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ABSTRACT

Ecosystem management has been proposed, as an
alternative totraditional commodity-based management
for the Inland West's forests, as a means of improving
biodiversity. Other objectives such as employment, cost
to the public, and timber flows with their impacts on the
global environment are also important and result in
significant trade-offs between ecosystem approaches
and commodity management approaches; but ecosys-
tem management can mean different things, depending
on which ecological paradigm is followed. By the now-
outdated “steady state ecological theory,” it means the
creation of large, untouched reserves; or it can allow
controlled burning to prevent excessively hot fires; or it
can even allow salvage for timber production—each of
these three being a preservation-centered alternative
with a different set of tradeoffs between ohjectives. By
contrast, the more accepted dynamic ecological theory
leads to a landscape approach to ecosystem manage-
ment, which employs active treatments of the land to
create diversity of structure to meet biodiversity objec-
tives and provides a very different set of trade offs.

This paper analyzes the effectiveness of a range of
alternative management approaches in meeting the
cited goals for the Inland West's public lands. The
consequences of the several alternaiives provide the
context for the decisions which policy makers will ulti-
mately make. While the impacts of the alternative eco-
system management approaches differ substantially
from commodity management, the tradeoffs between
goals other than bicdiversity can also be substantial. If
attention is shifted to the tradeoffs between several
goals, the issue is no longer hiodiversity versus com-
modity timber production, since both are possible. De-
termining the relative importance of policy objectives,
and ways to implement policy change, remain the policy
makers’ dilemmas, but the magnitude of the trade offs
should be of important consequence.

INTRODUCTION

Several approaches to managing the Inland West’s forests have
been proposed. Ecosystem managemment has been proposed as an
alternative to traditional, commodity-based management. How-
ever, ecosystem management has been interpreted either as
creating large reserves where most human activities— especially

the extraction of timber—are generally excluded (FEMAT 1993),
Or as maintaining patterns and processes across the landscape
through active managernent, with timber removal as a by-product
of the process (Oliver 1992; Boyce and McNab 1994). To
determine whether one of these is more desirable, the impacts of
each approach on the objectives of management must be exam-
ined.

This paper first describes the general condition of the Inland
West forests, recent timber management practices, and the ratio-
naleforthese practices. It describes the general objectives people
have for forests in the United States and several recently popular
management approaches for achieving these objectives. It then
analyzes the effectiveness of each management approach. Policy
makers will ultimately decide which management approach is
preferred; however, this paper discusses the consequences of
various decisions as a setting for policy decisions. Finally, it
discusses effective ways to implement the decision.

This paper primarily discusses national forests, since most
forests of the Inland West are on federal lands; however, the
trends are also applicable to other public and privately-heid forest
lands.

ECOLOGY AND MANAGEMENT HISTORY

Forests of the Intand Western United States—from the Cas-
cade and Sierra Crest to the Great Plains—consist of 140 million
acres, 54% of which can grow a least 20 cubic feet per acre per
year of timber, and so is designated commercial forest land.
Sixteen percent of that productive land is set aside as national
parks, wilderness areas, etc. Of the productive area remaining,
36.4 millicn acres (58 %) constitute national forest lands (Powell
et al. 1993). The commercial forest lands of the Inland West
generally do not grow timber as rapidly as those of the Pacific
Northwestern and Southeastern United States.

The condition of forests of the Infand West is the result of past
natural and human disturbances and regrowth. Most manage-
ment has been a combination of commodity management and
preservation.

Before European-Americans dominated the area, the forests
grew as in Figure 1 (Johnsen et al. 1993). At low elevations,
frequent ground fires kept the forests in park-like stands. This
type of fire and the park-like forest structure (primarily ponde-
rosa pine forests) were common in the southern Rocky Moun-
tains and at low elevations in the central and northern Cascade
Mountains (Covington and Moore 1994; Agee 1993). Forests at
mid- and upper elevations in the eastern Cascades and central and
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northern Rocky Mountains burned in hot, stand-replacing fires at
intervals of about one or two centuries.

A combination of natural stand-replacing fires, commodity
management for sheep, cattle, horses, and timber, and human-
caused burning of the late 1800s and early 1900s created condi-
tions of relatively low fire susceptibility in the first few decades
of this century. By the 1950’s, a preservation approach excluding
all fires, natural and otherwise, was effective enough to allow a
regrowth of dense forests at both upper and lower elevations. At
upper elevations, the regrowth was part of a natural cycle. At
lower elevations and in the southermn Rocky Mountains, the
regrowth to dense forests (stem exclusion and later stages of the
lower patt of Figure 1) created quite abnormal conditions.

A. DEVELOPMENT AFTER STAND-REPLACING DISTURBANGCE
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Figure 1—Stands in the Inland West generally developed after infre-
quent, stand replacing disturbances (usuvally fires) at upper elevations
(A) and after frequent partial disturbances (ground fires) at low
elevations (B). Present fire and forest health dangers in the Inland
‘West are high because forest growth following fire exclusion at low
elevations and regrowth following old fires at upper elevations have
created predominantly closed forests (forests not in the stand initia-
tion condition; Johnson et al. 1993).

Forest management in the Inland West has generally been
funded by timber removal to avoid below-cost timber sales
(which appear as timber subsidies) on public lands, and to avoid
bankruptcy on private lands. Much of the timber removal in the
past century has been through uneven-aged harvesting {often
“highgrading™), in contrast to the clearcutting practiced in the
faster-growing regions of Western Oregon and Washington
{Adams 1980; Daniel 1980). Uneven-aged harvesting removed
Iarger trees and allowed growth of smaller trees which were often
of different species than the larger ones. This predominance of
uneven-aged harvesting has been contrary to the public’s percep-
tions of clearcutting and to highly publicized cases such as the
Bitterroot Controversy, Montana (Buzk 1970).

PRESENT CONDITION

Because of uneven-aged harvesting practices and fire preven-
tion, the Inland West presently contains many forests of overly-
crowded, small-diameter trees and many uneven-aged forests

(Figure 2). Standing volume is about 100 times as much as annual
growth, indicating the forests have been increasing in volume for
many decades. The forest’s overcrowded condition is reflected in
the high mortality rate (Figure 3).
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Figure 2—Change in diameter disiribution of trees in the Intermountain
West between 1952 (line) and 1992 (bars). Forests are increasingly
composed of small diameter, crowded stands whose harvesting costs
exceed their commercial timber value, Much of the timber not
harvested is of small diameters; the employment created and timber
valug, combined, could make harvesting economically feasible (data
from Powell et al. 1993; North and South Dakota, eastern Oregon and
Washington not included),
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Figure 3—Net annual growth, mortality, and harvested forest tree
volume (in millions of cubic feet) in the Inland West in selected years
between 1952 and 1991. Stand volumes for the same area were 50 to
100 times as much as annual growth. Much of the volume is not
harvested because the costs of harvesting exceed the timber value;
however, if more volume is not harvested soon, the excess volume
will be reduced by catastrophic wildfires at a very high public cost
(data from Powell et al. 1993). (For conversion, one cubic foot equals
approximately 5 board feet.)
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These overcrowded forests with many dead trees presently
provide habitat for such old-growth-dependent species as the
spotted owl (in eastern Washington and the Oregon Cascades);
however, they are also extremely susceptible to insects, diseases,
and fires (Sampson et al. 1994), disturbances which change stand
structures very quickly. At the same time, there is a relatively
small amount of open forest area, Species which depend on this
habitat, such as Canadian lynx, grizzly bear, bighorn sheep, and
the grey wolf, are jeopardized.

The Inland West’s forests are growing much faster than they
are being harvested (Figure 3). Dry summers have prevented
dying trees from rotting, leading to a buildup of fuel. Within the
next few decades, millions of forested acres of the Inland West
can be expected to burn, returning them to the stand initiation
stage (Sampson etal. 1994). These changes in stand structure will
occur either through destructive, stand-replacement wildfires or
through active management to reduce the excess fuels in forests
in the older stages. After these disturbances occur, there will be
larger amounts of open habitat for species dependent on it.

Presently, trees of smaller size than ever before are being
removed and processed for timber in both thinning and harvest-
ing operations in the Inland West. If continued and expanded,
these operations could greatly reduce the risk of very large
disturbances while helping achieve a greater diversity of struc-
tures across the region over time {Oliver et al. 1994). Recent
federal policies which emphasize untouched set-asides seem
more likely to increase fuel loads and stand replacement fires.
The harvesting of smaller trees may be a temporary response of
logging companies to the reduced timber supply from regions
impacted by set-asides. Companies are paying high prices for
timber and logs, and incurring higher costs in the processing of
small-diameter trees, in order to depreciate their equipment
investments rtather than lose their capital investment prema-
turely. Ultimately, many businesses will close when substitute
products—wood from elsewhere in the world, steel, aluminum,
concrete, or plastic—gain in share. This business closure and
substitution process is already underway; however, policy alter-
natives may still have a significant impact on the outcome.

OBJECTIVES FOR MANAGEMENT

The overall objectives for management of forests have been
expressed directly and indirectly in many ways—through the
Endangered Species Act, the National Forest Management Act,
the U.S. Congressional budgetary process, and the U.S. free
market system—which require landowners and businesses to
make a profit.

For this paper, the objectives are categorized as follows:
biodiversity; timber flow and the global environment; employ-
ment; and cost tothe public. Other objectives could be considered
as well; however, these are sufficient to demonstrate important
tradeoffs that exist. Each of these criteria is described in detail
below.
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Biodiversity

Biodiversity refers to variation in life forms, genetic makeup,
biological processes, and ecological niches. Maintaining stable
populations by managing for individual species is an impaossible
task. There are too many species, including some not yet known,
Requirements for the survival of many are unknown. Alterna-
tively, biodiversity can be promoted by maintaining a diversity of
habitats. In forested areas, these habitats are the various stand
structures. They can be identified and measured in terms of
amount and transition from one structure to another.

Timber Flow and the Global Environment

The use of wood from the Infand West and protection of the
global environment are probably complementary objectives, If
wood products are not produced from areas where other ecosys-
tern values are maintained, they will be produced from elsewhere
in the world where ecosystem values are less regarded, with
greater harm to the global environment. Products such as steel,
aluminum, concrete, brick, and plastic may be used as substitutes
for wood products causing more pollution. For example, each 2
billion board feet of timber harvested reduces the U.$.’s contri-
bution to global carbon (as carbon dioxide) emissions to the
atmosphere by 0.3%. This is 3.8% of President Clinton’s gas
emission reduction target by the year 2000 if the wood replaces
such fossil-fuel-intensive substitutes as steel, aluminum, brick,
and concrete (Koch 1991; Clinton et al. 1993). Some of the
harvest would not, in fact, replace energy-intensive products, but
may prevent increased harvests in the tropics, Siberia, and other
places with fewer ecological safeguards. These environmental
benefits, though less quantifiable, may be as significant. About
two billion board feet—about 20% of the forest growth—are
harvested annually from national forests in the Inland West
(Powell et al. [993).

Timber production and the impacts on trade flows can be
measured and simulated to gain insights into such impacts on the
global environment (Perez Garcia 1993), however, this is beyond
the scope of this paper. Instead, the global impacts of changes in
timber harvest from the 1991 level under different management
scenarios is expressed in terms of contributions to the U.5.’s gas
emissions reduction target.

Employment

Unemployment is a public cost which reduces the ability to
spend taxes on other envirommental or social values. Rural
unemployment remains a structural problem of significant policy
importance. In addition, forest ecosystems are generally more
diverse where human economic well-being is above the subsis-
tence level and local people have an active interest in maintaining
the forest in an ecologically sound condition,

Forest management produces employment through silvicul-
tural treatrents, fire fighting, timber harvesting, and timber
manufacturing (Table 1), Each million board feet of timber
harvested generates approximately 3 woods jobs, 5 primary and
secondary manufacturing jobs, an equal number of indirect jobs
in the local community, and more in adjacent population centers.
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Table | — Silvicultural and management operations, costs (or each entry) labor, and returns assumped for different silvicultural regimes.

Employment
Silv.

Silvicultural regime/operation HI MED LOW Ops.
Uneven-aged (selection)
Plant (4x) ($/Acre) 400 0 0 1
Precomm th.(4x) 240 240 0 1
Timber hvst (MBF) 60 40 20
Timber hvst ($/MBF) 230 220 210
Empl. in hvst (per-days) 120 80 140
Fire fighting 75 75 75 44
Road maintenance 200 200 200 2
Even-aged, no thinning
Broadcast burn 200 200 200 0.8
Regenerate 400 400 400
Precomm. thin 240 240 240 1
Timber hvst (MBF) 54 36 _ 18
Timber hvst ($/MBF) 190 170 160
Empl. in hvst {per-days) 108 72 36
Fire fighting 75 75 75 44
Road maintenance 200 200 200 2
Even-aged with thinning
Broadcast burn{$/Acre) 200 200 200 0.8
Regenerate ($/Acre) : 400 400 400
Precomm. thin ($/Acre) 240 240 240 I
Underburn (2x) ($/Acre) 400 400 400 0.8
Harvest )

Thin (2x) (MBF) 30 20 10

Thin ($/MBF) 120 60 50

Final hvst (MBF) 30 20 10

Final hvst ($/MBI) 240 190 180

Empl’d in hvst (p-dys) 120 80 40
Tire fighting -0 0 0 0
Road maintenance 200 200 200 2
Prescribed burning, no harvest }
Prescribed burn(4X) ($/acre) 800 800 800 8
Fire fighting ($/Acre) 0 0 0
Road maintenance? _ 400 400 400
Salvage of burned timber
Timber harvest VALUES ARE 60% OF EVEN-AGED,

NO THINNING

Fire fighting ($/Acte) 1107 1104 1104 84
Road maintenance ($/Acre) 200 200 200
Ne active mgt. except fire fighting
Timber harvest (MBF) } 0 0 0 0
Fire fighting ($/Acre)150% 1504 1504 g4
Road maintenance($/Acre) 200 200 200 2

I Plant needed only on high sites. Precommercial thin on high and medium sites.
2 Labor included in other operations.
3 Road maintenance without timber harvest would be twice as expensive, since logging companies pay for half of road maintenance.,
4 Fire fi ghting is less where salvage logging reduces reburning, or harvesting reduces fuels and provides access.
Estimates based on Lippke and Oliver 1993.
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For this paper, employment will be calculated at 8-person years
per million board feet. Jobs created in processing other values
from the forests are relatively few compared to timber harvesting
and manufacturing, and are not included in this analysis. These
jobs may or may not be compatible with timber harvest.

Cost to the Public

The public’s ability to pay for various ecological values through
taxes (or foregoing taxes through reducing commerce) competes
with many other social objectives. Where more tax money is
spent to obtain ecological values in one area, less money is
available te provide protection of ecological values in other
areas. If costs become so high that a decline in living standard is
perceived, the public tends to reject both the management ap-
proach and the ecological values as not being of high priority to
its welfare. The costs of alternative approaches can be measured
and demonstrated as potential tradeoffs for policy alternatives.
‘Where the values are not well known, policy makers must often
make choices on the basis of perceived benefits to relative costs.

This paper divides costs into three categories: costs to the
federal government, costs to local (non-federal) governments,
and costs to consumers. For this paper, costs to the federal
government are the changes in U.S. Forest Service expenses for
managing national forests in different ways. In 1989 the Forest
Service spent about $2.5 billion and generated revenue (primar-
ily from timber) of about $1.1 billion. In 1993, it spent about $2.9
billion and generated revenue of about $700 million.

Non-federal government costs are affected in two ways:

i. Local governments receive funds from national forests in
lieu of taxes, which are referred to as “surrogate taxes” in
this paper. These funds are 25% of timber receipts from
national forests within the Iocal area, minus the cost of
certain silvicultural operations necessary for harvest. For
purposes of this paper, 1991 receipts are estimated based
on the board feet harvested and cost and revenue shown in
Tables 2 and 3. Receipts above and below that amount are
considered gains and losses to the local government.

ii, Local governments also bear the costs of unemployment
and benefit from increased employment. The cost of main-
taining someone on weifare is estimated to be $40 per day.
Present employment is estimated from the amount of
timber harvest in Table 1. Employment above and below
this amount are considered benefits and costs.

iii. Consumers pay for wood or its substitutes. A change in
wood supply creates an opposite change in costs of wood
or its substitutes. For this paper, changes in costs to con-
sumers are described in relative terms, with increases in
-available timber volume causing decreases in costs to
COonsumers.
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SILVICULTURAL REGIMES FOR
MANAGING FORESTS

Silvicultural regimes are a sequence of silvicultural operations
done to a stand over time to achieve specific objectives. For this
paper, six silvicultural regimes are analyzed:

1. uneven-aged (selection) management;
. even-aged management without thinning;
. even-aged management with thinning;

. 1o management except prescribed burning;

[ T S B

- nomanagement except salvage of burned timber following
natural fires; and

6. no active management except fire fighting.

Silvicuitural operations, costs, and labor assumptions are shown
in Table 1. Other basic values for the analysis are the same as
Lippke and Oliver (1993a). Fighting wildfires in unmanaged
forests is assumed to cost $150/acre. Road maintenance is as-
sumed fo cost $4/acre/year, with half of this cost paid by harvest
operations where they occur.

1t is assumed that similar amounts of timber would be obtained
from even-aged management with thinning and from uneven-
aged management (Larson 1982). Even-aged management with-
out thinning would provide slightly less volume (Table 1), since
more trees will die from suppression and not be harvested.
Differences in timber quality and species between regimes are
considered in terms of stumpage returns. It is also possible that
the uneven-age management regime is not completely sustain-
able, since it may lead to more shade-tolerant true firs (Abies) and
other species than can be supported without insect and disease
outbreaks, followed by fires.

More detailed analysis of the costs and revenues from silvicul-
tural regimes could increase the precision in the example; how-
ever, it is improbable that the results shown here would be
different in trends or provide a significant difference for policy
analysis.

ALTERNATIVE APPROACHES
TO MANAGEMENT

Historically, forest management has been targeted for specific
commodities: timber, grazing, or water, among others. With the
recent interest in improving biodiversity, an alternative—eco-
system management—has been proposed which attempts 1o
maintain the many patterns, processes, and species rather than
emphasizing a few commodities or a few species. Ecosystem
management has been used in two contrasting approaches based
on changing theories of how ecosystems function. They are
referred to as the “preservation” and “landscape management”
approaches in this paper.

Four basic management approaches are compared for this
paper: 1) present management, 2) expanded commodity manage-
ment, 3) ecosystem management using a landscape approach,
and 4) ecosystem management using a preservation approach.
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Table 2, —Values per acre for different management regimes,

Values Per Present Expanded Landscape  Preservation Preservation & Preservation
Acre Management  Commodity Management Controlled Burn & Salvage

National Forest

Returns () $6,648 $3,324 $2,634 $0 $0 $1,447
Mgmt, Costs($) 481 481 894 0 -800 504
Net $ 6,167 2,843 1,740 0 -800 943
“Tax Surrogate™($) 1,542 711 435 0 0 236
Road & Fire Cost 275 275 0 150 400 310
Federal Net 4,350 1,857 1,305 -150 1,200 397
Local Government
Employment($) 2,736 2,736 2,417 320 320 1.920
“Tax Surrogate”($) 1,542 711 435 0 0 236
Net 4,278 3,447 2,851 320 320 2,156
Other
Volume Flow(MBF/AC) 31 31 31 0 0 17
Timber Availability Medium High High Low Low Medium
Road Access Some Yes Yes No Yes Yes
Employed(Person Days) 68 68 60 8 8 48
Table 3. —Values if all non-reserved, productive national forest lands in Inland West were managed under different regimes

(except “present” management, in which only about 20% of the area is managed). Values would be proportionately less if
less area is managed.

Values For Present Expanded Landscape Preservation Preservation &  Preservation
All Acres Management Commodity Management Controlled Burn & Salvage
National Forest

AcresManaged (million) 6.7 36.4 364 )] 364 364
Returns (million) 445 1,210 959 0 0 527
Mgmt. Costs (million) 32! 175 325 0 291 183
Net (million) 413 1,035 633 0 -291 343
“Tax Surrogate”($) . 103 259 158 0 0 86
Road & FireCost (million) 631 100 0 55 146 113
Federal Net(million) 247 676 475 -55 -437 145
Local Governmeit

Employment (million) 2781 996 880 116 116 699
“Tax Surrogate™ (million) 103 259 158 0 0 86
Net (million) 382 1,255 1,638 116 116 785
Other

Volume Flow 2 11 i1 0 0 6
{MBF/AC)(bill)

Timber Supply Medium ~  High High Low Low Medium
C02 Change(Pres.) 4% 22% 21% 0% 0% 12%
Road Access Some Yes Yes No Yes Yes
Employed 1

{Person Years 28 100 88 12 12 70
(7 hours))

1 Commodity management on 6.7 million acres; preservation on 29.7 million acres.
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Table 4. —Changes in values of objectives if all non-reserved, productive national forest lands were managed by different
management scenarios compared to present (see Table 3). Values would be less if less area were managed.

Changes in Expanded Landscape Preservation  Preservation &  Preservation
Values Commodity Management Controlled Burn & Salvage

Biodiversity +f +++ + ++ +f

Global Environment +18 +17 ~4% -4% +8%

Employment +72 +60 -16 -16 +42

(thousand person years)

Returmn to Public

(negative value = cost)

Federal (million) +429 +228 -302 -611 -102

9% Change +17% +9% -12% -24% -4%

Local (million) +873 +636 -266 -266 +403

Consumer Cost of Wood Low Low Hi Hi Med

IThe relative benefits of these three management appreaches on biodiversity are uncertain, however, their benefits are less than
Preservation with controlled burn (if it is possible)} and much less than Landscape Management.

In addition, three variations of the preservation approach are
compared, since these approaches have been actively proposed in
light of fires in the eastern Washington Cascades. The variations
are: Preservation with no activities; Controlled burning with no
harvest of timber; Salvage of burned trees for timber production.

The effects of each management approach on each objective
are compared in Tables 2, 3, and 4. Table 2 shows per acre values;
Table 3 expands the analysis to the entire 36.4 million acres of
national forests in the Inland West. For this expansion, the values
far each site are used in proportion to their amount in the Inland
West (e.g., 49% on low sites [capable of growing between 20 and
49 cubic feet annually], 44% on medium sites [capable of
srowing between 50 and 119 cubic feet annually], and 7% on high
sites [capable of growing over 120 cubic feet annually]; Powell
et al. 1993). To keep the range of assumptions manageable, it is
assumed that even-age harvest rotations are 100 years, uneven-
age harvest cycles are 23 years. When a given silvicultural regime
is considered, it is also assumed that 1/100th of the acres will be
treated for each activity each year. In fact, the present distribution
of stand conditions would require that more lands be treated in the
next few decades (Lippke et al., paper in this volume).

Although calculations are shown here for national forest land,
similar trends apply to other public and private forest lands as
well. On these other lands, however, costs of various operations
are often lower and so change the values. Also, private landown-
ers pay taxes instead of a surrogate to counties, even if they donot
harvest timber.

Commodity Management Alternatives

Historically, forests have been managed primarily for specific
commodities, such as grazing, waler, or timber-—except for the
extreme preservation approach toward fire management. Values
such as biodiversity were often not considered, or human im-
pacts were assumed to be so insignificant to forest ecosystems
that they would not affect such values. Commodity management
has become institutionalized on public forest lands in the United
States (and elsewhere in the world) where national forest man-
agement practices are funded by timber sales receipts, and where
various thinning and harvesting operations need to be economi-
cally justified. Commodity management has essentially been
required on private forest lands, since landowners must make
enough profit to pay taxes or their land will be confiscated.

For this commeodity management analysis, the forests are
managed by a highly profitable silvicultural regime for its pro-
ductivity class—with historic factors taken into account (Larson
1982; Oliver and Larson 1990). Commodity management, there-
fore, is considered in this paper as uneven-aged management on
all unproductive and medium productivity sites, and even-aged
management (with no thinning) on all highly productive sites. It
is estimated that fire fighting costs are less expensive under
regimes of no active management (Table 1). Even-aged manage-
ment with thinning included prescribed burning, so fire fighting
costs are assumed 10 be negligible. This effect of management
may vary somewhat regionally but seems reasonable (O’ Laughlin
et al. 1993; O’Laughlin 1994),
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Table 4. —Changes in values of objectives if all non-reserved, productive national forest lands were managed by different
management scenarios compared to present (see Table 3). Values would be less if less area were managed.

Changes in Expanded Landscape Preservation  Preservation &  Preservation
Values Commaodity Management Controlled Burn & Salvage

Biodiversity + A+t +1 ++ +1

Global Environment +18 +17 -4% -4% +8%

Employment +72 +60 -16 -16 +42

(thousand person years)

Return to Public

{negative value = cost)

Federal (million) +429 +228 -302 -611 -102

% Change +17% +9% -12% -24% -4%

Local (million) +873 +656 -266 -266 +403

Consumer Cost of Wood Low Low Hi Hi Med

IThe relative benefits of these three management approaches on biodiversity are uncertain; however, their benefits are less than
Preservation with controlled burn (if it is possible) and much less than Landscape Management.

In addition, three variations of the preservation approach are
compared, since these approaches have been actively proposedin
light of fires in the eastern Washington Cascades. The variations
are: Preservation with no activities; Controlled burning with no
harvest of timber; Salvage of burned trees for timber production.

The effects of each management approach on each objective
are compared in Tables 2, 3, and 4, Table 2 shows per acre values;
Table 3 expands the analysis to the entire 36.4 million acres of
national forests in the Inland West. For this expansion, the values
for each site are used in proportion to their amount in the Inland
West (e.g., 49% on low sites [capable of growing between 20 and
49 cubic feet annually], 44% on medium sites [capable of
growing between 50 and 119 cubic feet annually], and 7% on high
sites [capable of growing over 120 cubic feet annually]; Powell
et al. 1993). To keep the range of assumptions manageable, it is
assumed that even-age harvest rotations are 100 years, uneven-
age harvestcycles are 25 years. When a given silvicultural regime
is considered, it is also assumed that 1/100th of the acres will be
treated for each activity each year. In fact, the present distribution
of stand conditions would require that more lands be treated in the
next few decades (Lippke et al., paper in this volume).

Although calculations are shown here for national forest land,
similar trends apply to other public and private forest lands as
well. On these other lands, however, costs of various operations
are often lower and so change the values. Also, private landown-
ers pay taxes instead of a surrogate to counties, evenif they donot
harvest timber.

Commodity Management Alternatives

Historically, forests have been managed primarily for specific
commodities, such as grazing, water, or timber—except for the
extreme preservation approach toward fire management. Values
such as biodiversity were often not considered, or human im-
pacts were assumed to be so insignificant to forest ecosystems
that they would not affect such values. Commodity management
has become institutionalized on public forest lands in the United
States (and elsewhere in the world) where national forest man-
agement practices are funded by timber sales receipts, and where
various thinning and harvesting operations need to be economi-
cally justified. Commodity management has essentially been
required on private forest lands, since landowners must make
enough profit to pay taxes or their Iand will be confiscated.

For this commodity management analysis, the forests are
managed by a highly profitable silvicultural regime for its pro-
ductivity class-—with historic factors taken into account (Larson
1982; Oliver and Larson 1990). Commodity management, there-
fore, is considered in this paper as uneven-aged management on
all unproductive and medium productivity sites, and even-aged
management (with no thinning) on all highly productive sites. It
is estimated that fire fighting costs are less expensive under
regimes of no active management (Table 1). Even-aged manage-
ment with thinning included prescribed burning, so fire fighting
costs are assumed to be negligible. This effect of management
may vary somewhatregionally but seems reasonable (O’ Laughlin
et al. 1993; (’Laughlin 1994).
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human activities that human intervention, other than to preserve
forests, will be irrevocably harmful to the natural system. Large
preserves are advocated where natural patterns and processes are
assumed to grow and maintain this old growth condition with
limited human activities. Species dependent on habitat other than
old-growth are assumed either not to exist, to be able to survive
in old-growth structures, or to exist in geographically distant
areas.

Preservation with ro activities: For this example, no silvicul-
tural operations or road maintenance is done under this preserva-
tion approach. Wildfires are assumed to occur on each acre once
every 100 vears, with associated fire fighting costs.

Fires in eastern Washington in the summer of 1994 led to
suggested modifications of the preservation approach to allow
controlled burning or salvage of burmed timber. Because of the
potential impact of these two alternatives, they are considered as
separate alternatives:

Controlled burning with no harvest of timber: Controlled
burning would attempt to restore pre-European fire regimes to
forested areas by actively burning, but other human activities
would be excluded. Controlled fires may not be possible in
unthinned and unharvested areas because of the extremely high
buildup of fuels. However, for this analysis they are assumed to
be possible, to cost an estimated $200/acre, and are to be
conducted once every 25 years on each acre (Table 1). In fact,
they would probably be done more frequently on each acre, with
each subsequent fire costing less. Road maintenance would be
necessary in burn areas to be able to control the fires.

Salvage of burned trees for timber production: Salvage
represents another alternative within a preservation approach
and entails removal of some timber burned in natural fires. This
timber would be used for manufacture of wood products. Salvage
logging is assumed to remove 60% of the timber which would
otherwise be harvested if even-age management with no thinning
were done on all sites (Table 1), since some timber would
deteriorate before it could be salvaged. Salvage logging would
pay for one half of the road maintenance costs.

TRADEOFFS BETWEEN OBJECTIVES
AND MANAGEMENT ALTERNATIVES

The impacts of each management alternative on each objective
are described below and shown in Tables 2, 3, and 4. These values
could be put info a matrix, normalized, and weighted to allow
policy makers to understand and select options. Determining
weights for such a matrix is beyond the scope of this paper and
remains an important aspect of policy decision-making.

Impacts on Biodiversity

Commodity-based management (present approach): has
generally promoted just those forest habitats and structures

compatible with efficient commodity production. The same
economic basis which has led to even-aged management on
highly productive sites has led to uneven-aged management on
low-productivity sites in the Inland West. Carried to extremes,

both can threaten biodiversity, Excessive even-aged manage-
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ment can lead to a shortage of old-growth forests, and excessive
uneven-aged management has created a shortage of open struc-
tures in the Inland West. In fact, the species being threatened in
the Inland West are the ones needing stand initiation structures:
Canadian lynx, wolves, bighorn sheep, and several plant species.
Commodity-based management has, to a degree, contributed to
biodiversity by reducing extreme insect, disease, and fire condi-
tions sometimes found on more preserved lands (O’Launghlin et
al. 1993).

Expanded commodity-based management: Most areas will
be in cither stem exclusion or old-growth structures except for the
few, very productive sites under even-aged management. Com-
modity-based management, therefore, leads to relatively stable
proportions of certain stand structures. It is uncertain whether this
stability of a few structures is more conducive to biodiversity
than the instability of structures produced by preservation man-
agement.

Landscape ecosystem management will create the greatest
biodiversity according to the dynamic ecological theory by
actively maintaining a balance of habitats (Oliver 1992a,b and
Everett et al. 1993). Landscape ecosystem management will
ensure greater biodiversity than commodity-based management.

Preservation with no activities will provide the greatest
biodiversity under the steady-state ecological theory; however,
under the dynamic theory, it will cause the least biodiversity
because open (stand initiation) habitats will be greatly dimin-
ished until very large catastrophic fires occur, after which “old
growth” habitats will be diminished. Such catastrophic fires as
the Foothilis Fire (over 140,000 acres) on the Boise National
Forest in 1992 (Sampson et al. 1994) are significant examples of
the fallacy of assurning natural processes would maintain a
steady state and protect all species.

Controlled burning with no harvest of trees will provide a

variety of habitats, similar to the landscape management ap-
proach provided the treated area is large enough. The large fuel
base, however, means even the controlled fires will be hot and not
produce the structure that follows frequent cooler fires. In addi-
tion, trees killed in the fires may lead to very hot reburns when
later controlled or natural fires occur.

Salvage of burned trees for timber production will be similar
to preservation management in the maintenance of biodiversity,
since natural processes create similar patterns and sizes of
disturbances and regrowth. ’

Ranking of each management approach for its biodiversity
value based on the above descriptions is shown in Table 4.
Progressinrefining habitat suitability indices and other measures
of biodiversity will ultimately lead to less subjective biodiversity
measures, Rankings would be different under the steady state
ecological theory; however, under the presently-accepted dy-
namic theory, landscape management is best. Controlled fires
rank second since they create a mosaic of all structures and (even
with the high fuel buildup) has some resemblance to forest
conditions under Native American habitation, Tt is uncertain
what the relative biodiversity benefits are of expanded commod-
ity management, preservation with no activities, and preserva-
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human activities that human intervention, other than to preserve
forests, will be irrevocably harmful to the natural system. Large
preserves are advocated where natural patterns and processes are
assumed to grow and maintain this old growth condition with
limited human activities. Species dependent on habitat other than
old-growth are assumed either not to exist, to be able to survive
in old-growth structures, or to exist in geographically distant
areas.

Preservation with no activities: For this example, no silvicul-
tural operations or road maintenance is done under this preserva-
tion approach. Wildfires are assumed to occur on each acre once
every 100 years, with associated fire fighting costs.

Fires in eastern Washington in the summer of 1994 led to
suggested modifications of the preservation approach to allow
controlled burning or salvage of burmed timber. Because of the
potential impact of these two alternatives, they are considered as
separate alternatives:

Controlled burning with no harvest of fimber: Controlled

burning would attempt to restore pre-European fire regimes to
forested areas by actively burning, but other human activities
would be excluded. Controlled fires may not be possible in
unthinned and unharvested areas because of the extremely high
buildup of fuels. However, for this analysis they are assumed to
be possible, to cost an estimated $200/acre, and are to be
conducted once every 25 years on each acre (Table 1). In fact,
they would probably be done more frequently on each acre, with
each subsequent fire costing less. Road maintenance would be
necessary in burn areas to be able to control the fires.

Salvage of burned trees for timber production: Salvage
represents another alternative within a preservation approach
and entails removal of some timber burned in natural fires. This
timber would be used for manufacture of wood products. Salvage
logging is assurmed to remove 60% of the timber which would

_otherwise be harvested if even-age management with no thinning
were done on all sites (Table 1), since some timber would
deteriorate before it could be salvaged. Salvage logging would
pay for one half of the road maintenance costs.

TRADEO.FFS BETWEEN OBJECTIVES
AND MANAGEMENT ALTERNATIVES

The impacts of each management alternative on each objective
are described below and shown in Tables 2, 3, and 4. These values
could be put into a matrix, normalized, and weighted to allow
policy makers to understand and select options. Determining
weights for such a matrix is beyond the scope of this paper and
remains an important aspect of policy decision-making.

Impacts on Biodiversity
Commadity-based management (present approach): has

generally promoted just those forest habitats and structures
compatible with efficient commodity production. The same
economic basis which has led to even-aged management on
highly productive sites has led to uneven-aged management on
low-productivity sites in the Inland West. Carried to extremes,
both can threaten biodiversity. Excessive even-aged manage-
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ment can lead to a shortage of old-growth forests, and excessive
uneven-aged management has created a shortage of open struc-
tures in the Inland West. In fact, the species being threatened in
the Inland West are the ones needing stand initiation structures:
Canadian lynx, wolves, bighorn sheep, and several plant species.
Commodity-based management has, to a degree, contributed to
biodiversity by reducing extreme insect, disease, and fire condi-
tions sometimes found on more preserved lands (O’Laughlin et
al. 1993).

Expanded commodity-based management: Most areas will

be in either stem exclusion or old-growth structures except for the
few, very productive sites under even-aged management. Com-
modity-based management, therefore, leads to relatively stable
proportions of certain stand structures. Itis uncertain whether this
stability of a few structures is more conducive to biodiversity
than the instability of structures produced by preservation man-
agement.

Landscape ecosystem management will create the greatest
biodiversity according to the dynamic ecological theory by

actively maintaining a balance of habitats (Oliver 1992a,b and
Everett et al. 1993), Landscape ecosystem management will
ensure greater biodiversity than commodity-based management.

Preservation with no activities will provide the greatest
biodiversity under the steady-state ecological theory; however,
under the dynamic theory, it will cause the least biodiversity
because open (stand initiation) habitats will be greatly dimin-
ished until very large catastrophic fires occur, after which “old
growth” habitats will be diminished. Such catastrophic fires as
the Foothills Fire (over 140,000 acres) on the Boise National
Forest in 1992 (Sampson et al. 1994) are significant examples of
the fallacy of assuming natural processes would maintain a
steady state and protect all species.

Controlled burning with no harvest of trees will provide a
variety of habitats, similar to the landscape management ap-
proach provided the treated area is large enough. The large fuel
base, however, means even the controlled fires will be hot and not
produce the structure that follows frequent cooler fires. In addi-
tion, trees killed in the fires may lead to very hot reburns when
later controlled or natural fires occur.

Salvage of burned trees for timber production will be similar
to preservation management in the maintenance of biodiversity,
since natural processes create similar patterns and sizes of
disturbances and regrowth.

Ranking of each management approach for its biodiversity
value based on the above descriptions is shown in Table 4.
Progress inrefining habitat suitability indices and other measures
of biodiversity will ultimately lead to less subjective biodiversity
measures. Rankings would be different under the steady state
ecological theory;, however, under the presently-accepted dy-
namic theory, landscape management is best. Controlled fires
rank second since they create a mosaic of all structures and (even
with the high fuel buildup) has some resemblance to forest
conditions under Native American habitation. It is uncertain
what the relative biodiversity benefits are of expanded commod-
ity management, preservation with no activities, and preserva-
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60% of the rate of even-aged management without thinning (see
Table 1), so the global impacts will be the equivalent of a
reduction of carbon output to the atmosphere from the U.S. by
about 8% of President Clinton’s emissions reduction target.

Impact on Employment
The present condition of commodity/ management provides

a moderate number of jobs in rural arcas (Table 3).

Commodity-based management will provide nearly a four-
fold increase in jobs in the woods, lumber mills, and in rural
infrastructures supporting these workers if it is applied to all 36.4
million acres of non-reserved, productive national forest land.
There may actually be an immigration of workers to these rural
areas to fill these jobs.

Landscape ecosystemm management will provide nearly 90%
of the employment of commodity management, both in forest

operations to maintain the balance of stand structures, and
through remanufacture of the high-quality wood produced through
this management (Oliver 1992a,b).

Preservation with no activifies will provide very few jobs,
except those provided through fighting wildfires and their sup-
porting infrastructure of hotels, etc. Since no timber is being
produced or processed, woods and mill jobs associated with this
industry will not exist.

Controlled burning with no harvest will still only provide
those direct and indirect jobs asscciated with fire management.

Salvage of burned trees for timber production will provide

jobs, however, the irregular nature of fires will mean the jobs will
be sporadic, result in hauling of logs to more distant mills, and

therefore probably not support a sustained local infrastructure,

Impact on Cost to the Public

The differences in cost to the public of various management
approaches is significant (Tables 3 and 4), Many costs of national
forest management are masked, since some costs and benefits are
borne by the federal government and others by local govern-
ments.

Present condition of commodity management is estimated

(using figures in Table 3) to yield $247 million per year revenue
to the U.S. Forest Service (when payments to local governments
and other costs are subtracted). Local communities benefit by
receiving $103 million as surrogate taxes, and $178 million in
employment or reduced unemployment.

Expanded commodity-based management of the Inland West’s
national forests will net $676 million to the U.S. Forest Service

and contribute $996 million in direct jobs to local communities.
In addition, payment of 25% of timber receipts to counties in ieu
of taxes will contribute another $259 million to local govern-
ments in the Inland West.

Landscape ecosystem management will contribute about 10%
less than commodity-based management to the local economy in
direct and indirect jobs, and will offset U.S. Forest Service
expenses by $475 million. It will also contribute somewhat less
as a tax surrogate to local governments.
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Preservation with no activities will contribute no Forest
Service income and will only contribute $116 miltion in direct
and indirect jobs to local governments. This employment will be
from fire fighting. It will increase the U.S. Forest Service ex-
penses about 12% (Table 4). With no timber receipts, it will make
no contributions to focal governments in lieu of taxes.

Controlled burning with no harvesting of timber will contrib-

ute about the same to the local government as preservation
without prescribed fires, since the direct and indirect jobs from
creating prescribed fires will be about the same as fighting fires,
No contributions will be made to local governments in timber
receipts, and Forest Service expenses will increase about 24%.

Salvage of burned trees for timber production will contribute

an intermediate amount of direct and indirect employment,
surrogate taxes to local governments, and will reduce the Forest
Service expenses about 4%.

Discussion

The direct costs and receipts for managing national forests are
borne by the federal government, but ultimately the consumer
pays these costs in taxes, Landscape management on all unre-
served, productive forests will still leave over 57% of the federal
forests in the Infand West unmanaged or managed as wilderness
or national parks. The higher costs of landscape management,
coupled with payments to local governments in lieu of taxes will
mean $201 million less return to the U.S. Forest Service com-
pared to commodity management on the same lands. This will
still be $228 million more in revenue than is currently being
generated. In fact, research and other programs funded by the
U.S. Forest Service make its expenses greater than its revenue
each year. The other management approaches do not change the
net expenses of the 11.S. Forest Service extremely: from 24% per
year increased expense (controlled burning with no harvest of
timber) to a 17% per year reduced expense (expanded commod-
ity-based management) (Table 4).

The costs to the public have dramatic impacts at the local
government levels. The differences in revenue to local govern-
ments, as surrogate taxes, are masked by the impact on employ-
ment benefits and unemployment costs by the different manage-
ment regimes. Local governments can benefit or be negatively
impacted by management regimes, from a maximum cost in-
crease of $266 million to a maximum cost reduction of over $873
million, depending on federal policies.

There are additional costs and benefits to the public. Additional
costs of preservation management involve increasing the cost of
wood products and reducing the buying power of the U.S.
economy by importing wood or its substitutes. The price of
luinber has already increased because of harvest reduction in the
Pacific Northwest but may not increase more; instead, more
polluting substitute products such as steel studs may be used.

CHOOSING AN ALTERNATIVE

There may not be a management alternative which is optimum
for all objectives (Tables 3 and 4). The choice of how to weigh
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each objective, and which alternative to implement, is the re-
sponsibility of policy makers. However, their decision will only
be effective if they understand this broad range of alternatives
and have a clear understanding of the consequences of each.

Preservation management alternatives provide the least risk to
biodiversity only if the steady-state ecological theory is assumed.
All other objectives are negatively affected if the preservation
approach is adopted. Preservation management is also very
expensive, although the costs are primarily borne by local gov-
ernments rather by the federal government, even though the
deciston is not under the control of local governments.

Landscape ecosystem management provides higher values for
more of the other objectives. Landscape management also pro-
vides the least risk to biodiversity if the effective ecological
theory is uncertain, since this value is high under either theory. If
preservation ecosystem management is used, and the dynamic
ecological theory assumed, the results characterize a worst case
for almost all values, including biodiversity. The preponderance
of recent scientific studies favors the dynamic ecological theory
(Botkin 1990; Oliver and Larson 1990; Sprugel 1991), which
would support the landscape approach to ecosystem manage-
ment of Johnson and Agee (1987), Salwasser et al. (1992), Oliver
(1992a,b), Everett et al. (1993), and Boyce and McNab (1994).

History has shown that governments and their policies are
sustained by their ability to provide a certain quality of life for the
citizens: stable social structures and high standards of living at
low costs (Lee 1994), Other values will only be supported if they
can be achieved in ways which are not too costly to the public.
Most people do not study the subtle differences between the
steady-state and dynamic ecological theories, or the impact of
wood vs. steel on the global environment. They do become
concerned about the amount of unemployment, the price of
houses and building materials, and the costs of unemployment. If
a management system is implemented which increases these
hardships, the public may reject trying to manage for biodiversity
and the global environment by any means.

A parallel example to management based on incorrect scien-
tific theories may be found in the collapse of the Soviet agricul-
tural system and government. The people did not realize (or even
care) that Lysenko’s theory of evolution was incorrect and the
government’s agricuitural policy therefore theoretically wrong.
The people only knew that failed agriculture and constantly
importing grain was making their lives unnecessarily difficult
{Khrushchev 1990),

Landscape management is an approach to achieving biodiversity
and helping the global environment which is scientifically sound
and does not require the public to pay a harsh penalty. It does
require & change in policy. Preservation management will prob-
ably not achieve biodiversity, will harm the global environment,
and will require the public to reduce its standard of living.

ORGANIZATION AND MANAGEMENT
SYSTEM FOR IMPLEMENTING THE
CHOSEN ALTERNATIVE

Even an appropriate management approach will be effective
only if implemented through an effective organization and man-
agement system. The U.S. Forest Service and other public and
private forest management entities have generally been effective
and could be adapted to manage for the changed objectives.
Several specific changes which would be effective in managing
public lands in the Inland West by landscape management are
detailed below,

Decentralized Decision Structure

Over the past few decades, scientists and managers have found
that the management organization needed to accomplish com-
plex desires is not top-down, central planning, but the decentral-
ized approach based on the enfranchisement of workers to make
site-specific decisions (Reich 1983). With decentralized man-
agement, upper levels of management do not compete with lower
levels for authority; rather, the upper levels coordinate decisions
among various groups at the lower levels,

The Forest Service management system and laws, court orders,
and executive decisions have made national forest management -
very centrally planned. Management will probably not be effec-
tive until this management is reversed and local managers are
allowed to make site-specific management decisions based on
specific, local conditions. An added benefit to letting many local
groups make local decisions is that a single wrong decision
cannot impact a large area—-as it can when centrally mandated to
a large area.

Centralized management on private lands takes the form of
fairly uniform forest practice regulations. The objectives will be
achieved more effectively if these regulations are exchanged for
more target-driven incentives, which encourage the private land-
owner to produce for the various public values (Lippke and
Oliver 1993b).

Decouple Dependencies
on Timber Harvests

A decision of nearly 200 years ago exempted federal govern-
ment property from paying local taxes. About 85 years ago, the
Forest Service was mandated to pay part of its timber receipts to
the local government to compensate for having national forest
land from which it could not collect taxes (Steen 1976).

The timber base of the revenue has made each county an
advocate for timber harvest to help with its tax base. If the
payments to counties were based on something other than the
timber harvest, there would be less tendency for timber counties
to favor commodity management. Since mills and woods work-
ers do reside in one place, these would be somewhat stable even
if the location of forest management and timber harvest moved as
necessary to maintain balanced ecosystems.

The funds for many forest operations, necessary to landscape
ecosystem management on national forests, are budgeted based
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on the revenue from timber. If the operations prescribed for each
area were separated from the timber revenue base, a wider variety
of operations could be done to maintain stable ecosystems. To
aveid spending too much public money, a balance between
expenses on forest operations and revenue from timber could be
maintained at the district, forest, or national level. Maintaining
this balance while reporting on the objectives achieved vs. the
costs absorbed would be an appropriate job for upper manage-
ment levels in a decentralized organization system, described
above.

The requirement that private landowners pay taxes necessi-
tates management operations based on timber revenue. Private
landowners are penalized where they are mandated, through
regulations, to provide public values for which they receive no
income, such as biodiversity. Giving these landowners an
incentive to provide these values will allow the public to pay for
these social values on the private lands (Lippke and Oliver
1993b).

Modernize Landscape Management Tools

Until recently, management over broad areas and long time
frames was Hmited by the ability of managers to coordinate the
necessary data and analyses. Recent advances in computers,
satellite images, spatial data management, and forest growth
projections have allowed landscape management tools to be
developed which allow visualization of forest conditions across
the landscape and through time under a variety of management
choices. These tools allow planning, policy making, and manage-
ment to be more integrated.

Tools developed by Boyce (1985) and Sessions and Sessions
{1992) are being combined and refined. An effort under way at
the University of Washington College of Forest Resources Silvi-
culture/Engineering Laboratories integrates Geographic Infor-
mation Systems, stand inventories, landscape visualization, stand
projections, stand visualization, hazard ratings, and silvicultural
decision keys into a landscape management system {Oliver et al.
1992).

Separate Logging and Selling Operations

Selling standing timber gives an incentive for the buyer to
remove the timber with minimal regard for the condition of the
remaining trees, soil, etc. Instead, woods operations could be
contracted to deliver logs harvested in a certain manner to a
designated concentration yard, from which they could then be
sorted and sold. This would also allow thinnings to benefit forest
health and return some money to the Forest Service even though
the thinning may not be profitable to a buyer if sold on the stump.

Increase Efficiencies and Utilization

The temporary increase in price for small diameter timber
presently allows many such trees to be thinned, however, this

price increase will probably be temporary. Creating more short- -

ages of timber throngh preserves will not continue to reduce the
cost of thinning the stands. Instead, it will lead to more use of
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wood from other areas of the world, as well as use of more
polluting substitutes for wood.

Thinning operations beneficial to ecosystem health in the
Intand West will be done if ways are found to reduce the cost of
thinning and increase the value of the thinned wood. Costs can be
reduced by increasing the efficiency of thinning and harvesting
equipment and techniques, and through technical training of
forest workers to operate such equipment most efficiently. A
technical institute both for training forest workers in the use of
advanced equipment and for testing the equipment is presently
being developed on the Olympic Peninsula(contact Ms. Harriette
Buckmann, Port Angeles, Washington, for more details).

Landowners might evaluate broadening the range of goods and
benefits produced from forest holdings, increasing the value of
commodity products and theirreturns from all stages (e.g., Figure
1) using a portfolio approach to management (Oliver 1994a,b).
This approach would strengthen incentives to manage for and
through these stages and, thus, help reduce the cost of jointly
produced non-commodity values (Lippke and Oliver 1993b).
Such products might include timber products, fish, wildlife,
mushrooms, berries, floral boughs, and others (Oliver 1992a).

Of these, timber brings by far the most revenue to the land-
owner. Promoting research in wood utilization and marketing
would not only increase the ability to manage the forests for
ecosystem health, it would also promote the use of an environ-
mentally sound product.

The tradeoffs shown in Table 1 through 4 are based on the 36.4
million acres of productive, non-reserved federal forest land in
the Intand West being managed by each scenario—with the
remaining 55 million acres of federal forest land there being
unmanaged. If only a proportion of the 36.4 million acres were
managed by a scenario other than “preservation,” as is presently
done, the benefits or costs would be proportionately changed and
the remaining land would be managed as “preservation, no
activities” by default.
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