuels Treatment of acres with hazardous fuels (WUI, non-WUI)a

Costs of treatmenta

Treatment in which fire management objectives are achieved

Restoration of fire-adapted ecosystems Treatment of acres with hazardous fuels, by treatment category (i.e., prescribed fire,
mechanical, and wildland fire use)a

Natural ignitions which are allowed to burn (consistent with wildland fire use
strategies)

Treated acres which are moved toward, or maintained in, desired conditionsa

Post-fire recovery of fire-adapted ecosystems Burned acres identified as needing treatments that do receive treatments

Burned acres treated for post-wildfire recovery that are trending toward desired
conditions

Promote community assistance Communities-at-risk covered by a Community Wildfire Protection Plan (CWPP) or
equivalent that are acting to reduce their risk from wildland fire

Communities-at-risk who report increased local suppression capacity

Woody biomass from hazardous fuel reduction and restoration treatments that is
made available for utilization

aPerformance measures also used by Office of Management and Budget (http://www.whitehouse.gov/omb/expectmore/detail/10000448.2006.html).
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to wildfire management decision-making. This suggests that,
for effective management, the scope of assessment must
be broadened to encompass these dependencies as well. The
long-term consequences of recurring, uncharacteristic fires
also are poorly understood. These may include changes in
ecosystem stability, and functional components such as
habitat, species distribution, ecotones and vegetative com-
munities. Uncharacteristic fires could also induce changes in
economic utilization of lands, recreational use patterns, and
water runoff and storage. Given that FPA is primarily
designed to aid near-term budget planning processes, it may
be unreasonable to expect FPA to directly address these
longer-term concerns. Nevertheless, the analytical machinery
developed by the FPA system provides a substantive platform
from which to begin exploring these issues in depth.

Based on the success of this case study analysis, we believe
that the 8-question sequence given in Table 1 provides an
effective framework for an integrated problem formulation
process, including both stakeholder group sessions and
follow-up efforts by risk analysts. We encourage further use
and refinement of this approach.
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