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A Regional Experiment to Evaluate Effects of Fire and Fire Surrogate
Treatments in the Sagebrush Biome

Executive Summary

This proposal seeks funding to implement a comprehensive 5-year study that would
evaluate the effects of fire and fire surrogate treatments that are designed to reduce fuel and to
restore sagebrush communities of the Great Basin. The study would: 1) provide managers with
improved information to restore ecological communities that is relevant across the 100+ million
acres of the sagebrush biome; 2) match the temporal and spatial scales at which managers
operate; 3) reduce management risk and uncertainty of catastrophic wildfire to the greatest
degree possible; and 4) provide managers with information that would allow them to better
understand tradeoffs inherent in the choice of management alternatives. The need for such an
experiment is evidenced by the profound changes in fire regime experienced in the Great Basin
in the past 150 years, coupled with the lack of information available to managers on the
consequences of methods they might use to reduce fire risk or to restore more desirable plant
communities and fire regimes.

The objectives reflect a research program that seeks to determine the conditions under
which sagebrush steppe communities will recover on their own following treatment, versus
conditions that will require expensive active restoration. Specific objectives include:

(1) Identify the abiotic and biotic thresholds that determine sustainability of big sagebrush plant
communities in sagebrush-steppe and sagebrush semi-desert environments, specifically
related to threats posed by cheatgrass and pinyon-juniper invasion.

(2) Assess the ecological effects of fire and fire surrogates on big sagebrush communities at risk
of crossing a threshold of conversion to cheatgrass or pinyon-juniper, beyond which
restoration may be difficult or logistically infeasible.

(3) Document how fuel loads change across vegetation treatments and ecological conditions in
relation to the objectives above.

(4) Portray the ecological, economic, and socio-political trade-offs and treatment effects of no
action, applying only fire and fire surrogate treatments, and restoration treatments in
these sagebrush communities.

(5) Identify and measure environmental benefits affected by conversion to cheatgrass and
pinyon-juniper systems, and identify induced changes in welfare to human populations.

(6) Provide insight and guidance regarding use of our results for effective multi-species and
multi-scale planning as part of ecosystem management of sagebrush communities in the
Great Basin.

Objectives closely match those called for under Task Statement 4 of the 2003-1 JFSP
Announcement for Proposals, which calls for projects that "Evaluate alternative treatments for
restoring ecosystems altered by changing fire regimes, or where alterations have affected fire
regimes".

The project is fully interdisciplinary, with ecological, economic, and socio-political
components. The ecological component (Objectives 1, 2, 3, and part of 6) is designed as two
experiments, each consisting of a regional network of sites in sagebrush steppe ecosystems. The
first experiment is focused on cheatgrass invasion, and consists of a network of sites in three
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ecological provinces -- Snake River, Humboldt, and Bonneville. The second experiment is
focused on woodland invasion, and consists of a network of sites dominated by either Western
Juniper, Pinyon Pine, or Utah Juniper, located in three ecological provinces -- High Desert,
Bonneville, and High Calcareous. Sites within each network have identical experimental
designs, and so we will be able to provide information on thresholds and transition probabilities
over a broad range of conditions across the Great Basin. Each site will be a fully replicated,
stand-alone experiment, and will thus provide rigorous information at the site level, for more
specific use by local managers. This feature also has the advantage that individual sites will not
be dependent on the successful implementation of all other sites, in order for their results to be
applicable at the sub-regional level. For the sagebrush/cheatgrass experiment, we will study
response to four treatments: unmanipulated control, prescribed fire, mechanical, and herbicide
(designed to reduce sagebrush dominance). An additional herbicide treatment to control
cheatgrass will be applied within portions of treated units. For the sagebrush/woodland
experiment, we will study response to control, prescribed fire, and mechanical treatments. For
both experiments, the response to treatment will be evaluated by measuring a comprehensive
array of ecological variables, chosen because of their interest to managers and stakeholders, and
because of their importance for reflecting meaningful ecological change. These include
vegetation, fuels, soils, hydrology, and wildlife disciplines. The experiments are thus fully
interdisciplinary, and information will be used to understand how the entire ecological system
changes in response to fire and fire surrogate treatments. Although this proposal asks for
funding to implement treatments and to measure ecological variables within a 5-year time frame,
we expect to continue measurement (and potentially to re-apply treatments) for many years
thereafter.

The economic component features an environmental valuation study focused on relevant
human populations who may be affected by treatment decisions designed to alter ecosystem
conversion rates on Great Basin lands. The valuation study identifies and measures changes in
environmental benefits flowing from these systems as a result of changes in the risk of
conversion induced by alternative treatment strategies. Benefits include 'use' values such as
recreation, ranching, and reduced risk of property loss due to wildfire, and 'non-use' values such
as preservation of endangered species, cultural heritage, and bequests for future generations. The
spatial scale of the economic component is different from the ecological component, because it is
defined by where and when the induced changes in environmental value impact society. Survey
data will be gathered from human populations that live in the Great Basin, and from the US
population as a whole, and will be analyzed with econometric valuation models that will allow
internal consistency tests of valuation estimates and that can be compared to results developed
elsewhere.

The socio-political component is focused on understanding the social acceptability of
alternative management practices. This emphasis is necessary because each of the restoration
and fuel-reduction treatments evaluated in this project is a potentially controversial practice that
might meet resistance from citizens and/or managers when applied to the public lands that
comprise most of the region. We will assess social and/or political tradeoffs associated with
alternative restoration decisions, including “no action,” as perceived by the general public,
interest group members, and managers themselves. Our intent is to identify factors in the
treatments, or the conditions those treatments produce, that can constrain or facilitate
implementation of practices that biophysical research shows to be promising. While the research
questions focus on practical issues of choosing among potential restoration actions, the socio-
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political component also offers opportunities to explore more basic questions about decision-
making under uncertainty, and the foundations of social acceptability.

The combined ecological, economic, and socio-political approach of this study provides a
practical focus on maintaining sustainable systems under multiple use management guidelines
for public lands, and makes this a fully integrated interdisciplinary research project. Results will
provide the broad context that is necessary to fully assess decisions and potential policy changes
with regard to managing public lands. This approach is especially important in circumstances
where decisions regarding public lands today can reduce the probability of potentially
irreversible losses that would affect human populations for generations.

The study personnel will be organized into an 'executive' and a 'technical' committee.
The executive committee will be composed of the network coordinator and four additional
members of the science team, and will be responsible for project oversight, approval of
distribution of funds, and for reporting to the Joint Fire Science Program. The technical
committee will be composed of site representatives and network-level discipline leaders, and will
be responsible for all technical details of the study, including decisions on protocol and treatment
variances, and development of the site-level study plans. The responsibilities of these two
committees are crucial to the network functioning as a whole, and help ensure continuity of the
network through time, as participants come and go.

A Communications Plan (Appendix 3) has been developed to guide the flow of
information products to clients, principally land managers, policy makers, the general
public, land owners, other land users, and other scientists. The Communications Plan
defines the scope and scale of information to be delivered, and identifies the methods to
be used for product delivery. Outreach methods include conferences, workshops,
lectures, electronic media, tours, the internet, e-mail, word of mouth, and professional
and scientific journals. A key deliverable described in the Communications Plan is a set
of three ‘User’s Guides’, that we will develop from literature syntheses within the first
three years of the study, one each for sagebrush, pinyon, and juniper-dominated
systems. The User’s Guide will contain the latest information on how these systems are
known to respond to available treatments, and will thus allow managers to make more
informed decisions as they consider how to apply treatments under a wide variety of
conditions. Information from the current experiment will then be used to craft second
editions of the User’s Guides toward the end of the study period.

The design of this experiment represents a joint effort between scientists and managers,
and identified the kinds of treatments to be studied, the kinds of variables to be measured, and
the sites that were most relevant to examine. The three management representatives on our
Technical Committee have been critical for keeping this effort focused on management needs.
In addition, a number of state and field-level workshops have been conducted to present the
study plan to managers, and to obtain their input into the design of the project (see Appendix 4C
for lists of managers that we worked with at the State and Field Levels). Finally, the success of
this regional study depends on the continued collaboration of scientists and managers,
particularly as regards treatment implementation (see Letters of Support in Appendix 4A),
focused science delivery, and the development of decision-support tools based on the ecological,
economic, and socio-political components.
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A Regional Experiment to Evaluate Effects of Fire and Fire Surrogate

Treatments in the Sagebrush Biome

This proposal describes a major regional experiment that if implemented, will provide
critical information to managers faced with a sagebrush steppe ecosystem that is increasingly at
risk from wildfire. This proposal describes the nature and scope of the problem and discusses
the tools and information that managers currently have available to manage it. We then present a
research approach that is designed to gather and deliver the kind of information that managers
need to make more rapid progress in restoring sagebrush steppe ecosystems. The experiment
would: 1) provide managers with improved information to restore ecological communities across
the 100+ million acres of the sagebrush biome; 2) match the temporal and spatial scales at which
managers operate; 3) reduce management risk and uncertainty of catastrophic wildfire to the
greatest degree possible; and 4) provide managers with information that would allow them to
better understand tradeoffs inherent in the choice of management alternatives. The need for this
research is evidenced by the undesirable impacts caused by the profound changes in fire regime
experienced in the Great Basin in the past 150 years, coupled with the lack of information
available to managers on the consequences of methods they might use to reduce fire risk and to

restore more desirable plant communities and fire regimes.

Background

The sagebrush (4Artemisia spp.) biome occupies 100 million acres in the West and is the
largest biome in North America (Knick et al. 2003). Home to more than 300 wildlife species, the
biome is the primary forage base for the western livestock industry, is an important recreation
area, and provides precious water in a semi-arid region that has one of the fastest growing human
populations in North America. Public land managers face an increasingly complex task in
dealing with an array of competing interests and multiple uses in the sagebrush biome. As the
region’s population continues to grow and diversify, managers must be able to anticipate the
impacts of current decisions on future states of the lands, while demonstrating accountability to
current and future generations. An integrated approach to public lands management requires that

managers use the best ecological, social and economic information available to evaluate
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proposed management actions (Loomis 1993). With regard to the sagebrush biome, however,
there is a lack of information that is critical to successful integrated land management. The lack
of information contributes to inefficient use of public resources, and possibly to increasing the
rate of irreversible loss in the biome.

Unfortunately, the sagebrush biome is considered to be one of the most endangered in the
United States (Noss et al. 1995). Perhaps a third of the biome has been lost, and as much as half
in the Great Basin region. Expansion of exotic weeds such as cheatgrass (Bromus tectorum) and
the encroachment of native conifers like juniper (Juniperus sp.) are the two factors that have
contributed most to the decline of sagebrush communities in the Intermountain Region (Pellant
1994, Miller and Tausch 2001). This encroachment has significantly altered fire regimes across
the region (Whisenant 1990, Miller et al. 1999, Miller and Tausch 2001). Exotic annual grasses
have become dominant and threaten much of the more arid portions of the sagebrush biome, with
mean fire return intervals shifting from >50 years to <10 years (Figure 1). Conifer invasion of
the more mesic portion of the biome has shifted fire regimes from relatively frequent low to
mixed severity fires (10-50 years mean fire return interval) to more infrequent high severity fires
(>50 years) (Figure 2). The observed shift from shrub steppe to juniper or pinyon woodland has
resulted in nearly a 6-fold increase in fuel loads (7 to 40 tons/ha; Tausch et al. 2004). Under
current climatic conditions both exotic weeds and pinyon and juniper have the potential to
occupy far more area than they do currently (Betancourt, 1987, West and Van Pelt 1986, Miller
et al. 2000, Wisdom et al. 2003b).

The increased fire threat and loss of nearly half of the sagebrush biome in the Great Basin
has resulted in millions of taxpayer dollars spent annually for fire suppression and restoration, an
increased threat to property and life, increased erosion and sedimentation, decreased water
quality, a decline in the forage base for domestic livestock, and decreased habitat for big game
and threatened species of wildlife. The continued expansions of exotic weeds, conifers, and the
urban interface throughout the Intermountain West will greatly increase economic losses due to
wildland fire and the cost of fire suppression.

A conspicuous indication of this problem is the continuing decline in habitats and
populations of Greater sage-grouse (Centrocercus urophasianus) (Connelly and Braun 1997;
Schroeder et al. 1999; Knick et al. 2003). Habitat loss due to detrimental land uses and the

continued expansion of exotic plants and conifers poses threats to the species’ persistence
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(Schroeder et al. 1999; Connelly et al. 2000; Raphael et al. 2001; Hemstrom et al. 2002; Wisdom

Figure 1. Map of risk of cheatgrass invasion in the Great Basin (Wisdom et al. 2003k}, with photos of wildfire in
a stand of cheatgrass and encroachment into Wyarning Big Sage stand.
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et al. 20024, b, Knick et al. 2003). In addition to sage grouse, Wisdom et al. (2000) identified 30
other species of vertebrates in the Interior Columbia Basin that are closely associated with
sagebrush habitats, and that are of concern because of declining or rare habitats or populations.
As a consequence of these declines, a number of petitions have been submitted to place sage
grouse on the endangered species list, and several other sagebrush obligate species will soon be
considered for listing. Listing of endangered species will likely result in a dramatic reduction in
management flexibility and use of the natural resources across the sagebrush biome.

Unless these trends are altered, society will bear accumulating costs associated with
increasing acreage of public lands that have converted to a degraded state. As the proportion of
acreage affected increases, public funds for managing healthy lands will be increasingly diverted
to dealing with problems on degraded lands - unless federal land management budgets are
increased proportionally with these added costs. In an era with fixed budgets and scarce public
funds, this situation could easily lead to an acceleration of the problem.

Our overall goal is to provide critical information on a combination of fire and fire
surrogate treatments that are designed to create more fire resilient landscapes, leading to the
maintenance and restoration of large portions of the sagebrush biome. Our approach will be
multidisciplinary including aspects of plant ecology, wildlife ecology, soils, hydrology,
economics, and sociology. A network of study sites will be established across the Great Basin to
evaluate the ecological consequences of fire and fire surrogate treatments. Populations of
residents who could be affected by the outcomes of the treatments will be surveyed to provide a
socio-economic context within which to interpret ecological outcomes. The research team will
be made up of land managers, and both state and federal scientists. The research will provide
managers with the tools and guidelines for the development of landscapes that respond positively

to fire and allow fire prescriptions to be more easily and safely applied.

Objectives

The goal of this research project is to provide information to managers that will allow
them to better predict the extent to which their treatments will result in sagebrush steppe systems
that are more resilient to wildfire, and to help them evaluate different treatment options using

both ecological and socio-economic criteria. The research design is built around the concept of a

10
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'state-and-transition' model that can be used to predict the types and probabilities of transitions

Fignre 3. Coneeptual model showing plant dynarnics using states and thresholds (dotted
biozes and dashed lines) in a typical sagebiish grassland site. Solid boxes and arvowrs
within states are plarnt corarenardties and pathurays.
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from one state to another (Figure 3). Historically, sagebrush steppe ecosystems within the Great
Basin naturally shift from communities with sagebrush as dominant to those with perennial
bunchgrasses as dominant (see Reference State Box). In drier areas, cheatgrass invasion into the

sagebrush understory has set up the potential for much more frequent fires (Exotic Grass State;
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photo in Figure 1), which can eventually eliminate the sagebrush entirely and lead to a
community dominated by perennial weeds (Perennial Weed State). For the sagebrush/cheatgrass
system, our objectives are focused on the Exotic Grass State, and address the question of how
much representation of perennial bunchgrasses there needs to be in order for managers to recover
the system without having to conduct expensive restoration (i.e. reseeding of native grasses).
Similarly, in more mesic areas, tree encroachment due to years of fire suppression can result in a
tree-dominated system in which sagebrush and the perennial bunchgrass understory is also
eliminated (7ree State; photo in Figure 2). Continued dominance by trees can lead to a highly
eroded state that features a variety of weedy species (Eroded State). For the sagebrush/woodland
system, our objectives are focused on the Tree State, and address the question of how much
representation of the native sagebrush/bunchgrass community there needs to be in order for
managers to recover the system without having the conduct restoration. Thus for both systems,
our research will provide much better information on the probabilities of transition from one
state to another, when a variety of treatments are applied under a wide range of conditions.

This information is critical because managers need to understand where a given system
lies in this model, and in particular the direction in which a given treatment will push the system.
Without information on the probability of system change from one state to another, particularly
with respect to critical thresholds, the manager is left with having to make decisions that could
result in undesirable outcomes. If the primary goal of management is to increase the resilience
of sagebrush steppe systems (especially to wildfire), much better information on transition
probabilities within the model is needed. The objectives listed below reflect a research program
that is aimed at defining critical ecological and socio-economic thresholds, through the

application of alternative treatments over a wide array of conditions:

(1) Identify the abiotic and biotic thresholds that determine sustainability of big sagebrush plant
communities in sagebrush-steppe and sagebrush semi-desert environments, specifically
related to threats posed by cheatgrass and pinyon-juniper invasion.

(2) Assess the ecological effects of fire and fire surrogates on big sagebrush communities at risk
of crossing a threshold of conversion to cheatgrass or pinyon-juniper, beyond which

restoration may be difficult or logistically infeasible.
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(3) Document how fuel loads change across vegetation treatments and ecological conditions in
relation to the objectives above.

(4) Portray the ecological, economic, and socio-political trade-offs and treatment effects of no
action, applying only fire and fire surrogate treatments, and restoration treatments in
these sagebrush communities.

(5) Identify and measure environmental benefits affected by conversion to cheatgrass and
pinyon-juniper systems, and identify induced changes in welfare to human populations.

(6) Provide insight and guidance regarding use of our results for effective multi-species and
multi-scale planning as part of ecosystem management of sagebrush communities in the

Great Basin.

This research is designed to complement related work on assessment and restoration
within the Great Basin. Restoration efforts include the Great Basin Restoration Initiative (USDI
BLM 1999; led by team member Mike Pellant), the IFAFS Project (led by team members Paul
Doescher, Jeanne Chambers, David Pyke, and Eugene Schupp), and local and state-level
conservation strategies for sage-grouse and associated habitats (e.g. Anonymous 1997, Canadian
Sage Grouse Recovery Team 2001). Sagebrush habitat assessments include the SAGEMAP

Project (http://sagemap.wr.usgs.gov; led by team member Steve Knick), ecoregion assessments

(Freilich et al. 2001, Nachlinger et al. 2001; led by The Nature Conservancy), and ongoing local
assessments by BLM and USDA Forest Service. Our research is designed to be used to support
land use plan revisions underway by the BLM and the Forest Service in the Great Basin, and
results will be available for use by these and other federal and state agencies engaged in the

recovery and restoration of sagebrush communities across interior North America.

Research Approach

This section describes research designed to identify critical thresholds between ecological
states that differ in their resilience to wildfire. The research consists of two experiments, each an
integrated network of sites, at which we will apply a standard set of treatments, and measure a
broad array of variables. The 'Cheatgrass' Network will focus on identifying thresholds of

transition between cheatgrass-dominated and native grass dominated understories of Wyoming

13



Great Basin Fire and Fire Surrogate Study — Final Draft Proposal — 16 February 2005

big sagebrush communities. The "Woodland' Network will focus on identifying thresholds of
tree density that determine probabilities of transition between shrub-dominated and tree-
dominated sagebrush communities. Here we discuss the benefits of long-term, regional
experiments relative to retrospective work, describe the benefits of multi-site interdisciplinary
work, provide details of our experimental design, and describe how the experiments will be
managed.

The research design proposed here has four important features that will add rigor and

applicability to the results:

1) The overall project is composed of two regional networks of sites. Each network will consist
of several sites, with each site having an identical experimental design. Thus, we will be
able to provide information on thresholds and transition probabilities over a wide range of
ecological conditions. As a consequence, the research will have broad applicability for
sagebrush steppe systems over much of the Great Basin.

2) Each site will itself be a fully replicated, stand-alone experiment, and will thus provide
rigorous information at the site level, for more specific use by local managers. This feature
also has the advantage that individual sites will not be dependent on the successful
implementation of all other sites, in order for their results to be applicable at the local level.

3) The response to treatment will be evaluated by measuring a comprehensive array of variables,
chosen because of their interest to managers and stakeholders, and because of their
importance for reflecting meaningful ecological change. The experiment is thus fully
interdisciplinary, and information will be used to understand how the entire system changes.
With this information, managers will be able to assess the tradeoffs inherent in their choices
of treatment over a broad spectrum of conditions.

4) The variables measured will be used to calibrate a combined dynamic ecological-economic
model that quantifies the values of environmental and economic trade-offs for the purpose of

evaluating management decision options.
Benefits of Experimental Approach. A long-term experimental study, especially one with the

scope and complexity of the proposed project, is expensive and time-consuming. A logical

question is, “Why not learn what you need to know by examining previously-treated areas?” In
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other words, why not do a retrospective study? We can and should exploit opportunities for
learning from retrospective and anecdotal observations. Such observations can provide first
approximations of needed information, and can help to fine-tune hypotheses and approaches for
experimental studies. In some disciplines (e.g., paleoecology), retrospective research is the only
option. However, for most of the kinds of questions being considered here—especially
ecological effects of fuel management and other restorative treatments— experimental work has
a significant advantage over a retrospective approach.

A retrospective study typically will involve choosing a set of treatment levels, or different
treatments, at some time after treatment, and matching untreated areas to serve as a “control”.
Usually there is little evidence that the controls were in fact similar to the treated areas before
they were treated. Likewise, different treatments may have been applied because of initial
differences in stand conditions, thereby confounding treatment effects. Sometimes different
treatments will have been applied at widely varying times, and this can further confuse apparent
treatment effects. This is particularly true for ecological studies, because typically there are
temporal variations in population dynamics or climate. Legitimate treatment replications are
seldom available, and treatments may be largely undocumented. The lack of randomness in
study design also leads to questionable inferences from parametric statistical analysis.

An experimental approach matches all potential plots before treatment, and assigns
treatments randomly, or with acceptable and defined restrictions on randomization. The
experiment is synchronized across space and time, and so much stronger inferences can be made
about cause-and-effect relationships. An additional advantage of the proposed regional
experiments is that a number of studies will be completed at several localities at the same time,
enabling scientists to make inferences on which responses are common and which are different
over a wide range of environmental conditions. This will allow managers to apply informat