Synopsis of Science Recommendations for Fire Program Analysis

Introduction

The Interagency Science Team (IST) for Fire Program Analysis (FPA) was charged with
developing a detailed recommendation for a global architecture or conceptual structure to
guide the Phase Il development of FPA. The IST is composed of fourteen scientists
representing USDA Forest Service R&D, U.S. Geological Survey, two universities
(Colorado State University, Oregon State University), and IBM; and a senior
advisor/facilitator from METI Corporation (see Appendix for listing of IST members).
Over the past six weeks, the IST worked together and interacted with members of the
FPA Development Team to develop the recommendation described herein. The
recommended architecture is intended to be responsive to the vision articulated for FPA,
namely that FPA should represent “a common interagency planning and budget
information system, with a cost-effective trade-off analysis incorporating land and
resource management objectives” (Hubbard and others, 2001). Once fully developed and
implemented, the FPA system will provide planning and budget support by displaying
key efficiency, effectiveness, and performance measures for various budget scenarios and
constraints, and by estimating costs for fire program components for each agency by Fire
Planning Unit (FPU) [in this document, the FPA planning and budget information system
is referred to as the FPA system for brevity].

The proposed architecture for the FPA system responds to expectations created by the
Wildland Fire Leadership Council (WFLC) and senior managers in USDA Forest Service
and DOI. These expectations include three broad components:

e the FPA system should inform decisions by national budget leads and fire planners in
formulating annual budget proposals regarding budget allocations among fire
program components by agency and FPU;

e the FPA system should also support FPU-level analyses that inform decisions made
by local agency fire program and resource managers regarding alternative allocations
of fire program resources within the geographic area covered by the FPU; and

e results or outcomes of these decisions at each level should be evaluated in relation to
five broad management concerns articulated by WFLC, formulated as a series of
effectiveness, efficiency, and performance measures, defined in an operationally
appropriate manner at national and FPU levels.

The identified WFLC management concerns focus on:

e growing annual suppression costs for large fires,

e fires that occur and cause significant damage within the wildland-urban interface
(Wul),

o fires that cause severe impacts to highly valued resources,

e prevention and suppression of unwanted and unplanned fires, and

e attaining fire and fuels management objectives on federal lands.
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IST Proposal for FPA Architecture

The proposal summarized herein represents the full consensus of the entire IST; this
statement applies strictly to the membership of IST, and does not imply endorsement by
others outside IST.

Within the context of the expectations summarized above, the IST proposes a flexible,
two-tiered structure for the Phase Il development of FPA. That is, the IST envisions a
modular set of component models or analytical tools at both national and FPU levels.
The architecture described herein specifies the modular structure and component models
or tools at each level, the information flows among them, data sources and model outputs,
and other aspects of model structure and requirements. The proposed modular
architecture could incorporate different models or analytical tools in some component
modules. This could allow use of different but comparable approaches for different
portions of the U.S. (e.g., use of more detailed process simulations of large fire growth
and intensity in the western US, where such fires are common, but an alternative
technique in the eastern US where large intense fires are less probable). New or
enhanced models or tools could be incorporated into the existing structure of the FPA
system without causing major disruptions in model operations or coding. This modular
architecture, in combination with specific decision support tools such as Bayesian Belief
Networks (BBNs), will also allow models, statistical representations of historical data,
and expert opinion to be combined into a single analysis approach at either level.

The following paragraphs provide details on the proposed FPA architecture at national
and FPU levels.

FPA Business Flow Model

The proposed approach assumes structured information flow between the two analysis
levels (Figure 1). In this construct, information regarding overall goals and objectives of
the analysis, constraints, and the specific national budget alternatives being considered in
a given budget year is passed between the two levels as part of the annual budget
formulation process. Following detailed simulations and trade-off analyses at the FPU
level based on an array of budget allocation choices, model results are synthesized in
different forms and passed back to the national-level analysis. At the national level,
application of decision support tools facilitates strategic choices across all FPUSs.
National decisions result in FPU-specific allocations by fire program component and
agency. Finally, additional simulations and tradeoff analyses at the FPU level inform
decisions about allocation of fire resources across the FPU within the chosen budget
level.

Overview of National-Level Analysis

At the national level, FPA analyses are designed to inform decisions by national budget
leads and fire planners regarding annual agency budget allocations among national fire
program components by agency and FPU. Decisions regarding allocation of national fire
resources such as air support and hot shot crews might also be examined at this level, or
at a regional level embedded within the national-level analysis. The national analysis
would typically be run each year during the annual agency budget formulation process, as

6 October 2006 2



well as at less frequent intervals to evaluate longer-term strategic decisions regarding fire
program allocations.

The proposed national-level analysis involves application of decision support tools (e.g.,
goal programming trade-off analyses) that are informed by FPU-level analyses. These
tools include formal methods for searching among alternatives, evaluating trade-offs and
implications of weighting performance measures differently, and explicitly addressing
risk and uncertainty. Detailed simulations of the consequences of different fire program
investments at the FPU level are synthesized and used to develop national-level analytical
tools (as summarized in Figure 1). The decision support tools used at the national level
display the data and model results from FPU-level analyses in a manner that reveals the
structure of the decision space and the consequences of the alternative allocation
strategies available to national-level managers, as quantified by the effectiveness,
efficiency, and performance measures formulated at the national level.

Overview of FPU-Level Model or Analysis

At the FPU level, the FPA system is designed to inform local decisions regarding the
distribution of fire program resources within the geographic area covered by the FPU.
The FPU level analysis would be run at least twice during a single budget cycle (Figure
1). During the annual agency budget formulation process, the purpose is to explore a
wide range of management options at various budget levels. Following passage of a
budget by Congress and allocation of funds to the FPU level by agency, the purpose is to
explore specific distribution options at a specific appropriated budget level.

The proposed FPU-level analysis involves application of a detailed simulation module
linked to a decision support and data synthesis and management module. Simulation
allows consideration of complex processes that interact at the FPU level including
weather, topography, vegetation, and other factors that influence fire behavior. It also
allows consideration of impacts on spatially distributed resource values and other
performance measures. Based on national and regional guidance, detailed simulations of
the consequences of alternative levels of investment in different fire program components
are conducted at the FPU level. Decision support tools (e.g., multi-attribute trade-off
analyses) are employed to display data and model results from FPU simulations in terms
of consequences of budget alternatives for the various performance measures and for the
structure of the decision space available to managers. Results are synthesized and passed
back to the national level to inform budget formulation decisions made there. In this
case, detailed model simulations would focus on the consequences of different resource
distribution strategies on the ground within the FPU within the specific budget allocation
to that FPU by agency. Multi-attribute trade-off analyses would be conducted on these
results to inform the final decisions regarding resource distribution at the field level
within the FPU.

Additional Recommendations and Considerations

The overall approach and architecture proposed by IST incorporates several additional
embedded recommendations.
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e First, prototyping is a key activity in ongoing development of the FPA system —i.e.,
development and evaluation or formal review of various prototype model structures as
FPA evolves. Prototyping could involve evaluation of individual component models to
be incorporated into specific FPA modules, as well as the evaluation of the entire FPA
model at either level of analysis at important milestones. Prototyping will help
demonstrate feasibility of the recommended FPA system architecture and help resolve
residual issues.

e Second, we recommend an ongoing, formal advisory role for the IST as FPA
development progresses, either the IST as presently structured, or a restructured IST
with new members that add new experiences or analytical skills. The IST could also
reach out to bring other scientific and technical skills into this advisory relationship as
needed.

e Third, we recommend establishment of a parallel management advisory team for FPA,
composed of line managers from the land management agencies. This team could help
ensure relevance of the FPA system and manage expectations for involvement of FPU
staff in FPA analyses.

e Fourth, we recommend development of a specific audit/quality assurance system
within the FPA system, to ensure that models and analyses at the FPU level are run in
an appropriate and objective manner, and that they provide reliable comparisons across
FPUs, program components, and agencies.

o Fifth, FPA analyses at national and FPU levels should explicitly recognize the role of
regional level managers in fire program decisions (e.g., formal regions in USDA Forest
Service, National Park Service, and U.S. Fish and Wildlife Service, State offices in
Bureau of Land Management).

e Sixth, we recommend using information and data generated in FPA Phase I, and
building on partnerships established in Phase I, in Phase Il activities.

Inherent in the IST recommendation is recognition of two key concepts. First, we
recognize that, in the time allotted for our deliberations, we have not been able to resolve
all important issues that will influence ongoing FPA development. In our final report, we
will identify specific issues facing the Development Team. Resolving these issues
effectively can have a large positive influence on the final structure of the FPA system.
This is why IST views prototyping as a significant component of FPA development, and
why continued interactions between IST and the Development Team are critical. Second,
given the levels of uncertainty that exist in aspects of federal fire programs, the IST
designed an analytical structure that arrays decision options along with the consequences
of fire program decisions for fire and resource conditions. Our intent is to inform the
decision making process through a structured analytical framework, not to search for the
best answer.

The IST further recognizes that successful implementation of FPA faces challenges that

go beyond purely scientific and technical issues.

o First, successful FPA development and implementation requires that appropriate
specialized skills are within, or readily accessible to, the FPA Development Team.

e The second is focused on analytical capability and capacity available within the
agencies to build requisite data layers, run FPA system models, and interpret results

6 October 2006 4



appropriately. In particular, agencies might consider building analytical capacity into
regional teams to help support FPU-level analyses.

e Third, effective training programs are needed to ensure that model users, at FPU and
national levels, are capable of running FPA models properly and interpreting results
appropriately.

e Fourth, recognizing that some components within the recommended FPA system
architecture may have significant computing requirements, successful implementation
will require that adequate computing capability is available to run models or analytical
tools in reasonable time frames.

e Fifth, benefits from application of proposed FPA analyses will be enhanced if applied
across all ownerships, including federal and non-federal. Challenges remain in terms
of application on many non-federal lands; such challenges are not inherently technical.
The design proposed by the IST can be applied across all ownerships.
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Appendix
Members of Interagency Science Team for FPA

IST Co-Leads
Danny Lee, Southern Research Station, USDA Forest Service R&D, Asheville, NC
Jack Waide, Biological Resources Discipline, US Geological Survey, Reston, VA

IST Members

Michael Bevers, Rocky Mountain Research Station, USDA Forest Service R&D, Fort
Collins, CO

Steven Carty, International Business Machines (IBM), Boulder, CO

Mark Finney, Rocky Mountain Research Station, USDA Forest Service R&D, Missoula,
MT

Jeremy Fried, Pacific Northwest Research Station, USDA Forest Service R&D, Portland,
OR

Miles Hemstrom, Pacific Northwest Research Station, USDA Forest Service R&D,
Portland, OR

Bill Labiosa, Western Geographic Science Center, US Geological Survey, Menlo Park,
CA

Keith Reynolds, Pacific Northwest Research Station, USDA Forest Service R&D,
Corvallis, OR

Doug Rideout, Colorado State University, Fort Collins, CO

John Sessions, Oregon State University, Corvallis, OR

James VVogelmann, USGS EROS Data Center, Sioux Falls, SD

Anne Wein, Western Geographic Science Center, US Geological Survey, Menlo Park,
CA

George Willis, International Business Machines (IBM), Boise, ID

IST Advisor/Facilitator
Thomas Quigley, METI Corporation, Saratoga Springs, UT
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Figure 1

FPA Business Flow
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Figure 2

FPU Level Analysis Architecture

Objectives | | Constraints Deﬁng
alteratives

Assess Situation and Describe Objectives

Guidelines from
national

Futuring
Scenarios
(WUI Growth,
Climate Change)

]

Current
Results

Fire
weather

Ecological,
social, and

Landscape
Fire Simulator

= =

Projection
model (ules,

economic
affributes

!

Suppression
Model

simulation, or
manual)

Simulation Resutts (spaial)

Future
Results
(year 20)

Evaluate Current (and Future?) Impacts of Each Attemative

Tradeqff Screening
Analyss | | for Natonal

Translate
Results to

Performance
Measures (probabilty
distributions)

Performance
Measures

Data
Management

Audt

Synthesize Results and Complete Tradeoff Analyses

FPU OUT
National IN

6 October 2006




Figure 3

National Level Analysis Architecture
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