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Abstract: The National Fire and Fire Surrogate (FFS) study is described, from its conceptual stage in early 1996
to the completion of its short-term phase in May 2006. Comprising 12 sites, the FFS study is a comprehen-
sive multidisciplinary experiment designed to evaluate the economics and ecological consequences of alternative
fuel reduction treatments in seasonally dry forests of the United States. The FFS study uses a common
experimental design across the 12-site network, with each site consisting of a fully replicated experiment that
compares four treatments: an unmanipulated control, prescribed fire, mechanical treatments, and mechanical �
fire. We measured operational costs and variables within several components of the ecosystem, including
vegetation, the fuel bed, soils, bark beetles, tree diseases, and wildlife in the same 10-ha experimental units. This
design allowed us to assemble a fairly complete picture of ecosystem response to treatment at the site scale, and
to compare treatment response across sites representing a wide variety of conditions. We offer the FFS study as
a model for conducting a complex multidisciplinary management experiment focused on natural resource issues.
We then discuss why we believe it was successful and how it could be improved. We discuss seven key features
that we believe must be considered to conduct a successful multidisciplinary experiment: funding, design,
partnerships, organization, standardization, data management, and outreach. Although experiments such as the
FFS study are difficult to execute, they may be our best hope for answering some of our more pressing questions
in the field of natural resource management. FOR. SCI. 56(1):4–17.
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FUEL REDUCTION PRACTICES such as prescribed fire
and thinning have been commonly used in season-
ally dry forests of the United States since the 1970s

(Agee and Skinner 2005). Their popularity is directly re-
lated to acceptance of fire as the primary natural disturbance
factor behind stand structure in pine-dominated forests of
southeastern and western North America (Weaver 1943,
Biswell et al. 1973, Van Lear and Waldrop 1989, Arno et al.
1997). In particular, frequent, low-intensity surface fires
tend to reduce the quantity of fuels, break up their continu-
ity, and discourage the establishment of shrubs and fire-
intolerant tree species in seasonally dry forests, leading
eventually to stands dominated by large-diameter pines
(Youngblood et al. 2004a, Brockway et al. 2005). Yet stand
conversion, fire suppression, preferential harvest of large-
diameter pines, and livestock grazing over the past 100–
150 years have changed fuelbed conditions over millions
of hectares in the Southeast and the West (Parsons and
DeBenedetti 1979, Agee 1993, Brockway et al. 2005,
Stephens and Ruth 2005). As a consequence, recent wild-
fires in seasonally dry forests have tended to be larger and
more severe, even in areas that have no history of stand-
replacement fires (Parsons and DeBenedetti 1979, Hessburg
and Agee 2003, Knapp et al. 2005). Given this scenario, it

is easy to see why prescribed fire and thinning are increasingly
used by managers in pine-dominated forests, in an effort to
change the only factor in the fire formula they can: the quantity
and continuity of fuels (Agee and Skinner 2005).

As a fuel reduction practice, prescribed fire has been the
most attractive alternative to wildfire for ecologically
minded forest managers, for the obvious reason that it is
most likely to emulate the natural process that it is designed
to replace (McRae et al. 2001). The problem is that when
forest managers attempt to apply prescribed fire, they are so
constrained by social, economic, and administrative issues,
that the window of opportunity for its application is often
narrowed or eliminated (Winter et al. 2002, Brunson and
Shindler 2004). As a consequence, fuel reduction surrogates
such as forest thinning or other mechanical treatments be-
come much more attractive (Crow and Perera 2004). Cer-
tainly, if managers can use mechanical treatments to reduce
fuels and accomplish the same stand structure goals as those
obtained by prescribed fire, the constraints and risks posed
by the application of fire can be avoided. The only problem
with this idea is that we know very little about how fire
surrogates compare with prescribed fire, particularly the
ecological effects associated with these practices (Weather-
spoon 2000). Furthermore, we have little confidence in how
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the comparison between alternative fuel reduction methods
might play out when repeated in different forests having dif-
ferent conditions (Waldrop and McIver 2006). These consid-
erations were the primary motivators behind the genesis and
development of the National Fire and Fire Surrogate (FFS)
study.

Composed of 12 sites nationwide and designed to eval-
uate how alternative fuel reduction treatments affect a mul-
titude of ecological effects, the FFS study is the most
comprehensive experiment ever attempted in a dry forest
setting (Figure 1). In this article, we describe the FFS study,
document its history, highlight its successes and failures,
and discuss how lessons learned from the FFS study expe-
rience could lead to improved large-scale studies in the
future. Our hope is that despite the challenges posed by such
an undertaking, other investigators will take up the mantle
of conceiving and directing large, integrated experiments,
for we believe the information they provide has the greatest
potential for elucidating some of the most vexing natural
resource management issues we face.

Study Design

The FFS study was implemented in seasonally dry for-
ests administered by the US Forest Service, National Park
Service, state parks, universities, and private industry at 12
sites across the United States, seven in western forests, and
five in the East (Figure 1). An additional site in the West,
called Southern Rocky Mountains, was dropped from the
network because of the loss of several experiment units in
wildfires in 2002 and 2003, Each of the western sites is
dominated by conifer species, principally ponderosa pine
(Pinus ponderosa Douglas) and Douglas-fir (Pseudotsuga
menziesii [Mirb.]). Sites vary considerably in productivity,
reflected by a range in annual precipitation from less than
50 cm at Southwestern Plateau in northern Arizona, to more
than 160 cm at the Central and Southern Sierra sites in
California. Although the Southern Sierra site has never been
logged, the other six western sites have stand structures that
reflect a history of logging, from the early part of the 20th
century through the 1980s (Table 1). In most of these
forests, the largest trees were removed earlier in the 20th

Figure 1. Name and location of the 12 national fire and fire surrogate (FFS) study sites, showing relevant national forests (black
shaded areas), forest type, fire return interval (FRI, mean and range in years), and elevation range (m). For sites located on state
or private lands, relevant national forests are given in parentheses, just below actual location. Lighter shading indicates “repre-
sentative land base,” or the area to which FFS results can be most directly applied for each site. Representative land bases are
derived from Level III Ecoregions (US Environmental Protection Agency 2007).
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century, whereas in more recent years, prescriptions in-
cluded both overstory removal and thinning from below. Of
the five eastern sites, the two in the Appalachian region are
hardwood-dominated, featuring forests composed of a va-
riety of oaks, maples, and hickories (Figure 1). The Gulf
Coastal site is dominated by longleaf pine, a conifer species
with a fire-dependent ecology. The Southeast Piedmont site
features a forest that has grown back over abandoned cotton
fields of the 19th century and is dominated by loblolly and
shortleaf pines, with hardwoods in the understory and in the

swales. Finally, the Florida Coastal Plain site is a savannah
with a sparse overstory of slash and longleaf pines and an
understory dominated by saw palmetto. The management
history of the eastern sites varies considerably, but stand
structures generally reflect considerable clearing and burn-
ing over the past 200 years (McCarthy 1995).

Treatments were applied between 1998 and 2004 at all
12 sites. Eleven sites received four treatments: untreated
control, prescribed burning only, mechanical treatment
only, and mechanical � prescribed burn. At the Southern

Table 1. Past management history and treatment information for 12 fully implemented National Fire and Fire Surrogate study
sites

Site name and location Past management history Treatment: type and year

Northeastern Cascades, Okanogan-
Wenatchee National Forest,
central WA (Dodson et al.
2008)

Logging in the 1930s and precommercial
thin in 1970s; fire exclusion since
early 1900s; heavy grazing in early
20th century

Mechanical (2001): fell, limb and buck with
chainsaws; yard with helicopter; residue on site
Burn (2004, 2006): spring underburn using
combination of backing and strip head fires

Blue Mountains, Wallowa-
Whitman National Forest,
northeastern OR (Youngblood
et al. 2006)

Harvesting in early 20th century and as
recently as 1986; fire exclusion since
early 1900s; grazing; most trees 60–90
yr old

Mechanical (1998): fell, limb and buck with
tracked single-grip harvesters; yard with wheeled
forwarders; residue left on site
Burn (2000): fall underburn, strip head fire

Northern Rocky Mountains, Univ.
Montana, Lubrecht
Experimental Forest, western
MT (Metlen and Fiedler 2006)

Logging in early 20th century and fire
suppression resulting in 80–90 yr old
stand; grazing over last 100 yr

Mechanical (2002): fell, limb and buck with
tracked single-grip harvesters; yard with wheeled
forwarders; residue left on site
Burn (2002): spring underburn, strip head fire

Southern Cascades, Klamath
National Forest, northeastern
CA (Ritchie 2005)

Railroad logging in 1920s–various
sanitation and salvage logging since

Mechanical (2001): fell with feller-buncher; yard
whole trees with rubber-tired or tracked skidders
Burn (2001): fall underburn, strip head-fire

Central Sierra Nevada, Univ.
California, Blodgett Forest Exp.
Stn., central CA (Stephens and
Moghaddas 2005a)

Railroad logging in early 20th century;
sanitation and salvage logging mid-
1970s; commercial harvest using
various methods to present

Mechanical (2002): fell, limb and buck trees �25
cm dbh with chainsaws; lop and scatter tops and
limbs; yard with skidders; postharvest masticate
70% of trees �25 cm dbh
Burn (2002): fall under burn using a
combination of backing and strip head fires

Southern Sierra Nevada, Sequoia
National Park, southcentral CA
(Knapp et al. 2005)

Fire suppression since early 20th century Mechanical: none
Burn (2002, 2003): fall and spring underburn,
using strip head-fires

Southwestern Plateau, Kaibab and
Coconino National Forests,
northern AZ (Converse et al.
2006)

Past harvesting; intensive grazing early
20th century; limited low thinning in
early 1990s

Mechanical (2003): Fell, limb, and buck trees �13
cm dbh with chainsaws; fell, lop, and scatter
trees �13 cm dbh to waste with chainsaws
Burn (2003): fall underburns conducted as both
backing and strip head fires

Central Appalachian Plateau,
Mead Corporation, Ohio State
Lands, southern OH (Waldrop
et al. 2008)

Forests were largely cut over during the
1800s; human ignited fires common
before early 1880s; fire suppression
since early 1900s

Mechanical (2001): fell, limb, buck trees �15 cm
dbh with chainsaws
Burn (2001): Spring underburns conducted as
strip head fires

Southern Appalachian Mountains,
Green River Game Refuge,
western NC (Waldrop et al.
2008)

Forests were largely cut over during the
1800s; human ignited fires common
before early 1880s; fire suppression
since early 1900s

Mechanical (late 2001-early 2002): chainsaw
felling all tree stems �1.8 m height and �10.2
cm dbh as well as all shrubs, regardless of size
Burn (2003, 2006): winter ground fires were
ignited by hand and by helicopter using the strip
head fire and spot fire techniques

Southeastern Piedmont, Univ.
Clemson Exp. Forest, western
SC (Phillips and Waldrop 2008)

Row-cropping prevalent 1800–1930;
reforestation 1930–1950, now second-
growth loblolly and shortleaf pines and
mixed pine-hardwood stands

Mechanical (late 2000-early 2001): fell with feller-
buncher, yard whole trees with rubber-tire
skidders, slash distributed across the site
Burn (burn only 2001 and 2004, mechanical �
burn 2002 and 2005): winter ground fires ignited
by hand using the strip head fire technique

Gulf Coastal Plain, Auburn Univ.
Solon Dixon Exp. Forest,
southern AL (Outcalt 2005)

Naturally regenerated longleaf pine;
managed for timber and naval stores
by private family 1880s to 1981;
sporadic burning

Mechanical (2002): fell with feller-buncher;
chainsaw limb, yard whole trees with rubber-tire
skidder
Burn (2002): spring underburn, strip head fire

Florida Coastal Plain, Myakka
River State Park, west-central
FL (Outcalt and Foltz 2004)

Sparse slash and longleaf pine overstory
with saw palmetto understory;
periodic, frequent prescribed burning
for last 15 yrs

Mechanical (2002): chop with Marden aerator
pulled by four-wheel drive rubber tired tractor
Burn (2000, 2001): spring underburn, strip
head fire
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Sierra site (on National Park Service land, where no me-
chanical treatments are allowed), the two active treatments
were early and late season burns (Table 1). At all sites, each
treatment was replicated at the stand level three or four
times. These replicates are referred to as “experimental
units” and most of the statistical analyses were conducted at
the level of these units. Each unit was at least 10 ha in size
and was surrounded by a buffer of at least 50 m that
received a similar treatment. All pre- and posttreatment
measurements were referenced to a set of points established
on a 40–60 m grid in the interior of each unit.

The exact prescriptions behind underburning and cutting
were unique to each site (Table 1), but the common objec-
tive for all prescriptions was to achieve stand and fuel
conditions such that, if subjected to a head fire under the
80th percentile weather conditions, at least 80% of the basal
area of the dominant and codominant trees would survive
(80/80 rule). Obviously, because the alternative fuel reduc-
tion treatments would be expected to influence stands and
fuel beds in fundamentally different ways, we did not expect
posttreatment stands to look the same for all treatments.
Rather, the 80/80 rule was designed as a guide that forest
managers could use to envision the kind of treatment effect
we wanted. It should also be noted that for a study of this
kind, we could expect that sites would differ in the extent to
which local managers would “push the envelope” with
respect to the burn treatment in particular and so the 80/80
rule also tended to dampen among-site variation of this
kind. For mechanical treatments, each site used a biomass
and/or sawlog removal system that was locally applicable to
that site. At all sites, burning was conducted in the fall or
spring on the basis of common local practices (or both
seasons at the Southern Sierra Nevada site). The combina-
tion treatment (mechanical � burn) required waiting a full
season for fuels to cure before burning at the western sites
(Central Sierra Nevada, Southern Cascades, Blue Moun-
tains, Northern Rocky Mountains, Northeastern Cascades,
and Southwestern Plateau). Note that although the method
of application of prescribed fire was fairly uniform through-
out the 12 sites, the mechanical treatments were more vari-

able. In particular, at the Central Sierra site trees smaller
than 25 cm dbh were masticated to further break down the
fuel bed, at the Florida Coastal Plain site the saw palmetto
understory was masticated, leaving the sparse overstory
untouched, and at the Southern Appalachian Mountains site
chains were used to fell all tree stems �1.8 m height and
�10.2 cm dbh as well as all shrubs, regardless of size. All
other sites implemented the mechanical treatment with the
use of machines to thin trees in the overstory. At most sites,
the prescriptions met the 80/80 short-term objective for fuel
and fire risk reduction for the combination mechanical �
burn treatment, with tree density, basal area, and fuel mass
decreasing as expected (Table 2). Not surprisingly, the
burn-only treatment had little immediate effect on tree den-
sity, but increased the number of snags while at the same
time lowering total fuel load. The mechanical treatment was
clearly effective in reducing density of both live trees and
snags but had variable effects on the fuel bed (Schwilk et al.
2009). These trends were confirmed for the seven western
sites by a fire performance analysis, which predicted that
most active treatments (especially the combination mechan-
ical & burn treatment) would significantly reduce fire se-
verity compared with that for untreated controls (Stephens
et al. 2009).

The core experimental design for the FFS study includes
common treatments, similar treatment replication and plot
sizes, and also common response variables (Table 3). Vari-
ables can be grouped into seven disciplines: (1) vegetation,
including trees, shrubs, forbs, and grasses; (2) the relevant
fuel bed, comprising the forest floor, woody fuels, and live
fuels (particularly for the eastern sites); (3) soils and the
forest floor, with a focus on carbon, nitrogen, exchangeable
ions, and bulk density; (4) wildlife, with a focus on small
mammals, perching birds, and cavity-nesting birds; (5) en-
tomology, particularly bark beetle impacts on pine-domi-
nated sites; (6) pathology, particularly root diseases and
mistletoe; and (7) operational economics, with a focus on
the implementation cost of the treatments. Most variables
were measured the year before treatment and for as many

Table 2. Immediate effect of treatment implementation on live tree density, basal area, snag density, and total fuel mass for the
12 National Fire and Fire Surrogate sites, for burn, mechanical, and mechanical � burn treatments

Site

Live tree density Basal area Snag density Total fuel mass

B M MB B M MB B M MB B M MB

Northeastern Cascades 0 2 2 0 2 2 0 0 0 2 1 0
Blue Mountains 0 2 2 0 2 2 1 0 0 2 0 2
Northern Rocky Mountains 0 2 2 0 2 2 1 0 1 2 1 2
Southern Cascades* 0 2 2 0 2 2 1 2 2 2 0 2
Central Sierra Nevada 0 2 2 0 2 2 1 2 2 2 0 2
Southern Sierra Nevada 2 NA NA 2 NA NA 1 NA NA 2 NA NA
Southwestern Plateau 0 2 2 0 2 2 1 2 0 2 0 2
Central Appalachian Plateau 0 2 2 0 2 2 0 2 2 0 1 0
Southern Appalachian Mountains 0 0 2 0 0 0 1 0 1 2 0 0
Southeast Piedmont 0 2 2 0 0 2 1 0 1 2 0 0
Gulf Coastal Plain 0 2 2 0 2 2 1 2 1 0 0 2
Florida Coastal Plain 0 0 0 0 0 1 1 0 0 0 0 0

B, burn; M, mechanical; M � B, and mechanical � burn; 1, increase; 2, decrease; 0, no trend change for indicated variable, with trend indicated by
nonoverlapping standard errors; NA, not applicable because mechanical treatment not applied at this site.
* Southern Cascades site has no pretreatment data, so effect trend is estimated with the use of the control units.
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years as possible after treatment. A wide variety of sta-
tistical methods were used to analyze data from the
experiment, including general linear models for univariate
analyses, ordination, classification, and structural equation
modeling for multivariate questions, and meta-analyses and
information theoretic methods for multisite comparisons.
Results have been disseminated to multiple audiences
through a wide variety of media, including a website
(FRAMES 2009), tours, workshops, conferences, and over
200 scientific and technical publications (Youngblood et al.
2007). Multisite analyses of short-term responses have now
been published for most disciplines, including vegetation
and fuel mass (Schwilk et al. 2009), potential fire perfor-
mance (Stephens et al. 2009), soils (Boerner et al. 2008,
2009), wildlife (Converse et al. 2006), and economics (Hart-
sough et al. 2008).

Chronology

The idea for an experiment that would directly compare
the ecological effects of alternative fuel reduction methods
was proposed almost simultaneously by two different teams
of scientists. At the Pacific Southwest Research Station’s
Silviculture Laboratory in Redding, California (US Forest
Service), Phil Weatherspoon and Carl Skinner began to
envision a comparative experiment in early 1996 after hav-
ing retrospectively evaluated the effects of both prescribed
fire and its mechanical surrogates (Weatherspoon and Skin-
ner 1995) and having proposed, in cooperation with a num-
ber of other scientists and land managers, California-based
FFS-type studies. In February 1996, James McIver and
Andrew Youngblood, of the Pacific Northwest Research
Station’s La Grande Laboratory (US Forest Service), sub-
mitted a proposal to the US Department of Agriculture
National Research Initiative entitled, “Alternative Fuel Re-
duction Methods in Blue Mountain Dry Forests,” which was

subsequently funded in September 1996. That proposal de-
scribed methods similar to those eventually adopted by the
FFS study steering committee, allowing the Blue Mountains
to be included as one of 11 initial FFS study sites. The idea
for a national FFS study germinated at a national Fuels
Research Proposal Workshop held in November 1997. The
fire scientists and fire managers attending this workshop
were asked to identify high-priority fire research needs that
would provide input to the interagency committee drafting
the congressionally mandated Fire Sciences Plan. This plan
would guide the initial decisionmaking of the new Joint Fire
Science Program (JFSP) (Department of the Interior and the
US Forest Service; established in early 1998) in allocating
significant new federal funding to address the most pressing
fire science and management issues of the day. At this
workshop Weatherspoon proposed a multiple-site FFS-type
project to be implemented in California or, if interest and
support warranted, in several locations across the western
United States. A number of attendees considered this pro-
posed project to have substantial merit, and several sug-
gested that it be expanded to a national scale. At the con-
clusion of the workshop, a group of attendees interested in
the FFS-type proposal met to discuss next steps. Signifi-
cantly, the group included Susan Conard, chairperson of the
interagency drafting committee and soon thereafter chair-
person of the JFSP Governing Board, who strongly sup-
ported the vision of a national FFS-type study. Based in part
on this group’s discussion, Weatherspoon and Skinner or-
ganized an initial FFS study meeting in January 1998 to
begin the process of defining and designing this national
study.

It is certainly fortuitous that the JFSP emerged at the
same time that several scientists were envisioning an FFS-
type project, because no other granting agency could have
supported such an ambitious national project. In September

Table 3. List of disciplines and primary variable groups for the FFS study, including measurement scale, measurement intervals,
and sites at which variable groups were measured

Discipline Variable group
Measurement

scale
Measurement

intervals Sites

Site characterization Slope, aspect, global position,
topographic position, elevation

Unit Pretreatment All

Weather Precipitation, temperature Control core plots Throughout study All
Vegetation Trees, shrubs, grasses, forbs, density,

cover, richness
Plot within unit Pretreatment, several

posttreatment
All

Fuels Litter, duff, shrub biomass, woody fuel Transects on grid
within unit

Pretreatment, several
posttreatment

All

Soils Characterization (depth, texture, type) Unit Pretreatment All
Carbon and nitrogen dynamics in litter,

duff, vegetation, and soil; cation
exchange soil bulk density

Plots within unit Pretreatment, several
posttreatment

All

Wildlife Songbird density, richness, nest density Unit Pretreatment, several
posttreatment

All

Small mammal density, richness Unit Pretreatment, several
posttreatment

Western sites and
Appalachian
Mountain site

Bark beetles Activity in pine trees Unit Pretreatment, several
posttreatment

Pine sites

Pathology Root disease, mistletoe Unit Pretreatment, several
posttreatment

All

Economics Operational costs Unit Posttreatment Western and Southeast
Piedmont sites
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1998, Weatherspoon and the FFS study steering committee
received a “planning grant” from the JFSP to design a
national multisite, multidisciplinary FFS study that would
evaluate the economics and ecological consequences of
prescribed fire and its mechanical surrogates in seasonally
dry forests of the United States. Shortly thereafter, McIver
and Youngblood presented the design of their previously
funded experiment at the Blue Mountains site in northeast-
ern Oregon, and sufficient portions of the design were
adopted by the National FFS study steering committee so
that Blue Mountains could become one of the initial FFS
study sites. The FFS study design was completed in De-
cember 1999, and in February 2000, the JFSP decided to
fund the national experiment.

Pretreatment data collection began in May 1998 for the
Blue Mountains site. Data collection began in April 2000
for eight additional sites, three in the East and five in the
West. The two remaining eastern sites (Southern Appala-
chian Mountains and Gulf Coastal Plain) were funded by
the National Fire Plan and began pretreatment data collec-
tion in 2001 using the same protocols as sites funded by the
JFSP. In the West, the Central Sierra Nevada site also began
data collection in 2001. Treatment implementation began in
1998 (Blue Mountains site), and the first round was com-
pleted with the prescribed burns at the Northeastern Cas-
cades site in 2004 and 2006. By the end of the JFSP-funded
period (Apr. 30, 2006), most of the eastern sites had applied
a second or third prescribed fire (Table 4). The first round
of posttreatment data collection (after all treatments were
implemented) began in 2001 and continued through 2004.
Additional years of posttreatment data were also collected at
most sites, continuing through the summer of 2006. Site-
level analysis began within a few months after the first

round of treatments had been implemented (by early 2002),
and the earliest articles with short-term results were pub-
lished beginning in late 2002 (Table 4). By the end of the
JFSP-funded period, 100 data papers had been published,
including 24 theses and dissertations, 32 proceedings or
general technical reports, and 44 peer-reviewed journal ar-
ticles. By the end of 2009, this number had increased to 165
data papers, including just over 110 peer-reviewed journal
articles. Whereas the analysis phase of the initial study is
largely finished, outreach continues, as scientists are still
conducting field tours and presenting papers on short-term
results at conferences and workshops.

Key Features

Large multidisciplinary studies have been relatively rare
in natural resource science, largely because a number of key
features must fall together for studies such as this one to be
successful. The FFS study was not in the strict sense “in-
terdisciplinary,” because the primary questions that the
study asked did not cast the study into a full ecological,
social, and economic framework (Klein 1990). Nonetheless,
many of the issues in developing and maintaining the health
of the project were similar to those encountered in true
interdisciplinary work (Johnson and Herring 1999). For
example, the need for close working relationships between
FFS study scientists and their management partners and
among the scientists themselves sometimes required partic-
ipants to give up a certain level of independence to achieve
goals established by the team. An early study on interdis-
ciplinary research suggested that scientists had to have
“humility with open-mindedness and curiosity, a willing-
ness to engage in dialogue, and, hence, the capacity for

Table 4. Chronology of key events in the development of the Fire and Fire Surrogate, 1996 though 2009

Date Event

February 1996 Weatherspoon and Skinner call for FFS study in Sierra Nevada
February 1996 McIver and Youngblood propose FFS study to US Department of Agriculture-National

Research Institute (Blue Mountains site)
November 1997 Weatherspoon talks with Conard and others about potential for national FFS
January 1998 Joint Fire Science Program begins
January 1998 Initial FFS meeting to begin defining and designing the national study
September 1998 JFSP funds planning grant to design FFS
Summer 1998 Pretreatment data collection begins; mechanical treatment applied—Blue Mountains site
September 1998–December 1999 Steering committee designs and writes national FFS experiment
December 1999 First proceedings paper published
January 2000 Steering committee submits FFS proposal to JFSP
February 2000 JFSP decides to fund FFS
April 2000 Pretreatment data collection begins for most sites
May 1, 2000 Financial agreements between JFSP and FFS research institutions signed
October 2000 Database manager hired; database development begins
Late fall 2000 Treatment implementation phase begins for all other sites
Spring, summer 2001 First round of posttreatment data collection begins for most sites
May 2002 First master’s thesis published
Spring 2004 First round of treatment implementation for all 12 sites completed
October 2004 First journal paper published
June 2005 First Ph.D. dissertation published
May 1, 2006 Initial funding ends; final report to JFSP
November 2006 First symposium presented, International Fire Congress; San Diego, CA
May 2008 First “Special Issue” published, Forest Ecology and Management (11 papers)
March 2008 Second “Special Issue” published, Ecological Applications (4 papers)
December 2009 Second symposium presented, International Fire Congress, Savannah, GA
February 2010 Third “Special Issue” published, Forest Science (11 papers)
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assimilation and synthesis”(Organization for Economic Co-
operation and Development 1972, quoted in Shindler and
O’Toole 2002). Indeed, individuals can make or break a
project (Clark et al. 1999), and for the FFS study it was
essential that the scientists recognize the importance of the
overall network, rather than just their own disciplinary part
and be able to debate and learn from other members of the
team, who may have had entirely different types of profes-
sional experiences (Janssen and Goldsworthy 1996, Web-
ster 2000). In addition, leadership was critical as well,
particularly to achieve a balance between top-down control
and the expression of creativity from individual team mem-
bers (Johnson and Herring 1999).

In this section, we present the key features of the FFS
study, those that we believe are most related to project
success. For some of these features, we provide our insight
on the limitations of the FFS study and provide recommen-
dations on how we would better design similar studies in the
future (Table 5).

Funding

No research project of this scale could be accomplished
without significant financial support (Pickett et al. 1999).
The support must be substantial, timely, reliable, and flex-
ible for project scientists to gain the confidence necessary to
establish relationships with land managers and to hire field
team leaders, data managers and analysts, and other key
personnel. The FFS study was blessed by an unprecedented
amount of hard financial support from the JFSP (May
2000), which allowed the science team to proceed from the
outset with a high level of confidence in project success. As
it turned out, support from the JFSP covered 92% of the
total hard funding (not including contributed salaries of
permanent faculty and federal scientists) garnered through-

out the study period. Additional support had been garnered
through a 1996 grant from US Department of Agriculture
National Research Initiative that funded the establishment
and initial measurement at the Blue Mountains site and two
grants in early 2001 from the National Fire Plan, procured
to provide initial funding for the Southern Appalachian
Mountains and Gulf Coastal Plains sites (Figure 1; Table 1).
In general, hard funds from all sources were delivered in a
timely and reliable fashion, allowing us to maintain key
personnel through the life of the project. Funds were also
flexible enough to allow adjustments in spending that had to
be made as plans changed during the course of the study. In
addition to the hard funding needed to pay for personnel,
travel, vehicles, etc., the FFS study also received a compa-
rable amount of contributed support from universities
(waiver of overhead and permanent faculty support), federal
research institutions (permanent employee support), and
management units (treatment implementation costs). A sub-
stantial commitment was provided by land management
organizations that paid for all of the planning and imple-
mentation of treatments. Without these funding commit-
ments, the FFS study could not have been undertaken.

Design

Obviously, the analytic power of the FFS study to make
inferences on the economics and ecological effects of alter-
native fuel reduction methods was related to the number of
sites involved and to the number of replicates of treatments
applied at each site. Although the number of sites in the
study was somewhat fixed by funding constraints and by the
recruitment of qualified individuals to manage the sites,
replication at the site level was not. Had the study been
focused on just vegetation, fuels, and soils, we could have
had much smaller experimental units (�2 ha) and could

Table 5. Key features behind completion of a successful multisite, multivariate experiment

Component Key Features

Funding Substantial, timely, reliable, flexible
Both hard funding and contributed support necessary

Design Disciplines within interdisciplinary studies have different preferred measurement scales; thus experimental
unit size must be a compromise

Partnerships Between scientists and managers, to effect treatment implementation and efficient dissemination of project
results

Among scientists working in different disciplines, to properly design and integrate measurement protocols
and to thoroughly analyze and interpret data

Organization Cohesive at both the site and network level
Needed for both oversight and technical functions
Balanced between site-level versus multisite disciplinary needs
Leadership appropriate for managing scientists who typically work independently

Standardization From the bottom up, from the smallest to the largest detail
Best to standardize protocols and treatment implementation early on in the study period
Training of field personnel essential to fully standardize measurement protocols—a step-by-step field guide

is recommended
Data management Formed before any data are collected

Organized to accommodate any conceivable user query
Corporate, organized such that the network database is the ultimate arbiter of data issues
Software format that is accessible, can be easily queried, and is easy to use

Outreach Guided by a “communications plan” that specifically lays out the audiences, content, and media to be used
Adaptable to respond to changes in the outreach field as the project progresses
Comprehensive—must include management partners from the outset
Emphasizes face-to-face interactions, field trips, and tours and other “hands-on” approaches
Rests on a background of scientific information, published in peer-reviewed journals
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therefore have managed a far greater number of replicates
per treatment. Statistically, this would have been a much
more powerful experimental design (Sokal and Rohlf 1995).
However, the questions we wanted to ask also involved the
disciplines of entomology, pathology, wildlife biology, and
economics, which forced us to increase experimental unit
size to at least 10 ha. The result of this decision was to
constrain replication at the site level to three or four repli-
cates per treatment, leading to a less powerful experimental
design. Thus, although we gained more detailed understand-
ing of the effect size and its variability within individual
experimental units (10-ha stands), we gave up statistical
power for site-level and network-level analyses. Scale is-
sues are common when one is conducting interdisciplinary
work (Lessard et al. 1999), and scientists often have to
adjust their methodologies to accommodate those scientists
operating in other disciplines, who require different scales
for measurement. In any case, the fact that we were able to
measure variables of all disciplines within the same exper-
imental units meant that we could assemble a fairly com-
plete picture of ecological responses to treatments at that
scale and examine not only individual variables but also
their interaction. The level of multidisciplinarity achieved
with the FFS study was sufficient for us to produce several
analyses that spanned a wide range of ecological and eco-
nomic disciplines (e.g., Schwilk et al. 2006—entomology,
vegetation, fuels, and fire behavior; Gundale et al. 2006—
soils, vegetation, and fuels; Hartsough et al. 2008—eco-
nomics, vegetation, and fuels; Youngblood et al. 2009
—soils, fuels, fire behavior, vegetation, and entomology).

Partnerships

Any scientist interested in conducting an experimental
field study on natural resources will need to form close
working relationships with land managers. There are at least
two principal reasons for this: the need to implement treat-
ments and the need to establish relationships with the people
who will probably be the primary recipients of the scientific
information. For the FFS study, both of these reasons were
paramount. The three active treatments (prescribed fire,
mechanical, and the combination) are notoriously difficult
to implement as planned and thus require a high level of
expertise from the management side. Expertise must come
from both the silviculture and the fire communities, and
both of these camps must work well together. By almost any
measure, treatment implementation across the FFS study
network was remarkably successful and represents a major
factor for judging the project as an overall success. The
partnerships formed by the site managers were clearly ef-
fective at not only achieving the 80/80 rule for treatment
objective for most sites but also implementing the treat-
ments themselves generally on time, thus allowing an un-
broken string of measurements to take place, both before
and after treatment. These same partnerships also estab-
lished a core group of managers who themselves became
purveyors of information to their own colleagues. Although
it is hard to measure, more than likely one of the most
important attributes of a study of this kind is the value of the

outreach that occurs simply from the initial formation of
scientist-manager partnerships.

The FFS study was designed to facilitate multisite and
multivariate analyses, both of which would greatly expand
our knowledge on the ecological effects of alternative fuel
reduction treatments. The multivariate analyses in particular
demanded that scientists with expertise in very different
disciplines (e.g., vegetation, fuels, soils, entomology, and
wildlife) work together to measure variables in such a way
that the data facilitated analyses. Scientists also had to form
partnerships with each other to analyze and interpret mul-
tivariate data. Certainly, one of the benefits of the FFS was
the learning that occurred across disciplines, when scientists
were forced to work together to solve protocol and analysis
issues.

Organization

Given the substantial benefits of a national FFS study
network, it was essential that its integrity be maintained
over time and not give way to a collection of separate,
uncoordinated studies at the site level. The project was
managed with a three-tiered organization, composed of a
technical committee, an oversight committee, and a network
manager.

The technical committee was led by the network man-
ager and was also composed of a representative of each site
(site managers) and a representative of each scientific dis-
cipline (discipline leaders). The initial task of the technical
committee was to write a network-level FFS Study Plan,
containing sufficient detail to guide the implementation of
site-level treatments and to prescribe measurement proto-
cols for each variable. The technical committee was then
responsible for soliciting from the site managers compre-
hensive study plans that guided study implementation at the
site level. Each study plan included detailed treatment pre-
scriptions for that site, and specific details on implementing
the sampling protocols for the common response variables.
The technical committee then reviewed the study plans and
worked with site managers as needed to bring the study
plans into conformance with the FFS Study Plan. Over the
course of the funding period the technical committee was
also responsible for ensuring that (1) site-level studies were
progressing according to FFS Study Plan, (2) data collection
protocols and analysis remained consistent, (3) data were
properly archived and managed, and (4) integration among
disciplines occurred at the site and the network level. Site
managers were required to have any proposed protocol
variation approved by the technical committee.

The oversight committee, also led by the network man-
ager, was responsible for approving release of funds by the
funding agency (JFSP) for each of the 5 funding years.
Approval of funding for both site-level work and network
disciplinary work was contingent on appropriate progress
having been made, in accordance with the FFS Study Plan.
The oversight committee also served an outreach role for
communicating the importance, uniqueness, and substantive
outcomes of the FFS project to members of government,
industry, nongovernmental organizations, and the general
public.
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The network manager directed the day-to-day activities
of the technical committee, led the oversight committee,
ensured that the tenets of the FFS Study Plan were followed,
served as the primary liaison with the granting agency, and
was the principal advocate for integration of the activities of
all the science team members. The network manager also
took a primary role in overall project outreach, by super-
vising the construction of the website and by playing a lead
role in designing network-level workshops, symposia, and
special journal issues of FFS study scientific papers. The
network manager supervised the database manager to en-
sure that the database met the needs of the science team
members. The network manager planned and carried out
meetings of the technical committee, held at annual inter-
vals at a succession of sites. Finally, it was clearly important
for the network manager to allow for the expression of
creativity among scientists who typically operate indepen-
dently, while at the same time ensuring that activities did
not compromise the integrity of the project.

The technical committee members were not recruited
from the entire pool of qualified individuals. Rather, the
relationships within the scientific and management commu-
nities that had been formed over decades of time by the
early project leaders formed the pool from which members
were recruited. There were undoubtedly a number of
thoughtful and qualified individuals who were not recruited,
but who nonetheless could have made the project stronger.
This has been identified as a problem in other integrated
studies (Shindler and O’Toole 2002). In any case, our
approach toward organization put the power of decision-
making and project direction into the technical committee.
For the FFS, this design would have worked better if the two
teams within the technical committee (site managers and
discipline leaders) had been given equal power. In practice,
because it was such a challenge early on for the site man-
agers to form and maintain manager partnerships to ensure
that variables were measured on time and to guide treatment
implementation at the site level, decisions tended to be
made that had the effect of allowing protocol variations to
increase among sites. For example, in some cases the man-
ner in which treatments were assigned to experimental units
or the manner in which they were implemented had to be
modified to counter site-level concerns about fire safety. In
other cases, ecosystem types were so different across the
network that details of measurement protocols (e.g., down
woody fuel or tree density) had to be adjusted to conform to
local conditions and to avoid overspending our allocated
budgets. Each of these decisions, even if minor, resulted in
a network of sites in which each site was effectively a
slightly unique experiment, because of its special mix of
site, stand, and treatment characteristics. Although this fact
made multisite analyses more challenging, these 12 sites
were still remarkably uniform in basic design and were thus
far more comparable than anything one can find in the
relevant scientific literature. In general, when a study in
which sites are so ecologically different is conducted, it will
always be a challenge to find a balance between site-spe-
cific needs and network-level conformity.

Standardization

One of the most important lessons we learned from a
network perspective was the importance of bottom-up stan-
dardization. To a certain extent, the technical committee
understood the importance of standardization and wrote
standard protocols for all variables into the original FFS
study proposal (printed April 2000). As it turned out, how-
ever, the level of detail in the original proposal was insuf-
ficient to guide detailed implementation of protocols at the
site level, and the slight variances in protocols among sites
were clearly evident as early as September 2001, when the
study plans for all sites were compiled. The result of even
slight among-site variances in protocol for any given vari-
able is obvious: when among-site analyses are conducted,
one has to make assumptions that slight methodological
differences did not contribute to among-site variability. In
some cases, lack of confidence in making these assumptions
led to the use of less powerful analyses for among-site
comparisons (e.g., meta-analysis). The only way to have
avoided this pitfall was to have taken great care to stan-
dardize all protocols at the most detailed level and then to
conduct training for all data collectors before pretreatment
data collection began—a step-by-step field guide would be
most useful for this task. A study plan that would have been
useful to guide protocol implementation could then have
been written before data collection, rather than compiled
after the fact. Of course, by the time the FFS study was
funded (February 2000), we had little time to spend on
standardization before the first scheduled pretreatment field
season began (April 2000). Our decision to commence the
first field season before detailed standardization began
meant that while site-level analyses would still be as pow-
erful as planned, among-site network level analyses would
always be subjected to the application of methodological
assumptions.

Data Management

Certainly one of the biggest challenges we encountered
was the construction of a reliable, efficient, and easy-to-use
national database. In fact, our original goal of producing
such a database built from the bottom up, at the same scale
at which measurement data were collected in the field, was
not fulfilled. The principal factor behind this failure was that
we allowed data collection to commence before starting to
construct the national database (Table 4). Thus, by the time
we began to envision the national, corporate database, most
sites had already taken a full season of pretreatment data,
using measurement protocols that were derived from a
standard protocol but that varied in subtle ways from site to
site. In addition, field data collection forms were not ini-
tially standardized across the FFS network, and this lack of
standardization further widened the among-site differences
in interpretation of measurement protocols and contributed
to nonstandard data entry and proofing protocols at the site
level. The result was that by the time the national database
was ready to accept data (Fall 2004), each site was forced to
retroactively fit its own unique data formats into the na-
tional standard format. This was not only difficult to do in
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a technical sense but also the whole process created sub-
stantial resentment among the people involved: the site-
level data managers because they had to re-tread the same
ground, and the national data manager, because it was
difficult and frustrating to get timely responses from the
site-level people. Unwittingly, by allowing the sites to take
the initial lead on data issues and make their own unique
decisions on data measurement, recording, entry, and vali-
dation, the sites became the holders of the primary data.
This is exactly the opposite of what we wanted, because it
meant that the final word on data veracity could never be the
national database, no matter how much effort we put into it.
Although we do have a national “database” to show for all
of our work, it is in reality only a summarized version of the
primary data, which resides at the sites themselves. This
problem could have been avoided by building the national
database before any data were collected and by ensuring
that standardization and rule-following were paramount for
every conceivable step of the data management process.

So although a multisite, multidisciplinary study has dis-
tinct advantages for application in a management context, it
also carries with it a significant data management challenge.
In general, one can be sure that the biggest challenge for
data management is not the software used, but rather the
careful organization of the people involved (Teorey et al.
2005). If one decides that it is best to construct one “cor-
porate” database for the project (and we still believe this),
then the database must take precedence over all other data
management issues, and all participants in the project must
adhere to the same set of data management rules concerning
how data are collected, entered, proofed, validated, and
formatted. If rules on standards are not followed carefully,
then at best the database manager will have to work harder
and, at worst, participants in the project will never gain
confidence that the corporate database can produce reliable
output.

Outreach

From the outset, the FFS study has had a substantial and
comprehensive outreach program, designed to distribute
both site-level and network-level findings. The program
has been guided by a technology transfer approach tradi-
tionally used by natural resources agencies for interpretation
of technical material (Knudson et al. 2003). This approach
requires identifying the audience, the content, and the me-
dium. At the site level, the audience for most of our out-
reach effort was those land managers working on the ground
within nearby national forests and on other lands within a
“representative land base,” covering forest types most sim-
ilar to each site. One of the consequences of a multisite
design is that findings will tend to be most applicable to just
those places at which we applied our treatments (the pri-
mary inference space). By replicating at the site level how-
ever, we gain a larger inference space, consisting of forests
that are judged to have features that fall within the range of
conditions observed among the experimental units at each
site. This space is represented on the FFS study map by the
lighter shaded area surrounding each site (representative
land base; Figure 1). In addition, the darker shaded areas on

the map show the boundaries of the nearest national forests,
which typically overlap considerably with the lighter shaded
areas. At the regional or network level, our audience was
primarily higher level managers charged with writing forest
plans or engaged in policymaking. Regarding content, there
was considerable variation, depending on the audience and
the media used to transmit the information. Generally, con-
tent consisted of specific findings on operational costs and
the magnitude of the ecological effects of treatments, with a
focus on how treatments fared in head-to-head comparisons.
The media used to convey FFS study findings included
one-on-one meetings with managers, tours, workshops, con-
ferences, radio and television, brochures, posters, and vid-
eos. Over 160 scientific papers had been published by the
end of 2008 (100 peer-reviewed) that together thoroughly
describe the short-term response and provide a solid back-
ground to support additional outreach. A complete list of
products and outreach activities from June 1999 through
April 2006 is provided in the FFS study final report, avail-
able through the JFSP website (Joint Fire Science Program
2009).

How effective was the FFS study outreach? Did manag-
ers value or benefit from the information? In an attempt to
answer these kinds of questions, we conducted a set of
regional workshops with key managers at four different
sites from Fall 2005 through Winter 2006 (Youngblood et
al. 2007). We designed each workshop in the spirit of
“participatory evaluation” and asked participants four ques-
tions: (1) Who needs fuel reduction information? (2) What
information do they need? (3) Why do they need it? and (4)
How can it best be delivered to them? Although responses
varied considerably by region and by manager type, we
learned that FFS study information is considered to be
valuable to federal, state, and private landowners at the site
and regional level and to planners and policy-makers at the
regional and national scales. Information on treatment costs
was particularly important, especially as those costs may
influence the cost of suppressing wildfires. The FFS study
was viewed as an ideal study for understanding tradeoffs
inherent in the choice of treatments at the local and regional
levels. Not surprisingly, scientific publications were ranked
low on the list of preferred outreach products and activities.
Instead, participants valued one-on-one interactions with
scientists (especially in the field) as one of the most valu-
able modes of outreach, as well as printed summaries that
synthesize results in broader contexts. Participants recom-
mended that FFS researchers work more closely with state
and university extension agents, whose expertise and con-
nections are ideal for disseminating information. Interest-
ingly, in most cases, FFS study results were consistent with
what most seasoned managers expected, and thus findings
could be used to support fuel reduction programs already in
place. A possible exception was the common statement of
surprise that the burning treatments killed such a low pro-
portion of trees. Participants also identified limitations in
FFS study findings, including the following: (1) treatment
cost data being taken at the stand scale rather than at the
operational scale; (2) limited social acceptability data, es-
pecially of prescribed fire versus mechanical treatments
across different user groups (but see McCaffrey et al. 2008);
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(3) no comparison of effects relative to wildfire; and (4)
limited extrapolation from the stand to the landscape scale
(but see Schmidt et al. 2008). Obviously, some of these
limitations were beyond the initial scope of the FFS study,
but they do hint at future work on fuel reduction practices,
particularly in the context of fire management policy.

Worth the Effort?

Given the significant challenges of conducting the FFS
project, do the payoffs suggest that it was worth the effort
and cost? One way to answer this question is to take a brief
look at the nature of findings produced by the FFS study and
consider whether or not the same conclusions could have
been reached in another way or in a shorter time period. As
mentioned in the Introduction, the FFS study compared
alternative fuel reduction treatments by measuring effects
for many ecosystem components across many dry forest
sites, two features that together make the FFS study unique.
It therefore makes sense to evaluate FFS study findings in
the context of the multidisciplinary and multisite features of
the study.

Although there are numerous published forestry studies
that feature multidisciplinary data and analyses, there are
very few that can match the FFS study in the breadth of
variables measured at each site. With dozens of measured
variables available for multivariate analysis, spanning veg-
etation, the fuel bed, soils, insects, diseases, and wildlife,
the FFS study offers abundant opportunities to evaluate a
whole-system response to fuel reduction treatments. The
multidisciplinary design of FFS study has two fundamental
benefits, one scientific and one managerial. From a scien-
tific perspective, the multidisciplinary approach, in which
key variables are measured before and after experimental
treatment at the same time and in the same place, allows the
investigator to understand the dynamics of relationships
within the study system. There are many examples within
the FFS study literature that have featured the examination
of relationships (Knapp et al. 2005, Stephens and Moghad-
das 2005a, 2005b, Apigian et al. 2006, Gundale et al. 2006,
Knapp and Keeley 2006, Greenberg et al. 2007, Young-
blood et al. 2009). For example, Gundale et al. (2006) tested
the “resource heterogeneity” hypothesis, which states that
plant species diversity will tend to be higher when critical
resources are distributed heterogeneously in time or space.
They found a positive correlation between the spatial het-
erogeneity of total inorganic nitrogen and plant species
diversity, and discovered that for 2 years after treatment,
plant communities differed substantially in samples that had
high versus low nitrogen heterogeneity, supporting the re-
source heterogeneity hypothesis. They also found that burn
treatments created higher levels of nitrogen heterogeneity
and that heterogeneity was directly related to fine fuel
consumption on the forest floor. Clearly, the multidisci-
plinary approach, featuring the measurement of vegetation,
fuels, and nitrogen, allowed these investigators to test an
ecological hypothesis that had been initially developed out
of a theoretical understanding of relationships. Another
example that illustrates the benefits of multidisciplinary
design features the use of a technique called structural

equation modeling or (SEM). Derived from multiple regres-
sion, SEM is a multivariate technique that allows the inves-
tigator to build a hypothetical model of the study system, in
which key variables are arranged in such a way so as to
indicate their causal relationships to one another. In essence,
one builds a model of how the system is predicted to work,
and then tests the model with real data from the experiment.
Working at the Blue Mountains FFS study site in northeast-
ern Oregon, Youngblood et al. (2009) used SEM to explore
the relationships among factors behind treatment-induced
tree mortality. The authors demonstrate that the probability
of mortality of large-diameter ponderosa pine from bark
beetles and wood borers was linked to treatment. In partic-
ular, prescribed fire intensity was greater in units in which
thinning increased the mass of large woody fuels, and this
led to increased bole charring and soil burning, which in
turn weakened trees, and predisposed them to attack and
mortality from beetles. The use of SEM required data from
several strata, including vegetation, the fuel bed, and mea-
sures of fire intensity and severity. Clearly, such an analysis
is only possible when the investigator has access to multi-
variate data, taken at the same time in the same place.

The multidisciplinary feature of the FFS study is also
important from a management perspective, because it al-
lows the manager to understand tradeoffs. A good example
is the work of Stephens and Moghaddas who simulta-
neously evaluated treatment effects on posttreatment fire
performance (2005a), and snag retention and coarse woody
debris (2005b). They found that fire-only and mechanical �
fire treatments significantly reduced potential fire-line in-
tensity and projected stand mortality compared with those
for untreated controls, demonstrating that a single fuel re-
duction entry could have substantial benefits for stand pro-
tection. At the same time, they demonstrated that although
snag volumes were not significantly different among treat-
ments, rotten coarse woody debris was significantly reduced
in the burn treatments. These findings suggest that although
forest managers can effectively reduce potential fire risk in
a single application of prescribed fire, they will probably
also see a reduction in coarse woody debris, which serves as
wildlife habitat for a variety of species. This tradeoff is
important to understand for managers faced with the chal-
lenge of having to satisfy multiple resource needs. Without
a multidisciplinary approach, in which all key variables are
measured at the same time and in the same place, tradeoffs
such as these cannot be fully understood.

The second important feature of the FFS study is that the
same experimental design was applied at 12 dry forest sites
across the United States. This design element is critical
because ecology is a science of place and has always been
challenged by a lack of predictive power when inferring
from one place to another. The practical implication of this
fact is that for natural resource managers, each site they
manage will certainly respond to treatments in a unique way
across the multivariate spectrum of variables. Thus, re-
search conducted at a single site will technically produce
inferences valid only for that site, and managers working in
a different system must therefore decide how much to trust
findings produced elsewhere. If, however, the same exper-
iment is applied at numerous sites, one can easily determine
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which variables tend to have common responses among
sites and which tend to be site-specific, thus giving the
manager more confidence for predicting what will happen
when he or she applies treatments. This is the principal
rationale for the multisite FFS study. Several papers have
reported multisite FFS results and have analyzed those
results using both meta-analysis and information-theoretic
approaches. For example, Boerner et al. (2009) explored the
carbon economy in the context of fuel reduction treatments
at 12 FFS sites, using meta-analysis. They found that pat-
terns of carbon response across the vegetation, forest floor,
and soil tended to be subtle and transient, but were distinctly
different in the five eastern forests compared with the seven
western forests they evaluated. In particular, whereas me-
chanical treatments (alone or in combination with fire)
changed eastern dry forests from carbon sinks to sources,
fuel reduction treatments in western forests did not result in
significant changes in ecosystem carbon budgets. These
findings suggest that management strategies intended to
maximize carbon sequestration in US dry forests will need
to be approached differently in eastern and western forests.
During the interpretation phase of their article, Boerner et
al. (2008) cited dozens of independently conducted studies
on carbon sequestration in US forests. Why not be content
with the considerable and robust findings generated by these
studies, when one is attempting to offer information to
managers on how their treatments might influence carbon
sequestration patterns? First, these studies were conducted
over a wide range of forest types, many of which would
never be subjected to a sustained fuel reduction program.
For example, one would have to be very careful in applying
information from a western Oregon coniferous forest (e.g.,
Harmon et al. 1990), with a fire return interval of 200 years,
to an interior dry coniferous forest, with a fire return interval
of 15 years. Second, there is so much design variation
among these independent studies that standard analyses
such as general linear models or information-theoretic ap-
proaches are impossible to apply. On the other hand, the
technique of meta-analysis (used by Boerner et al. 2008,
2009), designed initially to analyze results of repeat medical
studies (Cooper and Hedges 1994), may be useful in some
cases for multisite analysis of independent studies. How-
ever, even this fairly lenient technique will be difficult to
apply for independent studies that feature radically different
treatments or measurement protocols. An example of the
difficulty often faced by ecologists when attempting to
conduct meta-analysis on independent studies is demon-
strated by Kopper (2002), who conducted a meta-analysis
focused on fuel mass change in western dry forests in which
prescribed fire was applied. She found only eight studies
that had sufficient rigor and similar design on which to
apply meta-analysis, despite there being more than 70 ex-
isting studies from which to draw. In general, meta-analysis
works best when the studies being compared have reason-
ably similar treatments and measurement protocols (e.g.,
Boerner et al. 2009) and unfortunately for ecologists, there
has been little standardization in experimental design, even
for studies focused on similar components of the ecosystem.
In contrast, the FFS study features closely similar treatments
and measurement protocols, and multisite analyses have

now been conducted with a variety of techniques, including
information-theoretic approaches (Converse et al. 2006,
Schwilk et al. 2009) and meta-analyses (Youngblood et al.
2004b, Boerner et al. 2008, 2009).

Has the FFS study been worth the cost and effort?
Certainly, managers now have access to 165 published
papers featuring short-term FFS results from 12 dry forest
sites in the conterminous United States. These articles cover
a wide range of topics relevant to the management commu-
nity, and results are interpreted within the context of previ-
ous and concurrent literature. Many of these articles present
conclusions within a whole-system context and so can be
used to understand relationships and management tradeoffs.
Other articles consider how effects compare among sites,
and so can be used to provide a better understanding of
conditional response. Compared with a sample of the exist-
ing literature as published in scientific journals within the
past 25 years, the type of information offered by the FFS
study is distinctive in three important ways. For an equiv-
alent number of replicated studies (91 FFS versus 86 non-
FFS), the FFS study produced about three times the number
of journal articles that were either multidisciplinary (28
versus 6) or multisite (24 versus 8) or that compared alter-
native fuel reduction treatments (81 versus 24). Of course,
the FFS study was specifically designed to do these three
things, in part because so few other studies had done them
before. Furthermore, the actual value of the kind of infor-
mation the FFS study has produced depends on how it is
applied, and this will always be difficult to measure. In any
case, FFS study information was placed into the literature in
a little over 8 years of study (2000–2008), at a cost of about
$70,000 per publication. Could we have captured this body
of knowledge in less time and at a lower cost by conducting
a number of independently designed and administered stud-
ies, all focused on measuring the effects of alternative fuel
reduction treatments? If we can answer this question, we
would have more insight on the type of research program
that would best address our more widespread management
issues.

Conclusion

Although multisite, multidisciplinary management ex-
periments may provide the most useful information to man-
agers faced with complex natural resource decisions,
projects such as the FFS study present research teams with
significant challenges. Funding must be substantial, timely,
reliable, and flexible to give the study participants the
confidence they need to build infrastructure and move for-
ward. Study design must be a compromise among disparate
disciplines, yet be strong enough to make robust conclu-
sions. Partnerships based on trust must be formed early
among scientists within and between disciplines and be-
tween scientists and land managers. Organization among
personnel must ensure that a fair decisionmaking process
takes place throughout the study to handle not only techni-
cal issues but also personnel issues involving the partici-
pants themselves. Standardization of protocols must take
place for all variables at all possible scales and must be
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balanced between the needs of individuals and the require-
ments of the overall network. Data management is critical
for a thorough analysis at all scales, and a database orga-
nized at the lowest possible measurement scale should be
built before data collection begins. Finally, the outreach
effort should be commensurate with the scope of the project
itself and should be guided by a comprehensive communi-
cations plan developed in the early stages of the study. In
the end, the FFS study was able to achieve a measure of
success because it dealt with these seven tenets reasonably
well, despite significant challenges on design and data man-
agement. Although experiments such as the FFS are diffi-
cult to execute, they may be the best hope for answering
some of our more pressing and widespread issues in natural
resource management.
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