Scientists in Wonderland

Experiences in development of forest policy

cientists have assumed a cen-

tral role in the development,

evaluation, and implementa-
tion of public policies regarding
natural resources and the environ-
ment. This role is largely a conse-
quence of the environmental legisla-
tion of the 1960s and 1970s—laws
such as the Nationa! Environmental
Policy Act, the National Forest
Management Act, and the Endan-
gered Species Act. These laws have
spawned fundamental changes in the
philosophies and approaches of
agencies managing natural resources
on federal lands. Many of the
changes have come as a result of
extensive litigation.

Because scientific issues are cen-
tral to much of the direction pro-
vided in environmental laws, sci-
ence and scientists have, not
surprisingly, assumed an increas-
ingly important role in attempts to
resolve conflicts. Traditionally,
agencies have been the primary
sources and interpreters of science.
For example, the US Forest Service
(USFS) provided scientific informa-
tion relevant to the national forests.
However, over the last 20 years,
federal agencies have increasingly
lost credibility as objective scien-
tific sources. Consequently, judges,
legislators, and other decision mak-
ers have increasingly sought the di-
rect involvement of scientists as in-
dependent sources of scientific
information and judgments and, in
some cases, as creators of science-
based management plans or policy
alternatives.

Forest issues in western North
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Forest issues in western
North America have
provided unusual
opportunities for
direct involvement
of scientists

America have provided (and are con-
tinuing to provide) unusual oppor-
tunities for the direct involvement
of scientists in policy. One example,
on the federal timberlands adminis-
tered by USFS and the Bureau of
Land Management, is the conflict
between timber harvest, on the one
hand, and provisions for northern
spotted owls, old-growth ecosys-
tems, and anadromous fish, on the
other. The legal, social, and some
aspects of the scientific history of
this conflict have been reviewed by
Yaffee (1994).

This northwestern-forest issue has
been addressed in a series of signifi-
cant scientific assessments led by
scientists (Figure 1). Frustrated with
nearly complete gridlock in man-
agement of the national forests, Dale
Robertson, who was then chief of
the National Forest Service, char-
tered the first of the independent
scientific assessments in 1989, Wild-
life researcher Jack Ward Thomas
was asked to organize an indepen-
dent scientific committee—called the

“Interagency Scientific Committee for
Recovery of the Northern Spotted

Owl—to create a “credible scien-
tific plan” for management of the
northern spotted owl. For various
reasons, primarily political (impacts
on timber harvest were too high),

the plan that resulted (Thomas et al.

1990) was never formally adopted.
Several other assessments followed:
the 1991 Scientific Panel on Late-
Successional Forest Ecosystems (la-
beled the “Gang of Four,” because
it was composed of four principal
scientists), which was chartered by
two congressional committees; the
Scientific Analysis Team (SAT 1993},
a group put together to respond to a
series of scientific questions raised
by Judge William Dwyer; and the
Forest Ecosystem Management As-
sessment Team (FEMAT 1993) char-
tered by President Clinton. The last-
named effort produced an alternative
plan that was recently accepted by
the courts as scientifically credible
and adopted by President Clinton.

The use of scientists to construct
science-based policy alternativeshas
spread to other parts of western
North America. In the Sierra Ne-
vada Range of California, an agency-
based science effort has provided
interim management direction for
the California spotted owl {Verner
etal. 1992), and in a program called
the Sierra Nevada Ecosystem Project
{(SNEP), an independent, academic
team is currently assessing condi-
tions and developing policy alterna-
tives (SNEP 1994) under both a con-
gressional and USFS charter. The US
Congress also chartered an indepen-
dent scientific review of Indian for-
est lands and management—the In-
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dian Forest Management Assessment
Team {IFMAT 1993). In British Co-
lumbia, Premier Michael Harcourt
has established an independent
group called the Scientific Panel for
Sustainable Forest Practices in
Clayoquot Sound (1994) to assess
the adequacy of current forest prac-
tices. And other studies by scientists
have been completed or are under-
way. ‘

These studies are challenging ex-
periences for the natural scientists
who participate, because tradition-
ally scientists are not educated in
technical aspects of policy develop-
ment, the practice of politics, and
interactions with other professional
and social groups. Consequently,
these studies have provided the sci-
entists with valuable lessons in how
scientific knowledge is effectively
used in developing natural resource
policy. In this article, T identify some
lessons that I consider important
based upon my experiences as a par-
ticipant in several scientific analy-
ses—the Gang of Four, FEMAT,
SNEP, IFMAT, and the Clayoquot
panel.

Créating and evaluating
multiple alternatives

Creating and evaluating a range of
alternatives can be an effective ap-
proach in applying scientific infor-
mation in policy development. Most
scientific and technical personnel are
trained to solve problems rather than
to develop and evaluate alternatives.
Sometimes scientists are directed to
provide a solution or a plan, as in
the case of the Interagency Commit-
tee (Thomas et al. 1990). Generally
the possibilities are multiple rather
than singular. Sometimes scientists
are instructed to describe alterna-
tives that may provide for a range of
outcomes—such as varying prob-
abilities of achieving some objec-
tive—or for alternative ways of
achieving similar outcomes.

The contrast between having a
single solution and having multiple
alternative plans is illustrated by
comparing the Interagency Scien-
tific Committee (Thomas et al. 1990)
with the Gang of Four (Johnson et
al. 1991). As requested, the Inter-
agency Committee developed a plan
for protection of the northern spot-
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ted owl, much of which was later
adopted in the recovery plan (North-
ern Spotted Owl Recovery Team
1992). | ,

In contrast, the congressional di-
rection to the Gang of Four encour-
aged consideration of multiple
alternatives. Fourteen major alter-
natives were evaluated. They varied
in their emphasis, which ranged from
timber production to protection and
restoration of late-successional for-
est conditions. In addition, varia-
tions in potential treatment of the
unreserved forest lands {lands still

~ available for timber harvest and typi-

cally referred to as matrix lands)
produced 34 alternatives. Selected
variables, such as the amount of
land to be held in reserves, were
systematically altered across the al-
ternatives to facilitate analysis of
the marginal costs-and-benefits ob-
tained from each increment of
change. Evaluations of alternatives
emphasized the probability of
achieving specific ecological objec-
tives for the next 100 years and
specific levels of timber harvest (Fig-
ure 2).

Like the Gang of Four, FEMAT

followed the strategy of developing

and evaluating multiple alternatives
(Thomas 1994). Reserve area and
distribution, riparian zones, width,
allowed levels of management, and
many other variables were changed
among ten alternatives. However,
the alternatives were not incremen-

tal (i.e., several variables were
changed simultaneously), making
marginal afalyses difficult. Evalua-
tion of social (including economic)-
and ecological consequences were
much more comprehensive in
FEMAT than in the Gang of Four
analysis.

Development and evaluation of
multiple alternatives allows decision
makers—and everyone else—to see
the range of possibilities and the
probable consequences of each pos-
sibility. I have often heard the ob-
jection to this approach that deci-
sion makers, provided with multiple’
alternatives, are likely to choose the
one that provides greatest economic
benefits. My experience. has been
that the truly viable alternatives——
alternatives that achieve legal goals
and other societal objectives at ac-
ceptable levels of probability—tend
to be obvious in such an analysis.

For example, a conservative con-
gressman, then Representative Rob-
ert Smith of Oregon, viewing the
projected outcomes for the Gang of
Four alternatives immediately noted
that Congress would not legislate
anything below alternative 8 (see
Figure 2)—because any alternative
with ecological ratings that included
a low probability of success in
achieving the ecological goals was
unacceptable. The critical point is
that (regardless of his particular in-
terest in the economic goals) the
range of viable alternatives (the so-
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called decision space) was immedi-
ately apparent to him.

Perhaps most fundamental, in
democratic societies decision mak-
ers are elected to make choices
among alternatives. The policy
choice is not the prerogative of sci-
entists. By developing and evaluat-
ing alternatives, scientists can clearly
and objectively display the costs and
benefits, based on the best available
information, of different choices. If
credible, such analyses can be pow-

erful in holding decision makers

accountable for their actions—such
as by making it clear that there is no
free lunch, that is, no choices with-
out costs (Johnson et al. 1991).

Value of spatially
explicit information

Spatially explicit information (e.g.,
maps and geographic-information-
system data layers) is critical in de-
velopment of meaningful policy al-
ternatives. Many (if not most) of the
first generation of plans for the na-
tional forests produced in the late
1970s and 1980s foundered in sub-
sequent judicial challenges, in part,
because outputs were based upon
Forest Plan Model Simulator runs
that were not spatially explicit. Plans
projected specific permissable levels
of timber harvest based upon acres
available and tree growth rates. But

when resource managers began to -

identify areas for cutting, numerous
spatial constraints made it impos-
sible to find enough acres available
for harvest to meet the projected cut
levels. Examples of spatial con-
straints are the cumulative effects of
harvest on hydrologic regimes and
limits (so-called greenup require-
ments) on cutting of areas adjacent
to old clear-cuts until the forest on
the previously cut area had achieved
a specified miminal height and cover.
In effect, it is not enough to know
that there are.a certain number of
acres of land in a given condition or
allocated to a particular use; it is
also necessary to know where those
acres are, the size and shape of
patches, and the condition and allo-
cation of the adjacent acres.

In the Pacific Northwest, spatially
explicit data have been critical in
both developing and evaluating cred-
ible alternatives and in presenting
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the results to scientific peers, deci-
sion makers, and the public. Geo-
graphic information systems have
been valuable in manipulating and
presenting these databases and are
increasingly likely to be a vehicle for
communicating accurate represen-
tations of alternatives (Franklin
1994).

Use of resource specialists

- Resource specialists can be one of

the most valuable resources for sci-
entific policy analyses. Today most
agencies engaged in managing natu-
ral resources (and many involved in
enforcing environmental laws) have
resource specialists representing a
broad range of disciplines—includ-
ing physical sciences (e.g., geolo-
gists and hydrologists} and biologi-
cal sciences (e.g., silviculturists and
zoologists). Many of these staff spe-
cialists have spent years, even life-
times, working in specific geographic
regions. Their on-the-ground knowl-
edge of, for example, forests, wild-
life, and fisheries is typically unpar-
alleled. Accessing this knowledge to
assess conditions and evaluate al-
ternative management strategies can
greatly strengthen a scientific policy
assessment. o

The resource specialists are often
overlooked by scientific teams char-
tered to conduct policy analyses.
Traditional resources—such as aerial
photographs and other forms of
remotely sensed data, maps, aca-
demic specialists, and sample-based
datasets—are often more obvious
and easier to access. While acknowl-
edging resource specialists’ famil-
iarity with the resource, scientists
sometimes question the technical
competence and, more often, the
objectivity of agency-based person-
nel. '

It is critical that a scientific team
identify the key resource specialists,
provide adequate direction and qual-
ity control, and empower the spe-
cialists to share their knowledge.
Key elements of this empowerment
process include: clear direction as to
overall objectives of the exercise and
the information and interpretation
that are sought and provision of a
safe working environment where
specialists-can provide accurate in-
formation without fear of retribu-

tion by a supervisor or an agency.

More than 100 agency resource
specialists were involved in the Gang
of Four and FEMAT analyses, and
some of them plus others are cur-
rently participating in the SNEP
analysis for the Sierra Nevada. They
have participated primarily in inter-
preting various imagery and data-
bases to produce maps and new da-
tabases on forest and wildlife habitat
conditions, such as the quality of
late-successional forest habitat.
Their on-the-ground knowledge has
proven critical to the success and
credibility of these exercises. As part
of the empowerment process, the
activities of these specialists were
concentrated at a location isolated
from their normal work environ-
ment and excluded line managers
and supervisory personnel. In my
experience, these specialists consis-
tently provided accurate and objec-
tive information that was otherwise
unavailable. It is tragic that resource
management agencies have failed to
harness fully the knowledge and cre-
ativity of their resource specialists
and to display it to decision makers
and the public.

The concept of flagship species
is dangerous

Much has been (and much more is
likely to be) written about the rela-
tive merits of conservation strate-
gies based upon individual species
versus those based upon ecosystems.
It has been argued that, even though
species-based approaches have limi-
tations, high-profile species with
major habitat reguirements (e.g.,
northern spotted owls or grizzly
bears) can function as so-called flag-
ships or surrogates for major eco-
systems (see, for example, Wilcove
1993); for example, in providing for
the habitat requirements for north-
ern spotted owls one is likely to
simultaneously provide for old-
growth forest ecosystems and other
related organisms.

Societai experiences in policy
analysis in the Pacific Northwest
suggests that such assumptions are
dangerous. In the genealogy of the
northwestern policy analyses (Fig-
ure 1), activities began with a spe-
cies-based effort (Thomas et al.
1990) and progressed to exercises
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(FEMAT 1993, Johnson et al. 1991)
that included alternatives that took
more ecosystem-based approaches
(i.e., concerns with old-growth for-
est and aquatic ecosystems rather
than simply with northern spotted
owls or marbled murrelets). It was
not possible to move to entirely eco-
system-based approaches because
many of the laws (the National For-
est Management Act and the Endan-
gered Species Act) relate to specific
species. Nevertheless, some useful
comparisons are possible.

The Interagency Committee (Tho-
mas et al. 1990) developed, as
requested, a plan specific to the
northern spotted owl. The plan rec-
ommended a heroic shift in strategy
from the protection of isolated indi-
vidual owl territories (known as owl
circles) to protection of large re-
serves for multiple owl pairs spaced
at regular geographic intervals. It
also broke important ground in rec-
ommending that federal forest areas
between reserves (the matrix) be
managed so as to improve the po-
tential for successful dispersal of
owls. Developing a plan that also
protected high-quality, old-growth
forests was not a part of the
committee’s charter except as neces-
sary to provide for viable popula-
tions of northern spotted owls. In
fact, the committee designed its re-
serve system of habitat conserva-
tion areas so as to achieve the plan’s
objective (viable owl populations)
while minimizing impacts on timber
harvest levels. ' ‘

Subsequent analyses (FEMAT
1993, Johnson et al. 1991) showed
that, even though of extraordinary
magnitude, the system of habitat
conservation areas developed for the
northern spotted owl did not do a
good job of protecting old-growth
forest ecosystems or habitat for the
anadromous fisheries {Figure 2).
These results were not surprising—
habitat conservation areas were not
designed to achieve these objectives.
Specific examples of how bad can be
the fit between owl-based and eco-
system-based plans are illustrative:
In the Umpqua National Forest,
Oregon, the areas proposed as owl
habitat conservation areas (North-
ern Spotted Owl Recovery Team
1992, Thomas et al. 1990) incorpo-
rated less than 50% of the most
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Figure 2. Timber harvest and probability of achieving various objectives under
historic rates of timber harvest (1980-1989} and under eight selected alternatives
from the “Gang of Four” (Johnson et al. 1991). Ratings under probability of
retention are VL = very low, L= low, ML = medium low, M = medium, H = high,
and VH = very high (estimated 50% probability of achieving goal).

significant late-successional/old-
growth forest {also called 1§/0G1)
identified by the Gang of Four
{Johnsonetal. 1991). A similar lack-
of-fit existed between habitat con-
servation areas and high-quality,
late-successional forest areas in sev-
eral other Cascade Range national
forests. As another example, in
FEMAT, resource specialists focus-
ing on marbled murrelets preferred

to use high-quality, old-growth for-

est areas (identified in Johnson et ai.
1991) as the basis for murrelet re-
serves rather than the owl-oriented
habitat conservation areas.

SAT (1993) and FEMAT (1993)
demonstrated that it is impossible
to use a species-by-species approach
in developing a comprehensive plan.
Regional plans of this type poten-
tially involve thousands of species,
many unknown; even among the

known species, there are hundreds
with conflicting and contrasting
habitat requirements. These exer-
cises provide clear evidence of the
absolute necessity of devising habi-
tat-based, multispecies approaches.

Limitations of scientists

The exercises In western North
America have highlighted several
important limitations on scientists
as creators and evaluators of policy.
Scientists tend to think in terms of a -
single solution to a problem, scien-
tists do not like to base proposals on
incomplete information, and faced
with incomplete information, scien-
tists are usually conservative. In ad-
dition, scientists lack training or ex-
perience in policy analysis, have
difficulties in communicaticn, and
often suffer from hubris. '




As Thomas has said on numerous
occasions, “science-based policy
analyses are not science.” They in-
volve the synthesis and application
of (one hopes) the best available
scientifically based information.
However, decisions always have to
be made with incomplete and, some-
times, grossly inadequate knowl-
edge. Hence, development and evalu-
ation of policy alternatives requires
scientists to extrapolate far beyond
existing databases and theoretical
constructs. Scientists who are un-
comfortable with projecting beyond

the known had best not apply. But if .

scientists fail to make the judgments
and do the extrapolations, someone
else, perhaps someone much less
qualified, is prepared to do so. Fur-
ther, scientists need to understand
that policy analysis, however logi-
cal or systematic, is not a scientific
process, so they must not expect
that it will follow traditional scien-
tific methods or be judged primarily
by scientific peers. In policy analy-
ses, what is called truth is not singu-
lar. It  probably is not in ecology
either, null hypotheses not with-
standing.

Expert systems—such as creation
of scientific panels—provide one
valuable way for developing a scien-
tific consensus based on current {and
typically inadequate) information.
Such systems were used by Gang of
Four and FEMAT to provide proba-
bilistic judgments about outcomes
under various policy alternatives.

Natural scientists often lack train-
ing in policy analysis and in relevant
communication skills. Few have had
any academic exposure to the objec-
tives and mechanics of policy for-
mulation and analysis. The concepts
of modular alternatives and marginal
analyses are concepts that 1 learned as
1 served on policy committees.

Natural scientists often lack com-
munication skills relevant to policy
development. The observation that
many scientists fail to communi-
cate—or to listen well—is not new.
The communication problem can be
major in interdisciplinary exercises.
Policy analysis teams typically in-
clude economists, other social sci-
entists, and various nonscientific

11.W. Thomas, 1991, personal communica-
tion. US Forest Service, La Grande, OR.
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participants. The Clayoquot Sound
panel incorporates four Native
American leaders, one as cochair of
the panel. Communicating in plain
language, free of disciplinary jar-
gon, is a critical skill. The ability to
listen is even more critical, because
without it, one cannot hope to un-
derstand and incorporate different
points of view.

Scientists are often not well
adapted to the time and space limits
of policy analyses. Analysts must
scale their activities to the resources
and time available. The large spatial
scales of a problem often limit the
amount of detail that can be incor-
porated in an analysis; scientists
trained in a reductionist mode may
find it difficult to leave behind this
detail.

Hubris is, perhaps, the most seri-
ous limitation of the scientist in-
volved in policy analysis. Policy ex-
ercises clarify, very quickly, the
serious limitations of our knowl-
edge and understanding. In devel-
oping strategies for the forests on
the Pacific Coast, for example; the
foci and theories of traditional con-
servation biology were found to have
limited application. Many biologists
have biases against ecosystems that
incorporate human activities and
favor conservation strategies focus-
ing on strict reserves and equating
connectivity with corridors. Tradi-
tional conservation biology has been
strongly oriented to terrestrial habi-
tats and vertebrates.

Why participate in
policy analysis?

Despite many difficulties, there are
both professional and personal rea-
sons for participating in- science-
based policy analyses. Such activi-
ties can be valuable professionally.
They provide real-world experiences
in the application of science, experi-
ence that brings a freshness and rel-
evance to teaching programs. In
terms of research, policy analyses
are identifying many of the critical
topics or hypotheses in ecological
science. Examples include increased
interest taken by ecologists in land-
scape connectivity {not just corridors)
and in the role of unreserved lands in
maintaining biological diversity.
The personal satisfactions that

can come from participating in such
activities should be obvious. Promi-
nent is the satisfaction of working
to ensure that decisions are based on
the best science available and that
decision makers (and society) un-
derstand clearly the difficult trade-
offs. All those involved in policy
decisions need to be reminded regu-
larly that there is no free lunch.

References cited

Forest Ecosystem Management Assessment
Team (FEMAT). 1993. Forest ecosystem
management;: an ecological, economic, and
social assessment. USDA Forest Service
Region 6, Portland, OR.

Franklin, J. F. 1994. Developing information
essential to policy, planning, and manage-
ment decision-making; the promise of GIS.
Pages 18-24 in V. A. Sample, ed. Remote
Sensing and GIS in Ecosystem Manage-
ment. Island Press, Washington, DC.

Indian Forest Management Assessment Team
(IFMAT). 1993. An asscssment of indian
forests and forest management in the United
States. Intertribal Timber Council, Post-
land, OR.

Johnson, K. N., J. F. Franklin, J. W. Thomas,
and J. Gordon. 1991. Alternatives for man-
agement of late-successional foreses of the
Pacific Northwest. A report to the Agricul-
ture Committee and the Merchant Marine
Committee of the US House of Representa-
tives. Oregon State University College of
Forest, Corvallis, OR.

Northern Spotted Owl Recovery Team. 1952
Recovery Plan for the Northern Spotted
Ouwl. Vol. 1. US Fish and Wildlife Service
Pacific Region, Portland, OR.

Scientific Analysis Team (SAT). 1993, Viabil-
ity Assessments and Management Consid-
erations for Species Associated with Late-
Successional and Old-Growth Forests of
the Pacific Northwest. USDA Torest Ser-
vice Region 6, Portland, OR.

Scientific Panel for Sustainable Forest Practices
in Clayoquot Sound. 1994. Progress Report
3. Review of current forest practice stan-
dards in Clayoquot Sound. Province of Brit-
ish Columbia, Victoria, Canada.

Sierra Nevada Ecosystem Project (SNEP). 1994
Progress report. University of California
Wildlands Research Center, Davis, CA.

Thomas, J. W. 1994, Forest Ecosystem Man-
agement Assessment Team objectives, pro-
cess and options. J. For. 92(4): 12-19.

Thomas, J. W., et al. 1990. A Conservation
Strategy for the Northern Spotted Owl.
USDA Forest Service Region 6, Portland,
OR.

Verner, 1., et al. 1992. The California spotted
owl: a technical assessment of its current
status. USDA Torest Service General Tech-
nical Report PSW-GTR-133. USDA Forest
Service PSW Research Station, Albany, CA.

Wilcove, D. 1993, Getting ahead of the extinc-
tion curve. Ecological Applications 3:
218-220.

Yaffee, S. L. 1994. The Wisdom of the Spotted
Owl: Policy Lessons for a New Century.
Island Press, Washington, DC.

BioScience Supplement 1995




