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RESEARCH SUMMARY
The art of forest management planning in the Forest

Service, U.S. Department of Agriculture, has evolved at a

fever pitch pace in the past three decades. The most im-

portant changes that influenced planning include rising

demands for all products of the forest, environmental ac-

tivism, environmental laws, and land management legisla-

tion. The movement has been away from independent and

functional analysis toward multidisciplinary, then integrated

evaluation of all functions and alternative actions in the

context of ecosystem management. Comprehensive

changes in the tools of analysis were needed. From the

late 1950's through the 1970's several computer models

were developed, including the Timber Resource Allocation

Method (Timber RAM), which was the foundation for sub-

sequent improvements, and the Multiple Use-Sustained

Yield Calculation Technique (MUSYC).

The FORest PLANning model (FORPLAN), evolving from

Timber RAM, bridged the gap between functional resource

planning and integrated land management planning. Con-

trasted to earlier models, FORPLAN was capable of ana-

lyzing much more sophisticated and complex questions

concerning the interactions among the forest resources. It

placed greater emphasis on integrating site-specific analy-

sis with forestwide allocation and on scheduling an array

of multiple-resource activities through time. The rapidly

changing social, political, and legal environment de-

manded an even more integrated approach. With the

resulting FORPLAN Version 2, the user can relatively

easily specify the temporal and spatial aspects of identified

problems. A major drawback is the ability of users to hide

assumptions and the tendency to analyze a limited range

of management strategies.

This study traces the historical development of models

that eventually led to the use of FORPLAN by the Forest

Service, and traces the shift from traditional single-

resource scheduling to interdisciplinary, integrated, multi-

resource management planning.
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The Genesis of FORPLAN:
A Historical and Analytical
Review of Forest Service
Planning Models
David C. Iverson

Richard M. Alston

INTRODUCTION
Planning for efficient use of the Nation's renewable

resources has been long debated. The FORest PLANning
Model (FORPLAN) and other sophisticated computerized

models are currently used by the Forest Service in the

development of land and resource management plans. The

development of FORPLAN, like many other computerized

systems, progressed rapidly. The present and future gen-

erations of land management planners and foresters alike

might better perform their jobs if they understand the

historical and evolutionary context of their tools and

pohcies. This paper traces the development of the

FORPLAN analytical tool with the parallel organizational

development of decision making for land management
planning in the Forest Service, U.S. Department of

Agriculture. FORPLAN utilizes linear programming (LP).

Much of our discussion centers on FORPLAN and use of

other linear programming models for land management
decision analysis.

Several themes are woven into the story of the evolution

of the use of computer models in land management
planning:

—Gifford Pinchot, the Forest Service's first Chief, em-

phasized wise use and planning as a means to ensure that

resources would be used for the benefit of the whole Na-

tion while at the same time preserving the productivity of

the forests. That philosophy runs throughout the history of

the Forest Service right to today and has remained intact

despite the presence of changing issues.

—The tools needed in land management planning

changed as the issues changed. The issues that changed

involved the rising demands for forest products, environ-

mental activism, environmental legislation, and land

management legislation.

—Land management planning has moved away from

independent and functional analysis toward, first, multi-

disciplinary, then integrated interdisciplinary analysis of

all natural resources and uses of land. Consequently, plan-

ning has gradually shifted from a single-resource emphasis

to an integrated multiresource emphasis.

—The new tools for planning made it increasingly feas-

ible to plan in terms of both space and time, not just one

or the other.

—The new tools enabled a greater emphasis on integra-

ting site-specific analysis with forestwide allocation. Com-
prehensive planning of land use is now possible.

This paper's first section provides an overview of early

attempts to build effective models supporting forest

resource allocation decisions. Several models are intro-

duced in their chronological order to create a context for

the evolution of subsequent developments. The second

section provides a more detailed look at three models-
Timber RAM, MUSYC, and FORPLAN. Here we present

a general discussion of questions that fostered model
development and critically evaluate the limits inherent in

the model structures. The third section, summary and
conclusions, provides some general considerations and
speculates on expected future use of computerized mathe-

matical programming models in the context of land use

planning. Appendix I presents the essential elements of

linear programming, including a simple example. It is in-

tended to provide the uninitiated with a framework for

understanding the discussion in the second section. Those

who have a strong background in linear programming may
choose to skip this section. Appendix II provides a math-

ematical exposition of the various model structures dis-

cussed throughout the paper. The last appendix is a

glossary.

SECTION I: HISTORICAL OVERVIEW
As a result of considerable ferment centering around a

discussion of forest practices. Congress enacted on

March 3, 1891, the General Revision Act, Section 24 of

which has come to be known as the Creative Act of 1891.

As later amended, the Act created forest reserves that

were renamed National Forests in 1907. The passage of

the Organic Act of 1897 and the Transfer Act of 1905

created both the agency—the Forest Service, U.S. Depart-

ment of Agriculture—and the basic governing code that

was to guide management of the National Forests for the

next eight decades.

Today the Forest Service is responsible for the manage-

ment of 191 million acres of forest land that annually

produces an estimated 12 billion board feet of timber,

10 million animal unit months of grazing, 425 million acre-

feet of water, 200 million recreation visitor days, and

many other valuable outputs and environmental benefits.

The responsibilities have evolved from custodial protection

to intensive integrated management on an unprecedented

scale. As demands placed on the resource base increased,

so too did managerial demands for effective support in

research, administration, and planning.
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Planning is Not New
Forest planning is an ancient art. Professional forest

regulation emerged in Germany in an attempt to ensure

that the goals of management could be accomplished as

fully as possible. The German influence on American

forestry was evident both in practical application and

underlying ideology (Alston 1983). Emphasis on forest

planning was ensured when Gifford Pinchot became Chief

of the Division of Forestry in 1898. In a publication ad-

dressed to the users of the National Forests (USDA-FS
1907, p. 25), Pinchot spelled out the essential elements of

the multiple-use local planning idea that would dominate

American forest policy in subsequent years:

National Forests are made for and owned by the

people. They should also be managed by the peo-

ple .... This means that if National Forests are

going to accomplish anything worth while the peo-

ple must know all about them and must take a very

active part in their management. . . . There are

many great interests on the National Forests which

sometimes conflict a little. They must all be made
to fit into one another so that the machine runs

smoothly as a whole.

Pinchot' s view that forest conservation should include

wise use and, when appropriate, protection from overuse

as well as long-term preservation of the productivity of

the forest reserves was to be implemented through plan-

ning. His influence has endured to the present. As Wilkin-

son and Anderson (1985, p. 23) have argued:

Pinchot required planners to prepare detailed in-

ventories, monitor the condition of the reserves,

determine sustainable use levels, and exclude use

from specific areas where necessary to protect the

watershed and other resources. These four features

were hallmarks of Pinchot' s conservation planning.

They became a fundamental part of Forest Service

pohcy and in the 1970's received Congress's im-

primatur in the NFMA [National Forest Manage-

ment Act].

In 1911, under the direction of Chief Forester Henry S.

Graves the Forest Service published The National Forest

Manual (USDA-FS 1911) containing specific instructions to

forest officers relating to the need for detailed forest

plans to carry out the mission of the Agency. Three types

of plans, differing only in scope and intensity, were iden-

tified: preliminary plans, working plans, and annual plans.

The forest plans were to coordinate the various lines of

work and provide for the most efficient administration and

the best use of the forest resources possible at the least

practicable cost. Where necessary the forest was divided

for planning purposes into areas called "working circles,"

each of which would be managed for sustained yield.

Timber management plans were to consider both biological

and economic conditions. Final responsibility in the prep-

aration of all forest plans rested with the Forest Super-

visor, who would also be responsible to ensure that all

preliminary or working data be kept on file for subsequent

review. The emphasis in 1911 was on silvicultural manage-

ment and data collection, but grazing, water, and other

uses of the forest were also given attention.

The end of the first decade of this century saw the

emergence of the themes that run throughout the history

of Forest Service planning and that provide the cement
binding the facts and events into a meaningful story.

Functional planning emphasizing the characteristics of

each major forest resource and its uses (timber, range,

watershed, and so forth) would have to be technically ac-

curate. But at the same time, resource specialists would

have to realize that the forests—these systems within

systems—could not be effectively managed or understood

except in a holistic, interdisciplinary context. Emphasis on

site-specific characteristics, such as soils, habitat type, and

biological and social stability, would be necessary to allow

for the adaptation of general principles of forest manage-

ment to local conditions. Nevertheless, decentrahzed plans

and decisions would have to be coordinated with actions

taken in the Washington Office to ensure that local and

national priorities fit within an overall framework com-

patible to both needs.

During the 1920's timber management plans for working

circles large enough to support local forest-based indus-

tries were prepared, and range allotment plans complete

with maps and seasonal restrictions covered some
70 percent of approximately 7,000 allotments. Budgetary

and financial plans to guide day-to-day operations were a

major effort, and even some watershed, recreation, and

wilderness plans were completed (Wilkinson and Anderson

1985).

By 1933 the concept of multiple use had been broadened

beyond commodity uses of the forest to include outdoor

recreation, wildlife habitat, environmental amenities, and

esthetics (Towle 1982; Alston 1983). Emphasis was shift-

ing from local and forest-level planning to national issues

(Cameron 1928). The so-called Copeland Report (U.S. Con-

gress, Senate 1933) broke with past practices of the

Forest Service and the past justification of forestry itself.

It called for a more flexible multiple-purpose management
planning process that reflected national economic condi-

tions. In light of the agricultural depression, this shift of

emphasis toward community stability and employment

opportunities is not surprising. The view that it is the

responsibility of government to promote both local and

national goals through land management planning became

one of the enduring themes of public land policy. That the

concept of national planning is controversial, then as now,

is documented in Steen (1977) and Wilkinson and Ander-

son (1985). As Arthur Newton Pack (1933, pp. 160-161)

saw it:

Forest planning based on an hitherto untried scale

- on a national scale - is needed now. A coordinated

integration of forestry within the national scheme

as a major agency of land use, based on adequate

knowledge of conditions and backed by vigorous

and effective leadership, is required along a united

front wherein our land, administrative agencies

both public and private, shall fit in and perform

their allotted tasks.

For the next 20 years forest policy and planning were

in flux. The 1930's concept of multiple use had not yet

become strong enough to overwhelm the historical em-

phasis given commodity uses of the forest, especially
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timber, water, and range (McCloskey 1961; Alston 1972).

Nor was it strong enough to alter Agency planning and

decision-making processes that continued along traditional

functional lines, with emphasis on local and regional con-

cerns. Indeed, planning was sometimes little more than

calculations made by District Rangers and Forest Super-

visors on the backs of envelopes. Activity scheduling often

consisted of recording in their ever-present Use Books

how they hoped to implement the plans.

A national perspective and value orientation was

achieved through Agency promotion policies and intense

bureaucratic socialization (Kaufman 1960; Robinson 1975;

Twight 1983). Technical timber management plans were

written within the Forest Service, but Richard Behan

(1978, p. 314) points out that prior to World War II plans

"were largely academic. They were plans for the manage-

ment of timber resources that nobody wanted, as long as

the private, commercial, and industrial forests of the coun-

try continued to supply sufficient old-growth timber at a

lower cost. The federal land harvests never approached a

growth constraint called for by the plans because they

were scarcely needed at all." Until altered by the events

following World War II, especially the increased timber

harvesting in response to the pent-up demand for housing,

planning could be characterized as an attempt at coordina-

tion between various uses, within a hazily understood doc-

trine of multiple use and sustained yield (Behan 1967,

1981).

It could have been little more, given the inadequacy of

data beyond that known professionally by those working

on the ground. The magnitude of the timber survey and

inventory process, which had been authorized by the

McSweeney-McNary Act in 1928, was immense. Ivan Doig

(1976) points out that on the eve of World War II only

45 percent of the forest area in the continental United

States had been roughly and crudely covered, and only

about half of the gathered data analyzed. Subsequent

studies, such as that by Wikstrom and Hutchison (1971)

that questioned the basic land classification scheme used

for inventory and timber planning purposes, showed that

estimates of what was available were often inaccurate and

generally ignored consideration of such factors as accessi-

bility, probability of successful regeneration, and soil

stability.

Richard McArdle, former Chief of the Forest Service,

tells us that planning started in earnest when some quasi-

military missions were assigned to the Forest Service in

World War II. From the missions evolved the development

of timber plans, transportation plans, and myriad separate

and generally unrelated planning efforts at the National

Forest and Regional level (McArdle 1973).

In the postwar period between 1945 and 1960 the major

timber management questions seemed relatively settled.

They dealt with management of the transition between ex-

isting forests and fully regulated forests. For example: the

length of the conversion period, optimal rotation length,

and associated practices. We can obtain a clearer picture

of the rudimentary state of planning by looking at the con-

cept as it was appHed to development of timber manage-

ment plans.

Ira J. Mason, Chief of the Division of Timber Manage-
ment in the Forest Service, put it bluntly (Gross 1950,

p. i):

The Forest Service policy is to apply sustained-

yield management to the national forests, working

circle by working circle. . . . The forester's ideal is

the normal forest where age-class distribution is

such that perpetual cuts can be made annually of

the same amount, equal to the annual growth. If

such perfection should be achieved, the manage-

ment plan objectives would be merely to maintain

it. The ultimate objective of sustained-yield man-
agement is the development of a fully stocked

normal forest. . . . Since there are no national

forest working circles with stocking and age-class

distributions closely resembling a normal forest,

the intermediate objectives for the period for which

the management plan is prepared [must consider

problems associated with timber dependent com-

munities, but otherwise should aim] for more rapid

progress towards normal age-class distribution [as

soon as practicable].

L. S. Gross wrote the handbook that served to combine

understanding and knowledge of local conditions and

existing policies into a working tool called the timber man-
agement plan. Brevity, without loss of important detail,

was an essential goal of his effort. Again, the questions to

be answered in a management plan are clear (Gross 1950,

pp. 1,4):

Each management plan must be realistic [and]

should evaluate present conditions and trends in

terms of future developments, but it should

prescribe the most intensive silvicultural practices

which can be given practicable application ....

Periodic revisions often will stipulate more inten-

sive forest practices than seemed desirable when
the original plan was prepared. A timber manage-

ment plan is essentially a plan of operation cover-

ing a period of years. The usual plan should outline

in a general way the policies and objectives for the

first rotation, or an equivalent period. Details of

the action plan should cover the first cutting cycle

or the first budget period. No one can foresee the

future sufficiently well to make detailed plans

which can be followed throughout the next 100

years or more ....

And to make matters worse, stated Gross (1950, p. 19),

although "numerous formulas have been developed [to aid

area and volume regulation] . . . many are highly theoretical

[and] most imply the availability to the management plan-

ner of a wealth of data on inventory, age classes, growth

rates, etc." The formulas, nevertheless, were widely used

to prepare timber activity and harvest schedules, which

were statements of when, where, how, and how much
timber should be cut and grown to reach owner objectives.

As such, timber activity schedules formed the heart of

forest management.

Planning timber activity schedules was and is a major

focus of both the Forest Service and some private firms.
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For much of this century, simple formulas sufficed in set-

ting timber schedules. These formulas generally were

divided into two kinds: area control and volume control.

Regulation could be achieved by "allocating the cut" on

the basis of (1) the area to be harvested each year, (2) the

volume to be removed annually, or (3) a combination of

area and volume.

With area control, the emphasis was on annually cutting

an area equal to the area to be annually harvested in a

proposed "fully regulated forest." This approach was
familiar to foresters in Germany and other European
countries, where centuries of intensive management had

resulted in forests with relatively equal areas belonging to

each age class. However, problems arose when the ap-

proach was applied on the relatively unmanaged American
forests. Areas varied in the volume of harvestable timber.

There was the possibility of rather large fluctuations in

the volume removed each year even though a constant

number of acres were treated. There was also the possi-

bility that by judiciously scheduling the compartments to

be cut, it would not be necessary to cut exactly equal

areas each year.

In practice, the usual result was variation in area

scheduled for cutting from year to year in the interest of

more regular volume yields. Of course, regularizing the

volume was desired to "sustain" timber-dependent com-

munities. But rising and falling prices for the output of

mills made the demand for such regular volumes some-

what questionable. As Gross (1950, p. 18) put it:

It may be necessary to make some silvicultural

sacrifices to bridge otherwise lean years. In

developing the allowable annual cut the manage-

ment planner may find it desirable to permit

limited overcutting in two ways: (1) When markets

are good for less desirable species or products, they

may be cut more heavily; and (2) in periods of poor

markets, better species and more valuable products

may be overcut, if necessary to sustain the com-

munity. Skillful manipulation is necessary, how-

ever, to insure that the actual cut is substantially

in balance with calculated cut, preferably by budget

periods.

With volume control, calculation procedures focused on

the volume to harvest annually. Under European influence

and the leadership of Gifford Pinchot, volume control was
used to ensure that the annual allowable cut did not ex-

ceed annual growth. By the 1920's, however, it was ap-

parent that this made little sense in the American context,

particularly in the Pacific Northwest, where slow-growing

old-growth forests predominated. If the "growth equal

cut" formulas were continued, the old-growth forests

would dominate the calculation and extend the length of

time required to convert the forests to full production

potential. For this and other reasons, planners in the

1920's sought a more flexible formula (Wilkinson and

Anderson 1985). The most popular one, which appeared in

1922 and continued in use well into the 1950's, was
Hanzlik's formula:

Annual cut = —^ + /

where

R = rotation length for young-growth stands

= volume of merchantable (old-growth) timber

I = forest growth (increment in immature stands).

The Hanzlik method was particularly designed to

regulate the cut and to permit the rate of harvest to

exceed growth where virgin stands predominated. The
problem is to cut approximately equal volumes each year,

but to spread the old-growth volume over a sufficient

number of years so that second-growth stands will be

ready for cutting by the time the last of the old growth is

cut. Hanzlik's formula provided one solution, but others

addressed the problem differently. More importantly,

other questions were being asked then as now, such as

best rotation length, best management practice, and alter-

native treatments.

Many modern questions remain essentially the same.

Simple formulas stressing forest biology seemed sufficient

for such a task, at least up to the time that people began

to wonder about alternatives for management of future

stands and to wonder about the economic efficiency and

social responsibility of such timber regulation approaches.

Raised today in a more complicated context, the old ques-

tions answerable by the old tools now require more sophis-

ticated approaches.

Only with the coming of computer technology could the

ramifications of considering such questions as the impact

on future yields of precommercial thinning, commercial

thinning, and fertilization be adequately handled. Without

the computer it would have taken a lifetime to do the

routine calculations required via the Hanzlik and other

simple methods. But with the computer, opportunities

presented themselves to blend area and volume control.

In addition, modeling progressed to incorporate aspects of

forest ecosystem management beyond the scope of early

work in timber activity scheduling. With the advent of the

computer, full-scale multiple-use planning would finally be

possible on the National Forests.

But in 1950 much of this development was still to come.

As Gross (1950) interpreted the situation, the Forest Ser-

vice for the time being could at best experiment with the

various models at hand with no commitment for any of

them. The Forest Service continued to encourage efforts

to evolve and use tools that would help in solving manage-

ment problems. Gross (1950) provides examples from

timber management plans as they existed in the late

1940's. Davis (1966) gave an exhaustive presentation of

the simple classical formulas (for example, the Hanzlik for-

mula) and area and volume control techniques that had up

until that time sufficed in setting timber schedules. Subse-

quent developments are described in detail in Gaffney

(1960), Alston (1974), Samuelson (1976), and Behan (1978).

The 1950's and 1960's

Introduce New Challenges
Marion Clawson (1983) described the era from 1900 to

1950 as one that emphasized protection and preservation

of forest resources. In practice, it was a process of
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custodial management. (See Dana 1956; Clawson and Held

1957; Shands and Healy 1977; Dana and Fairfax 1980.)

The 1950's and 1960's, however, proved pivotal in the

evolution of both national and individual forest planning

practices. The 1950's, for example, have been described by

Clawson (1983) as the decade of intensive management,

while the 1960's and 1970's ushered in an era of "con-

sultation and confrontation."

Following World War II the recovery in housing and

construction was accompanied by a remarkable increase in

the demand for timber. Rising stumpage prices stimulated

increased western and southern timber harvests. The

private forestry sector, particularly in the South, recog-

nized that the time had finally arrived when investments

in reforestation made financial sense. Given the shorter

rotations in the South and the emergence of intensive

forest practices on private industrial lands, the demand on

public timber was increasing but not drastically so (Duerr

and others 1979).

The situation was different in the West. In spite of

Forest Service efforts to encourage sustained yield for-

estry, western forests seemed to be depleting at a rapid

rate. This was particularly the case in the old-growth

forests. Douglas-fir stumpage prices, for example, began a

sustained rise following World War II, rising nearly

15 percent per year from 1945 to 1955 (USDA-FS 1957;

Duerr 1960).

In the late 1950's timber harvest levels on commercial

forest land (public and private together) seemed to be

reaching the maximum sustainable yield, as established

through analyses that emphasized single-rotation planning.

Analysis of the timber supply situation, particularly in

Washington and Oregon, became a major effort in the

1960's and 1970's.

Public foresters have long had a timber famine mentality

(Bennett 1968), a pessimistic outlook revealed in early

supply-demand studies by the Forest Service. These early

studies were hampered by a shortage of data and had a

tendency to lay blame for the Nation's forestry problems

on private ownership and private silvicultural practices.

Improved official timber trend studies in the 1940's and

1950's forecasted increased demand. But by this time

pessimism had been replaced by an optimistic feeling that

intensified forestry could overcome supply and demand
problems well into the future.

Following the Copeland Report came more nationwide

forestry problem analyses at increasingly frequent inter-

vals. The Forest Service published reports in 1935 (Forest

Land Resources, Requirements, Problems, and Policy),

1940 {Forest Resource Conservation), a reappraisal in 1948

{Forests and National Prosperity), and the Timber Re-

source Review (TRR) in 1958 {Timber Resources for

America's Future). William A. Duerr (1960), who was to

oecome a principal actor in the analysis of the timber

situation, noted that the reappraisal report lacked the

cautious pessimism of depression time, but contained a

new, adventurous optimism tuned to visions of postwar

prosperity and abundance. He said the estimated high

level of timber requirements suggested that forest deple-

tion was the basic problem, particularly on the small,

nonindustrial, privately owned commercial forest land. In

the Timber Resource Review the spirit of the reappraisal

was continued, but with a call for intensity of forest prac-

tices by all ownerships that would startle many people.

"Can do management" would replace the concept of

timber reservation, and sales from public lands would be

allowed to increase to meet the industrial demand.
Relatively candid assessments of the problems created

by this new-found optimism and faced by the Forest Ser-

vice in the early 1960's are found in Management Prac-

tices on the Bitterroot National Forest (USDA-FS 1970)

and Forest Management in Wyoming (USDA-FS 1971).

The Wyoming study (p. 8) put the problem in a nutshell:

A primary target of protest, the apparent over-

harvest of timber, was partly a response to Federal

law and USDA regulations that the Forest Service

harvest timber to satisfy an obvious public need. It

is apparent now that the estimates of allowable cut

were partly based on over-optimistic assumptions

as to the amount of growth on forested land that

was suitable, available, and economically feasible to

harvest. Since much of the forested land in certain

parts of Wyoming is unloggable under present

technology, the cut was concentrated in the area

that could be logged.

The inability of extant models to offer planners both

spatial and temporal analyses had resulted in a massive

public outcry at the management results. Times had

changed, and forests were being viewed as important for

uses other than solely as a source of wood fiber. People

began to question whether or not current timber manage-

ment practices were consistent with sustaining and in-

creasing the other uses of the forest.

Therefore, the pressure for increased harvests was ac-

companied by increasing demands for other outputs and

resources of the National Forests. Edward C. Crafts

(1970, pp. 14-15) argues that these pressures had:

. . . induced the Forest Service to consider seriously

legislation that finally evolved as the Multiple Use-

Sustained Yield Act. These included: (1) the drives

by various organizations for single use or priority

for their special use; (2) increasing conflict between

national forest uses and users; (3) growing pres-

sures to overcut national forest timber; (4) unclear

legislative directives for recreation and wildlife use,

and (5) internal coordination problems within the

Service. The timber pressures lead [sic] to the

Timber Resource Review (TRR) and grazing

pressures to the 1953 Annual Report of the Chief

on "Grazing in the National Forests."

Crafts states that the threat to wood sawtimber was ob-

vious and was taken seriously by the Forest Service even

when others did not. "It is significant," states Crafts

(p. 15) "that the final [Timber Resource Review, 8 years in

progress] was completed in 1958, the same year the first

Multiple Use - Sustained Yield bill was introduced in the

Congress." The combined pressure led, ultimately, to a

series of studies on the "timber supply problem." Initially,

the focus was on the Douglas-fir region of the Pacific

Northwest.
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Timber Trends in the Douglas-fir Region
Timber Trends for Western Oregon and Western Wash-

ington (USDA-FS 1963), also known as the "Duerr

Report," seemed to indicate that then-current practices

and harvest levels on private forests could not continue

into the future without an eventual decline in available

timber, unless supplemented extensively by sales from the

National Forests. Duerr' s additional analysis (Congres-

sional Record 1966) suggested that changes in public

harvest practices could more than make up the projected

decline. Johnson (1986, p. 2) states that the analysis

"established that timber harvest levels could be set for

reasons other than that they satisfied a formula."

However, calculations of sustainable public harvests

based on available timber supply models were not sophis-

ticated enough to answer all of the questions surrounding

existing timber management and multiple-use policy. Early

formula models and area-volume check methods provided

solutions for specified conditions but did not assess alter-

native resource allocations to satisfy a specified objective.

Formula models could not recognize differences in stand

structure; area-volume check methods could. Neither were
capable of handling the multitude of silvicultural treat-

ments available. In spite of their deficiencies, the methods

were widely used well into the 1960's (Neff 1973).

As pointed out earlier, classical timber management for-

mulas, such as Hanzlik's, had been designed to determine

the harvest rate to bring an old-growth surplus forest into

regulation. Considerable improvement in terms of building

economic considerations into such calculations was

achieved by financial maturity models, which took account

of the costs of capital rather than simply calculating bio-

logical culmination of mean annual increment. Although

such financial models had been discussed in the literature

since the nineteenth century, they had not much influ-

enced public policy (such as decisions about investment

levels or rotation lengths). But financial maturity models

were not scheduling tools. The only scheduling models

available up to the 1960's were simple formulas and

brain/pencil-operated simulations augmented by map
overlays and experience. These approaches and analytical

methods proved inadequate for the tasks facing the Forest

Service. Nevertheless, timber activity scheduling models

developed by the Forest Service in the 1960's and early

1970's continued to be oriented toward ensuring the sus-

tainability of timber harvests, not evaluating the interac-

tion of timber with other resources.

The Douglas-fir Supply Study (USDA-FS 1969) added a

new twist to the calculation of sustainable harvests by

using allowable cut calculation procedures that looked

beyond one rotation and by examining several flow pat-

terns for public and private timber harvest. The dif-

ferences in flow patterns were made possible by the

development of computerized models that were the

groundbreaking predecessors of those discussed in the

next section. ARea VOLume Check Method (ARVOL,

Chappelle 1966) was a computerized simulation model that

used the area-volume check method. ShOrt Run Allowable

Cut (SORAC, Chappelle 1968) was a substantial improve-

ment in that it was specifically designed to look beyond

the current rotation toward how intensively managing the

regenerated stands might affect current harvest levels. A
high degree of complexity in using this approach is repre-

sented by Simulating Intensively Managed Allowable Cut
(SIMAC). SIMAC was a simulation model that permitted
the introduction of a wide range of management practices

characteristic of intensive management. It was developed

for use by the Bureau of Land Management as well as the

Forest Service (Sassaman and others 1972). Also coming
on line at this time was a new genre of linear program-

ming models (such as Timber RAM and MUSYC, discussed

in the next section) that not only addressed these issues

but also opened up avenues of analysis in broader aspects

of the evolutionary transition from functional to integrated

land management planning.

Multiple Uses Meant Multiple Problems
In the absence of intensive practices, as forests changed

from cutting old-growth acres to cutting young-growth

acres, the harvest would inevitably and permanently

decline. This came to be known as the "falldown." The
findings of the Duerr Report, together with those of the

Douglas-fir Supply Study, held out hope that the "fall-

down" could be avoided. This hope was based on a widely

held feeling that future growth in regenerated stands was
a principal determinant of the allowable cut in the current

period. It 'was implicitly assumed that increasing future

yields through such practices as precommercial thinning,

commercial thinning, fertilization, and improved genetic

stock would be translated into higher allowable cuts in the

current period. This notion became known as the "allow-

able cut effect" (ACE) and proved to be a focal point for

debate during the early 1970's. (See Schweitzer and others

1972, Teeguarden 1973, Klemperer 1975, Bell and others

1975, and Hyde 1980.) In the mid-1970's yet a different

model was developed that would allow the intensity of

timber management, by owner class, to be an explicit

variable in the projections. This model was named Timber
Resource Economic Estimation System (TREES). TREES
was used as the primary model in three attempts to ana-

lyze the future timber availability in Oregon. (See Beuter

and others 1976 and Oregon State Forestry Department
1980.) TREES was also used by the Pacific Northwest
Regional Commission's Forest Policy Project in a study of

the Pacific Northwest (Oregon, Washington, and Idaho)

that looked at forest-related policies and alternatives. (See

Johnson and Tedder 1983 for a discussion of TREES and

other model types not covered in this paper.)

Despite the notion of an allowable cut effect, the real

limits to increased timber supply existed elsewhere. Roger
Fight and others (1978, 1979) found that multiple-use

management constraints reflecting other demands on the

forest resources (such as water quality, recreation, or

wildlife habitat) were so severe as to vastly limit the op-

portunities for narrowly focusing managerial discretion on
timber program optimization. As Johnson (1980, p. 5) sug-

gests, subsequent research in the 1970's reflected a dif-

ferent era:

The Roadless Area-Intensive Management Study

[Fight and others 1979] examined this hypothesis

[that the non-declining yield constraint was the

principal limiting factor on current harvest levels]
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by testing whether intensive management dollars

could be substituted for roadless area acres in

maintaining the allowable cut on seven national

forests. . . . The findings of the study challenged

traditional assumptions that long-term growth was

the major constraint holding down harvest on land

available for timber production. Instead, the

researchers found that commitments to forest out-

puts other than wood fiber were the major con-

straint holding down timber harvest .... As the

70s concluded, it became increasingly clear that the

effect of timber harvest on water quality, wildlife,

and visual quality would provide the major control

on national forest timber harvest levels.

These important policy concerns led to the desire to con-

struct models that not only could look beyond the current

rotation, but could also make different assumptions con-

cerning harvest-growth relationships and expected future

growth on regenerated stands. More detailed information

on the location of resources and acti\ities would be

needed. We have identified two interrelated problems:

(1) estimating the existing inventory and its potential

growth characteristics, and (2) translating that information

into allowable cuts. The Forest Ser\ace would have to be

able to hmit timber sale commitments to those that could

be met without disrupting other forest objectives. The first

problem means that gross overestimates of the allowable

cut on a forest would have to be avoided. Spatial relations

are t^^pically a second problem that becomes important in

ensuring that allowable cuts are feasible, marketable, and

compatible with other uses of the forest. Forthcoming

models such as FORPLAN would eventually address this

dual problem, but adequate analysis of the spatial and

multiple-resource problems would have to wait for further

model development and improved computers.

A formidable problem was the shortage of personnel

adequately trained in the use of computers. Regional staff

would have to be used as itinerant consultants to the Na-

tional Forest Supervisors' Offices. Virtually no one then

conceived of the demands for computer facihties that

would come from those offices involved in the move from

functional to integrated land management planning.

National Level Analysis Models
Before the 1970's were over, the development of

computer-based analysis models had proliferated. The
Forest Service was faced with a plethora of models

developed within the Agency, by university researchers,

and by industry. The next section discusses three impor-

tant forest-level analysis models. Numerous models were

developed to handle national and regional level analysis

(Field 1973; Bell 1975; USDA-FS 1976; Chappelle 1977;

Convery 1977); space allows only a brief discussion of one

of these.

Peter Ashton and others (1980) developed an interactive

system of four models capable of synthesizing pertinent

masses of information into measures of economic, environ-

mental, and social impacts. The National Interregional

Multi-Resource Use Model (NIMRUM) used linear pro-

gramming to allocate national and regional demands for

renewable resource uses on the land base. The model was

developed in response to the 1974 Forest and Rangeland

Renewable Resources Planning Act (RPA) assessment and

program analysis needs. RPA was mainly concerned with

national level planning, and its primary purpose was to

better document the budgetary needs of the Forest Ser-

vice and to enhance long-term appropriations (Wilkinson

and Anderson 1985). NIMRUM was designed to minimize

operational costs of alternative national programs (the ob-

jective function) while addressing environmental concerns,

range production, sustained wood jield, and wilderness.

The first model under the NIMRUM system was devel-

oped by the Multiple-Resource Use Interaction group of

the RPA staff in cooperation with the Range group and

was called a National Interregional Multi-Resource Analy-

tical System (NIMRAS) (Pickens 1980). Although concep-

tually capable of including analysis of \irtually unlimited

t\^es of forest resource uses, in practice it was limited to

timber harvest practices, domestic grazing and range prac-

tices, and wildlife practices. A second model was designed

to evaluate regional emplo}Tnent and earnings triggered

by alternative national programs. A third model, Futures

Foregone, developed by Da\id Freeman, kept count of

future options lost in terms of the way it affected citizens

groups, the rate of impact, and the length of impact. A
fourth model. Social Conflict, also developed by Da\id

Freeman, attempted to quantify the amount and direction

of conflict patterns resulting from any particular national

strategy-, program, or alternative (Alston and Freeman
1975). The system of four models was used in the prepara-

tion of portions of the 1980 RPA assessment and program

analysis. Other users of the NIMRUM system included

budget planners and strategists in the Washington Office.

However, it was incapable of fulfilling the needs of plan-

ners at the National Forest level because (1) it was na-

tional in scope and provided little help for forest and

regional level planning, and (2) the costs associated with

its use were simply prohibitive.

Following pubhcation of the draft RPA assessment and

program in August 1975, a national svTnposium sponsored

by the University of California, Berkeley, and the Forest

Service was held at Pajaro Dunes, CA, in May 1976.

Workshop reports, preparatory studies, and participant

discussion focused on what had been learned in that first

go-around (Pemberton 1977). The primary conclusion was

that the level of aggregation required for national level

analysis made it difficult to link, in a site-specific manner,

the nationally and regionally determined target level of

resource production for specific National Forests. Needed

w^as a local bottom-up approach to data aggregation for

the assessment and forest level development of alternative

plans. The only feasible approach, if meaningful integrated

interdisciplinary planning was to be obtained, would be to

turn away from the Forest Service's "product oriented ap-

proach." The summary of the syinposium proceedings

stated that "if it has not already become so, the tradi-

tional multiple use approach will soon become obsolete

when the multiplicity of new demands becomes apparent"

(Pemberton 1977, p. 12). Some of the svTnposium partici-

pants suggested that not only data analysis and planning

decisions be kept at the local or regional level but also

pohcy and direction be more decentralized.
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These and other concerns lay behind the enactment of

the National Forest Management Act (NFMA) in 1976.

NFMA, and the regulations promulgated to implement the

act, were aimed precisely at improving the forest-level

planning process. Wilkinson and Anderson (1985,

pp. 76-90) summarize the essential points:

Uneasiness over the respective roles of local and

national planning began with the advent of land

use planning in the 1960's. . . . Modern land use

planning did not assume that timber production

was an appropriate use of all available commercial

forest land .... As a result, national forests began

to classify more commercial land as unavailable for

full timber production, to reduce their allowable

cuts, and to schedule fewer timber sales. . . . [T]he

timber industry began to complain about the loss

[and to complain about] allowing local planning

officials to sacrifice national lumber and housing

priorities in order to placate local concerns. Partly

in response to this criticism, the Forest Service in-

stituted the more heirarchical unit planning system

[discussed in next subsection] .... The basic local-

national planning issue is whether Congress in-

tended local forest plans to meet the resource out-

put goals of the RPA program. . . . The "top-

down" theory maintains that Congress did not in-

tend to allow parochial priorities of local plans to

frustrate achievement of national needs. The

"bottom-up" theory. . .argues [for] decentralized

control over local land use decisions. A third posi-

tion [which represents] [t]he Forest Service's cur-

rent position is essentially an uneasy compromiise

between the top-down and bottom-up theories. . .

[and] call[s] for an "iterative" exchange of informa-

tion from local plans and direction from national

plans.

The inherent conflict led one critic to call for actual

repeal of the RPA/NFMA legislation (Behan 1981). Never-

theless, the national NIMRUM system continued to be

used for the 1980 RPA assessment and program. But

analysts' interests had shifted to developing models that

would be able to generate site-specific multiresource forest

plans. For this reason, we now turn our attention to forest

level planning and to the linear programming models

specifically developed for that purpose.

Forest Level Analysis

The rising demands for timber after World War II

resulted in emphasis on improving timber harvest schedul-

ing models. But the Multiple-Use Sustained-Yield Act of

1960 shifted the emphasis to a balanced approach in the

use and management of the many resources available from

forest and rangelands (Alston 1972).

The first coherent effort to address the multiple-use

aspect of public forests came in the form of "multiple-use"

plans prepared by each of the National Forests

(Schweitzer and Cortner 1984). Although these plans were

intended to recognize and balance all forest uses, the

absence of adequate data and experience in nontimber-

related planning resulted in "multiple-use" plans that were

still largely timber oriented. (Even in 1986, in the absence

of final Forest Plans, functional timber management plans

were still prepared and were still the basis of most day-to-

day management activities.) However, the "multiple-use"

plans developed during the 1960's did represent a mean-

ingful step toward defining management activities for in-

dividual resources.

Rising concerns for all values of the forests may even-

tually overcome the emphasis on timber. If so, historians

may point not to the Multiple-Use Sustained-Yield Act, but

rather to the growing recognition of potential environmen-

tal consequences of Federal Agency activities and to the

passage of the National Environmental Policy Act (NEPA)
of 1969.

NEPA required all agencies of the Federal Government
to prepare environmental impact statements that identify

and evaluate the long-run impacts of projects on the en-

vironment. In response to NEPA, the Forest Service in

1973 changed its system of forest planning. In addition to

meeting the process requirements spelled out in NEPA
and court decisions, a major objective was to ensure

greater consistency among national, regional, and local

land-use priorities (Wilkinson and Anderson 1985). Each
Region prepared Planning Area Guides, which provided

general guidelines concerning broad resource capabilities

and expectations to be followed by each National Forest in

the Region. Each forest prepared plans for subareas of

forests called "units." While multiple-use plans were still

prepared for entire forests, unit plans were prepared for

individual subcomponents of the forest, usually encompass-

ing a large drainage or several watersheds.

Classifying the forest into land-use zones was a basic

purpose of the unit plan. Zoning attempted to take into ac-

count the unique spatial characteristics of and resource in-

teractions on the forest. Typical zones were general forest

zone, watershed zone, streamside zone, recreation zone,

critical wildlife habitat zone, and critical soil zone. Man-

agement practices were specified or prohibited in certain

zones. For instance, buffer zones along streams required

special timber harvest practices to limit damage to the

watercourse. In scenic or recreation zones, special re-

quirements on size and shape of clearcuts could be im-

posed to maintain esthetic values. Landscape architects

were called on to establish appropriate visual patterns.

In the early 1970's too little was known about multi-

resource interactions to attempt much more. As stated in

the 1975 RPA Assessment (USDA-FS 1977, p. 228):

Some research on the joint production of several

products from the same land areas has been con-

ducted, the impact of timber harvest upon water

yield being the best example. Some other resource

interactions have also been studied such as the big

game livestock interaction in the West. However,

most of the multiresource interactions have re-

ceived very little study. As the competition for the

use of forest and range lands increases, informa-

tion on these interactions will be increasingly vital

and the best hope of attaining efficient use of the

land and water resources.
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Nevertheless, Schweitzer and Cortner (1984, p. 115) cor-

rectly argue that unit plans "were the first truly 'inter-

disciplinary' or 'integrated' plans on the national for-

ests. . . . Detailed attention was paid to defining environ-

mental consequences and the social and economic impacts

on forest dependent communities of alternative courses of

action."

The unit plans, like the multiple-use plans, continued to

be supplemented by functional plans for individual re-

sources, and overall decisions concerning forest resource

management were based on subjective weightings of the

results of the separate analyses. But because timber

management plans continued to be the most sophisticated

and well-documented in a quantitative sense, they tended

to dominate the more qualitative plans for other resources,

although this varied significantly from forest to forest. Na-

tional level analysis was becoming an important part of

the overall Forest Service planning effort, but in the early

1970's essentially all decisions for each forest were made
locally. During this period the major influence of national

level analysis showed up in the form of budget allocations

to National Forests and Regions. This period was also

marked by a substantial increase in the number of plans

called into dispute by various publics, including litigation

and an increasing role for the judiciary in settHng

disputes.

Among the more important of the computerized analysis

systems used in forest level and unit planning (other than

Timber RAM, which is discussed at length below) was the

Resource Capability System (RCS) developed by the

Watershed Systems Development Unit at Berkeley, CA
(1972). RCS was designed to simulate the response of on-

the-ground resource analysis units (land areas with similar

soil types or other natural resource characteristics) to

alternative management strategies. Resource analysis

units thus grouped similar parts of the forest into

"zones." The RCS resource analysis areas were often

the basis for classifying land use zones for unit planning

purposes.

Much like the models discussed in the next section

(Timber RAM, MUSYC, and FORPLAN), the RCS model

was a linear programming (LP) optimizing technique con-

sisting of a matrix generator that assembled data into a

structure suitable for LP analysis, and an output display

or report writer. Once assembled by the matrix generator,

data would be processed by a commercial LP code. The

solution to the LP problem would be interpreted and

displayed by the report writer. The LP code evaluated

alternative natural resource output and use levels for each

resource within management objectives, constraints, and

land capability. As with any systems analysis approach,

users would interact with the model, making minor ad-

justments and solving several slightly modified LP prob-

lems from each matrix generated by RCS. Because LP
problems are abstractions from the realities of on-the-

ground management, thoughtful user interaction is an in-

dispensable part of the process.

Used for multiresource planning, RCS scheduled strate-

gies over time, allocated acreage to specific management

activities, and identified levels of resource output in

response to the allocated acreage. RCS identified the max-
imum (or minimum) value of an objective function (for ex-

ample, maximize timber or other resource production,

maximize present net worth, minimize specified costs) sub-

ject to constraints. The developers of RCS represented the

functional area of watershed within the Forest Service,

and the model reflected their world view. Thus, RCS paid

particular attention to simulating the water quality and

water quantity effects of alternative activities (Johnson

1986). Timber was treated as just another output. RCS
represented an alternative approach to the timber schedul-

ing models that had been important to the Duerr Report

and the Douglas-fir Supply Study and that had dominated

much of the multiple-use and unit planning efforts. Within

RCS were programs related to (1) onsite watershed analy-

sis, (2) economics, (3) resource allocation and development

planning analysis and display, (4) general support pro-

grams, (5) statistics and plotting, and (6) editing and

general data handling (Hill and others 1974).

A subsequent version of RCS known as the Resource

Allocation Analysis system (RAA) eliminated the response

simulation models. RAA was used by both the Willamette

and Beaverhead National Forests in the formulation of

their plans. The Watershed Systems Development Unit at

Berkeley, CA, was considered by many to be the effective

intellectual center of National Forest Systems modeling in

the early 1970's.

RCS might well have been developed into the model

specified for use throughout the Forest Service if time had

allowed correction of two fatal flaws. It would have to be

able to recognize multiple classifications for the same area

of land (that is, strata-based analysis areas discussed in

the next section). It would also have to diffuse the percep-

tion that it was biased toward hydrological concerns. But

competition between model developers and between func-

tional staff groups in the Washington Office, the resulting

confusion among forest planners, the continued dominance

of timber in the ethos of the Agency, and the desire on

the part of the Washington Office Land Management
Planning staff to have one unified approach for public in-

volvement, led to the decision to designate the FORest
PLANning Model (FORPLAN) as the required primary

analysis tool for National Forest planning (USDA Forest

Service 1979). As Johnson (1986, p. 10) makes clear,

however, "The emphasis of RAA on equal treatment of all

activities and outputs and their portrayal as 'timestreams'

of yields influenced the development of FORPLAN," par-

ticularly Version 2.

Summary: Evolution of Planning

Led to Systems Approach
Gifford Pinchot's emphasis on wise use and planning as

a means to ensure that resources would be used for the

benefit of the Nation while at the same time preserving

the productivity of the forest reserves has been a thread

woven throughout this historical account. His desire for

decentralized administration and planning that emphasized

local concerns while being responsive to national needs has

always been controversial but still guides the Forest Ser-

vice today. What has changed is the perception of how
best to accomplish that noble purpose.
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Project planning dominated by independent and func-

tional analyses for each of the separate resources proved

unable to meet the needs of decision makers faced with in-

creasing competition between and rising demands for the

many resources and products of the forests. Timber and

other commodity resource plans gave way in the 1960's to

multiple-use plans, but timber plans and harvest schedul-

ing dominated the process. Some sophisticated computer

models for timber scheduling could look beyond the cur-

rent rotation and anticipate the benefits of intensive

forestry, but the models did not effectively deal with

resource interaction. Various laws, including the Multiple-

Use Sustained-Yield Act, NEPA, and NFMA, increasingly

required a shift from single resource planning to multi-

disciplinary, and ultimately to interdisciplinary planning.

Each step in this evolutionary process required an

analytical foundation to support advances in evaluation of

all functions and alternative actions in the context of in-

tegrated and complex ecosystems. The pace of change is

accelerating. As Schweitzer and Cortner (1984, p. 121)

argue:

It took approximately 55 years before planning for

public forestry progressed beyond the limited

timber plans to encompass planning for a broad

array of forest goods and services. Since about

1960, however, far reaching changes have occurred

at an accelerating pace. These include changes in

the nation's fundamental perceptions of how the

national forests should be managed and an increas-

ing insistence that all plans of government be ra-

tional and available for inspection. The processes

and analyses followed by the agency have changed

greatly in response.

We have viewed the changing processes, and we now
turn to that part of the story that concerns the analyses.

SECTION II: THE EVOLUTION OF
LINEAR PROGRAMMING MODELS AS
FOREST SERVICE ANALYSIS TOOLS
The evolution from the functional timber yield estima-

tion-harvest maximization days of Timber RAM to in-

tegrated forest planning efforts using FORPLAN reflects

the work of many people and spans more than a decade

(Iverson 1982). Subsequent parts of this paper focus on the

nature of the problem identified by the developers of the

models and on the changing technical specification of the

models as the analysts attempted to take into account real-

world problems and new requirements of planning legisla-

tion and policies. For the reader's convenience, terms used

throughout the rest of the publication are found in appen-

dixes I and III.

Many of the analytical tools discussed in section I and all

of the models discussed in the following pages are linear

programming (LP) models. Persons lacking familiarity with

LP often believe it capable of doing more than it can.

Realistically, LP is a mathematical technique that allows

decision makers to compare the ability of alternative man-
agement strategies (that is, schedules of specific manage-
ment activities) to meet stated goals within available

resource limitations. An understanding of model specifica-

tion is important. If managerial decision making is to be

modeled, the linkage between the variables internal to the

model and the decisions made in the day-to-day manage-

ment of the land must be explained. A correct specification

of the problem requires that management decisions be

traceable in terms of modeled decision variables.

For the models discussed here, a decision variable is

associated with an activity column representing a prescrip-

tion for land use on an identifiable area of land. The term

"variable" derives from the flexibility under the strategy to

manage either no acres or up to some stated number of

acres. Once constructed, decision variables are evaluated

according to specific criteria stated in terms of a con-

straint set and an objective function. The LP model selects

decision variables that optimize the objective function with-

in the bounds of the constraint set, the residual or unused

decision variables being set to zero. Activity columns and

constraint rows effectively delimit the range of production

options considered. The objective function guides the LP
model toward a solution that represents an "efficient"

assignment of acreage to land use strategies. An efficient

assignment in this limited context is one where the objec-

tive function achieves a maximum (or minimum, if desired)

subject to fulfilling constraint requirements.

Computerized LP models have thus become popular not

because the models make decisions, but because they can

facilitate better decisions by evaluating several hundred

thousand decision variables in a fraction of the time it

would take to locate the best combination of decision

variables by hand. The alternative solutions offered by the

LP model become important pieces of information to be

used in the human decision-making process. Often, the pro-

cess of using such models, which force careful considera-

tion of assumptions, data, and tradeoffs, is as important as

the output of the models themselves.

We now turn our attention to three LP models: Timber

RAM, MUSYC, and FORPLAN. Understanding the models

and the events that led analysts to abandon Timber RAM
and then MUSYC in favor of FORPLAN should help the

reader comprehend FORPLAN as an analytical tool useful

in developing forest ecosystem management plans.

Timber RAM
The Timber Resource Allocation Method (Timber RAM,

Navon 1971) was developed by Daniel I. Navon and others

at the Pacific Southwest Forest and Range Experiment
Station following several years of experience with

computer-oriented models developed in the mid-1960's

(Amidon 1964, 1966; Broido and others 1965; Navon 1967;

Navon and McConnen 1967; McConnen and others 1967).

The model was designed to help formulate "plans which

are efficient with respect to stumpage harvested, costs, or

revenues, and which are consistent with specific manage-

ment policies and available resources" (Navon 1971, p. 22).

Navon (1971, p. 1) describes the model as follows:

Given an inventory of forest resources and alter-

native ways of managing each type of stand,

Timber RAM can be used to calculate a schedule

which meets a specified objective, such as: max-

imize revenues, maximize stumpage volume

10



harvested, or minimize expenditures. Besides

meeting the objective, the Timber RAM schedule

can be required to meet constraints on the periodic

level of revenues, and expenditures, and on the

periodic volume of stumpage han-^ested. The levels

at which revenues, expenditures, and stumpage are

constrained can be varied from period to period.

Finally the Timber RAM schedule can be required

to meet constraints specifying what percentage of

each type of stand \vi\\ become accessible for cut-

ting in successive periods.

Specifically, the model would predict the optimal sus-

tained level of harvest, in a localized area such as a

National Forest, given specified assumptions. Use of

Timber RAM to answer questions relating to biological

sustainabihty of har\^est placed the model in company mth
ARVOL, SORAC, and SIMAC discussed in section I.

Timber RAM, however, used a linear programming ap-

proach rather than a binar\--search approach to harvest

scheduling. Johnson and Tedder (1983) provide a thorough

discussion of the two approaches.

Model Specification and Use—Timber RAM was used

most frequently to address issues relating to biological sus-

tainability of timber harvests, and to answer the question:

What is the maximum sustainable harvest level for a

forest? Model specifications included (1) an objective to

maximize first period cut. (2) harvest-growth information

for the stand classes represented, and (3) a harvest flow

restriction. The forestwide decision was how much and

where to cut. Decision variables were structured to

respond to the question: How many acres should be cut

from each stand class in each period? The user would

dehmit the range of periods (typically decades) over which

the stand could be cut and define a variety of sil\'icultural

treatments for a stand class, with some discretion as to

when treatments would take place. It is easy to imagine

the construction of many decision variables for each stand

class.

In the analysis, forest land would be di\'ided into a speci-

fied number of timber classes, say k, where k was typically

a number betvv-een 15 and 75. A timber class was defined

as a collection of acres from across the forest sharing

similar silvicultural and economic attributes. Douglas-fir

mature sawtimber on high-site-producti\ity land might

comprise a timber class. The number of acres included in

any timber class would, of course, vary by forest. Acreage

would vary as well by the number of classes so defined.

The basic land stratification, homogeneous but noncon-

tiguous, is hereafter referred to as "strata-based."

Figure 1 shows that the world view represented in the

model is a mosaic of timber stands for forested areas,

accompanied by voids in other areas.

A series of timber management prescriptions or strate-

gies would be constructed, each prescription representing

an alternative sequence of sil\icultural treatments span-

ning many decades to the planning horizon. In Timber

RAM, prescriptions^ include treatments for both existing

timber stands and the managed stands that would replace

them in the future. Associated with each prescription are

decision variables, which keep track of acreage assigned to

particular timing choices for prescriptions in the solution

Figure 1—Mosaic of strata-based timber ciasses

as delineated for Timber RAM analysis.

to an LP problem. As such, decision variables become the

"choice" variables in the LP problem. Because the focus

of the analysis was biological sustainabihty, the planning

horizon was t}7)ically 120 to 300 years. The span of time

represented in the model was di\ided into a number of

periods, often decades.

Generally, constraints were added to the model in

addition to those needed to track acreage within timber

classes. These constraints controlled, for example, the rate

of change in timber volume han^ested from period to

period. Such constraints could be used to simulate

the effect of various forest pohcies.

Given user-defined timber classes and associated pre-

scriptions. Timber RAM would develop a pattern of

han,'est that would at once satisfy specified constraints

while optimizing the chosen objective. The sequence of

acres to be cut in each period, coupled with the amount of

^The term "prescription" is introduced here to avoid confusion later on.

Navon (1971) used the term "acti^-itj-" for what we call a prescription,

because a prescription was always represented as an acti\itj- column in a

linear programming problem. Therefore, in our discussion of Timber RAM
a prescription refers to a complete sequence of acti\ities or treatments ex-

tending from the present to the planning horizon. A prescription is concep-

tually identified by a particular goal or "management emphasis" and by a
particular "management intensity'." The timing of treatments with asso-

ciated outputs, costs, and benefits completes the specification. The term
prescription, as shown in subsequent discussion, evolves along with the

model development. In Timber RAM, prescriptions were related to timber

production only.
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timber removed from those acres, is referred to as a

"harvest schedule." It is generated as a function not only

of the single stand harvest-growth projections but also as

a function of the timing of harvest cuts within and across

stand classes to meet forestwide goals to the planning

horizon. The yield projections would be exogenously dev-

eloped based on assumptions about silvicultural treatments

and their impacts on each stand class.

Prescriptions and associated decision variables were

modeled at the stand class level with constraints generally

reflecting overall forestwide goals and objectives. Even
though stand classes were defined according to com-

ponents such as working group or species mix, land class,

and age class, the user could control harvest only by

either individual timber class or forestwide. Harvest con-

trol by land classes, for example, was not allowed. As will

be seen in subsequent discussion, this meant that man-

agers would not be able to directly control harvest in

critical subareas of the forest such as elk winter range or

designated visual impact areas. Neither could they control

harvest, for example, by species mix or harvest method.

"Constraints" in this era were often modeled as reduc-

tions in volume available for harvest. This type of con-

straint became particularly important after 1972 when a

change in the Forest Service Manual required categoriza-

tion of land into standard, special, and marginal compo-

nents. Only standard lands reflected the full production

levels contained in existing yield tables. By 1977, Forest

Service planners had classified over a third of all commer-

cial forest land as marginal or special (Wilkinson and

Anderson 1985). In Timber RAM the reduced harvest vol-

ume implied by such considerations was usually modeled in

one of two ways: reduction in harvest-growth volumes ac-

companying prescriptions or restriction of acres available

for treatment in the first five periods. The first approach

implies a constraint through yield reduction in the pre-

scription columns. It was generally used for "special" and

"marginal" lands. Yields for standard lands reflected full

production levels. The second approach controlled access

to a timber class through imposition of constraint rows

called "accessibility constraints."

In developing harvest schedules, the analyst would

tj^jically run the LP model relatively free of constraints

other than those needed to keep track of acreage in an ac-

counting sense and to control harvest flow. The solution to

this initial run would be subjected to scrutiny by special-

ists to determine on-the-ground feasibility. If deemed in-

feasible, additional constraints would be imposed and the

model would be rerun until the specialists were satisfied

that the selected prescriptions and decision variables

represented on-the-ground management possibilities.

Navon (1971, p. 7) suggested that the above procedure

could "be extended to include review of Timber RAM
plans or revisions of Timber RAM problems by fire,

recreation, range, and wildlife management planners."

Ostensibly, functional timber management planning in the

Forest Service would be sensitive to other resource

demands.

Critical Evaluation—Timber RAM was billed as a tool

for use in development of harvest schedules compatible

with multiple-use management objectives. But could it live

up to the billing? Timber RAM was, after all, a timber

management planning model. Therefore, information from
other resource specialists was interpreted and filtered by
timber specialists resulting in an alleged bias that plagued

Timber RAM and the models that evolved from it. Model
developers, analysts, and planners who used the models

were challenged by both internal and external critics to

show that the models were not unduly biased toward

timber. (The developers of RCS, as discussed in section I,

were similarly accused of being biased toward hydrological

and watershed concerns.)

But a potential timber bias was not the only issue. In

studying wildlife management, Thompson and others

(1973) identified modeling needs pertaining to the size,

spacing, and distribution of clearcuts—considerations im-

portant in evaluating the intertemporal impacts of timber

harvests. In addition. Walker (1971) looked at the eco-

nomic implications of modeling situations where stumpage
prices varied with harvest volume. Timber RAM could ac-

commodate the latter problem (Hrubes and Navon 1976),

but explicit demand curves were often absent or based on

questionable assumptions. In practice, however, those and

many other issues could not be easily represented in the

model structures.

The use of intertemporal harvest flow constraints to

simulate sustained yield in model specification was one ap-

proach to dealing with the charges of bias. Such controls

represented flow constraints useful in forest regulation.

But, in the eyes of other forest users, controls could also

be used to restrict overcutting. In practice, harvest flow

constraints were being used as surrogates for restrictions

on harvest for economic, social, political, or environmental

reasons. The poHcy of sustained timber yield could be, and

almost invariably was, internalized in the form of a non-

declining yield (NDY) constraint. This constraint requires

that the cut not fall from period to period within the plan-

ning horizon. Nondeclining yield became Forest Service

policy in 1973 with the release of Emergency Directive 16

(USDA-FS 1973). However, the NDY constraint was often

the sole mechanism, beyond the individual stand class

harvest-growth projections, used to distribute the cuts

through time.

Timber RAM was widely used to develop timber man-

agement plans for National Forests in the Western United

States in the 1970' s. The plans themselves were developed

to address the questions of biological sustainability of the

cut on a forestwide basis. The model served that need

rather well. But the questions Timber RAM was designed

to address were relatively unsophisticated, and as atten-

tion began to shift from growth maximizing formulas to

site-specific environmental questions, more sophisticated

model structures were required. The MUSYC model was
developed as a first-stage response.

MUSYC
Multiple Use-Sustained Yield Calculation Technique

(MUSYC, Johnson and Jones 1979) evolved from an at-

tempt by K. Norman Johnson and others to improve the

user orientation of Timber RAM. Desired constraints on

timber harvest volume and silvicultural practices at or

below the forest level dictated, it seemed, a complete

overhaul of the Timber RAM computer code. The decision

was made in the mid-1970's to revamp the system.
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But a complete revamping did not occur. The end

product maintained the older Timber RAM structure while

adding a new one to it. MUSYC emerged with two

mathematical structures designed for timber acti\aty

scheduling problems. Johnson and Scheurman (1977) out-

line these generic structures, labeling them "Model I" and

"Model II." The key to understanding the distinction be-

tween them is found in the definition of decision variables.

In Model I. decision variables trace prescriptive man-

agerial acti\ities to the planning horizon, from the existing

stand through, perhaps, several harvests on future regen-

erated stands. Johnson and Scheui'man (1977) classify

Timber RAM among models where decision variables are

stiiictured in a Model I format. In contrast. Model II is

typified by a separation of decision variables. One set of

decision variables traces actions on the existing stand. A
separate set of decision variables traces actions on the

land during the establishment and regeneration harvest of

the subsequent stand. Each time a stand is reestablished,

it is tracked with a new set of decision variables. Con-

straint rows link the two sets of decision variables and

ensure that acres are properly tracked in an accounting

sense.

The name MUSYC was acquired toward the end of

developmental work on the system. Early on. it had been

nicknamed "Model 11" because the decision variables were

so structured. Although it was conceptually appealing.

Johnson and his coworkers soon found that some Model II

formuJations could create LP problems too large to solve

efficiently. Johnson and Scheurman (1977) thought the

Model II form produced more attractive LP problems

regard to computational efficiency than did the ]\Iodel I

formulation in Timber RA^I. Forest Semce administra-

tors in Timber Management apparently also thought this

because they chose Johnson rather than Xavon to overhaul

the Timber RAM computer code.

As Johnson (1977, p. 446) reveals, however, it quickly

became apparent that computational efficiency is situa-

tional:

Problem size for Model I is especially sensitive to

minimum rotation age and problem size for

Model II is especially sensitive to the number of

acreage groupings at each age that must be main-

tained for future stands within each tA-pe-site.

"V\Tiich model is more computationally efficient in a

given problem depends, among other things, on the

users' preferences relative to these two key

parameters.

This meant that instead of overhauling the Timber RAM
computer code, Johnson would have to develop a complete-

ly new model and incorporate characteristics from both

Model I and Model II. The Model I formulation was subse-

quently retrieved and the name changed to MUSYC.
However, the "Multiple Use" in MUSYC was a misnomer

because the model could handle multiple-use considera-

tions, such as nontimber uses of the forest, only in the

form of constraints on the timber harvest obtainable from

various site classes. The prescriptions, in other words,

were all timber oriented.

Enhanced Constraint Capability—In the tradition of

Timber RAM. the MUSYC system was developed to ad-

dress questions about general forest har\^est and gro\^1;h

patterns. As suggested in Johnson's o^^m account (1986.

p. 7), timber planners using Timber RAM were demanding
increased "ability to portray constraints that would reflect

[the] emerging [social and environmental] restrictions on

timber haiwest" discussed earher. They sought model

enhancements that would help categorize information and
develop constraints needed to control harv^est with regard

to area as well as volume. Johnson, in response, added the

desired element of control to MUSYC, at least as it ap-

plied to timber class identifiers. In Timber RAM the

timber class identifiers (working group, land class, and

condition class) were used only to cluster information

useful in specifving prescriptions. In both Timber RAM
and MUSYC, an additional component, the "regeneration

class" was used to allow for simulation of a variety of

possible management regimes for future stand classes.

Note that a timber stand would be identified by either a

condition class (existing stands) or a regeneration class

(future stands), but not both.

As discussed eariier, exphcit constraint rows could not
"

be developed by timber class component in Timber RAM,
In the MUSYC system, however, users could aggregate in-

formation \\ithin and across these timber class components

in developing constraints. Also, each possible treatment,

such as a commercial thinning or a shelterwood regenera-

tion harvest, could be named by treatment tyj)e. Users

were allowed to develop constraints with, regard to acres

or volume treated forest^nde by treatment type per

period, and by groups of inventory categories formed by

some combination of the identifiers. These constraints

would allow control on, for example, the maximum num-

ber of acres clearcut in a given period for Douglas-fir

mature sawtimber on sensitive soils. This was a substan-

tial improvement on Timber RAM. In addition, reports

summarized the results of the solution to an LP problem

in terms of acres and volumes according to identifiers,

treatment tj'pes, and time periods.

Xo doubt, improved constraint specification was helpful

in projecting more realistic harA'est schedules. In fact, the

model gained acceptance in private forest land planning

(Boise Cascade Corp. 1980) largely due to added flexibility^

in model definition and constraint capability'.

Critical Evaluation—The problem \dth MUSYC relative

to multiple-use planning was that it was just a more

sophisticated timber management model. Enhanced sub-

forest constraint capability^ was realized by further defin-

ing the strata-based timber classes seen in Timber RAM.
This approach failed to give explicit recognition to the

geographic areas important to speciahsts from \dldlife,

recreation, watershed, and so forth, (Some uses of RCS
had focused on just such resource-specific analysis areas.)

The problem A^ith strata-based analysis areas versus

geographically defined analysis areas is not just a timber

versus nontimber problem. Strata-based analysis areas

presented problems even when timber alone was being

modeled. Consider one common conflict: strata-based

analysis areas can pro^ide greater precision in estimating

timber fields, but geographically defined analysis areas

can proAide greater precision in estimating timber costs

wherever road costs are important. The latter information

was critical if sensible economic analysis was to be

possible.
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Analysis of location-specific issues such as transportation

analysis could not be easily accomplished in MUSYC. In

the early 1970's simulation models for transportation

system planning were capable of dealing with recreation

travel, one-lane road simulation, and network analysis.

Weintraub and Navon (1976) attempted to integrate

silvicultural and transportation activities. Such models,

while significant improvements over older methods of

analysis, were still inadequate for complex planning issues.

Not until the end of the decade did Malcolm Kirby and

others at the Forest Service Management Sciences Staff,

Berkeley, CA, develop Integrated Resource Planning

Model (IRPM) to deal with the spatial aspects of transpor-

tation plans (Kirby and others 1980).

Both the temporal and the spatial dimensions of the

timber management problem are crucial to development of

acceptable management plans. Timber RAM and MUSYC
were designed to address the temporal dimensions of the

problem, and IRPM was designed to address the spatial

dimension. The challenge would be to bridge the gap.

Furthermore, as discussed in section I, by 1976 RPA and

NFMA laws had changed the nature of Forest Service

planning. A step in the direction of interdisciplinary plan-

ning had been taken by the adoption of unit planning, but

the need for spatial and temporal integration across the

whole forest could not be met by that approach. Thus, in

1976 development of the MUSYC system and its required

documentation stalled. Documentation was completed in

1979 (Johnson and Jones 1979). But long before that

Johnson had begun work on a model to address the issues

of integrated planning.

The need was for more locational specificity than is pro-

vided by strata-based forestwide decision variables. This

was available in RCS. However, the wording of NFMA
regarding timber management actions suggested a need to

retain the harvest-growth information packed into the

decision variables of Timber RAM and MUSYC. These

were absent in RCS. The dilemma is evident. To at once

retain information on timber yields, yet address nontimber

issues such as cover-forage relationship on elk calving

grounds, presented a formidable challenge. In addition to

detailed timber yield information, information on roads

and openings created by timber harvests needed to be con-

sidered in a manner consistent with the desired cover-

forage relationships. Prescriptions defined only in terms of

timber classes would no longer suffice.

FORPLAN
FORPLAN was developed by K. Norman Johnson and

others to bridge the gap between functional resource plan-

ning and integrated land-use planning (Kelly and others

1986; Kent and others 1985; Johnson 1986). Whereas Tim-

ber RAM and MUSYC only analyzed commercial timber-

land, FORPLAN could accommodate all lands and water

in the forest. The basic structure existed in MUSYC or

Timber RAM. However, the role of the decision variable

would need to be enlarged. Whereas previous decision

variables traced activities needed to produce timber

through time, FORPLAN decision variables would trace

multiple resource activities through time. These activities

are packaged in prescriptions associated with the decision

variables.

A prescription in FORPLAN represents an integrated

set of activities, outputs, costs, and benefits. As it applies

to FORPLAN, a prescription is broader than the timber

activities in Timber RAM. The activities may be accom-

plished within one period (generally one decade) or may
span many periods. Prescriptions, however, trace the con-

sequences of the activities to the planning horizon.

The coming of NFMA meant that truly integrated

multiple-use planning was no longer just an idea—the law

mandated its immediate implementation. "Lead" National

Forests had been identified in Forest Service Regions,

representing a set of forests that, through trial and error,

would set the much-needed precedents for planning. On
December 3, 1979, the Forest Service (USDA-FS 1979)

designated FORPLAN as "the required analysis tool" for

forest planning. The stage was set and the players

identified.

Unfortunately, the rules of the game, if identifiable,

were not easily followed (Field 1984). If timber and range

classes (henceforth termed "analysis areas") could be

defined on the basis of homogeneity of site and vegetative

characteristics, recreation and wildlife analysis areas could

not. Production of either recreation or wildlife requires

diversity of site and vegetative characteristics. Analyzing

these relationships would require models with a high

degree of spatial orientation. Typically, for instance, a

wildlife biologist would choose a contiguous area such as

an elk "home range" as the relevant analysis area.

Generally, FORPLAN would need to reflect the world

view of each specialist separately and allow for cases

where two or more specialists would write prescriptions

for joint resource outputs from the same tract of land.

That is, prescriptions for managing the land would need to

be written for the separate production of timber or

wildlife and for the joint production of timber and wildlife.

Linkage was maintained in FORPLAN by creating a new
class of prescriptions called "aggregate emphases."

Aggregate Emphases—This concept, developed in

FORPLAN, represented for the first time a separation of

decision variables for land allocation from decision vari-

ables for activity scheduling. The Forest Service planning

process focuses on "analysis areas," which, when defined

by strata, are homogeneous but not necessarily contiguous

parcels of land. An aggregate emphasis prescription in

FORPLAN packages broad management direction

(typically a specific land-use directive) over a composite of

analysis areas in a user-defined zone (Crim and Johnson

1981; Johnson and Crim 1986). Selection of a specific aggre-

gate emphasis delimits the set of prescription choices for

the strata-based analysis areas covered by the aggregate

emphasis zone. That is, an aggregate emphasis associates

a single management emphasis or a user-defined set of

emphases to the analysis areas defined within an identified

zone. Whereas FORPLAN without aggregate emphases

provides decision variable choices for treatment of in-

dividual analysis areas, the inclusion of aggregate em-

phases provides choices both in the broader allocation of

land and in the narrower assignment of prescription treat-

ments to the land. Effectively, the model structure is one

of choice within choice. Individual prescription assignment

is made under the umbrella of an aggregate emphasis.
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Figures 2A and B highlight the separate world \iews cap-

tured by the model. Figure 2A depicts an aggregate em-

phasis prescription displacing a roading proposal.

Figure 2B depicts a mosaic of analysis areas.

Chappelle and others (1976, p. 291) pinpoint the signifi-

cance of the role of aggregate emphases in pro^iding a

solution to the problem plagueing Timber RAM:

Non-timber uses of the forest are handled indirect-

ly in Timber RAM and essentially form constraints

on timber production. Insofar as they are effective

at all, they merely limit land available for timber

acti\'ities and limit the range of treatments that

may be applied in timber production. . . . [T]emper-

ing Timber RAM solutions with adjustments for

"multiple-use considerations". . .does not necessar-

ily pro\ide an optimal solution appropriate for for-

estry planning. j^^Tiat is required is that] all goods

and ser\ices of the forest [be] quantified within the

objective function.

Chappelle and others, along with Xavon and Lundeen

(1974), felt that the problem could be ehminated if Timber

RAM could be linked with another model, such as RCS,
capable of allocating the total resource pool to a complete

range of alternative forestry products. Aggregate em-

phases accomphshed just this linkage in FORPLxA.X, at

least in concept.

In FORPLAN, output yield and economic information

may be associated with the aggregate emphasis directly or

can be associated with prescriptions as before. For exam-

ple, assume that an aggi^egate emphasis defined the road-

ing of an important anadromous fish drainage, with the

roading system designed primarily to access the available

timber. The cost of the roading system is likely a shared

cost for all the analysis areas within the aggregate em-

phasis zone. Either the road is built or it is not.- The cost

is, therefore, associated with the aggregate emphasis

prescription directly rather than trj-ing to associate it with

accompanpng prescriptions for strata-based analysis areas

separately. Similarly, output yields for recreation, sedi-

ment dehvered to the fisher}^ and so forth, that accrue

primarily due to the implementation of this aggregate em-

phasis, would also be assigned directly. Output yields such

as timber harvest volume would be packaged in the in-

dividual prescriptions as before.

To fully comprehend the aggregate emphases scheme,

the \ield production process must be dichotomized. Some
^ield information (also cost and benefit information) is

predicted at the analysis area level in development of

prescriptions. Other \ield information (also cost and

^'ote that when dealing with roads or other acti\-ities with a

high degree of spatial content, the decision variable no longer
represents a choice along a continuum. The choice is binar}-;

eitner you make the choice or you do not. Therefore, linear pro-

gramming cannot be used in its classical optimization mode, but
rather it is often used to develop efficient prescription assignment
for continuous variables given specified states for the binary
variables. Johnson and Stuart (1986) give a detailed explanation
of this problem and pro\'ide insight into several methods to

resolve it.

• • EXISTING ROADS
• • PROPOSED ROADS

Figure 2 A)—Aggregate emphasis prescription for

a roading proposal (B)—Aggregate emphasis

prescription for a mosaic of analysis areas.
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benefit information) is predicted at the aggregate em-

phasis area level in development of activity schedules

associated with it. A further refinement allows for timing

options. That is, the user may structure several aggregate

emphasis decision variables that are similar, yet differ

with respect to period of implementation. For the roading

example, this would expand the decision by adding a

timing choice to the choice of whether or not to build.

The notion of activity scheduling for multiple resource

production, and the notion of land allocation decisions be-

ing somewhat separate yet intertwined with the activity

scheduling decisions, are significant milestones that set the

stage for future development. In terms of analysis, they

represent the major accomplishments derived during the

initial development stages of FORPLAN.
Minor accomplishments included expansion of the ability

to user-constrain output flows. With FORPLAN, users

could constrain across subsets of lands, activities, and

periods. Perhaps equally important was the movement
away from timber supply estimates based solely on strata-

based analysis that historically had resulted in relatively

high estimates of the timber available for potential

harvest. Each round of planning with FORPLAN results

in better estimates of what would be available where and

when. Reduction in the estimated potential harvest of

timber is the case even when constraints for other

resources are held constant.

Critical Evaluation—Although it was enhanced by the

ability to track multiple resource outputs and consider

land allocation decisions, FORPLAN was besieged with

problems. Technical problems are covered in detail by

Stuart and Kent (1982). Problems include (1) model size

and (2) difficulty in generating spatially reasonable land

allocations and activity schedules.

The first problem is one of model size. Stratifying a land

base in the Timber RAM and MUSYC tradition typically

resulted in 15 to 75 timber classes. FORPLAN stratifica-

tions for multiple-resource problems typically resulted in

250 to 800 analysis areas, with resource specialists beg-

ging for more. Further, use of the aggregate emphases

notion often greatly expanded the size of the underlying

LP. Each allocation decision variable is linked to a

separate set of scheduling decision variables. Therefore,

each newly considered allocation choice may have a

multiplicative impact on model size. The twin factors of

multiple-resource considerations and broad land allocation

considerations treated independently would each have a

significant impact on model size. Considered jointly, the

potential impact on model size was staggering.

The second problem deals with the difficulty of gener-

ating spatially reasonable allocation/scheduling packages.

Consider a currently unroaded 30,000-acre drainage with,

say, only two aggregate emphasis prescriptions. The first

leaves the area unroaded and does not consider any ac-

tivity scheduling. The second prescription simulates devel-

opment of roads for the area in the first period of the

planning horizon. Further, this prescription is linked to

prescriptions allowing for scheduling activities on the

analysis areas within the drainage. Without the imposition

of further constraints linking the timing of activities on

adjacent and nonadjacent analysis areas in the aggregate

emphasis zone, the model structure allows for many se-

quences of actions that might be undertaken in the

drainage.

Ofttimes an assignment of prescriptions deemed efficient

in an LP run will not be spatially reasonable in the eyes of

at least one resource specialist. Determining cases where a

model "run" simulates unreasonable timing choices and

subsequently constraining away from these choices has

proven to be time consuming and expensive. Such tech-

nical problems were troublesome but not insurmountable

when the model was put into the hands of sophisticated

and imaginative users. One ought not discount the creativ-

ity of forest analysts. Indeed, FORPLAN and its predeces-

sors proved in the long run to be much more flexible than

might otherwise be suggested by our treatment. The users

proved to be adept, for example, at squeezing enhanced

geographical specificity and spatial realism out of other-

wise restrictive model structures.

The major problem with FORPLAN was not a technical

one. Rather, it was a problem of perceived bias—a prob-

lem inherited from predecessor models. FORPLAN, itself

a sophisticated timber scheduling model, proved cumber-

some at best, and inappropriate at worst, to some in-

tegrated forest planning needs. Johnson and others (1986,

p. 2) provide insight into two forms of criticism:

[First], that FORPLAN was inherently incapable of

modeling forest planning because it was a barely

camouflaged enhancement of a functional model

representing the views of Timber Management; and

[second], that the specific capability of the model

was inadequate to address forest planning prob-

lems. Many people saw a causal relationship be-

tween the two criticisms: that being a functional

model (FORPLAN) would inevitably prove to be in-

adequate for the multifunctional, integrated plan-

ning required under the National Forest Manage-

ment Act.

This criticism did not fall on deaf ears. Once again events

would intervene, model development focus would shift,

and a new model would emerge.

FORPLAN Version 2

In 1981 the Regional Forester in the Southwestern

Region of the National Forest System (New Mexico and

Arizona) received permission to use ADVENT (Kirby and

others 1978) for National Forest planning. Because the

focus of ADVENT was multiyear budgeting and program

planning, and because it was not linked to a particular

functional area, it was deemed acceptable to the planners

in that Region.

Many people had long been uneasy about FORPLAN.
Among them was Bill Russell, then Assistant Director of

Land Management Planning and head of the Systems Ap-

plication Group in Fort Collins, CO. He came from a range

management background, making his approach to land

management planning less likely to be served by the ap-

parent timber bias in FORPLAN. But the support base for

FORPLAN was not easily eroded. More than one debate

took place in the Agency about which model would be ap-

propriate. However, in the end Johnson became convinced

that Russell, his supporters in the Southwestern Region,
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and the less outspoken opponents to the continued use of

FORPLAN were right after all. "As much a? [Johnson] and

his colleagues had tried to broaden the timber manage-
ment planning perspective of FORPLAN, its terminology

and orientation would always be foreign to many planning

and resource speciahsts" (Johnson and others 1986, p. 3).

Johnson came to realize that FORPLAN' s primary use-

fulness was for the heavily timbejed forests in the Pacific

Northwest and the Southeast. It had limited appeal to

planners on other forests. As Johnson later put it:

FORPLAN was bound to fail (as a universally ap-

plicable model) because it simply was incapable of

answering the questions that some planners

deemed most important. These planners (and the

Forest Supervisors they worked for) were less in-

terested in long term scheduling models than they

were in being able to provide meaningful answers

to their clientele relative to what would happen and
where it would occur as a result of the Forest Plan

in the next 10 years (personal communication

1985).

Under Russell's guidance, Johnson constructed a model
dramatically different from FORPLAN (hereafter referred

to as FORPLAN Version 1). Rather than exploiting yields

from tables assumed to be widely applicable and associated

with prescriptions for strata-based analysis areas, the user

could define activities and resource products uniquely

associated with the area in question. That is, the user

would package into an activity column all the activities

and outputs associated with an entire set of management
prescriptions (including timing choices) for, say, a water-

shed or other user-defined zone to be managed holistically

with a specific goal in mind. The new model was originally

called Direct Entry (DE) FORPLAN, precisely because of

the uniqueness of the data associated with each decision

variable specified (Johnson and others 1982). Eventually

the title DE-FORPLAN was abandoned and the model
was, and is, called FORPLAN Version 2 (Gilbert and
others 1985; Johnson and Stuart 1986; Johnson and others

1986).

At first, and from an accounting standpoint, the model
presented to satisfy the desires of the Southwestern

Region personnel was surprisingly similar to ADVENT.
However, FORPLAN Version 2 did not resemble

ADVENT for long because its capabilities were soon ex-

panded. Johnson and his coworkers, especially Tom Stuart

and Sarah Grim, worked diligently to create a new model

that could overcome the criticisms leveled at FORPLAN
Version 1, but without the need to jettison any of its

capabilities. As Johnson and others (1986, p. 3) put it:

In this [new] construction, a number of principles

were followed: 1) the model would be compatible

with the Forest Service Accounting System, 2) the

different kinds of land organization—especially the

strata-based and area-based approaches—would be

equally possible, 3) the different kinds of data

entry, especially unique data and shared data ap-

proaches, would be equally possible, 4) the data in-

put conventions would be organized to avoid the

need for the user to repeat data, 5) the ingredients

of each management choice would be visible to the

user, 6) the model structure would not favor any

particular functional branch, 7) no particular prob-

lem formulation would be required, but rather the

model would adapt to the user's perspective.

From an analysis perspective the real milestone em-
bodied in FORPLAN Version 2 went beyond even the ini-

tial ideas that guided its developers. The key attraction to

the analyst would prove to be the flexibility in specifying

activity columns, decision variables, and constraints. In

previous modehng efforts, a decision variable represented

either a pure scheduling decision (for example, how many
acres to assign to a particular prescription) or a pure

allocation decision (for example, how many acres to assign

to particular management emphasis). FORPLAN Version 2

allows the user to choose from along a continuum with

traditional scheduling choices in the Timber RAM tradition

at the one end and packaged land allocation - output

scheduling choices in the ADVENT tradition at the other

end.^ That is, the user can package activities and outputs

across space and time according to the dictates of the

analysis at hand.

For example, if an inquiry into the biological sustain-

ability of harvest were desired, the user could create a

model structure similar to Timber RAM. Alternatively, if

the inquiry was whether or not to enter into a previously

unroaded drainage for timber harvest, the user might

adopt an entirely different strategy and develop a simple

exposition of, say, three scenarios. The first might involve

no action and simply project outputs and effects through

time. The second scenario might consider a roading activ-

ity, with outputs and effects, assuming helicopter logging.

The third scenario might consider a different roading

scheme derived from a cable logging system. Gonceptually,

three activity colunms would have been developed. The ac-

tivity columns formed could be called coordinated alloca-

tion schedules or simply "coordinated schedules."

Coordinated Schedules—A coordinated schedule defines

the sequence of activities to take place on a user-defined

area or zone to the planning horizon. That is, a sequence

of activities, their costs, benefits, and environmental ef-

fects for, say, a 30,000-acre drainage in each period of the

planning horizon would be totally user defined. Each
package of activities (or activity column) would be asso-

ciated with a separate decision variable. Alternative

packages compete to see which one could most efficiently

meet areawide or forestwide objectives and constraints.

Each package would be constructed by an interdisciplinary

team in an attempt to ensure that it is spatially reason-

able. Figure 3 portrays a coordinated schedule wherein

several roads are proposed along with a series of clearcuts.

^ADVENT was designed to evaluate competing projects. That
is, each modeled activity column represents a separate project. To
depict land allocation - output scheduling choices in what we term
the "ADVENT tradition" requires, first, that a land-use zone
must be identified, and second, that a sequence of activities, out-

puts, costs, and benefits must be identified that defines a manage-
ment strategy for the zone from the present to the planning
horizon. The "ADVENT tradition" represents a penchant for

choosing between predefined projects or programs defined
holistically. Use of ADVENT for broad land allocation decisions

was infrequent, however, relative to use of the system in project
planning and program budgeting (Kirby 1978).
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Figure 3—A coordinated sctieduie depicting

several clearcuts and associated access roads.

Because a coordinated schedule spans all periods to the

planning horizon, it is not easily represented in a figure.

Therefore, a snapshot view at the end of period 2 is

depicted in the figure.

Coordinated schedules can be developed in FORPLAN
Version 2 in two ways: Unique yields can be input directly,

or unique yields can be packaged from yield tables associ-

ated with prescriptions for strata-based analysis areas.

In either case, the coordinated schedule is developed by an

interdisciplinary team and is associated with a single deci-

sion variable in the model. (In recent documentation of

FORPLAN Version 2 there is no reference to "coor-

dinated schedules" [Johnson and others 1986; Johnson and

Stuart 1986]. The terminology, however, still resides in

the User's Guide [Gilbert and others 1985]. The terminol-

ogy was not used in later documentation due to the possi-

ble negative connotation for output schedules developed in

a different manner that might therefore be construed to

be "uncoordinated." To this date no one has conceived of

a thoughtful substitute for the term "coordinated

schedule," and for this reason we use it here.)

Johnson (1982, pp. 9-10) emphasized the pros and cons

in moving to coordinated schedules:

Developing scheduling choices for areas instead of

stands could, in theory, greatly assist in ensuring

that environmentally feasible schedules be devel-

oped for the forest. Model size could significantly

decline. A problem with one hundred areas each

having the choice of 10 coordinated schedules

would result in 1000 choices in total.

The reduction in model size gives some clue as to a

disadvantage in representing scheduling choices on

an area basis. These choices are time-consuming to

construct and require considerable imagination.

Probably not all those that might be developed will

be represented in the problem. Therefore, achieve-

ment of the objective specified for the problem may
be reduced not only because of the constraints im-

plied by the standards that must be met, but also

because important choices were left out.

Flexibility in Problem Specification-FORPLAN Ver-

sion 2 allows the user to analyze problems in several ways.

Consider an "Allocation choice - traditional scheduling"

formulation. Allocation choices (the Version 2 analogue of

aggregate emphases) are developed for each zone repre-

sented in the problem. In addition, output scheduling

prescriptions are developed for analysis areas defined

according to strata represented in the problem. Decision

variables for the two classes of prescriptions are mathe-

matically linked. The linkage is a user option.

Analysis areas can be defined in a variety of ways in

relationship to allocation zones. First, strata-based analysis

areas may be specified within each allocation zone (fig. 4).

In this case, activity and output schedules would be

reported by zone as a part of the solution to a linear pro-

gramming problem. The underlying model structure is

identical to that developed for a similar aggregate em-

phases formulation in Version 1.

In a second case, strata-based analysis areas may be

specified independently from allocation zones (fig. 5). The
schedules reported by the model would not be directly

traceable to the allocation zones. However, scrutiny of

each allocation choice would determine whether or not

(and when) acres would be available for activity schedul-

ing. Once determined available, acres from one zone would

be pooled with like acres from other zones for scheduling.

The resultant activity and output schedules would be

reported forestwide.

A third approach would allow definition of strata-based

analysis areas according to user-specified combinations of

allocation zones (fig. 6), with coincident schedules reported

for the zone combinations.

In those cases where the user chooses to develop sched-

ules at a level of aggregation higher than the allocation

zone (cases 2 and 3 above), both problems and oppor-

tunities are encountered. Problems arise because users

must prorate activity and output schedules back into the

allocation zones. This process is cumbersome, but the solu-

tion to the LP problem offers some information useful in

the proration. First, users know the allocation choice(s)

selected for each zone. They also know whether or not

(and when) analysis area acres are available for schedul-

ing. It is left as a management decision, then, to reconcile

the schedule into the zones. This brief introduction to the

problem may hint at the opportunities.

Perhaps the most obvious result in cases 2 and 3 is that

model size is reduced. There are also other opportunities.
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Figure 4—Strata-based analysis areas specified

within each allocation zone.

Figure 5—Strata-based analysis areas specified

independent from allocation zones.

Figure 6—Strata-based analysis areas delineated

according to user-specified combinations of

allocation zones.

When using "traditional scheduling" formulations, site-

specific information is not provided for prescriptions

associated with strata-based analysis areas. As previously-

mentioned, the solution to an LP problem so structured

would not be expected to be spatially correct when iden-

tified to the allocation zone level. Structuring the model

such that activity and output schedules are not automa-

tically developed for the allocation zones forces user inter-

action with the models in positioning the schedules on the

ground. Similarly, the user interacts with the model in

making allocation decisions. Human insight and intuition

allow for a nonmechanical and reasoned apportionment of

activity and output schedules within and across allocation

zones.

The intertemporal aspects of the user options have not

yet received as much attention as the spatial aspects. This

class of options can be described from the "allocation

choice - traditional scheduKng" model framework. Con-

sider a case where the user desires to specify the alloca-

tion for an area and dictate the scheduling for, say, the

first two time periods. Beyond those first two periods,

scheduling is not felt to be as critical, yet there is a need

to monitor the flow of outputs and effects to the planning

horizon. FORPLAN Version 2 allows the user to package

information for an allocation choice and associated

scheduling prescriptions for the first two periods into a

single activity column for each zone. The process can be

conceptualized as embedding the scheduling of activities

and outputs for periods 1 and 2 into each allocation choice.
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Traditional scheduling prescriptions for periods 1 and 2

would not be developed. However, prescriptions and deci-

sion variables representing scheduling choices for the

remaining periods would be developed in exactly the same
manner as in other "allocation choice - traditional schedul-

ing" formulations.

In addition, FORPLAN Version 2 allows the user to

define the point in time when acreage will be transferred

from one prescription to another. This capability is a

generalization of the Model II capability (Johnson and
Stuart 1986). In Model II (Johnson and Scheurman 1977),

a stand class (analysis area) transfers acreage between
prescriptions at time of regeneration—that is, two or more
sets of decision variables track analysis area acreage. The
first set of decision variables tracks acreage through

prescriptions defined for existing timber stands. The sec-

ond set tracks acreage through prescriptions defined for

the regenerated stands that replace existing stands once

harvested, and so on.

FORPLAN Version 2 generalizes this concept and allows

the user to define interrelated sets of decision variables

for use in a variety of applications. For example, a user

may wish to transfer acreage between decision variables

as a function of the age of the overstory. In this fashion,

analysis regarding the intertemporal dimension of catas-

trophic fire or insect infestations may be simulated.

In generalizing the available model structures,

FORPLAN Version 2 allows users to specify differing

parts of a problem with different model structures.

This effectively allows the user to mix and match model
structures situationally to better analyze problems.

Generalized Constraint Capability—In FORPLAN Ver-

sion 2, constraint capability was generalized to include

three broad categories of constraints: absolute constraints,

flow constraints, and general relational constraints.

Absolute constraints are similar to the subforest con-

straints outlined for MUSYC. Except for the ability to ag-

gregate activities or outputs or both, these constraints are

largely similar to those in FORPLAN Version 1. Flow con-

straints generalize the idea behind "harvest flow" to any
user-specified activity, output, or activity/output aggre-

gate. General relational constraints allow the user to

specify relationships between activities, outputs, or ag-

gregates thereof. For example, a user might separately

package costs and benefits deriving from the timber pro-

gram. General relational constraints could be used to

specify that the benefits exceed the costs in each period or

that the benefits must cover a specified proportion of the

costs.

Additional constraint capability allows the user the op-

portunity to link prescriptions and associated decision

variables not easily connected through one of the general

constraint categories. If we were to expand the previously

mentioned roading example to include links in a road net-

work that might or might not be developed contingent on
prior construction of other links, we can readily visualize

the need to consider other user-defined links between ac-

tivity columns. FORPLAN Version 2 accommodates this

use through a process referred to as "linked selection of

coordinated allocation choices."

The capability to consider networking ties FORPLAN
Version 2 with Integrated Resource Planning Model
(IRPM) developed by Malcolm W. Kirby and others at the

Forest Service Management Sciences Staff, Berkeley, CA
(Kirby and others 1980). The method discussed here is a

simple network structure. Sophisticated networks in-

cluding "traffic flow" decision variables can be easily

specified in FORPLAN Version 2. Johnson and Stuart

(1986) point out that FORPLAN Version 2 can be used to

analyze a variety of problems encountered in traditional

"transportation planning" situations.

Critical Evaluation—Some may consider it premature to

critically evaluate this version of FORPLAN. We share

that concern. Nevertheless, some general remarks con-

cerning linear programming as it is applied in forest eco-

system planning are appropriate. FORPLAN Version 2

represents the latest and a substantially different model in

a series of models developed for this purpose.

Given the generic nature of FORPLAN Version 2, we
argue that many criticisms leveled at earlier models have

been overcome. Any computer model focuses all disci-

plines' attention on the same mechanism of analysis.

FORPLAN Version 1 and its predecessors put timber at

the focal point, with other forest resources, goals, and out-

puts on the periphery. FORPLAN Version 2, however,

permits each discipline to redefine the point of focus—all

forest resources have the opportunity to get into the

middle. In this sense FORPLAN Version 2 is a positive

force.

But criticism will not disappear. Rather, it will be

focused on particular applications of the model. We are

cautiously optimistic that such criticism will provide for

better decisions on those projects and programs involved

in such analysis.

Criticism regarding the use of mathematical program-

ming techniques in forest management planning will no

doubt continue. First, FORPLAN Version 2 is, after all,

still a linear model and consequently doesn't handle

nonlinear problems very well. Many thoughtful analysts

see this as the major drawback of all models discussed in

this section. Second, it is possible to build a model that is

so complicated that even the analyst no longer under-

stands why certain outcomes are identified as optimal. It

is at least debatable whether such a model would add in-

sight into the planning process. Users should also be cau-

tioned that this model, like other models in the series, was
not intended to provide answers to general equilibrium

economic questions. Rather, the model is designed to

simulate some of the consequences of alternative courses

of action. Mathematical programming in general, and

linear programming in particular, is most useful in under-

standing the nature of the problem, not in providing

numbers representing the "answer" to a problem.

Geoffrion (1976, p. 81) instructs that the true purpose of

mathematical programming is

... to help develop insights into system behavior

which in turn can be used to guide the development

of effective plans and decisions. Such insights are

seldom evident from the output of an optimization

run. One must know not only what the optimal
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solution is for a given set of input data, but also

why. The desired insights usually have more to do

with the "why" than the "what."

In summary, then, we note that FORPLAN Version 2 is

unique among the models we have discussed because it can

handle a wider variety of problems that arise in forest

management. It can simulate outcomes of forestwide

allocation and scheduling problems, or it can be used to

evaluate different projects. In the middle ground, the

system can be used to evaluate groups of projects con-

nected in time and space. It is also unique as a forest

planning tool because it offers the opportunity to shift the

focus of criticism away from functional concerns and

toward the integrated planning process itself.

SECTION III: SUMMARY AND
CONCLUSIONS
The evolution of Forest Service planning models has

taken us a long way toward improving our ability to for-

mulate problems in a manner that allows for sophisticated

analysis and design. Millions of dollars and countless hours

have gone into their development and implementation.

This monograph has traced the development in forest

planning thought, emphasizing the role played by harvest

scheduling. Particular attention focused on the develop-

ment of FORPLAN, which represents the work of many
people scattered throughout the country. Just where have

we arrived?

Randall O'Toole (1983) argues that with the emergence

of FORPLAN Version 2 the Forest Service has reached

the level of "total unintelligibility" and that people work-

ing with forests using the model will find that runs pro-

duced by it are far longer and more complicated than

those of earlier models. From the perspective of citizens

who desire to influence public forest policy, he could be

right. The level of sophistication, and the concurrent abil-

ity to hide assumptions and manipulate data, have risen to

the point that even trained users are not always aware of

the ties that bind.

However, we reach a different conclusion. The authors

share a desire to improve current land management plan-

ning. As economists, we are particularly concerned that

whoever manages the land and plans its future uses be as

aware as possible of the complex tradeoffs involved in

multiple-purpose management. As we have reviewed the

three-decade evolution of the planning models discussed

herein, we conclude that in spite of the limitations in-

herent in any attempt to abstract from holistic reality

through modeling the complex ecosystems that constitute

our National Forests, the benefits may yet exceed the

costs.

The shift in emphasis from a single-resource orientation

to a multiple-resource orientation involved legislation on a

national scale and Forest Service interdisciplinary team in-

volvement on many units of the National Forest System.

The models have evolved from Timber RAM to FORPLAN
Version 1 and beyond in the form of the metamorphosed

FORPLAN Version 2. Modeling emphasis has shifted.

Timber RAM and MUSYC were structured to answer

questions relating to the physical-biological sustainability

of timber harvest levels. FORPLAN Version 1, and more

effectively, FORPLAN Version 2 attempt to respond to

questions relating to financial consequences and environ-

mental effects of any of a variety of actions undertaken in

the course of managing a forest.

The application of FORPLAN to National Forest plan-

ning has surfaced problems relating to: (1) large linear

programming models that proved to be costly (in some
cases, prohibitively costly) to solve and (2) LP models that

did not address well the spatial considerations of National

Forest planning. These problems have been recognized,

and their joint resolution is suggested in model structures

available in FORPLAN Version 2. Clearly, the efforts

through the past several years have not only helped better

identify the problem but have also given insight into the

modeling dilemma of problem size versus spatial reality.

The key lies in problem identification and specification to

simultaneously reflect land use and activity scheduling.

The task of intelligently structuring the choices modeled is

paramount.

FORPLAN Version 2, like its predecessors and other

models being developed in the Forest Service to comple-

ment it, is merely a tool. As such it is capable of providing

a reasonable approximation of the most efficient mix of

management options consistent with the objective func-

tions and constraints specified and the input data. If

problems exist in the latter, they must be altered and

improved.

Any tool that allows public land managers to ask "what
if" questions has the potential of being useful. The more
focused the questions, and the more accurate the input

data, the more likely will answers be useful to thoughtful

foresters. As William A. Atkinson (1986, p. 28) has

argued: "Foresters must be able to interact with the

model and interject opinions and 'common sense.' The
thinking forester needs to be actively involved in manage-

ment decisions; nature is far too complex to be reduced to

pure numbers."

We believe that the evolution of models will continue

and that we must move beyond what has been termed the

"hacker" stage. "Realists" will recognize both the limita-

tions and the prospects for use of complex models to aid

decision making. The FORPLAN models are powerful

analytical tools, but they must be used and interpreted

with care.
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APPENDIX I: LINEAR
PROGRAMMING IN BRIEF
The essence of linear programming (LP) can be con-

veyed by means of a relatively simple but concrete exam-

ple. We present one illustration in a production context.

Our purpose is only to introduce the basic concepts of

linear programming. The reader who would learn to solve

an LP problem, even the simplest, will have to look

elsewhere. The standard references include Dantzig (1963)

and Koopmans (1951). A nonmathematical, graphical ap-

proach may be found in Dorfman (1953). For the person

who seriously wants to learn how to apply LP, see Baumol

(1977), which includes an extensive treatment of the

theory, sample applications in a variety of contexts in-

cluding production, and simple problems to be worked out

by the reader (with answers conveniently provided in the

back of the text). For mathematical programming exam-

ples specific to natural resources management, see

Dykstra (1984). Kent (1980) provides an introduction

focusing on forest management. Of course, the short cut is

to turn to widely available LP software compatible with

personal computers. We do not recommend this approach

except to those who have spent at least some time famil-

iarizing themselves with the assumptions and limitations of

the approach.

Forests are capable of producing multiple products, or

outputs. For simplicity, assume that a 1,000-acre forest

can produce varying amounts of timber, water, range

forage, and primitive recreation depending on the number
of acres allocated to each use. Forested land occupies 600

acres and rangeland covers the remaining 400 acres. For

simplicity we assume two management strategies repre-

sented by decision variables for each type. Forested acres

may be managed emphasizing either (1) timber or (2) prim-

itive recreation, but not both. Rangeland, it is assumed,

may be managed emphasizing (1) grazing and primitive

recreation or (2) no grazing and primitive recreation. For

this example we assume that timber management pre-

cludes primitive recreation and lowers water quality, and

that grazing lowers quality, therefore value, of both water

and recreation. Inputs will be limited to (1) the acres

assigned to each use category and (2) the management ac-

tivities (expenditures) undertaken for each output. We'll

assume that the output per acre per year for timber is

15 M bd ft, for water is 0.1 acre-foot, for range is 0.5

animal unit months (AUM), and for recreation is 2 recrea-

tional visitor days (RVD). The management cost of an in-

cremental unit of timber output (M bd ft) will be constant

across all forested acres and equals, say, $10 per unit of

output. Costs associated with a unit of water are $1.20 per

acre-foot, range forage costs are $7 per AUM, and recrea-

tion costs are $4 per RVD. Stumpage values are $15 per

unit, water $3 or $5 per unit (depending on quality), range

forage $9 per unit, and recreation $5 or $7 a unit (depend-

ing on quality). Two final assumptions are that acres

allocated to any management strategy are not available

for other purposes, and the budget available for land

management purposes is $8,000.

We may formulate this relatively simple (and simplistic)

problem and display the output information and summar-
ized cost and benefit data as shown in the following

tabulation. The problem is to determine which use should

be chosen in order to maximize the objective function-

that is, the total (gross) value attainable in this example.

Primitive

Timber Water Range recreation Available

Input required to produce

one unit of output per year^

Acres 0.067 600

10 0.5 1,000

2 400

$ manage-

ment 10 1.2 7 4 8,000

Dollar value per unit

Forested

land 15 3 Timber emphasis

5 7 Primitive recrea-

tion emphasis

Rangeland 3 9 5 Grazing emphasis

5 7 No grazing/

recreation

emphasis

^Outputs per acre have been transformed into the acres required to pro-

duce one unit of output (for example, 15 M bd ft per acre for timber implies

it requires 1/15 = 0.067 acre to produce 1 M bd ft).

To find the answers we may translate the problem into

the following linear program in the four continuous deci-

sion variables (Timber emphasis = x^, Primitive recreation

emphasis = X2, Grazing/Recreation emphasis = No
grazing/Recreation emphasis = x^). In this formulation

each decision variable is associated with an activity column

specifying the physical production relationships associated

with each strategy. Also associated with each decision

variable are coefficients that show the benefits (in the ob-

jective function) or costs (in the budget constraint) that

are relevant to that decision variable. Note, however, that

the objective function values are derived by multiplying

the dollar value ($) per unit by the output per acre and

summing across outputs produced under the management
strategy. Thus, in the case of the timber emphasis, for ex-

ample, the coefficient 225.3 for x^ is obtained by multiply-

ing the value of $15 per M bd ft times the output per acre

of 15 M bd ft and then adding the $3 water value per

acre-foot times the output per acre of 0.1 acre-foot: ($15

X 15) + ($3 X 0.1) = 225.3. Other coefficients, including

those in the budget constraint, are similarly derived. Note

also that water values are lower when timber harvesting is

present ($3) in comparison to water values in the absence

of timber harvesting ($5), reflecting our assumption of

changes in water quality. In a similar fashion, the value of

recreation is negatively impacted by the grazing activity,

when present ($5 with grazing vs. $7 without). Inspection

will show that grazing also negatively affects water qual-

ity and value, as was the case with timber harvest.

Mathematically, the model specification is:

Maximize value:

V = 225.3xi + 14.5x2 + 14.8% + 14.5x4
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Subject to:

acreage constraints

Ixi + 1X2

iXr.

600

400

budget constraint

150.12.ri + 8.12x2 + ll.62.r3 + 8-12x4 <8,000

To rule out absurd results we must also impose non-

negati\dty requirements: Xi > 0, x-^ > 0. Xg > 0, x_^ > 0.

This is the standard form for an LP problem. It consists

of four parts: (1) the function (V) (such as profits, costs,

present net value) whose value is to be maximized or min-

imized, which is called the objective function; (2) the pre-

scriptions or acti\dty columns {a}Js represent the potential

strategies for land use and are associated with decision

variables (x-s); (3) the constraint rows, such as capacity,

budget, or minimum output, and (4) the nonnegati\aty con-

ditions on the variables. The above example contains the

case of four decision variables and three constraints.

We state the generalized n-variable, //"(-constraint linear

program in two ways: in longhand and in summation (I)

notation. (A third approach, matrix notation, is not

presented here.)

WTien completely written out, a maximization program

in n variables and subject to m constraints will appear as

follows:

Maximize: V = Ci Xi + 69X2 + . . . + c,, x-„

Subject to:

'-ml Xi + ar X2 +

¥ do-., X.. < r..

and Xj > 0 ij = 1, 2, .... 72)

The value of the objective function (V) is to be maxi-

mized. The decision (choice) variables are denoted by Xj

(J = 1. 2, . . ., n). The coefficients in the objective func-

tion are designated by c,- (with j = 1, 2, . . ., n) and are a

set of given constants. The r.- symbols (i = 1,2, . . . , m)

are another set of constants and represent restrictions (or

requirements, in which case the inequality would be re-

versed, >). Of course, each of the constraints (restrictions

or requirements) could be wTitten as strict equalities ( = ).

The coefficients for the decision variables in the con-

straints represented by a^- (2 = 1, 2, . . . ,
m; j = 1, 2, . . .,

n) are also a set of given constants.

A substantial savings in space can be achieved by ex-

pressing the linear programs in summation (1) notation:

Maximize: V = 1 CjXj

Subject to: 1 a,-,- x^ < V: (i = 1, 2, .

and Xj>0 (j = 1. 2, . . . ,
n)

We use this concise summation notation in appendix II.

The notation contains all elements (objective function, con-

straint set, and nonnegativity requirements) in the stan-

dardized version.

Our simple example points up the problems that ulti-

mately faced analysts. Their task was to find a way to for-

mulate the questions faced by decision makers, taking into

account the realities of the systems within which forest

land management would take place. In our example, acres

assigned to timber are assumed unavailable for other uses.

In practice, of course, acreage available for timber produc-

tion may be simultaneously used for domestic livestock

forage. Our example only generates a total output level

for each decision variable, but it does not tell us where to

locate the activities that generate those output levels. This

is the spatial problem. Closely related to the spatial ques-

tion of where to obtain desired outputs is the transporta-

tion problem. "WTiat about roading costs? ^^Tien and where

will transportation networks need to be developed if the

desired levels of output are in fact to be achievable?

Furthermore, our example did not illustrate the fact that

certain minimal levels of output for each decision variable

may be required if multiple-use mandates (and public

demands) are to be met. This is the problem of predeter-

mined minimum (or maximum) levels of output \\dthin

which the objective function is to be maximized. Such con-

straints may show up in the form of sustained \ield or

nondechning jdeld requirements, minimum levels of water

(quality or quantity), formalized rights to minimum grazing

established by permit systems, or acreage that is not

available due to administrative assignment (such as

research natural areas, wilderness, or visual impact areas).

Our sample problem assumed that there was only one

production process or management acti\atA^ by which to

obtain outputs. In the real world, of course, a complex

spectrum of options exists. Thus, a particular harvest level

in the future may be achieved by increasing acres assigned

to harv^est, through sihicultural practices such as precom-

mercial thinning and fertilization, or \^^th genetic selection

in reforestation practices, to mention only a few options.

Complexities abound. And it was precisely such complex-

ities that led to the model development, refinement, and

evolution described in the main body of this paper.

APPENDIX II: MATHEMATICAL
STRUCTURE OF VARIOUS
FOREST PLANNING MODELS
In this appendix five mathematical structures are pre-

sented and related to the various models discussed in the

body of the report. The intent is modest and limited to

illustrating land use and haiwest scheduling in terms of

decision variables and rows used to account for acres

represented in the problem. A complete description of

model structures including discussion of control rows can

be found in the mathematical programmer's guides that

accompany each of the models (see especially Johnson and

Stuart 1986). Given our modest goal, we restrict attention

to timber outputs. Extrapolation to other resource

products is relatively straightfonvard. In the following

discussion, each relation (objective function or constraint

equation) is identified by reference to the model (such as

Form A, B, C, D, or E) where it first appears and is

defined. Certain relations appear in more than one struc-

ture and are numbered to help readers identify those that

are repeated and those that are new or unique to a par-

ticular model form. For example, the number "B 3" refers

to a relation that first appears in Model Form B, and is

the third new relation added in the appendix by Model

Form B.
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FORM A: Timber Harvest Scheduling
Model I

The following structure is indicative of timber scheduling

problems formulated in Timber RAM, MUSYC, and

FORPLAN Version 1 or Version 2. In Model I, a prescrip-

tion describes the sequence of activities on a user-defined

analysis area for each period to the planning horizon.

p _
'-'rjzk

Maximize: 111 Ag^j^Xg^
s=l i=l k=l

Subject to: area constraints

P T-

1 1 Xgij^ = Area^ s = 1. . .F
1=1 k=i

(A 1)

(A 2)

and nonnegatmty requirements

Xgii^ > 0 for all s, i, k (A 3)

where: Xg^i^ = acres assigned to timing choice k of

prescription i of analysis area s

-^sik = contribution to the objective function

per acre from timing choice k of

prescription i of analysis area s

F = number of analysis areas

Pg = number of prescriptions for analysis

area s

= number of timing choices for

prescription i (of analysis area s)

Area^ = size of analysis area s in acres.

FORM B: Timber Harvest Scheduling

Model II

The following structure is indicative of timber scheduling

problems formulated using MUSYC, FORPLAN Version 1

or Version 2 when Model II is desired (Johnson and

Scheurman 1977). In Model II, a prescription describes the

sequence of activities on a user-defined analysis area for

each period until the area is harvested. Another prescrip-

tion will then track activities on regenerated acres.

F Pg r, R P,.

Maximize: III Ag^^Xg,,, + 111 B.j.kVrjzk (B 1)
s=i i = i ;f=i

Subject to: area constraints

P T-

1 1 x^ii- = Areag
1=1 k=l

r=l z=l k=l

s = 1...F

regeneration area constraints

P T,

^ ^ Vrjzk
2=1 k=l

F Pg T,111 Xg,,, = 0
s=l i=l k=l

(A 2)

(B 2)

and

where:

j =l...J
r = 1. ..R

nonnegativity requirements

Xg^^ > for all s, i, k

yrjzk ^ 0 for all r, j, z,k

(A 3)

(B 3)

Xgij^, Agii^, F, Pg, Tj, and Area^, are defined in

Form A

Vrjzk = acres established (recognized) in period

j that are assigned to timing choice k

for prescription z of regeneration class r

J

Pr

R

contribution to the objective function

from an acre established (recognized) in

period j that is assigned to timing

choice k for prescription z of regenera-

tion class r

number of time periods

number of prescriptions for regenera-

tion class r

number of regeneration classes

number of timing choices for prescrip-

tion z (of regeneration class r).

FORM C: Timber Harvest Scheduling

Generalized Model II

The following structure is indicative of timber scheduling

problems formulated with FORPLAN Version 2 (Johnson

and Stuart 1986). This structure broadens the Model II

structure of Johnson and Scheurman (1977) in three ways:

(1) acres can be passed to multiple regeneration classes at

regeneration harvest (instead of only one regeneration

class), (2) acres can be passed to regeneration classes at all

stand ages up to regeneration harvest, and (3) acres

passed to a regeneration class can contain stands with an

age greater than zero.

F Pg Tj R Py.

Maximize: 111 Ag,,,Xg,,, + 111 B,j,,,y,j,,, (B 1)
s = l i=l ;,-=l r=l 2 = 1 A- = i

Subject to: area constraints

1 1 *^sik
~ Area^

i=l k=l
s = 1 . ..F (A 2)

regeneration area constraints

Pr P^ Ps 'Pi

I I Vrjzk ~ I ^ ^rjsik ^sik
~

2=1 k=l s=l i=l k=l

and

R j-l P, T,

1. 1 1 1 Hrjr'jzkVrj'zk = 0
r=l j =l 2 = 1 k=l

j= 1...J

r = 1...R

nonnegativity requirements

Xgij. ^ 0 for all s, i, k

y^jzk > 0 for all r, j,z,k

y^-y,j. > 0 for all r',j',z,k

(C 1)

(A 3)

(B 3)

(C 2)

where:

^sik' ^siA-' Ps' ^i. and Area, are defined in

Form A

2/rj2fc, Brjzk^ Pr^ -R. and are defined in

Form B

y/j zk = acres established (recognized) in

period / that are assigned to timing

choice k for prescription z of

regeneration class r'

G-rjsik = a factor that gives the proportion of

the acres assigned to timing choice k

for prescription i of analysis area s

that transfers to regeneration class r

in period j

Hrjrj'zk = a factor that gives the proportion of

the acres assigned to timing choice k
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for prescription z of regeneration

class r' established (recognized) in

period j' that transfers to regenera-

tion class r in period j.

FORM D: Timber Harvest Scheduling

Recognizing Contiguous Land Use Zones
The following structure is indicative of timber harvest

scheduling formulated, for convenience purposes, in

Model I. Model II scheduling is also possible but is not

presented here. Activity Columns labeled "allocation

choices" are specified for activities, such as roadbuilding,

that do not lend themselves to prescription activity

columns specified in Forms A, B, or C. Allocation choices

are linked to the previously defined prescriptions. Note

that scheduling is depicted to be forestwide. In FORPLAN
Version 2, the user may choose to impose control on har-

vest schedules forestwide or at some other level of aggre-

gation defined by the user, including the option to develop

schedules by allocation zone. In FORPLAN Version 1, ag-

gregate emphases formulations always scheduled within

each allocation zone (or emphasis area). That is, instead of

Xgii^ the aggregate emphases formulation developed Xi^^j..

The aggregate emphases formulation, therefore, con-

stitutes a special case of models taking Form D.

I I I c.
; = 1 m = l n = l

Maximize:

Subject to: area constraints^

tmn '^tmn

F P T-

+ I f I A
s=l { = 1 /c = l

sik "^sik
(D 1)

I I
m=l ?i = 1

Wtmn = 1 t = 1...E (D 2)

CH,E
^ ^ ^ ^"^^^tmnspj '^tmn
f=l m=l n = l

P T-

1=1 k=l
^sik + Uspj

0 j=l..
s - 1.

p = 1

.

and nonnegativity requirements

> 0 for all s, p, j

where:

Jsp (D3)

.F

.PG

(D 4)

(A3)

(D 5)

(D 6)

Xgik, Agij^, F, and are defined in Form A
= contribution to the objective func-

tion per area from timing choice n

of allocation choice m on alloca-

tion zone t

= proportion of allocation zone t

assigned to timing choice n of

allocation choice m
= number of allocation choices (for

allocation zone t)

= number of allocation zones

> 0

•^sik
^ 0

"^spj > 0

V > 0

•^sik' -^sik^

ĉtmn

wtmn

E

*The "proportional approach" outlined by Johnson and Stuart (1986,

Chapter 5) specifies area constraints as depicted here and in Form E.

Earlier specifications of area constraints (Forms A, B, C) follow what is

referred to as the "acreage approach." FORPLAN Version 2 allows for

specification of area constraints either way as a user option.

Areatmnspj

sp

T'

sp

PG

= number of timing choices for

allocation choice m (of allocation

zone 0
= acres of analysis area s located in

allocation zone t (and managed
under timing choice n of allocation

choice m) which are made avail-

able for use by prescription group

p in period j

= number of prescriptions from

analysis area s that are in pre-

scription group p

= limited number of timing choices

for prescription i. Model reflects a

full range of choices, but only a

limited number are explicitly

represented when used with acre-

age transfer variables u^^j and v^^j

= acres from analysis area s made
available in periods prior to period

j for use by prescription group p
that were not used, therefore are

available for use in period j by

prescription group p
= acres from analysis area s made

available in period j for use by

prescription group p that are not

used in period j, therefore are

available for use by prescription

group p in subsequent periods

= number of periods in which acres

from analysis area s are made
available for use by prescription

group p
= number of prescription groups.

FORM E: Timber Harvest Scheduling

Packaged Within Land Use Zones
The following structure is indicative of timber scheduling

problems formulated in FORPLAN Version 2 where all ac-

tivities, outputs, costs, and benefits are uniquely specified

by land use zone. With minor modifications, this formula-

tion is also available in ADVENT and IRPM. (In IRPM,
"traffic flow" variables are structured as continuous deci-

sion variables that are mathematically linked to packaged

"project" decision variables. IRPM, therefore, can be

viewed as a modified Form E model.) In this formulation,

schedules are packaged and embedded into allocation

choices. That is, no separate scheduling prescriptions are

developed.

1. ^ ^ DMaximize:
t=l TO = 1 W=

1

Subject to: area constraints

tmn '^tmn

t = 1
7W= 1 n= 1

and nonnegativity requirement

.E

(E 1)

(E 2)

(E 3)
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where:

CHi, E, and are defined in Form D

^tmn = the contribution to the objective func-

tion of a particular strategy, mn, prac-

ticed on zone t

^tmn = proportion of zone t managed under

strategy m with timing choice n.

Summary
Whereas most models are somewhat restricted regarding

the type problem to be analyzed, FORPLAN Version 2 can

be used to analyze problems using any of the forms dis-

cussed. Further, the user may mix and match forms

within any problem definition. All other models discussed

are largely form dependent. That is, without a great deal

of alteration and adjustment, the mathematical form

underlying analysis performed with the models is itself dic-

tated by the model. Timber RAM typically analyzed prob-

lems represented by Form A. MUSYC analyzed problems

represented by either Form A or Form B. FORPLAN Ver-

sion 1 analyzed problems represented by Form A, B, or D.

ADVENT uses Form E. IRPM includes roading and

timber project activity columns characteristic of Form E.

In addition, "traffic flow" decision variables not character-

istic of Form E are specified and linked mathematically to

the decision variables associated with projects.

APPENDIX III: GLOSSARY
Many terms familiar to land management planners,

resource specialists, and mathematical programmers are

given particular meaning in this monograph. Some of the

terms have been defined for official Forest Service use.

See the Forest Service Manual (FSM 1970.5) and 36 CFR
219.3.

Activity. Any action or treatment defined as an input in a

prescription.

Activity column. Aspects of a production relationship

specified as a column vector in a linear programming

(LP) problem.

Activity schedule. The sequence of activities prescribed in

the production of the output(s) under consideration. The

activities span many periods from the present to the

planning horizon.

Aggregate emphasis. A prescription specifying part of a

production relationship for an identified zone of land.

The aggregate emphasis packages those aspects of pro-

duction unique to the zone defined on a "per area"

basis. It is represented as an "activity column" with an

accompanying decision variable in LP problems. An ag-

gregate emphasis is always used in conjunction with

other prescriptions defined for strata-based analysis

areas within the zone. It is unique to FORPLAN
Version 1.

Allocation choice. A prescription unique to FORPLAN
Version 2. It is similar to an aggregate emphasis in Ver-

sion 1, but allows somewhat more generally defined out-

put scheduling. Specifically, it is used in conjunction

with other prescriptions defined for strata-based analysis

areas either within the zone or defined such that a por-

tion of the analysis areas is located within the zone and

portions located elsewhere on the forest. In the first

case an allocation choice is equivalent to an aggregate

emphasis. In the second case, output scheduling deci-

sions are modeled forestwide or at a level of aggregation

higher than the associated allocation zone.

Allocation zone. A contiguous area of land identified for

purposes of analysis. It may be denoted by ecological

characteristics such as watershed, by economic char-

acteristics such as haul zone, or by other characteristics

suited to the purpose of the analysis.

Analysis area. Area of focus in defining response to

prescriptions. Analysis areas represent either contiguous

or noncontiguous areas of land. Contiguous analysis

areas represent logical management units such as

"wilderness areas" or "transportation access areas."

Because prescriptions for these areas represent treat-

ment for all lands within the zone, contiguous analysis

areas are often referred to as an "area-based" stratifica-

tion. Noncontiguous analysis areas generally represent

scattered areas of land possessing similar characteristics

such as site productivity, cover type, degree of access,

or some combination thereof. An analysis area so

defined is referred to as "strata-based" because all acres

included in the analysis area are assumed to respond

similarly to a prescription.

Coordinated schedule. An activity column specifying all

the production relationships for a zone of land. The ac-

tivity column specifies both location and timing for all

activities, outputs, costs, and benefits from the present

to the planning horizon.

Constraint. Restriction or requirement on the quantity of

an input used or output produced. Constraints may be

defined as "control rows" or defined as restrictions

embedded in "activity columns" in LP problems. Addi-

tionally, constraints may be defined as control rows to

"link" prescriptions together to specify production rela-

tionships in some model formulations.

Decision variables. The choices available in optimizing an

objective function, subject to a specified set of con-

straints. In LP problems discussed here, these variables

typically reflect the number of acres assigned to a

prescription and an associated timing choice.

Linear programming. A special class of mathematical pro-

gramming problems that requires all relations among
decision variables to be linear. Mathematical program-

ming, in turn, deals with determining the optimal alloca-

tions of limited resources to meet stated objectives.

Management emphasis. An aspect of a prescription that

characterizes the overall goals and objectives for an

analysis area managed under that prescription.

Management intensity. An aspect of a prescription that

characterizes an investment level or other indicator of

the degree to which treatments are prescribed.

Objective function. A mathematical relation stating the

set of goals to be optimized when solving a mathematical

programming problem. Common objective functions

discussed here include "maximize first period timber

harvest" and "maximize present net value."

Output. A product, service, or use that results from the

application of a prescription to an analysis area.
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Output schedule. The sequence of output yields predicted

in each period to the planning horizon. An output

schedule is often derived as a solution to an LP problem.

As such, it is tied to the associated activity schedule.

Period. A time interv^al, usually a decade, defined for pur-

poses of analysis. Analysts tj^ically define between 15

and 30 such periods in evaluating forest management
options.

Planning horizon. The last period for which inputs or out-

puts are to be explicitly represented, especially in defin-

ing constraints.

Prescription. A set of management practices or activities

with associated standards and guidelines. Each prescrip-

tion is a point from a production function, projecting ac-

tivities, outputs, costs, and benefits through time. A
prescription may be defined by a single activity column

or by several columns that are linked mathematically for

analysis. Decision variables are associated with prescrip-

tions and reflect the number of acres assigned to a

prescription for a particular timing choice in the solution

to an LP problem.

Timber activity schedule. The sequence of activities or

silvicultural treatments prescribed for lands suited for

timber production.

Timber harvest schedule. The sequence of timber volumes

to be cut in each period to the planning horizon. A
harvest schedule is often derived as a solution to an LP
problem. As such, it is tied to the associated timber ac-

tivity schedule.

Timing choice. An aspect of a prescription and its associ-

ated decision variable indicating the period of implemen-

tation for a set of activities

Treatment. Any action or activity related to the produc-

tion of outputs. Treatments are defined as activities in a

prescription and span many periods from the present to

the planning horizon.
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INTERMOUNTAIN RESEARCH STATION

The Intermountain Research Station provides scientific knowl-

edge and technology to improve management, protection, and use

of the forests and rangelands of the Intermountain West. Research
is designed to meet the needs of National Forest managers,

Federal and State agencies, industry, academic institutions, public

and private organizations, and individuals. Results of research are

made available through publications, symposia, workshops, training

sessions, and personal contacts.

The Intermountain Research Station territory includes Montana,

Idaho, Utah, Nevada, and western Wyoming. Eighty-five percent of

the lands in the Station area, about 231 million acres, are classified

as forest or rangeland. They include grasslands, deserts, shrub-

lands, alpine areas, and forests. They provide fiber for forest in-

dustries, minerals and fossil fuels for energy and industrial develop-

ment, water for domestic and industrial consumption, forage for

livestock and wildlife, and recreation opportunities for millions of

visitors.

Several Station units conduct research in additional western

States, or have missions that are national or international in scope.

Station laboratories are located in:

Boise, Idaho

Bozeman, Montana (in cooperation with Montana State

University)

Logan, Utah (in cooperation with Utah State University)

Missoula, Montana (in cooperation with the University of

Montana)

Moscow, Idaho (in cooperation with the University of Idaho)

Ogden, Utah

Provo, Utah (in cooperation with Brigham Young University)

Reno, Nevada (in cooperation with the University of Nevada)


