
AN ABSTRACT OF THE THESIS OF

KENNETH NORMAN JOHNSON for the DOCTOR OF PHILOSOPHY
(Name) (Degree)

in FOREST MANAGEMENT presented on
(Major) (Date) d

/:f 73

Title: EVALUATION OF MANAGEMENT ALTERNATIVES FOR AN UNDEVELOPED,

FORESTED AREA IN OREGON'S COAST RANGE

Abstract approved: Signature redacted for privacy.
dohn Ueuter

One of the most vexing problems facing the United States Forest

Service in Western Oregon concerns its management of undeveloped

forested lands. Many of these areas contain highly productive timber-

land, and restriction of timber harvesting to preserve the land's

primitive character can be very costly. Also there are conflicting

pressures over recreation development.

This study examines possible uses of a 12,500 acre, largely

undeveloped tract on the Siuslaw National Forest. The tract, center-

ed on an unroaded stretch of a stream called Drift Creek, contains

productive timberland and a scenic, wild stream.

After selection of the Study Area, alternatives are developed to

reflect a range of choice for the Forest Service in timber and

recreation management. The new Forest Service visual management sys-

tem is used to describe the visual quality standards for the Study

Area under each alternative. Also, a number of measures of objective

attainment are developed to enable measurement of the benefits and

costs associated with each alternative.



A large portion of the study is devoted to estimating the cost

of restricting timber harvests to preserve the primitive character of

the Study Area. These costs are estimated, for a number of stumpage

demand patterns, under current Forest Service procedures for determin-
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driving force in setting harvest levels.
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EVALUATION OF MANAGEMENT ALTERNATIVES
FOR AN UNDEVELOPED, FORESTED AREA IN OREGON'S COAST RANGE

I. INTRODUCTION

Controversy has raged in recent years over the desirability of

using different timber management techniques on federal lands in

Western Oregon. Also, there has been considerable discussion con-

cerning the types of recreation activities to allow in the large areas

of undeveloped federal land in Western Oregon. These two controver-

sies have now been joined through discussion by the U. S. Forest

Service about additional lands to include in the National Wilderness

System.

The Forest Service has recently identified over two and one-

third million acres in Oregon to consider as possible Candidate Areas

for either new Wilderness Areas or additions to existing Wilderness

Areas. Approximately one and two-thirds million acres of this area

are commercial forest land, with thirty-six billion board feet of

standing timber volume and an allowable cut of 390 million board

feet (U.S.F..S., 1972a).

Of the possible acreage, the Forest Service has tentatively

selected ten per cent, with about five per cent of the volume, as

Candidate Wilderness Study Areas. Probably most of the remaining

90 per cent will not become Wilderness, but there will be much dis-

cussion about management of these acres (U.S.F.S., 1972a).

Benefits and costs, associated with each management alternative,

are important elements in any discussion of management alternatives



2

for publicly owned forests. A surprisingly small amount of systematic

analysis has been done to develop the costs and benefits. Yet they

are often the focus of controversy when public management of unroaded

forest areas in Western Oregon is discussed and would seem to be a

critical input to the decision-making process.

Study Objective

The purpose of this study is to devise and evaluate management

alternatives for an undeveloped, timbered area of National Forest

land in Western Oregon. A timbered area was selected because I

wished to concentrate on determining the costs of restricting timber

harvests to preserve the primitive character of undeveloped areas.

Study Scope

All managers of large forests, public or private, are confronted

with making choices among alternative forest resource management

plans. Their courses of action are always limited by policy con-

straints of the company or agency. However, basic approaches can be

developed in delineating management alternatives. Using these

approaches, alternatives can be defined for the industry or agency

which will offer guidance in decision making.

In my study, I chose to use the Siuslaw National Forest as the

organizational unit, with the Forest Supervisor as the organizational

leader, and developed a method for evaluating alternatives within the

major policy constraints of the Forest Service, as applied to the

Siuslaw. I selected an undeveloped area and delineated management
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alternatives which reflected a range of choice for use of this area.

Soil and water considerations were largely treated as constraints to

enable emphasis on an aspect of public land management which is the

focus of much discussion on the use of undeveloped, forested lands:

the relation of timber production to maintenance of the natural ,

undisturbed character of these lands. Also, various types of recrea-

tional development were considered and analyzed.

After the alternatives were delineated, the benefits and costs

associated with each alternative were measured. As mentioned above,

a major interest of this study concerned estimating the costs of

restricting timber harvest to preserve the primitive character of the

selected area. One major determinant of these costs was emphasized:

stunipage demand. The costs of restricting timber harvesting were

estimated for a number of stumpage demand patterns, and the impact on

these costs of using stumpage demand to expressly set harvest levels,

instead of using current allowable cut calculation techniques, was

examined.

Actually, the management alternatives that were developed could

have been evaluated from a number of viewpoints, such as that of the

forest industry or the Sierra Club. The management alternatives de-

veloped here were evaluated from the Forest Service's viewpoint.

Therefore, in this study a benefit is anything which contributes to

attainment of Forest Service management objectives and a cost is any-

thing which detracts from attainment of these objectives. This

approach was chosen to enable evaluation of alternatives for the

selected area, in terms of the objectives of the agency responsible



for administration of that area.

Except where noted, predictions of Siuslaw personnel were used

to deteniine the physical consequences of selecting any particular

alternative. In other words, I used Siuslaw personnel to define the

relationship between inputs and outputs, i.e., the production func-

tions, for this study. This approach was taken because

I wished to highlight differences in output due to changing

alternatives, rather than differences in output due to

changing production functions, and

there was not time in this study to develop alternative

production functions.

In accepting the judgment of Siuslaw personnel, I do not mean to

imply that this is always desirable, but only that it was necessary

given the limited resources available to this study.

My acceptance of the judgment of Siuslaw personnel is especially

important relative to my handling of soil and water constraints on

the Forest. Many soil and water constraints on Forest Service

practices are only vaguely stated by its personnel. Even if I wished

to do so, it is difficult for an outsider to determine if a practice

does, in fact, meet these constraints. Not only did I accept the

Forest's view of its soil and water constraints, I also used its

personnel's view of practices which will meet them. To meet these

constraints, Forest Service personnel are reluctant to build roads

anywhere except on ridge tops in the Study Area. Therefore, long-

reach cable systems (3000-5000 feet) are planned for use in logging

some of the area. These systems are being implemented on the Forest,

4
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but are still somewhat experimental as their feasibility has not yet

been fully tested. I accepted the judgment of Siuslaw personnel that

these practices could be used in the Study Area, but their experi-

mental nature should be kept in mind. Actually, helicopters or

balloons may ultimately be used to log some of this area.

Study Procedure

Accomplishing the purpose of this study involved five steps:

determining the area on which to consider alternatives,

developing a methodology for analyzing alternatives,

identifying the decision-maker's criteria for evaluating

alternatives,

identifying alternatives, and

estimating the value of the selected criteria under each

alternative.



II. SELECTION OF A STUDY AREA

Because the Siuslaw National Forest Headquarters is located

nearby and the Forest contains much productive timberland, I

approached the Forest Supervisor of the Siuslaw about using an

undeveloped area on his Forest in my study. He readily agreed and

suggested that I consider one of the undeveloped areas on the Wald-

port Ranger District.

The Siuslaw National Forest is considering three areas in the

Waldport Ranger District for Wilderness study (Figures 1, 2). Work-

ing with the Forest Supervisor, I selected the northernmost area,

centered around Drift Creek, as an appropriate area on which to

delineate the consequences of various forms of timber and recreation

management.1 I selected the Drift Creek area because:

it is an area of high timber productivity (Site II), has

water and fishery values, and contains a very scenic stream

which is one of the last large, unroaded streams on the

Forest. Therefore, it represents an undeveloped area where

many of the conflicts over land management on undeveloped

areas will arise.

the Siuslaw National Forest is presently uncommitted to a

definite management plan for the area and wishes to consider

a number of timber and recreation plans.

5

1The Forest Service has tentatively decided not to select Drift Creek
as a Candidate Wilderness Study Area (U.S.F.S., 1972a).



Siuslaw personnel are themselves analyzing the area, which

facilitated my obtaining the data needed for my study.

Forest Service Study of Drift Creek and the Nature

of My Cooperation with It

Land administered by the Forest Service in the Drift Creek area

forms part of the allowable cut base for the Siuslaw and will con-

tribute a regular harvest of timber to the allowable cut unless

changes are made. The Forest Service feels the area possesses

special scenic quality, and wishes to consider modifications of tim-

ber management and development of a trail and campsite system to

preserve the primitive character of the area. Forest Service interest

centers on the five miles of Drift Creek presently unroaded (Figure

3). Should the area around Drift Creek be dedicated to a limited-

access recreation area? How much area should be included? Should

commercial timber production be allowed? How should timber harvest-

ing be modified on various parts of the area? What are the costs of

modifying timber production and harvesting?

A few years ago, the Waldport District developed a multiple-use

plan for Drift Creek. This plan suggested that timber harvesting

be restricted on the area immediately around the unroaded portion of

Drift Creek, and that some primitive trails and campsites be built.

The District urged the Forest to make a formal study of the Drift

Creek area, adjust Forest allowable cut to incorporate any harvesting

restrictions adopted, arid develop a recreation plan. The District

was especially concerned that the Forest should consider buying land

6



7

immediately west of Drift Creek which is owned by Ball and May Realty

(Figure 3).

In 1970, the Siuslaw National Forest formed a Multidiscipline

Team (MDI) which had the mission of dividing the Forest into planning

units and making recommendations on the over-all management of each

unit. The team, composed of two foresters, a hydrologist, and a

landscape architect, divided the Forest into 33 planning units.

Drift Creek was selected as the third planning unit to consider, and

the MDT began working on it in the summer of 1971. Since that time,

the MDI has been working nearly full time on its Drift Creek

Project.

I also began working on Drift Creek in the sunnier of 1971, and

I spent most of that summer, often with District or MDT personnel,

in the Drift Creek area. Since the summer of 1971 , I have worked

closely with the Forest personnel who are studying Drift Creek:

traveling with them, going to their staff meetings, and generally

exchanging views and information on an almost continual basis. I

have been involved in their crucial decisions concerning which area to

study, which alternatives to consider, what criteria to use in evalu-

ating alternatives, and how to obtain public participation in the

decision. I have been to the one public meeting held so far concern-

ing Drift Creek, where some tentative alternatives were presented.

According to the Forest Supervisor, I will probably speak at the

final public meeting, to be held in early 1973, where a tentative

decision on use of the area will be announced. After this meeting,

the Forest Supervisor will make a decision about the use of Drift Creek.
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Figure 3. Drift Creek watershed.
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The Drift Creek Watershed

Drift Creek is located in the Coast Range, just east of Waldport,

and is a major tributary of the Alsea River, entering the Alsea near

the head of Alsea Bay. With a watershed of slightly less than

50,000 acres, Drift Creek drains a sizeahie area of prime timberland

with intermixed public and private ownership (Figure 3).

11

For purpose of analysis, I divided the watershed into three

parts: upper, middle and lower (Figure 3). Private firms own much

of the upper and lower portions of the watershed. The upper private

ownership is utilized chiefly for timber production and is heavily

cut over, while the lower private ownership is utilized chiefly for

recreati onal purposes.

The middle portion of the drainage, primarily under Forest

Service administration, shows relatively little road and trail devel-

opment and little timber harvesting. It includes a five-mile Un-

roaded stretch of Drift Creek, plus two miles of stream below this

stretch, and all tributaries which feed into the stream during these

seven miles.

Climate

Climate is fairly typical of the west slopes of the Coast Range.
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Precipitation ranges from about 80 inches at the iest boundary of the

watershed to about 120 inches at Table Mountain. This precipitation

occurs primarily during the period from November through April.

Temperatures are generally mild throughout the year over most of the

watershed; however, snowfall and freezing temperatures are common at

elevations above 2000 feet during the winter and early spring (U.S.

F.S., l972b).

Geology and Soils

The watershed includes an intrusive sill that caps Table Mountain

and a fringe of soft siltstone on the west. The rest of the area is

underlain by Tyee Sandstone, a formation of easily weathered sandstone

with thin siltstone layers. Erosion of the soft siltstone and Tyee

formations has resulted in steep, highly dissected, mountainous

terrain. Elevations within the watershed range from sea level at

Alsea Bay to 2800 feet at the top of Table Mountain. Vee-canyons and

sharp ridgetops are common, but gentle benchy areas are often found

on north and west slopes. Soils tend to he shallow and unstable

with little water storage capacity. However, deep soils are found on

the benchy areas, and these soils are highly productive sites for

growing wood fiber (U.S.F.S., l972b).

Stream Flow

The abundant precipitation results in substantial streamflow

during late fall, winter and spring. However, the relatively thin



soils and underlying sedimentary formations have very little water

storage capacity and shed precipitation rapidly, resulting in very

low streamflow during the summer (U.S.F.S. , l972b).

Recreation

Drift Creek and its tributaries receive light use mainly by

hunters, fishermen and active hiking enthusiasts. Access to middle

Drift Creek is now limited to only one trail and a county road, which

goes a short way up the lower portion of Drift Creek. No developed

recreation facilities exist at the present time. Roads receive

light recreation use for short side trip outings and hunting (U.S.F.S.,

1972b).

The closest population center is Waldport, located on the coast.

The City of Corvallis, in the Willamette Valley, is 65 miles away,

and the distance to Portland is about 140 miles. At the present time,

about 1.5 million people are located within 3 hours driving time of

Creek, and 13 million people are only 12 hours driving time

1972b).

Wildlife

rift Creek and its tributaries are important anadromous fish-

eries. They support fall runs of chinook salmon and cutthroat trout,

winter and fall runs of coho salmon, and a winter run of steelhead.

Resident trout populations in these streams are minimal (U.S.F.S.,

l972b).

13
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Wildlife is abundant in the watershed. A small herd of elk

roams the area and elk sightings have been reported over much of the

watershed. Deer are common throughout the area. Other wildlife

include black bear, bobcat, raccoon, beaver, otter, blue and ruffed

grouse, great blue heron, various species of waterfowl, band-tailed

pigeons, and spotted owls (U.S.F.S., 1972b).

Timber

Much of the watershed consists of pure conifer stands 60-105

years old, with Douglas-fir and western hemlock as predominant

species. The remainder of the watershed supports hardwoods or mixed

hardwoods and conifers, or has been recently cut over. Most of the

area is site II land with a potential growth rate greater than 800

board feet per acre per year (U.S.F.S., 1972b).

Study Area

This study concentrated on the middle portion of the Drift

Creek watershed. This area is chiefly under Forest Service adminis-

tration (Figure 3). The Forest Service's special interest in this

portion of Drift Creek arises because the area contains one of the

last major streams on the Forest which has substantial mileage in an

unroaded condition. Also, two large meadow areas along Drift Creek,

just upstream from private land, have been acquired by the Forest

Service and are excellent sites for recreational development.

For a number of years, the District has attempted to maintain

the primitive character of the unroaded stretch of Drift Creek
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through careful placement of roads and clearcuts. Current Forest

Service studies on the area aim at determining how much of this area

should be formally set aside for primitive recreation, what recrea-

tion development should occur, and how harvesting should be modified

on the area.

Determining the size of area on which to delineate management

alternatives is a crucial part of any land use study. The area

selected must be large enough to encompass the possible alternatives

which might be considered. In the case of Drift Creek, I was

primarily concerned with finding the area where recreation develop-

ment might occur and timber harvesting might be modified, in con-

junction with recreational use of the unroaded stretch of Drift Creek.

Originally, the "most probable" area for special consideration by the

Forest Service was the corridor immediately around the unroaded

stretch of stream, from stream bottom to ridge top. For my

study, the area I selected contained this area and also other areas

mentioned for possible inclusion like Trout Creek and Boulder Creek,

so the decision maker (the Forest Supervisor in this case) could

determine the cost of including these other areas.

Before selecting my Study Area, I traveled extensively over the

Drift Creek watershed. Concentrating on the middle portion of the

watershed, I walked Drift Creek and all its major tributaries, and

went into many areas where none of the current Forest Service person-

nel had been. Since there are few trails along streams in the middle
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portion of the watershed, this was quite a job. One point became

clear: you can't rely heavily on aerial photographs in the Coast

Range to inventory a site intensively for recreation potential or

to determine where harvesting might need to be modified for visual

reasons. Beaver dams, waterfalls, huge log jams and much of the

prettiest stretches of stream were found only by hard work and much

foot travel.

After a sunii'ter's investigation, I selected for study the largest

area on which I felt the Forest Service might wish to develop recrea-

tion facilities and modify timber harvesting, in connection with

recreational use of the unroaded stretch of Drift Creek. This area

covers 12,500 acres of Forest Service land and essentially represents

the entire Forest Service ownership in the middle portion of Drift

Creek. Also, 160 acres just west of the Study Area, the Ball and May

tract, will be considered for purchase under some recreation alterna-

tives (Figure 2).

Timber

The timber stands in the Study Area are chiefly the result of

fires which occurred in the late 1800's and therefore are mostly 60-

100 years old. Three broad classes of timber are recognized on the

Siuslaw: pure conifer, mixed species and pure hardwoods. By Scrib-

ner board foot volume, the pure conifer class has less than 20%

hardwoods, the mixed species class has 20-80% hardwoods, and the pure

hardwoods class has more than 80% hardwoods.

According to the 1965 Siuslaw Forest inventory (U.S.F.S., 1966a),



17

26 inventory plots fell into the Study Area (Appendix A). Eighteen

of these plots were in the pure conifer class and eight were in the

mixed species class. Two of the pure conifer plots recorded Douglas-

fir plantations after clearcuts. Given the 12,500 acres in the Study

Area, each plot represents 480.77 acres. By the plot distribution,

69.2 per cent of the Study Area falls into the pure conifer class,

with 61.5 per cent of this area recorded as uncut. The remainder of

the Study Area (30.8 per cent) falls into the mixed species class

(Table 1). Based on plot information, the Study Area contains 672

million board feet, with 84% of that volume in the pure conifer class

(Table 1).

The MDT used a different system for determining the timber volume

in Drift Creek. They used a timber type classification system dis-

cussed in Dilworth's "Log Scaling and Timber Cruising" (Dilworth,

1965). The stands were typed from aerial photograpris, with a species

needing to occupy 20% of the stand by cubic foot volume or basal area

to be recognized (Table 2 and Figure 4).

It is difficult to relate the information from the 26 inventory

plots on the Study Area to individual acres within this area. When I

considered modification of harvesting on a particular part of the

Study Area, I used the MDT timber typing to identify the stand compo-

sition of the acres that are involved, and then allocated the acres to

the appropriate categories in the 1965 inventory. To accomplish this

allocation, the two inventory systems were reconciled (Table 2).

Some types can easily be placed into the pure conifer or mixed

species class. 04, 03, Dl, and X fall into the pure conifer class.



Table 1. Study Area timber inventory, according to 1965 Siuslaw
Forest inventory (volume in Scribner board feet).

18

Source: Adapted from unpublished data on file at the Siuslaw Nation-
al Forest Headquarters, Corvallis, Oregon.

Pure conifers

Age Volume!
class Acres acre

Total
volume
(MM)

Mixed species

Volume!
Acres acre

Total

volume
(MM)

0 962 0 0 0 0 0
10 0 0 0 0 0 0
20 0 0 0 0 0 0
30 0 0 0 481 8220 4.0

40 0 0 0 481 25242 12.1

50 0 0 0 0 0 0

60 481 58908 28.3 1441 23598 34.0

70 1441 59832 86.2 481 21516 10.3

80 2884 69648 200.9 962 50418 48.5

90 962 90320 86.9 0 0 0

100 962 75503 72.6 0 0 0

110+ 962 92082 88.6 0 0 0

Total 8654 563.5 3846 108.9

Average (for
forested acres) 73258 28315



Figure 4 Timber types on Study Area.
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Table 2. Study Area acreage inventory according to MDT and recon-
ciliation of this inventory with 1965 inventory (all
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Source: Unpublished data on file at the Siuslaw National Forest Head-
quarters, Corvallis, Oregon.

figures in acres).

MDT inventory

Allocation of timber type acreage
to stand classes of 1965 inventory

Type Pure conifer Mixed species
Age Age

class 60+ class 0

04- 5546 5546 0 0

03: 776 776 0 0

Dl 1099 0 1099 0

X 251 0 251 0

A 23 0 23 0

D4:/HD_ra 1942 1295 0 647

D4_/HD:ra 2459 0 0 2549

HD3 74 0 0 74

HD2 240 0 0 240

Total 12500 7617 1373 3510

Type Symbols (Dilworth, 1965)

0: Douglas-fir 1: Seedlings and saplings

HD: Hardwoods 2: Pole timber

X: Recent clearcut 3: Small saw timber

A: Agricultural (meadow) 4: Large saw timber

ra: Red alder -: Poorly stocked

I: Two storied stand Medium stocked

Well stocked
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D4-/HD3 falls into the mixed species class and the few acres of HD2

and H03 will also be placed there. D4=/HD3-ra is somewhat harder to

classify. Two of the three 1965 inventory plots which fell into this

type meet the qualifications for the pure conifer class and were

placed in that category by the 1965 inventory. As an approximation,

I followed the 1965 inventory plot experience in Drift Creek and

classified two-thirds of D4=/HD3-ra as pure conifer and one-third as

mixed species.

Streams

Besides Drift Creek, three major creeks are included in my Study

Area: Boulder Creek, Cougar Creek, and Trout Creek. The entire

drainages of Boulder and Cougar and all but the last quarter mile of

Trout are within the Study Area. Also two minor named creeks, Ellen

and Slickrock, and numerous unnamed creeks are within the Study Area.

According to Siuslaw personnel, the larger creeks average low flows

of from 5-10 cubic feet per second, while the smaller creeks average

low flows of from 0-4 cubic feet per second. Drift Creek itself

averages a low flow of 20-40 cubic feet per second.

The Siuslaw National Forest is classifying all streams on the

Forest to facilitate water quality management. Four classes of

streams are recognized. According to Stream Management Unit (SMU)

Guidelines, streams on the Siuslaw will be classified as follows:

1. Class I. Perennial or intermittent streams or
segments thereof that have one or more of the following
characteristics:



Is the direct source of water for domestic
use (cities, individuals, recreation sites, etc.).

Are used by large numbers of fish for
spawning, rearing or migration.

Flow enough water to have a major influence
on water quality of a Class I stream.

2. Class II. Perennial or intermittent streams
or segments thereof that have one or both of the follow-
ing characteristics:

Are used by moderate though significant
numbers of fish for spawning, rearing or migration.

Flow enough water to have a moderate in-
fluence on downstream quality of a Class I or II
stream.

3. Class III. All other perennial streams or seg-
ments thereof not previously classified that have one or
both of the following characteristics:

Are used for spawning, rearing or migration
by only a few or no fish.

Flow enough water to have a minimum influ-
ence on downstream quality.

4. Class IV. All other intermittent streams of
segments thereof not previously classified that have one
or both of the following characteristics:

Are used for spawning, rearing or migration
by only a few or no fish.

Flow enough water to have a minimum influ-
ence on downstream quality. (U.S.F.S., l972c, p. 9-16)

Forest Service personnel have classified all streams within the

Study Area (Figure 5). According to the Streamside Management Unit

Guidelines:

It is the intent of stream classification and associ-
ated recomendations applied through the SMU process on
the Forest to all times meet or exceed (State) Water
Quality Standards in all live streams... .The differences
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between s tream ci asses for's that protPCt I on can hc pro-

v I dod through a I es' or dr'q roe o I e I fort a', the s f.ream
class becomes I ower , hut sho'i 1(1 not he i flterprotMd to
moan a permissible loworing of the water quality below
appl icahie standardc.

Because of stream values, high rainfall, unstable
soils and related factors prevalent on the Siuslaw, it
is important to assume that. all live streams will require
sufficient consideration to protect water quality on-
sight and not rely on dilution to eventually meet water
quality standards at some downstream point. (U.S.F.S.,

1972c, p. 8)

Live (perennial) streams fall into stream Classes I, II, and III. By

Forest Service classification, there are 9.25 miles of stream in

Class I, 5.75 miles of stream in Class II, and 9.5 miles of stream

in Class III (Figure 5).

The SMU Guidelines suggest two methods for computing the impact

of stream protection on allowable cut:

Alternative 1

For purposes of future allowable cut computations, the
buffer strip should be 150 feet in width on both side for
Class I, II, and III streams. In practice, the actual
width will be regulated by the physical condition of each
stream, i.e., sun angle, sideslope, channel slope, soil
type, geologic type, and climatic zone. In no way is this
arbitrary width meant to remove technical judgement from
SMU management, since each situation will be unique. The

guiding principle should be one of stream and water quali-
ty protection.

Alternative 2

Buffer strips could be of sufficient size to produce
a manageable size unit. This alternative would allow for
timber harvest in these areas when techniques and tech-
nology are developed that would be compatible with manage-
ment for water quality. Actual buffer strip width would
have to be developed under timber management guidance.
(U.S.F.S., 1972c, p. 5)
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In this study, Alternative 1 was utilized. According to Forest

Service personnel, little of the timber may he cut in the buffer

strips associated with Class I and II streams, and most of the timber

may be cut in the buffer strips associated with Class III streams.

Following the MDT, I assumed that timber within buffer strips for

Class I and II streams was totally inaccessible and that the timber

within buffer strips for Class III streams was totally accessible.

There are 15 miles of Class I and II streams within the Study Area.

Based on an SMU of five chains (330 feet) or 40 acres/mile, there

are 600 acres of buffer strips associated with these streams

(Table 3). These 600 acres constitute slightly less than 5 per cent

of the entire Study Area. Using the allocation of acreage among

mixed species and pure conifer classes discussed earlier in this

chapter, 69 per cent of the acreage falls into the mixed species

class and 31 per cent falls into the pure conifers class. Using the

average voTumes for these two classes in the Study Area, these 600

acres contain 22.5 million board feet of timber (Table 3). This

volume represents about 3 per cent of the standing volume within the

Study Area.

Soils

Soils in the Study Area are mapped and classified in the Soil

and Vegetation Survey, Alsea Area, Oregon (S.C.S., 1964). Utilizing

the Soil and Vegetation Survey , the Multidiscipline Team placed

all soils on the Study Area into erosion classes, with Class

I being the most erosive and Class IV being the least erosive
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1Using average volume for forested acres of 73,258/acre

2Using average volume of 28,315/acre

Source: Unpublished data on file at the Siuslaw National Forest Head-
quarters, Corvallis, Oregon.

Table 3. Acreage

Study
Management

and volume by timber type and stand class in Stream
Units for Class I and II streams within the

Area (volume in Scribner hoard feet).

Allocation of MDT type acreage
MDT inventory to stand classes

Pure conifer Mixed species

Type Acres Acres Volume1 Acres Volume2
(MM) (MM)

D: 61 61 4.5 0 0

D3: 8 8 .6 0 0

Dl 18 18 () 0 0

X 2 2 0 0 0

A 11 11 0 0 0

D4:,HD_ra 109 73 5.3 36 1.0

04_/HD:ra 349 349 9.9

HD3 0 0 0

HD2 42 42 1.2

600 173 10.4 427 12.1
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(Table 4 and Figure 6). Using these classes, Forest Service personnel

developed routes for possible roads in the area (Figure 6) and speci-

fied acceptable harvesting techniques. Except for a few high-lead

settings in the north end of the Study Area, all harvesting will be

done with skyline logging systems. Even with a fully developed road

system, Figure 6 clearly shows that harvesting some Study Area timber,

especially in the Boulder Creek drainage and along Drift Creek itself,

depends upon using long-reach skyline systems that are still somewhat

experimental.

Table 4 categorizes three types of soil movement; surface ero-

sion potential, land slump hazard and landslide hazard. According to

the Soil and Vegetation Survey,

Potential erosion hazard refers to the rate and quanti-
ty of surface soil loss after the protective vegetation and
organic mulch have been removed and mineral soil exposed.

.Slumps are soil and rock masses which move mostly along
concave upward internal slip surfaces... .Slumping is most
common in soils which are relatively deep and fine. Soils
which form in uneven or dissected uneven slopes are more
subject to slump than those formed on smooth slopes.

..Slides (block slides, debris slides, debris avalanches)
have movement of single unit out and down along a more or
less planar surface of weakness, generally a bedding plane

. . .Slides are most common in soils which are thin to
moderately thick on steep slopes. The failures are often
at the soil-rock interface or along slip planes in the
rock (S.C.S., 1964, p. 560-568).

A complete discussion of the classification procedures used for

each type of soil movement is contained in Appendix B. Notice that the

MDT uses five hazard categories (very low, low, medium, high, very

high) and the Soil and Vegetation Survey uses three or four hazard

categories to classify each type of soil movement (S.C.S., 1964).



Table 4. Soil Interpretations for Study Area (to 1w used with rlgure 6).

Surface Yarding Si to
erogion conntraint class

p0 enti a 1

hiqb fiil 1 IV
hi rjh fiil 1 us. 111
high full oug. 11,Ifl
high full sun. 11,111

v. high full ou.lV
high one -ii'l IV

high no end III
ned i urn one nd II
munliuni coo end 11,111
mcdi urn one end I ,iIi
medium one end 11,111
medium one nd I ,II
medi urn one end III
high one end IV
1 ow one cod II
lOw cubic 11,111
low cable2 IV

v. low cable 11,11!
low cable III
low cable I ,II
low cable 1,11

v. low cable I

v. low Cable I! I
v. low cable 11,111
v. low cable II

1cm cable '.LL
V. low cablei IV
v. low cable 11,111
v. low cable III
low cable IV

v. low cable2 1,11

A- -

B-
N-
0-

alluvial and colluvial
spur ridge
dissected smooth
toe slope
dissected even

M - smooth
Il - ridge
Ii - UflCVOfl
14 - hadwa1l
X - bench

167 (blachly) soil has increases lump hazard when reworked.

2lractors under dry soil conditions only.

Source: Adapted from Soil and Vegetation Surveylsea Area, 0repn (S.C.S., 1964) and unpub-
lished data onTfk at the Siuslaw NatnonalForest Headquarters, Corvallis, Oregon.

- preacher clay loam 92 -
2 - bohznnan-slickrock 101 -

conpl ox
6,7 - blachly clay loam 202
13 - trask gravelly loam
45 - cannibal gravelly 911 -

loam
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fendall clay loan
bohannan gravelly

I onrn
siickrock gravelly

loam
fendall gravelly

clay loam
912 - lint silty clay loam

Erosion
class

Soil
no.

land-
form

Avraqr
slope

Water
sturaqe

i ty

Lnndnlurnp
hazard

Lanrislide
hazard

13 N 50-100% very low very low Very high
101 N 75-100 low v. low v. 1 igh
101 W 25-75 low V. low v. high

2 V 50-75 nirdium low high
45 N 5°-iS low v. low hioli
13 N 50liiO v. low v. low hiud

101 11,1 50lfl0 mi v. low high
101 N ,N 37-50 low n; hi qi;

2 V 25-0 merliun medium medium

II 2

202
U

V

31-50
25-50

nird i urn
high

nd i un
high

1 ow

low
202 U 31-50 high high

1
low

6,7 II 37-50 high mcdi ins med urn
45 I-I 37-50 low v. low low
92,91 1 V 25-37 mcdi un; hi h 10.1

101 N,ll 25-3/ ba V. low mediui
101 R,B 25-50 low v. low medium
101 N 5-25 low v. low low

1 t1,R,B 25-37 medium low low
2 U 25-37 mcdiurn low log;

III 202 U 25-37 high medium v. low
202 0,X,U 5-25 v. high medium v. low

6,7 U,ll 25-37 high medium1 V. low
6,7 U 5-25 high medium1 v. low

911 R 0-25 high medium v. low
91? N 25-li v. high indium low
1öl 11,11 5-25 in v. ion iow

1 M.R.B 5-25 medium lea v. low
IV 6,7 FI,R,B 5-25 high low1 v. low

45 M 5-25 medium v. iota v. low
allu- A 0-12 v. high v. low v. low
vial

Landform legend Soil type legend



Figure 6. Erosion classes on Study Area.
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III. MFTHODOLOIIES FOR ANALYZING ALTERNATIVES

Under any management plan which the Forest Service might con-

sider for Drift Creek, multiple outputs will result. Certain levels

of water, recreation, etc., will be produced under any alternative.

Some of the possible outputs are marketed and others are not. Timber

generally sells by competitive bid, but recreational activities are

either free or nominally priced.

We can view the problem of which management program to choose

for Drift Creek as follows: The bundle of resources in the Drift

Creek watershed can be used to produce numerous combinations of out-

puts. The Forest Service is interested in 1) what goods and services

are produced, 2) when they are produced, and 3) for whom they are

produced. Accordingly, outputs are defined as those goods and

services, in which the Forest Service has interest, that can be

generated by its activities at a certain time and for certain recipi-

ents. As a hypothetical example, an output would be stumpage sales

made from the Study Area next year, with only small mill owners able

to bid. Each output contributes to the attainment of one or more

Forest Service objectives. The decision problem here can be viewed

as finding a way to utilize the resources represented by Drift Creek

and associated inputs to produce the combination of outputs which

will enable the Forest Service to reach the highest level of objec-

tive attainment.

If all inputs and outputs were marketed, with perfect competi-

tion and the desired income distribution, the Forest Service could

30
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develop a one-dimensional objective function from market prices for

the output combinations which can he produced from Drift Creek. There

would be one measure of objective attainment: dollars. It could then

maximize this objective function to determine the optimum combination

of outputs from Drift Creek. Since not all the outputs coming from

Drift Creek are marketed, the signals given by the marketplace are not

sufficient to form this single dimensional objective function: dollar

values are not availahie to put the value of all inputs and outputs

into a common index.

Multiple objectives appear when there is no single measure of

objective attainment to rank the desirability of all product mixes, as

in the case of Drift Creek. Operationally there are as many objec-

tives as there are different measures of objective attainment. A

benefit will here be defined as a measure of objective attainment,

and "noncommensurate benefits" will refer to different measures of

objective attainment. An output can be utilized as a measure of

objective attainment (such as water temperature or board feet) or be

multiplied by some index (such as board feet of stumpage times stump-

age price) to obtain a measure of objective attainment (money revenue).

Recent Multiple Objective Studies in Forestry

Some studies of forest resource use have explicitly recognized

the multiple objective nature of many public resource problems.

Amidon and Gould (1962) studied the trade-off between recreation

development and timber production in three California National

Forests. They present five levels of recreation development on each
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Forest and the corresponding reductions in yearly allowable cut,

conuiercial timber volume, and sustained yield capacity associated

with each level.

Teeguarden (1971) studied the Point Reyes Seashore and developed

a number of alternatives for the area which vary in the type and

intensity of recreation activities involved. He also developed a

set of weights for the various types of recreation activities to

provide merit weighted user days under each alternative in addition

to unweighted user days.

Various National Forests have begun to approach explicitly the

multiple objective nature of their problems. The Plumas National

Forest recently completed an analysis of 40,500 acres in the Bucks

Lake Basin in which they developed the implications of a number of

alternatives for annual timber harvest, recreational and transporta-

tion development, soil, water and wildlife (1i.S.F.S., lg7lb). The

Multidiscipline Team of the Mt. Hood National Forest has recently

completed a series of studies in which it develops alternatives for

each area considered and provides a number of criteria such as allow-

able cut, stumpage return and miles of trail, by which to evaluate

each alternative (LJ.S.F.S., 1971a; U.S.F.S., l972d).

Three other studies have been done which emphasize the concepts

involved in decision making under multiple objectives. Rickard,

Hughes, and Newport (1967) discuss the tradeoff between revenue and

aesthetics resulting from alternative methods for harvesting Douglas-

fir. Streeby (1971) relates the stated goals of the Forest Service

to a format which presents the impact of wildfire on these goals.
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Measures of objective attainment include not only revenue lost, but

also changes in the wildlife-carrying capacity of the site, and

aesthetic changes. Klemperer (1971) presents a framework for measur-

ing the impact of various types of forest practice laws. He includes

net present value of private forest income, stream sediment and

temperature, scenic character, and income distribution among his

measures of the public interest in private lands.

Methods for Solving Multiple Objective Problems

Four methods have been suggested to deal with multiple objective

problems (Freeman, 1968).

The first method involves specification of the maximum (or mini-

mum) level of n-i noncommensurate benefits, out of a set of n benefits,

and then maximization of the other benefit subject to n-1 benefit con-

straints. Net revenue might be maximized, subject to certain minimum

or maximum levels of other benefits on which it is difficult to put

money values. As an example, suppose the Forest Service is using only

two measures of objective attainment to evaluate management alterna-

tives for Drift Creek: 1) maximum average weekly water temperature

measured at the Forest Service gauging station on Drift Creek (A),

and 2) average yearly timber production (B) (Figure 7). Further

assume there is one variable input (capital), in addition to the

fixed input (the Study Area). I will use the capital input to repre-

sent all inputs, such as men and equipment, which we can combine in

varying amounts with the Study Area to produce the desired outputs.

In Figure 7, PT represents the alternative combination of outputs A
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and Ii which can h prndiced hy cpPC iii Pd harvc's t I nq ter:hn i qirn for a

qiven level of capital.

The Forest Service might select level a1 of A as a maximum

acceptable level and maximi7e F3 subject to this constraint and capital

input PT. Only the shaded area satisfies this constraint with input

PT, and (a1b1) becomes the desired benefit mix. Only one set of bene-

fit constraints is examined and no definite technique determines which

variables to constrain, their constrained values, the level of input

usage, or which variable to maximize. However, the approach may be

useful if a measure of objective attainment is constrained to certain

minimum or maximuiii levels by law. As an example, the Forest Service

is accepting the State Water Quality Standards as providing a con-

straint on the minimum level of water quality.2

The second method, which contains the first as a special case,

develops a number of sets of attainable benefit combinations, perhaps

presenting the decision maker with a schedule showing the level of one

benefit at each of selected constrained levels of the n-1 other bene-

fits and at a number of input levels. The decision maker then chooses

the alternative which, in his estimation, will enable the highest

level of objective attainment. In terms of Figure 8, the level of

benefit A is constrained to no greater than a1, a2, a3, etc., the

level of input is PT, and the level of benefit B is maximized subject

to each of these constraints in turn to give (a1, b1), (a2, b2),

2The temperature constraint in Figure 7 is drawn to hlmeetu this

standard by allowing a maximum of a 2° change in temperature associ-
ated with timber harvesting.



Figure 7. Maximizing timber harvest for a given level of water
temperature and input.
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(a3, h3). The decision maker then chooses among these possibilities.

This approach facilitates determination of what is given up in some

outputs to gain more of others.3 For example, if a1 74.6°,

a2 = 760, b1 = 1.8, b2 = 2.4, we know that the cost of decreasing A

from 76° to 74.6° will be .6 million board feet. The approach also

facilitates determination of what is given up in input to gain more

output. For example, if PT = 2, PT1 = 4, then the cost of increas-

ing B from 2.4 to 4.1 million board feet, while holding B constant

at 76°, is two units of input. In summary, the second method suggests

that decision makers be provided with a schedule showing various

combinations of benefits at various levels of input, with the deci-

sion maker choosing the bundle which best conforms to his interpreta-

tion of his objectives.

Another approach involves analysts interpreting the desires of

the appropriate decision makers, expressing them in an analytical

form as an objective function, and then establishing decision models

which explicitly reveal what actions would maximize the achievement

of specified objectives. The appropriate weights could be determined

by a review of past choices or some other approach. The process

involves developing a set of explicit weights and viewing their

consequences in the selection of policies.

3
br th' momen t ' i ore the cu i'rent State Water Qua) I ty Stand-

ards wh i cli qrea t. ly res I r ct the permi ss i hi e tempera ture change asso-

ciated with timber harvesting. This analysis is one that an ideal

administrator might have gone through before setting the standards.
In the study of Drift Creek, I recognize the State Water Quality
Standards as constraints.
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Assigning weights to the different outputs and presenting an

explicit objective function makes valuations obvious and susceptible

to critical review, which may facilitate consistent decisions over

time. However, difficulty in discovering appropriate weights and

changing weights, as one moves from decision to decision, amy make

the approach difficult to implement. Constant weights, over a series

of decisions which change the quantity of the output available,

assume the importance of additional output does not depend on the

level of output already attained.

Two approaches which use explicit weighting are given in the

third and fourth methods. In these methods, a single measure of

objective attainment is constructed which suppresses the problem of

multiple objectives. This index puts the relative worth of all

possible outputs on a comparable scale through development of a

weighting function. Constraints on maximum or minimum levels of

some outputs are not needed.

The third method involves the use of a single weighting scheme

to evaluate the output possibilities. A one-dimensional objective

function, which values outputs and inputs, is maximized. In terms of

Figure 11, an objective function is constructed which provides an un-

ambiguous ranking of the desirability of all possible combinations

of A and B. An alternative, and possibly more operational, approach

to the third method weighs a number of discrete alternatives like

(a1, b1), (a2, b2), (a3, b3) and selects the alternative with the

highest over-all value.
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The fourth procedure, which contains the third as a special

case, involves the development of a number of different weighting

functions for valuing the various outputs. All weighting schemes,

and the associated output combinations which are designated best

under the schemes, are presented to the decision maker, who then

judges which weighting scheme and associated result most closely

corresponds to his organization's relative valuation, given its

objectives. Here again, probably only a few discrete alternative

output bundles will actually be weighed. This approach enables a

decision maker to see the tradeoffs involved between possible out-

puts and also, through the manipulation of the relative values,

how much the weights can vary before a particular output combination

varies.

Method Used in This Study

The second method discussed above, which defines a number of

measures of objective attainment and then expresses each alternative

in terms of these measures, was used in this study. After discussing

the possible procedures for analyzing alternatives with Forest person-

nel, I judged the second method to be the most understandable and

informative way to analyze the management alternatives for Drift

Creek.



IV. CRITERIA FOR EVALUATING ALTERNATIVES

While general objectives for the Forest Service can be found in

such publications as "Framework for the Future: Forest Service Objec-

tives and Policy Guides," operational measures of objective attainment

are hard to uncover (U.S.F.S., 1970). To determine the measures to

use in this study, I questioned Forest Service personnel on what cri-

teria they wished to use in evaluating management alternatives for

Drift Creek.

After discussion with Forest and District personnel, I identified

17 criteria which would help the Forest Supervisor evaluate each man-

agement alternative (Table 5). These criteria represent either flows

or stocks. Flows reflect rates of output resulting from activities on

the Study Area, such as allowable cut per year. Stocks reflect levels

of output (or input) resulting from activities on the Study Area, such

as miles of logging road. The criteria are briefly discussed below.

Board foot allowable cut. Allowable cut, and all other

board foot calculations, will be measured in terms of Scribner volume,

long logs. This measurement is standard on the Siuslaw. Allowable

cut will be calculated by one or five year intervals, as will all

other flows, and will be traced over a time period sufficient for

allowable cut to reach an equilibrium level.

Board foot volume withdrawn from commercial timber produc-

tion. This index will measure, in some sense, the saleable product

invested in recreational development of Drift Creek. It represents

withdrawals beyond those caused by buffer strips along streams.
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Table 5. Criteria suggested for evaluating alternatives.

(Indices reflecting flows are indicated by (F) and
indices reflecting stocks are indicated by CS).)

1. Board foot allowable cut (F).

2. Board foot volume withdrawn from commercial timber production (F).

3. Species of wood produced (F).

4. Stumpage revenue from timber sales (F).

5. Present net worth of future timber sales (S).

6. Miles of new or reconstructed roads (5).

7. Cost of new or reconstructed roads.

Construction (S).
Maintenance (F).

8. Distribution of Study Area among visual quality classes (S).

Preservation.
Retention.
Partial retention.
Modification.
Maximum modification.

9. Primary and secondary employment in surrounding communities
provided by timber production (F).

10. Quantity, quality, and timing of water produced by Drift Creek
and its tributaries (F).

11. Surface erosion, subsurface erosion and large-scale land move-

ment (F).

12. Anadromous fish production (F).

13. Man-days of recreation consumed (F).

14. Cost of camps and trails.

Construction (S).
Maintenance (F).

15. Camping capacity CS).

16. Miles of trail (S).

17. Primary and secondary employment in the surrounding communities
provided by recreation use (F).

40



41

Species of wood produced. The volume of wood produced by each

of the three stand classes, pure conifers, mixed species, and pure

hardwoods, will be recognized.

Stumpage revenue from timber sales. Stumpage revenue will

reflect predicted bid prices for the allowable cut offered each year

and provides a cash flow measure of the income from stumpage sales.

Present net worth of future timber sales. Present net worth

will be calculated at a number of interest rates and provides a dis-

counted measure of the income from stumpage sales.

Miles of new or reconstructed road. This index will be calcu-

lated from the Forest Service transportation plan associated with each

alternative. Although new roads are actually inputs, they have been

associated with increased sedimentation (Dyrness, 1967; Fredriksen,

1970) and provide a surrogate for this variable. Also they provide

information on the development of recreational access into the area.

Cost of new and reconstructed roads. The construction and

maintenance cost for new and reconstructed roads will provide one

measure of the level of input associated with each alternative.

Per cent of study area in each visual quality class. The

Forest Service has recently developed a visual quality classification

system for use in Region 6. The entire Forest will be classified

according to this system, as will the Study Area under each alternative.

The system has five classes:4

have included capsule summaries for each class in parentheses after
the formal definition. These summaries represent the MDT interpreta-

tion of the meaning of these classes for the Siuslaw National Forest
(U.S.F.S., 1972c).



PRESERVATION -

This standard provides for ecological changes only.
It is applied only to wildernesses and other similar
special areas.

(Preserving the natural character of the landscape.
Allows ecological changes only. Wildfires are normally

controlled. No planned timber harvest.)

RETENTION -

Dominance factors of form, line, color and texture
found infrequently or not at all in the characteristic
landscape should not be evident in the management
activity.

A management activity may repeat the dominance
factors common in the characteristic landscape only if
this repetition does not evidently change the essential
quality of the existing dominance factors (e.g., pattern,
intensity, amount, etc.).

(1'lan's activities are not apparent to the casual

observer. Cutting is normally limited to salvage of
dead timber and light partial cutting.)

PARTIAL RETENTION

Dominance factors of form, line, color and texture
found infrequently or not at all in the characteristic
landscape may he evident in the management activity.
However, the introduced factors should remain subordinate
to the visual strength of the characteristic landscape.

A management activity may repeat the dominance fac-
tors common in the characteristic landscape and may
visually change the essential quality of the existing
dominance factors (e.g., pattern, intensity, amount,
etc.). However, these changes must be subordinate to
the visual strength of the characteristic landscape.

(Man's activities may be seen, but will not dominate

the natural landscape. Timber harvest is usually limited
to partial cutting, but small, well designed clearcuts

are sometimes possible. Timber yield is about 75% of

the normal yield.)
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MODIFICATION -

Management activities may subordinate the original
characteristic landscape. The activity must borrow from

naturally es tah Ii shed dominance factors so completely
and at a scale such that its visual characteristics are
those of natural occurrences within the character type.

Introduced dominance factors not found in the
natural character type must remain subordinate to the
proposed natural appearing composition. (e.g., roads,

slash, root wads, etc.)

(Man's activities may dominate the landscape char-
acter, but must he timed, shaped, and otheriise designed
to blend into the natural landscape. Clearcuts are

allowed, but slower cutting rates may be needed. Timber

yield is about 85% of normal yield.)

MAXIMUM MODIFICATION -

Management activities may subordinate the original
characteristic landscape. When viewed as foreground or
middle ground, the activity may not appear to completely
borrow from naturally established dominance factors.
However, when viewed as background the visual character-
istics must be those of natural occurrences within the
character type.

As viewed in background, introduced dominance
factors not found in the natural character type, must
remain subordinate to the proposed natural appearing
composition.

(Minimum visual resource constraints on management
activities, however, a neat, well managed appearance
is required. When viewed from a distance, activities
should appear as part of the overall natural composi-
tion. Normal timber yields are possible.)

For comparison, it is possible to divide the five
quality standards into two groups as follows:

Natural Character dominates

PRESERVATION
RETENTION
PARTIAL RETENTION
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Management Activity dominates

MODI FICAT ION

MAXIMUM MODIFICATION (Bacon and Hansen, 1972)

Primary and secondary employment in surrounding communities

provided by timber production. The Study Area contains about 2.5%

of the timber volume on the Siuslaw, and with no timber management

restrictions would probably contribute about two to three per cent

of the allowable cut or approximately eight to twelve million board

feet per year. With this relatively small allowable cut on the

Study Area and the large number of mills who buy timber from the

Siuslaw, it is extremely difficult to link the small changes in

stumpage availability studied here to changes in local employment,

and no attempt will he made to do so in this study.

Quantity, quality, and timing of water produced by timber

production. 11. Surface erosion, subsurface erosion, and large-

scale land management. 12. Anadromous fish production. Criteria 10,

11, and 12 relate primarily to water quality. Through their stream,

road and harvesting policies, Siuslaw personnel believe they will

achieve tolerable levels for all the variables mentioned in criteria

10, 11, and 12, and I will accept their judgment for this study.

13. Man-days of recreation consumed. Because of the limited

access to Drift Creek within the Study Area and the lack of a trail

along the Creek, there is little use of the area. As mentioned in

Chapter II, the roads are used by some hunters, and a few fisheniien

use the Creek. Therefore, there is little historical data on which

to base projections about use, as the Study Area is developed. Also,
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the two other areas proposed for Wilderness Study on the WaIdport

District may be close substitutes for Drift Creek, in terms of

recreation use. Because of the lack of useful historical data and

the uncertain future of the other unroaded areas, projections on

recreation use under any recreation alternative will not be made in

this study.

14. Cost of recreation development. 15. Miles of trail. 16.

Camping capacity. All of these indices are inputs, hut they give

some idea of the recreation development envisioned under each recrea-

tion plan. Camping capacity will be measured in terms of number of

campsites, their capacity, and the predicted season of use.

17. Primary and secondary employment in the surrounding com-

munity provided by recreation use. Employment in local service

industries could be increased by attraction of tourists to Drift

Creek. Since the intensity of recreation use in Drift Creek will

not be predicted, employment generated by this use cannot be pre-

dicted.

In summary, the level of criteria 1-8 and 14-16 will be esti-

mated for each management altrnative. In addition, the Forest

Service says it will maintain acceptable levels for criteria 10-12

through the application of stream, harvesting and roading policies.



V. ALTERNI\TIVES

In all of the land use studies I have seen, there has been one

particular plan toward which the agency administering the land was

leaning when the study began. The Drift Creek Area is no different.

As mentioned in Chapter II, Waldport District personnel have held

a timber and recreation plan for Drift Creek in the back of their

minds for a number of years: little timber harvesting allowed from

stream bottom to ridge top on the unroaded stretch of Drift Creek, a

road into the lower meadow, and a trail and camp system along Drift

Creek. This "plan" guided timber sale layout in the Drift Creek Area

and became the focus of attention when a formal study of Drift Creek

was begun.

Given this "plan" as one of the alternatives, the challenge of

a formal study is to develop other choices for the use of the area

which are viable alternatives. it is easy, but uninformative, to

center the "plan" amongst other alternatives which are not really

viable choices for the agency. Presenting choices so the "decision

maker" really has to make a decision is the biggest challenge in

developing alternatives. Even though I was aware of this problem

when I began the study, I found myself constantly thinking about what

I believed the "plan" for Drift Creek ought to be, rather than devel-

oping a number of viable choices from which the Forest Supervisor

could choose. Therefore, I developed a simple set of questions to

ask myself in deciding whether I had developed a "good" set of

alternatives:
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Do the alternatives cover the range of choice open to the deci-

sion maker, in terms of possible values for those measures of

objective attainment which are the center of discussion over

use of the area? Here the measures are allowable cut and asso-

ciated stumpage revenue, visual quality and recreation develop-

ment.

Do the alternatives bracket the most probable choices in such

a way that a decision maker can judge the desirability of mov-

ing from the probable choice to one farther out on these meas-

ures of objective attainment?

Are enough alternatives presented so that the decision maker

can make linear interpolations between the alternatives? Can

he evaluate alternatives somewhere in between the ones given

him? It is not as important that analysts present the alterna-

tive finally accepted, as that they present a range of alterna-

tives within which the decision maker can find the one he wants.

Developing a set of alternatives for which I could positively an-

swer these questions was not easy. If alternatives are developed which

cover the range of choice, in terms of the measures important in the

decision, it is difficult to develop alternatives which are "close"

enough along these measures for interpolation, without overloading the

decision maker with information.

Development of Alternatives

Starting with the tentative "plan" for Drift Creek which the

District had used for a number of years, I worked with Forest
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personnel to develop a "good" set of management alternatives for

Drift Creek. It soon became clear that a management alternative would

contain two components: a timber management plan and a recreation

management plan. Therefore, I developed a number of timber management

alternatives and recreation management alternatives. Combining a

timber and a recreation alternative gives an overall management alter-

native for the Study Area. Using the District's tentative plan as a

starting point, I developed timber management alternatives which

provide a broad spectrum of choice in terms of allowable cut and

visual restrictions, and a series of recreation alternatives which

provide a broad spectrum of choice in terms of development and ease of

access.

Recreation Management Alternatives

All recreation alternatives were developed within the constraint

of maintaining the unroaded condition of Drift Creek from the lower

meadow to the northeast end of the Study Area (Figure 9). As dis-

cussed in Chapter II, the only current recreational access to the por-

tion of Drift Creek within the Study Area is through

a jeep trail, through a county right of way, to the lower

meadow,

a Georgia Pacific road to the northeast end of the Study Area,

and

a Forest Service road and two mile trail from the south end

of the Study Area.
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Within this constraint, the basic questions to be answered

about recreation development were:

whether to build a permanent road up Drift Creek to the

lower meadow,

where to put campgrounds and how many campgrounds of each

level of primitiveness to develop, and

where the trails should go and how many miles of trails

to construct.

These basic components of each recreation alternative (roads, trails

and camps) are shown in Figure 9. These potential road, trail and

camp locations were developed through the use of aerial photographs

and ground inspection.

Six recreation alternatives were developed:

Alternative Ri. A trail will be constructed along Drift Creek

connecting the jeep trail at the west end of the Study Area with

the Georgia Pacific road at the east end of the Study Area. In

addition, a trail will be constructed to provide access from the

north. Three trail campus (primitive camps with fire rings and pit

toilets) will be provided:



Figure 9. Basic components of recreation alternatives for Study Area.
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Lower meadow - 4 unit trail camp with water system

Upper meadow - 4 unit trail camp with water system

Above Boulder Cr. - 4 unit trail camp.

Alternative R2. Over four miles of county road will be reconstructed

and a trail will be built in the county right-of-way from the end of

this road to the lower meadow. Trails will be built along Drift and

Boulder Creeks, and to provide access from the north. Four trail

camps will be provided:

Lower meadow - 8 unit trail camp with water system

Upper meadow - 4 unit trail camp with water system

Above Boulder Cr. - 4 unit trail camp

Boulder Cr. - 4 unit trail camp.

Alternative R3. In addition to reconstructing the county road, a

new road will be constructed from the end of the reconstruction to

the Ball and May property, which will be acquired. Trails will be

built along Drift and Boulder Creeks, and to provide access from the

north. Four trail camps will be provided:

Lower meadow - 12 unit trail camp with water system

Upper meadow - 4 unit trail camp with water system

Above Boulder Cr. - 4 unit trail camp

Boulder Cr. - 4 unit trail camp.

Alternative R4. A 15-unit primitive (trail) camp with trailhead

parking will be constructed in the lower meadow on Drift Creek.

About four miles of county road will be reconstructed and two new
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miles of county road will be built to provide access to this camp.

Trails will be built along Drift and Boulder Creeks, and to provide

access from the north. Three trail camps will be provided along

Drift and Boulder Creeks:

Upper meadow - 8 unit trail camp with water system

Above Boulder Cr. - 4 unit trail camp

Boulder Cr. - 4 unit trail camp.

Alternative R5. A 25-unit campground with trailhead parking will be

constructed in the lower meadow on Drift Creek. Loop trails will be

build along Drift Creek, Trout Creek, and the East Fork of Trout

Creek. Various combinations of trails will provide loop trips

ranging from 3-14 miles. Access to the campground will be provided

through reconstruction and extension of the county road up Drift

Creek. Four additional trail heads will also provide access and four

trail camps will be built:

Upper meadow - 12 unit trail camp with water system

Above Boulder Cr. - 8 unit trail camp

Lower Trout Cr. - 4 unit trail camp

Upper Trout Cr. - 4 unit trail camp (will not be built under timber

management alternatives T4, T5 and T6).

Alternative R6. R6 resembles R5, except that the Ball and May proper-

ty will be acquired, with the road ending and a campground being

built there.
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In addition to these six alternatives, three of the alternatives

(Ri, R2, R4) have been altered to include acquisition of the Ball and

May property. This property is just west of the Forest Service own-

ership on Drift Creek and Forest Service personnel are concerned

that, unless they purchase the property, it will be developed in a

way that might detract from the primitive atmosphere they are trying

to maintain on Drift Creek. These alternations, are entitled R1A, R2A,

R4A.

Timber Management Alternatives

The Forest Service is considering modification of timber manage-

ment in Drift Creek to maintain the area's primitive character. The

classification of the area into visual quality zones essentially

expresses the constraints on timber management that will be varied

in this study. Therefore, timber management alternatives will be

chiefly discussed in terms of the visual quality standards which will

apply under each alternative. Roading and harvesting plans have

been developed by Forest Service personnel for each timber manage-

ment alternative and the roading plans are shown on the figures giv-

ing these alternatives. As discussed in Chapter II, skyline logging

will be used for all harvesting, except for a few high-lead settings

in the north end of the Study Area. The timber management alterna-

tives leave the recreation alternatives largely unaffected, except

for the impact of roading on trail length and location.



Six timber management alternatives were developed:

Alternative Ti. The entire unit will be placed in the preservation

class (Figure 10). No timber will be harvested, except to improve

scenic values or to salvage timber in case of catastrophy.

Alternative T2. A large area around Drift, Coulder, Cougar and Trout

Creeks will be placed in the preservation class, a small part of

upper Trout Creek will be placed in the retention class, and the rest

of the area will be placed in the maximum modification class (Figure

11). All planned trails that fall on Forest Service land are within

the preservation class.

Alternative T3. A small area centering on Drift and Boulder Creeks

will be placed in the preservation class. Land along Trout Creek,

Cougar Creek, and Ellen Creek which is visible from main stream

bottoms will be managed to meet retention or partial retention stand-

ards, with the rest of the study area falling into the retention, par-

tial retention or maximum modification classes (Figure 12). All

planned trails for Rl-R4 that fall on Forest Service land, and over

2/3 of the planned trails for R5 and R6 are within the preservation

unit. The trail environment outside the preservation unit is protect-

ed by scenic corridors, and timber production is planned on areas not

visible from trails or main stream bottoms.
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Alternative T4. Scenic corridors around Drift Creek and lower Trout

Creek will be placed in the retention class, other areas seen or

closely associated with recreational use of Drift Creek will be

placed into the partial retention class, and the remaining area will

be placed in the maximum modification class (Figure 13).

Alternative T5. Scenic corridors around Drift Creek and lower Trout

Creek will be placed in the partial retention class, other areas seen

or closely associated with recreational use of Drift Creek will be

placed in the modification class, and the remaining area will be

placed in the maximum modification class (Figure 14). Harvesting

activity will be visible from some trails and stream bottoms.

Alternative T6. The entire Study Area will be placed in the maximum

modification class (Figure 15).



Figure 10. Timber management alternative Ti.
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Figure 11. Timber management alternative T2.
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Figure 12. Timber management alternative T3.
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Figure 13. Timber management alternative T4.
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Figure 14. Timber management alternative Tb.

LEGEND

Existing roads

New roads

Plantation p

Recent cutover X

Visual management
class:

Modification

Existing trails

Partial retention L1

Max. modification

J

tz N,

-

Preservation

Retenti on LI



Figure 15. Timber management alternativeT6.
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VI . FSTIMI\T iON OF SELECTED CRITEII\ UNDEI EACH ALTERNA1 ivi

In Chapter IV, I discussed the criteria which would he used to

evaluate each alternative. These criteria, except for those relating

to soil erosion, fish production and water flow which are handled

through water quality constraints imposed on all alternatives, are

listed below (Table 6). The first four criteria, relating to the

timber harvest from the Study Area, are covered in Chapters VIII and

IX. Levels for each of the remaining six criteria are estimated in

this chapter, for each alternative.

Distribution of Study Area Among Visual Quality Classes

Under each management alternative, the entire Study Area is dis-

tributed among the five visual quality classes introduced in Chapter

IV. Therefore, the corridors along major streams are doubly classi-

fied. They are first classified into Stream Management Units for

water quality protection and then classified into visual quality units

for visual quality protection. As discussed in Chapter II, I assumed

that timber in the 600 acres of Class I and II Stream Management Units

cannot be harvested due to water quality constraints, no matter what

visual quality class it falls into. I considered timber management

alternatives only for the 11,900 acres in the Study Area outside the

SMU for Class I and II streams. To discover the impact of selection

of any visual quality pattern on timber production, the SMU acreage

must first be removed. Then, the remainder of the Study Area can be

distributed among the visual quality classes (Table 7).
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Table 6. Criteria selected to evaluate alternatives.

Board foot allowable cut.

Species of wood produced.

Stumpage revenue from timber sales.

Present net worth of future timber sales.

Distribution of the Study Area among visual quality classes.

Volume withdrawn from commercial timber production, due to

visual restrictions.

Miles and cost of logging road development.

Miles of trail.

Camping capacity and cost of camping development.

Miles and cost of trails and recreational roads.

63



Table 7. Distribution of the Study Area among visual quality classes and harvestable iolurre set
aside because of visual restrictions.

1Will not be harvested due to water quality constraints.

Ti

Timber management alternative
T2 T3 T4 T5 T6

Distribution of SMU for Class I and II streams
among visual quality classes (acres)l

Preservation 600 522 348 430 0 0

Retention 0 10 172 0 420 0

Partial retention 0 0 0 3 3 3

Modification 0 0 0 0 3 0

Maximum modification 0 68 80 170 170 500

Distribution of remainder of Study Area among
visual management classes (acres)

Preservation 11900 6673 3452 0 3 0

Retention 0 40 700 1674 174 0

Partial retention 0 0 196 1210 1500 0

Modification 0 0 0 0 1210 0

Maximum modification 0 5187 7552 9016 9016 11900

Harvestable volume set aside in addition to that
in SMU (MM Scribner board feet) 650 359 222 72 9 3



Volume Withdrawn from Commercial Timber Production

Because of Visual Restrictions

I will consider the timber in the retention and preservation

categories, outside of the SMIJ, as withdrawn from coinnercial produc-

tion. This volume varies from 0 to 650 million board feet under the

different timber management alternatives (Table 7).

Logging Road Development

Permanent logging roads to be funded by timber sales vary from

zero to 22 miles under the different timber management alternatives

(Table 9). Construction costs for these roads vary from zero to

$880,000 (Tables 8, 9). Maintenance costs largely depend on the vol-

ume of timber hauled across the roads per year, but are insignificant

when compared to construction costs, and will not be estimated for the

different timber management alternatives.

Recreation Development

Proposed recreation developments under each alternative are

based on field work by the MDT and myself. From 9 to 24 miles

of new trail will be built under the different alternatives. Camp-

ing capacity varies from 13,500 to 44,500 visitor-days. This capa-

city is based on four people per camp unit and a camping season of

180 days (Table 10).

Recreation roads, camps, and trails and land acquisition for

recreation are funded out of appropriations, especially requested by
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the Forest Service, for designated projects. Construction funds

needed for recreational development of Drift Creek vary from $82,800

to $691,800 under the different recreation management alternatives

(Tables 8, 11). The amount of money spent to provide road

access up Drift Creek to the lower meadow accounts for most of the

difference in development costs under the various recreation manage-

ment alternatives.



Table 8. Road, trail, campsite and land acquisition costs.

New road: two lane - $60,000/mile
one lane with turnouts - $40,000/mile

Reconstructed road: two lane - $50,000/mile
one lane with turnouts - $30,000/mile

Road maintenance: recreational - $265/mile/year
logging - $5.50/thousand board feet/year

Road bridge: $36,000/bridge

Trails: $4,000/mile

Trail bridges: $7,500/bridge

Trail maintenance: $75/mile/year

Camp maintenance: $100/unit/year

25 unit campground: spur roads and parking - $54,000
camp units, water and sewage system - $65,000

15 unit primitive camp with water system and parking: $20,000

12 unit trail camp with water system: $7,500

8 unit trail camp with water system: $6,000

8 unit trail camp without water system: $2,800

4 unit trail camp with water system: $4,500

4 unit trail camp without water system: $1,400

Acquisition of Ball and May property (160 acres): $64,000

Source: Adapted from unpublished data on file at Siuslaw National
Forest Headquarters, Corvallis, Oregon.
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Table 9. New roads to be funded by timber sales (all roads one lane with turnouts).

Timber management alternative
T2 T3 T4 T5 T6

Miles 0 6.8 15.9 22.0 22.0 22.0

Cost ($)

Construction 0 272,000 636,000 880,000 880000 380,000

Maintenance 5.50 per thousand board feet removed per year

Ti



Table 10. Recreational road, camp, and trail development. (Trail and road figures in miles,

camping capacity in visitor days.)

R2

Trails
New
Bridges

13.2
6

13.2

6

13.2
6

10.7

6

10.7

6

10.7

6

Roads
Reconstructed one lane/turnouts

Bridges
Camp units
Camping capacity

4.4
1

20

14400

4.4

1

20

14400

4.4
1

20

14400

4.4
1

20

14400

4.4

1

20

14400

4.4

20

14400

Recreation alternative

All alternatives
Existing trail

Ri

Trails
New
Bridges

Camp units
Camping capacity

1

Ti

2.0

11.5
4

12

8640

Timber management alternative
T2 T3 T4 T5

2.0 2.0 .8 .8

11.5 11.5 9.0 9.0

4 4 4 4

12 12 12 12

8640 8640 8640 864

T6

.8

9.0

4

12

8540



R4

Trails
New 11.5 11.5 11.5 9.0 9.0 9.0

Bridges 4 4 4 4 4 4

Roads
Reconstructed (one lane/turnouts) 4.4 4.4 4.4 4.4 4.4 4.4

New (one lane/turnouts) 1.7 1.7 1.7 1.7 1.7 1.7

Bridges 3 3 3 3 3 3

Camp units 31 31 31 31 31 31
1

Camping capacity 22320 22320 22320 22320 22320 22320

Table 10. (cont.)

Timber management alternative
Ti T2 13 T4 T5 T6

R3

Trails
New 12.3 12.3 12.3 9.8 9.8 9.8

Bridges 5 5 5 5 5 5

Roads
Reconstructed (one lane/turnouts) 4.4 4.4 4.4 4.4 4.4 4.4

New road (one lane/turnouts) .9 .9 .9 .9 .9 .9

Bridges 2 2 2 2 2 2

Camp units 24 24 24 24 24 24
1

Camping capacity 17280 17280 17280 17280 17290 17280



Table 10. (cont.)

Timber management alternative
Ti T2 T3 14 T5

R5

Tral is

New 23.2 23.2 23.2 20.7 20.7 20.7

Bridges 4 4 4 4 4 4

Roads
Reconstructed (two lane) 4.4 4.4 4.4 4.4 4.4

New (two lane) 1.7 1.7 1.7 1.7 1.7

Bridges 3 3 3 3 3 3

Camp units
1

Camping capacity 38160 38160 38160 38160 35230 520

R6

Trai is

New 24.0 24.0 24.0 21.5 21.5 21.5

Bridges 5 5 5 5 5 5

Roads
Reconstructed (two lane) 4.4 4.4 4.4 4.4 4.4 14
Nei (two lane) .9 .9 .9 .9 .9 .

Bridges 2 2 2 2 2 2

Camp units 53 49

Camping capacity 38160 38160 38160 38160 35280 3580

1Based on four people per unit and a season of 180 days.



Table 11. Total recreational development costs (funded by appropriations from Federal cad

and Trail funds, Protection and Maintenance funds, or Land and Water Conservation

Funds).l

Timber management alternative

Recreation management alternative Tl T2 T3 T4 T5 T6

Ri Dollars

Construction 84400 84400 84400 74400 74400 74400

Mai ntenance 2200 2200 2110 1920 1920 1920

Ri A2

Construction 148400 148400 148400 138400 138400 i38C
Mai ntenance 2200 2200 2110 1920 1920 1920

R2

Construction 279100 279100 279100 269100 269100 269120

Mai ntenance 4300 4300 4220 4020 4020 -020

R2 A2

Construction 343100 343100 343100 333100 333100 333100

Mai ntenance 4300 4300 4210 4020 4020

R3

Construction 369500 369500 369500 359500 359500 3500
Mai ntenance 4875 4875 4785 4595 4595 455



1See Appendix C for a breakdown of costs into trail, camp, road and acquisition expenditures.

2The only difference between Ri and R1A, R2 and R2A, and R4and R4A is that the "A11 alternative
includes acquisition of the Ball and May property.

Table ii. (cont.)

Recreation management alternative

R4

Ti

Timber management alternative
T2 T3 T4 T5 16

Construction 410800 410800 410800 400800 400800 400800

Annual maintenance 5260 5260 5170 4980 4980 4980

R4A2
Construction 474800 474800 474800 464800 464800 464800

Annual maintenance 5260 5260 5170 4980 4980 4980

R5

Construction 685100 685100 685100 675100 675100 675100

Annual maintenance 8810 8810 8720 8530 8530 8530

R6

Construction 675800 675800 675800 665800 665800 665800

Mai ntenance 8650 8650 8560 8370 8370 8370



VII. PROCEDURE FOR ESTIMATING THE HARVEST VOLUME AND VALUE
ATTRIBUTABLE TO THE STUDY AREA UNDER CURRENT
FOREST SERVICE ALLOWABLE CUT DETERMINATION

Timber Management Categories on the Siuslaw National Forest

The 618,762 acres of the Siuslaw National Forest are broken dcmn

into a number of timber management categories (Figure 16). All acres

fall into either the regulated or unregulated divisions. Since the

entire allowable cut conies from the regulated divison, it will be

the focus of this report. The regulated division is broken into two

categories: timber key value and landscape management category 3.

The timber key value category contains three classes: pure conifer,

mixed species and pure hardwoods. These three classes are distin-

guished by board feet of hardwoods present. As discussed in Chapter

II, the pure conifer class contains less than 20% hardwoods, the

mixed species class contains 20-80% hardwoods, and the pure hardwood

class contains more than 80% hardwoods (U.S.F.S., 1966b).

Landscape management category 3 contains those acres which re-

quire landscape considerations due to their occupying travel influence

zones. This category is broken into three classes:

3A, where modified clearcutting and intermediate cutting are

permi tted,

3B, where only intermediate and shelterwood cutting are per-

mitted, and

3C, where no cutting is permitted due to topography in rela-

tion to streams and roads (U.S.F.S., l966b).

The unregulated categories are largely self-explanatory, except
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Figure 16. Land classification system and associated acreage on the Siuslaw National rarest.

Siuslaw National Forest
(618,762)

Regulated
(577 ,282)

Timber Key Value Landscape anagement
(525,486) Category 3

(51 ,796)

Purl Mixed
Conifer Species

(367,648) (90,468) (67,370)

Cascade Head
Experimental
Forest and
Sand Dunes
(28,126)

Unregul ated

(41 ,483)

Non- Pc rest

and Non-
Con'ITerci al

(6,547)

Lands cace
anagee:

0ategor as12
(6,307)

'This classi fi cation corresponds to the Classification developed in the 1965 Timber Manacemnc P1
except for the placement of mixed species and cure hardwoods which were moved from the unre 1ec o

the regulated division in 1969. The 1965 Timber Mananement Plan contained allowable cuts for the
classes and their reclassification was largely a formality. (Siuslaw National Forest, 19665; Sus1a.

National Forest, l969a)

Pore 3,4 3B 3C

Hardwoods (31,596) (16,575) (3,625)
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for landscape management categories 1 and 2. These last two cate-

gories contain land in recreation or home owner occupancy areas where

no harvesting is permitted (U.S.F.S., 1966h).

In Chapter IV, I discussed a landscape classification based on

the new visual management system and in this chapter I have discussed

another landscape classification based on the 1965 Timber Management

Plan. It is important to recognize the difference in definition of

the two classification systems. The new system focuses on the visual

experience, while the old system focuses on harvesting prescriptions.

The two systems have been reconciled with the aid of Siuslaw Forest

personnel (Table 12).

Table 12. Reconciliation of the old and new landscape classification
systems.

1965 timber management plan Visual management system

Unregulated Unregulated

Preservation

LM 1 Retention
LM 2 Retention

Regulated Regulated

LM 3C Retention
LM 3B Partial retention
LM 3A Modification

Timber key value Maximum modification

Calculating the Allowable Cut for the Siuslaw National Forest

The Siuslaw National Forest is managed as a single working circle

with one allowable cut for the entire Forest. Before determining the

allowable cut, Forest personnel identify the area in each category of
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the regulated division. Then an allowable cut is calculated for each

timber key value class and landscape management classes 3A and 38.

Given this allowable cut, certain areas are selected for sale each

year. After determining the permitted logging methods for each of

these areas, Forest personnel appraise the stumpage to determine the

minimum acceptable selling price for the timber on each area. The

timber is then sold through competitive bidding.

Current Procedure for Allowable Cut Determination

Allowable cut for the tiiiber key value category is based on the

following objectives and set of constraints: maximize board foot

yield, subject to 1) converting the pure conifer class to a 'normal"

or "regulated" forest in 100 years and 2) converting the mixed species

and pure hardwood classes to the pure conifer class in 60 years.

Eventually the entire Forest will have approximately the same acreage

in each age class and will produce an "even flow" of timber forever.

Rotation age in this "normal" forest averages 100 years and the number

of years in the rotation provides the 100 year conversion period for

pure conifers. The conversion period for mixed species and pure hard-

woods is the estimated minimum time for the market to absorb the cut

from these areas. Allowable cut on landscape management classes 3A

and 38 is determined through rough calculations concerning their

Cu rrcmt growth , wd vt'riyc yl t I d on conipi r1t) 1 e drcas ind s I tuati ons

in the timber key value class (U.S.F.S., 1966b).



Calculating the harvest. Volume and Value

Attributable to the Study Area

Under the procedure discussed above, the harvest volume and

value attributable to inclusion of the Study Area in the allowable

cut base cannot meaningfully he determined separately from calcula-

tions for the Forest as a whole. According to the 1965 inventory,

Drift Creek contains relatively more timber in the 60-100 year age

classes than the rest of the lorest (U.S.F.S., 1966a). Under the

procedure considered here, cutting priority depends on age. Much of

the allowable cut attributable to the Study Area during the first 50

years arises chiefly from these age classes and can only be under-

stood in terms of the allowable cut for the entire Forest. There-

fore, the harvest attributable to the Study Area will be analyzed in

the context of allowable cut calculations for the Forest.

Given their harvest priorities, Siuslaw personnel calculated

average yield per year from timber harvests during the conversion

period, assuming that the Study Area would be part of the regular

harvest (U.S.F.S., l966b). Estimating the Study Area's contribution

to Forest allowable cut during the conversion period under any timber

management alternative involves: calculating the difference between

the Forest allowable cut with the Study Area, under the alternative

being considered, and without the Study Area. Estimating the area's

contribution to allowable cut after the conversion period involves

determining the average annual growth of the area as part of a

managed, regulated forest.
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It iS very important to understiid the ,nraninq of the Study

Area's contribution to Forest allowable cut under any timber manage-

ment alternative. This harvest reflects the additional average

annual Forest harvest made possible by including the Study Area,

according to the way described by the alternative, in the allowable

cut base. This harvest does not have to come physically from the

Study Area, but is made possible by inclusion of the Study Area

among harvestable acreage. When I discuss the harvest "from" the

Study Area, I am referring to the difference in Forest allowable

cut attributable to inclusion of the Study Area.

Estimating the contribution to Forest stumpage revenue attribut-

able to the Study Area involves determining the difference between

the Forest stumpage revenue with the Study Area and without the

Study Area. Under an assumption of a constant price for all relevant

levels of Forest offerings, the revenue attributable to the Study

Area is simply the harvest attributable to this area times the

constant price.

Six types of information will be needed to determine the timber

harvest and value attributable to the Study Area:

Forest inventory for pure conifer and mixed species class,

Drift Creek inventory under each alternative (discussed in

Chapter VIII),

yield functions for pure conifer and mixed species class,

stumpage revenue functions,

interest rates, and



6) planning horizon.

Timber Inventory

The inventory, on which timber management is presently based,

was completed in 1965. Plots were systematically distributed across

the Forest at 1.7-mile intervals, with each plot consisting of three

1/5-acre subplots of six-chains spacing. Additional studies were

conducted to develop Scribner board foot local volume tables in terms

of average net scale recovery. Also cubic foot volume tables were

constructed. Since the allowable cut is calculated in terms of

Scribner board feet, this inventory standard will form our basic

volume measure (U.S.F.S.., l966a).

The 1965 inventory will be used as the basic inventory for this

study. It is the only comprehensive Forest inventory and gives acres

and volume by 10-year age class for pure conifers, mixed species, and

pure hardwoods. Since the 1965 inventory revealed none of the pure

hardwoods class in the Study Area, I will be concerned only with the

pure conifer and mixed species classes (Table 13). Siuslaw personnel

have since made some adjustments in the Forest inventory to account

for discrepancies between acreages and yields predicted by the 1965

inventory and what actually occurred (U.S.F.S., l969a). However,

these changes have not been made available to the general public and

were made on a piecemeal basis. A comprehensive revision of the

inventory will not be completed until 1975.
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Table 13. Acreie and volume in each age class of pure coni fer and
mixed species classes for the Siuslaw National Forest

Source: Adapted from Timber Management Plan, Siuslaw National Forest
(1966b).

Age class

(volume in Scrihner board feet).

Pure conifer Mixed species

Acres

Volume
(MM)

Volume!
acre

Volume Volume!
Acres (MM) acre

110+ 38,432 2,609 67,894 3,181 71 22,290

100 83,801 5,590 66,703 6,211 224 36,122

90 19,987 1,227 61,398 2,386 61 25,698

80 63,113 3,875 57,578 13,706 379 27,637

70 25,371 1,064 41,942 4,620 86 18,715

60 44,588 1,876 42,073 21,507 510 23,691

50 6,147 194 31,599 11,626 205 17,666

40 18,447 541 29,329 12,422 233 17,949

30 4,620 26 5,715

20 15,378 88 5,737 7,803 45 5,767

10 6,147

0 24,913

-5 10,662

-15 10,662

Total

or
Average 367,648 17,064 46,414 90,468 1,830 20,228
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Also, the Siuslaw National Forest is presently making or con-

sidering a number of policy changes which could affect the acreage

in any management category. These policy changes include:

implementing the stream management guidelines,

prohibiting harvesting south of the Umpqua River due to

soil and water constraints,

prohibiting harvesting on the 44,000 acres of roadless area

(including Drift Creek) identified for possible wilderness

study, and

4) setting up the Dunes National Recreation Area.

Obviously, these changes could substantially affect allowable cut.

However, their impact on allowable cut has not been made public and

will not be considered here. The procedure suggested here for Drift

Creek could also be used to analyze these other policy changes.

Yield Functions

Using the 1965 inventory, Siuslaw personnel developed Scribner

board foot yield tables for unthirined pure conifers and mixed species

(Table 14). These tables are used to predict yields from regeneration

cuts during the conversion period. Siuslaw personnel also developed

a normal yield table from the inventory plots in Site II that had the

highest volume (Table 14). The normal yield table is used for appli-

cation of a stocking level concept in marking intermediate cuts

(uS.F.S., 1966b).

Yield tables were also constructed for pure conifer stands after
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Table 14. Yield tables for unthinned stands of pure conifers and
mixed species classes (volume in Scrihner board feet per

acre).

Pure conifers Pure conifers Mixed species

Source: Adapted from Timber Management Plan, Siuslaw National Forest
(1966b).

Stand age (actual) (normal) (All) (Conifers only)

20 7,998 3,690 4,796 3,280

30 17,154 15,204 10,421 6,397

40 25,809 26,571 15,311 9,302

50 33,955 37,792 19,467 11,993

60 41,591 48,866 22,888 14,471

70 48,717 59,794 25,575 16,736

80 55,332 70,574 27,527 18,788

90 61,438 81,000 28,745 20,628

100 67,034 91,048 29,229 22,254

110 72,120 100,168 28,978 23,667

120 76,695 108,660 27,992 24,868

130 80,762 116,639

140 84,317 124,240

150 87,363 131,568
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thinning and for the thinnings (Table 15). Stands under fifty years

old are not considered merchantable. The basic guideline used in

marking intermediate cuts is to reduce stocking to 60 per cent of

Siuslaw normal basal area. Studies showed that volume removed had

a 1 to 1 relationship with basal area removal. With this simple

converting factor and the Siuslaw normal yield table, the volume

equivalent to sixty per cent of Siuslaw normal basal area can be

readily determined. This is considered the minimum volume that will

occur on the stand immediately after the intermediate cut. It is

assumed that the stand will then grow at a rate approaching gross

growth for ten years, when it will again be reduced to sixty per cent

of normal stocking (U.S.F.S., l966b).

Periodic annual mortality was determined from the 1965 inventory

and added to net growth from the normal yield table to obtain gross

growth on the residual stand (Table 15). Siuslaw personnel estimated

that they could harvest 80 per cent of this gross growth with inter-

mediate cuts at 10 year intervals. With the normal yield table,

periodic annual mortality table, the marking guide discussed above

and the assumption about 80 per cent recovery of gross growth, tables

can be constructed showing minimum, maximum and average residual

volume per acre for thinned stands (Table 15). Minimum volume occurs

immediately after thinning, maximum volume 10 years later, just

before the next thinning, and average volume midway between the maxi-

mum and minimum. Siuslaw personnel assume that thinned stands will

contain the average residual volume when finally clearcut. Given



Table 15. Future harvest and intermediate yield of pure conifers on stands which have been intermediate

cut (volume in Scribner board feet per acre).

Source: Adapted from Timber Management Plan, Siuslaw National Forest (U.S.F.S., 1966b).

1

Age
2 3 4

Siuslaw Mm. residual Gross ten yr.

normal gr. stock/acre growth (10 yr.

(voL/acre) (60% Siuslaw normal) net+100% mort)

5

Max. residual
gr. stock/acre
(cal. 3 + 80%

col. 4)

6

Ave. resid.
gr.stock/acre
(col. 3 + 5)

7

Expected cut
second and
successive
entries

(col.5 - cal.

8

Age

2

50 37,792 22,675 23,924 50

12,174

60 48,866 29,320 32,414 30 ,867 3,094 60

12,728

70 59,794 35,876 39 ,502 37,689 3,626 70

13,280

80 70,574 42,344 46,500 44,422 4,156 30

13,626

90 81 ,000 48,600 53,244 50,922 4,644 90

13,978

100 91,048 54,629 59 ,782 57,206 5,153 100

13,720

110 100,168 60,101 65,605 62,853 5,504 110

13,562

120 108,660 65,196 70,951 68,074 5,755 120

13,399

130 116,639 69,983 75,915 72,949 5,932 130

13,371

140 124,240 74,544 80,680 77,612 6,136 140

13,398

150 131,568 78,941 85,262 0') 6,321 150



the information about residual volumes, the expected cut for each 10

year thinning after the first one can be determined (Table 15). The

volume from the first thinning depends on the actual volume in the

stand when it reaches 50 years of age (U.S.F.S., 1966b).

Stumpage Revenue

Regeneration and intermediate cuts from all visual management

classes will be grouped into a single category for stumpage price

determination. This procedure was followed because:

intermediate and regeneration cuts are usually sold together,5

the sales from the visual management class, other than the

maximum modification class, are very erratic and it is dif-

ficult to delineate the price-quantity relationships involved.

For the entire period being analyzed, I used a stumpage price of

$70 per thousand as the predicted bid price for Siuslaw Forest stump-

age at the present rate of sale. This is the assumed real price,

without the effects of inflation. Also it is gross, i.e. net

stumpage prices increased to reflect road building allowances for

roads built by the purchasers of timber sales.Sa The sales are bid

86

5Since the Siuslaw has little timber over 110 years old and most
thinnings have been occurring in the 70-100 year old ages, there is
not the disparity in size and quality of timber, between regenera-
tion and intermediate cuts, that occurs on some National Forests.

the stumpage price includes an allowance for reforestation
costs. It should be noted that stumpage revenue from the Study Area
may be somewhat reduced through the use of high-cost skyline systems
that are planned for part of the area.
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upon as if the roads are in place, so this price reflects predicted

bid price.

Predicting future stumpage prices, even with the volume offered

held approximately constant, is difficult at best. The selected

stumpage price of $70/thousand reflects the judgment of Forest per-

sonnel and recent stumpage prices on the Siuslaw. According to

Forest personnel, road costs have been running $l0-l5 per thousand.

This leaves a net stumpage of $55-60. A constant gross price is

forecast over time. Since road costs may decrease as the permanent

road system is installed, the constant gross price actually may be

viewed as an increasing net stumpage return over time.

Interest Rates

On new investments, such as roads, the Siuslaw presently uses a

6% interest rate. The Office of Management and Budget has recently

sent out a memorandum requiring government agencies to use a 10%

interest rate.6 Economists have often argued that the Forest Service

may be assuming a zero interest rate when it sets rotation age at

culmination of mean annual increment. A number of interest rates

between 0 and 10% will be used to discount gross stumpage revenue

under a given alternative and calculation procedure, and the sensi-

tivity of the solution to different interest rates will be assessed.

6Personal correspondence from William Niskanen, Office of Management
and Budget, Washington, D. C.



Planning horizon

Theoretically, the Forest Service has an infinite planning

horizon. We will handle this type of planning horizon by tracing

allowable cut and stumpage revenue through time until they reach

equilibrium values.
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VIII. ANNUAL HARVEST AND STUMPAGE REVENUE ATTRIBUTABLE TO THE

STUDY AREA UNDER CURRENT FOREST SERVICE ALLOWABLE CUT DETERMINATION

Under the 1965 Timber Management Plan, the harvest on the

Siuslaw National Forest contains six components. A harvest is cal-

culated for regeneration and intermediate cuts on the pure conifer

and landscape management classes, and a regeneration cut is calculat-

ed on the mixed species and pure hardwoods classes (U.S.F.S., 1966b).

I will be concerned with the 1965 Timber Management Plan calculations

for regeneration and intermediate cuts in the pure conifer class and

regeneration cuts in the mixed species class.7

For most classes, an average harvest over a 60 or 100 year

"conversion period is calculated. Then, the yearly harvest for the

current ten year planning period is calculated. The 1965 Timber

Management Plan contains no calculation of the sustained yield capa-

city of the Forest after conversion to a regulated condition. How-

ever we can develop an approximate idea of this sustainable harvest

from the discussion in the 1965 Timber Management Plan. I will call

the average annual harvest during conversion and the sustainable

yield, the allowable cut for the conversion and post conversion

periods, respectively (U.S.F.S., l966b).

7See Appendix D for a complete discussion of the calculation proce-
dures and harvest levels for these management categories.
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Allowable Cut From the Forest During

the Conversion Period

The Siuslaw uses an area control procedure to determine the

acreage harvested in regeneration cuts from each management category.

Once the period has been determined, over which the category will be

cut, the number of acres scheduled for sale each year equals

(approximately) the area in the category divided by this conversion

period. Cutting priority is determined by growth rate, with the slow-

est growing material cut first. The Siuslaw uses a stocking level

concept related to Siuslaw "normal" stocking to determine the level

of intermediate harvests as discussed in the previous chapter

(U.S.F.S., 1966b).

Regeneration cut - pure conifers

90

The conversion period for the pure conifer class equals the

rotation age selected for the next crop. The rotation age equals the

point of culmination of mean annual increment for trees over seven

inches on Site II, International 1/8 inch scale.

Separate rotation ages were calculated for thinned and unthinned

stands. After completion of the road system in 1985, 71 per cent of

the pure conifer class will be accessible for thinning. Culmination

of gross mean annual increment for these stands occurs at 105 years.

Culmination of (net) mean annual increment occurs at 80 years, for

the remaining 31 per cent of pure conifer stands which cannot be

thinned. Weighting these rotation ages by their-respective acreages
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and adding 1.32 years for regeneration to occur, gives an average

rotation age and conversion period of 100 years (U.S.F.S., 1966b).8

Given the mean annual increment of each thinned and unthinned

age class, cutting priorities were established with the slowest

growing material cut first (Table 16). Timber on an acreage equal to

1/100 of the acreage in the pure conifer category is scheduled to be

sold annually. The average annual volume is determined by dividing

the sum of all cuts over the 100 years by 100. Under the 1965 Timber

Management Plan, regeneration cuts from the pure conifer class will

average 257.4 million board feet per year and 70 thousand board feet

per acre (Table 16) (U.S.F.S., 1966b).

Intermediate cut - pure conifers

Intermediate cutting occurs only in pure conifers. Based on the

current roading plan, 54 per cent of the pure conifer class will be

accessible for thinning in 1965, 61 per cent in 1975, 69 per cent in

1985, and 71 per cent in 1995 when the road system is completed.

Based on the thinning yields given in the last chapter and the acreage

in each age class, the thinnings over the 100 year conversion period

can be calculated.

The Siuslaw actually measures timber in Scribner board foot scale.
Culmination of mean annual increment on Site II, measured by Scrib-
ner scale, occurs at 100 years on unthinned stands and 130 years for
thinned stands (['4cArdle and Meyer, 1971; Staebler, 1955). A weight-
ed average of these ages, plus the regeneration period, gives an
average rotation age and conversion period of 122 years. Thus,

board foot yield is being maximized, subject to the regulation con-
straints, in terms of International 1/8 rule, bu not in terms of
Scribner rule.



Table 16. Regeneration cut from the pure conifer class during a 100 year conversion period
(volume in Scribner board feet). (Basic harvest cut is 3,676 acres per year.)

V = Unthinned stands 25,732 MM 25,732 MM
- 70.0 M/acre average

C = Thinned stands 367,648 A

See empirical yeild tables. Source: Timber Management Plans Siuslaw
Actual volume/acre frolTi inventory. National Forest (U.S.F.S., 1966b)

257.3 MM/year average
100 yr

Priority
groups

Present
age class

Area
acres

Years
to cut Age

when cut

Final harvest volume
Per acre
bd.ft.1

Total
MM bd.ft.Per. Curn.

lV 110+ 38,432 10.5 10.5 110+ 67,8942 2,609

2V 100 24,302 6.6 17.1 115 74,408 1,808

3V 90 5,796 1.6 18.7 110 72,120 418

4V 80 18,303 5.0 23.7 100 67,034 1,227

5V 70 7,358 2.0 25.7 95 64,236 473

6V 60 12,931 3.5 29.2 90 61,438 794

7V 50 1,783 0.5 29.7 80 55,332 99

8C 100 59,499 16.2 45.9 140 77,612 4,618

9V 40 5,350 1.5 47.4 85 58,385 312

lOC 90 14,191 3.9 51.3 140 77,612 1,101

llC 80 44,810 12.2 63.5 135 75,280 3,373

12V 20 4,460 1.2 64.7 85 58,385 260

13C 70 18,013 4.9 69.6 135 75,280 1,356

14V 10 1,783 0.5 70.1 80 55,332 99

l5C 60 31,657 8.6 78.7 135 75,280 2,383

16C 50 4,364 1.2 79.9 130 72,949 318

17V 0 13,409 3.6 83.5 80 55,332 742

18C 40 13,097 3.6 87.1 125 70,512 923

- 19C 20 10,918 3.0 90.1 110 62,853 686

20V -5 10,662 2.9 93.0 85 58,385 623

21C 10 4,364 1.2 94.2 105 60,030 262

22V -15 10,662 2.9 97.1 80 55,332 590

23C 0 11,504 3.1 100.2 100 57,206 658

Total 367,648 25,73k



93

Inteniiediate harvests over the 100 years will average 93.1 mil-

lion board beet per year and 6.41 thousand board feet per acre har-

vested (Table 17) (U.SF.S., 1966b).

Regeneration cut - mixed species

The market for timber sales in the mixed species class depends

largely on the market for red alder.

Although a stand having seventy-five percent conifers
might attract bids from softwood mills, the preponderance
of the land area and stems are aider and it is not feasible
to fell such tracts for either clear cutting or partial
cutting unless merchantable alder will be utilized.

In the interest of increased yield of forest prod-
ucts, the bulk of these lands should be restored to conif-
erous production as rapidly as the hardwood industry can
absorb the hardwood logs. (U.S.F.S., l966b, p. 37)

For purposes of allowable cut calculation, a sixty year conversion

period with area control was selected. The annual harvest over these

60 years will average 43.0 million board feet (Table 18) (U.S.F.S.,

l966b).

Application of Area Control on the Siuslaw

Strict application of area control can lead to widely fluctuating

harvest levels. Siuslaw personnel use area control to determine

the average annual acreage of regeneration cuts in the pure conifer

and mixed species classes. They then adjust this acreage in their

ten year plans, so that after intermediate cuts are added into the

total harvest, approximately the same volume is harvested from year

to year. I will assume that Siuslaw personnel will keep the harvest



Table 17. Intennediate cut from the pure conifer class during a 100 year conversion period
(volume in Scribner board feet).

Period

Total acres cut = 1,451,751; Acres/year = 14,518; Total volume = 9,309 MM; Average volume/year =
43.0 MM; Average volume/acre cut/year = 6.41 M.

Source: Timber Management Plan, Siusla' National Forest (U.S.F.S., 1966h).

1 2 3 4 5 6 7 8 9 10

Acres 131,224 159,488 180,403 196,549 135,134 143,453 131,963 129,037 123,352 121,143

Vol. (MM) 1,651 957 1,048 1,144 724 952 781 727 669 656

Acres!
year 13,122 15,949 18,040 19,655 13,513 14,345 13,196 12,004 12,335 12,115

Vol ./year

(MM) 165.1 95.7 104.8 114.4 72.4 95.2 78.1 72.7 66.9 65.6

Vol ./acre/

year (M) 12.6 6.0 5.8 5.8 5.4 6.6 5.9 5.6 5.4 5.4



90,468 Acres
60 Years

= 1 ,508 A/year

2,577 MM
43.0 MM/year

60 Years
all species

1From empirical yield table.

2Actual volume per acre from inventory data.

1,803 MM
= 30.1 MM/year

60 Years
coni fers

2,577 MM
= 28.5 M/acre

90,468 Acres
all species

1,803 MM
- Wacre

90,468 Acres
conifers

Source: Timber Management Plan, Siusla
National Forest (U.S.F.S., l96b).

Table 18.

Present
age

Regeneration
(volume in Scribner

Acres

cut from the mixed species
board feet).

Years to cut

class during
Basic harvest is

Age
when cut

a 60 year conversion period
1,508 acres/year.

Volume when cut
Per acre
bd.ft.'

Total
MM bd.ft.Per. Cum.

110+ 3,181 2.1 2.1 110+ 22,290 71

100 6,211 4.1 6.2 105 36,122 224

90 2,386 1.6 7.8 95 29,078 69

80 13,706 9.1 16.9 90 28,745 394

70 4,620 3.1 20.0 90 28,745 133

60 21,507 14.3 34.3 85 28,228 607

50 11,626 7.7 42.0 90 28,745 334

40 12,422 8.2 50.2 85 28,228 351

30 4,620 3.1 53.3 80 27,527 127

20 7,803 5.2 58.5 75 26,642 208

10 1,591 1.1 59.6 70 25,575 41

0 795 0.5 60.1 60 22,888 18

Total 90,468 2,577
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constant at the average for the 100 year conversion period, when I

calculate the harvest attributable to the Study Area. In this case,

the harvest attributable to the Study Area is a constant amount from

year to year.

Annual Harvest and Stumpage Revenue Attributable to the

Study Area During the Conversion Period

I used the procedures described above to determine the harvest

from these acres of the pure conifer and mixed species classes which

fell in the maximum modification visual class.9 A problem arises

in using these procedures. Forest-wide empirical yield tables for

these two classes were used in the 1965 Timber Management Plan to

predict future volumes in each age class for regeneration and inter-

mediate cutting purposes (U.S.F.S., 1966b). The Study Area contains

heavier-than-average volumes per acre ir age classes 60 to 110+.

Using Forest-wide empirical yield tables may underestimate the poten-

tial yield from this area. Therefore, I calculated the average

annual harvest from the Study Area in two different ways:

1) using the Forest-wide empirical yield tables to predict

harvest volumes in the Study Area, and

Actually the mixed species class will be 'converted" to pure conifers
in 60 years. Over this conversion period, the average yield per acre
on the Forest will be 28,500 board feet. After conversion the yield
will increase. The analysis given here ignores this refinement and
assumes a continuation of the same average yields from the mixed
species class over the last 40 years.



97

adding the appropriate board foot growth, predicted by the

empirical yield tables, to the 1965 SLudy Area inventory to

obtain the yield for each age class in the Study Area.

(These yields will be called the "Study Area yield tables".)

Determination of annual average harvest volume from the Study

Area during the conversion period involved four steps.

First, I calculated the Forest allowable cuts for the mixed

species and pure conifer classes without any acreage from the Study

Area. The difference between these allowable cuts and the allowable

cut for these classes in the 1965 Timber Management Plan (1965 TMP)

represents annual harvest attributable to the Study Area during the

conversion period, with no special visual or water quality constraints

on the Study Area. This annual harvest was 9.8 million board feet,

using the Forest-wide empirical yield tables, and 11.6 million board

feet, using the Study Area yield tables (Table 20).

Second, I calculated annual harvest attributable to the Study

Area under each timber management alternative. Removing the entire

Study Area from the allowable cut base did not change harvest the

years over which each age class would be cut in the pure conifer and

mixed species classes. This occurrence greatly simplified the cal-

culation of harvests under the six timber management alternatives.

The percentage, of the total acreage in the pure conifer and mixed

species classes, that fell in the maximum modification visual cate-

gory was calculated for each timber management alternative. As dis-

cussed in Chapter II, I used MDT estimates of acreage withdrawals
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from the pure conifer and mixed species classes, due to visual and

streamside management restrictions (Table 19). Then, these per-

centages were multiplied by the appropriate harvest from the Study

Area, under no environmental restrictions, to determine average

harvest from the pure conifer and mixed species classes under each

alternative (Table 20).

Third, I calculated average annual harvest from the partial

retention and modification visual management classes (Table 21). I

used the MDT assumption of no yield from the retention class, 75 per

cent of full yield in the partial retention class and 85 per cent of

full yield in the modification class. Also, MDT acreage estimates

of pure conifers and mixed species in the partial retention and

modification classes were used (Table 19).

Fourth, I added the average annual harvest from the partial

retention and modification classes to that from the maximum modifi-

cation class to give the total annual harvest attributable to the

Study Area under each alternative. This harvest varied from 0 to 9.5

million board feet when Forest-wide yield tables were used and from

o to 11.2 million board feet when Study Area yield tables were used

(Table 22).

Allowable cut "impacts" can be determined by comparing the

results under the different columns in Table 22. As an example,

the difference between the harvest under alternative six and the

harvest under the 1965 Timber Management Plan (.3 or .4 million board

feet, depending on the yield table used), gives the "impact" of not



Table 19. Study Area acreages of those visual management classes which will contribute to the
Forest allowable cut during a 100 year conversion period.

Tl

Timber management alternative
T2 13 T4 15 T6 1965 TMP

Maximum modification
Pure conifer 0 3434 4948 6119 6119 7550 7692

Mixed species 0 778 1422 1660 1660 3419 3846

Modification
Pure conifer 0 0 0 0 719 0 0

Mixed species 0 0 0 0 463 0 0

Partial retention
Pure conifer 0 0 85 719 616 0 0-

Mixed species 0 0 111 463 839 0 0



Table 20. Annual harvest attributable to the pure conifer and mixed species classes on the Study
Area during the 100 year conversion period (volume in MM Scribner board feet).

Ti

Timber management alternative
T2 13 T4 T5

Forest-wide yield tables

T6 1965 TMP

Pure conifers (regeneration
cuts)

0 2.8 4.1 5.0 5.0 6.2 6.3

Pure conifers (intermediate
cuts)

0 1.1 1.5 1.9 1.9 2.3 2.4

Mixed species 0 .2 .4 .5 .5 1.0 1.1

Total 0 4.1 6.0 7.4 7.4 9.5 9.8

Study Area yield tables

Pure conifers (regeneration
cuts)

0 3.1 4.4 5.3 5.3 6.5 6.6

Pure conifers (intermediate
cuts)

0 1.6 2.4 2.9 2.9 3.5 3.6

Mixed species 0 .3 .5 .6 .6 1.2 1.4

Total 0 5.0 7.3 8.8 8.8 11.2 11.6



1Using an average annual full yield of 1005 board feet for pure
conifers and 286 board feet for mixed species.

2Using an average annual full yield of 1179 board feet for pure
conifers and 362 board feet for mixed species.

1 01

Table 21. Annual harvest attributable to the partial retention and
modification visual management classes on the Study Area
during the 100 year conversion period (volume in Scribner
board feet).

Timber management alternative
T3 T4 T5

Par.

ret. Mod,

Par.

ret. Mod,

Par.

ret. Mod.

Acres

Pure conifer 85 0 719 0 616 719

Mixed species 111 0 463 0 839 463

Forest-wide yield tables

Annual harvest (MM)1

Pure conifer .06 0 .54 0 .46 .61

Mixed species .02 0 .10 0 .18 .11

Total annual
harvest (MM) .1 0 .6 0 .6 .7

Study Area yield tables

Annual harvest (MM)2
Pure conifer .08 0 .64 0 .54 .72

Mixed species .03 0 .13 0 .23 .14

Total annual
harvest (MM) .1 0 .8 0 .8 .9



Table 22. Annual harvest, stumpage return, and present net worth attributable to the Study
Area during the 100 year conversion period (volume in Scribner Board feet).

-J

1For the last 95 years of the conversion period (1970-2065).

Ti

Timber management alternative
T2 T3 T4 T5

Forest-wide yield tables

T6 1965 TMP

Average annual
harvest (MM) 0 4.1 6.1 8.0 8.7 9.5 9.8

Average gross stumpage
return ($70/thousand) 0 287,000 427,000 560,000 609,000 665,000 686,000

Present net worth of
stumpage sales ($)l
Interest rate

.03 8,989,000 13,374,000 17,539,000 19,074,000 20,828,000 21 ,486,000

.07 4,094,000 6 ,09l ,000 7,988,000 8,687 ,000 9 ,486 ,000 9 ,786 ,00

Study Area yield tables

Average annual
harvest (MM) 0 5.0 7.4 9.2 10.1 11.2 11.6

Average gross stumpage
return ($70/thousand) 0 350,000 518,000 644,000 707,000 784,000 812,000

Present net worth of
stumpage sales ($)l
Interest rate

.03 0 10,962,000 16,224,000 20,796,000 22,143,000 24,555,000 25,432 ,00

.07 0 4,992,000 7,389,000 9,472,000 10,085,000 11,184,000 11,583,000



allowing harvesting in the buffer strips surrounding Class I and II

streams.

given the annual harvest and a gross stumpaqe return of $70 per

thousand board feet, the annual gross stumpacje return varied frcn $0

to $665,000 when Forest-wide yield tables were used and from $0 to

$784,000 when Study Area yield tables were used (Table 22). The

present net worth of these income streams, determined for the last 95

years in the conversion period (1970-2065), varies considerably, depend-

ing on which interest rate and yield table is used (Table
22)l0a

Annual Harvest and Stumpae Revenue Attributable to the

Study Area after Conversion

Siuslaw personnel plan to convert the entire timber key value

category into a regulated condition, with the unthinned stands on an

80 year rotation and the thinned stands on a 105 year rotation. While

Siuslaw personnel have computed no sustainable yield after conversions

we can calculate an approximattion to this yield. According to the

Siuslaw normal yield table, stands on an 80 year rotation have a mean

annual increment of 882 board feet)0 According to Staebler (1955),

103

°Bul1etin 201 gives a mean annual increment at 80 years for Site II
(170) of 875 board feet (McArdle and Meyer, 1971).

lOaThe year 1970 was chosen as a starting point to provide consistency
with results in the next chapter, where time is divided into five
year periods and the first period is 1970-75. Starting at a later
time, such as 1974, makes no significant difference in the present
net worth of the harvest stream. As an example, a conversion period
of 91 years (1974-2065) raises the present net worth of conversion
and post-conversion harvests for T6, with Forest-wide yield tables
and .03 discount rate, from $22,426,000 to $22,461,000.
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the mean annual gross increment per acre for fully stocked Douglas-fir

stands on Site II at 105 years is 1020. Weighting the thinned and

unthinned acreage by their respective proportions yields an average

mean annual increment per acre of 900 board feet for the maximum modi-

fication visual class. This 980 board feet represents the average

annual harvest per acre in the maximum modification class after conver-

sion.11 Using this average annual harvest per acre, the post-conversion

annual harvest from the Study Area will average from 0 to 11.7 million

board feet per year under the different timber management alternatives

(Table 23).

Using a gross stumpage return of $70 per thousand, the average

annual post-conversion stumpage return varied from $0 to $819,000,

under the different alternatives. Present net worth of these income

streams varied from $0 to $1,419,610 when a three per cent interest rate

is used, and $0 to $128,700 when a seven per cent interest rate is used

(Table 23). Adding the conversion and post-conversion present net

worths gives the present net worth of timber harvests over an infinite

time horizon, under each alternative, interest rate and yield table

(Table 24).

During conversion the average annual harvest per acre in the Study
Area is 970 board feet per acre using Study Area yield tables and 930
board feet per acre using Forest-wide yield tables.



Table 23. Harvestable acreage by visual management class, annual harvest, stunipage return, and
present net worth of post-conversion harvests.

Timber management alternative
Ti 12 T3 T4 T5 T6 1965 TMP

Visual management
class (acres)

1Starting in 2066.

Maximum modification
Modification
Partial retention

0

0

0

5,187
0

0

7,552
0

196

9,016
0

1,210

9,016
1,210
1,500

0

0

11,900

12,500
0

0

Average annual
harvest (MM) 0 5.1 7.5 9.7 10.9 11.7 12.2

Average annual gross
stumpage return

($70/thousand) 0 357,000 525,000 679,000 763,000 819,000 854,000

Present net worth of
post-conversion
harvest ($)l

Interest rate
.03 0 697,000 1,025,000 1,325,000 1,489,000 1,598,000 1,666,000
.07 0 8,000 11,000 15,000 16,000 17,000 18,000



Table 24. Present net worth of conversion and post-conversion harvests.

Timber management alternative
Ti T2 13 T4 15 T6 1965 TI'IP

Present net worth
of conversion and
post-conversion
harvests ($)

Forest-wide yield tables

.03 0 9,686,000 14,399,000 18,864,000 20,563,000 22,426,000 23,152,000

.07 0 4,102,000 6,102,000 8,003,000 8,703,000 9,503,000 9,804,000

Study Area yield tables

.03 0 11,659,000 17,249,000 22,121,000 23,632,000 26,144,000 27,098,000

.07 0 5,000,000 7,400,000 9,497,000 10,101,000 11,201,000 11,601,000
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IX. EFFECT OF DEMAND AND MAXIMIZATION OF PRESENT NET BENEFIT ON
HARVEST VOLUME AND VALUE FROM THE STUDY AREA

The Market for Siuslaw Forest Timber

In the previous chapter, I assumed that a constant price would be

received for Forest timber under all timber management alternatives

for the Study Area. Now I will investigate the impact, on stumpage

revenue and present net worth, of relaxing this assumption.

Stumpage price is the result of transactions in the marketplace

between buyers and sellers of Siusiaw Forest timber. Sales take

place at the Forest headquarters a number of times a year. One might

argue that there are a number of markets for Siusiaw Forest timber,

depending on where the timber is located: a Corvallis market, a

Waldport market, etc. This, to some extent, is true. However, the

days are gone when a mill bids only on timber within a few miles.

Today a mill may bid on timber one hundred miles away, and it is dif-

ficult to distinguish a number of individual markets for Siuslaw For-

est timber. As an approximation, I recognized a single market.

Actually, lonly considered the market for timber from the pure

conifer class on the Siuslaw. This class produces over 85 per cent

of the allowable cut on the Forest and over 80 per cent of the allow-

able cut attributable to the Study Area. Utilizing this demand curve

makes the results given here comparable to those given later in the

chapter when present net benefit is maximized.

In defining a single demand curve for timber from the pure coni-

fer class on the Forest, I assumed that every thousand board feet of
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timber offered for sale from that class, in a given time period, is

a perfect substitute for every other thousand board feet offered

from the class, in the eyes of the demander. While this is only a

first approximation, it can be used to illuminate the impact of

demand on the value of harvests due to inclusion of the Study Area in

the allowable cut base.

One way to illustrate the price-quantity relationships inherent

in demand is through a demand or average revenue curve (Figure 17),

with X representing the current rate of sales. For National Forest

timber in the Douglas-fir region, a number of shapes for this curve

have been suggested: the Douglas-fir Supply Study (1969) hypothesizes

a demand curve like BC, Vaux (1970) hypothesizes a curve like EF or

OH, and Hamilton (1971) hypothesizes a curve like ABCD, which marries

the flat and sloping curves. In Hamilton's case, with X representing

current offerings, the large flat area beyond X represents excess

capacity in the industry. Some work has been done to estimate the

shape of stumpage demand curve, but little scientific evidence has

accumulated about these shapes (Johnson, 1971).

As discussed in Chapter VII, the 1965 Timber Management Plan

calls for an average annual level of offerings from the pure conifer

class of about 350 million board feet. Therefore, X in Figure 17

represents the point (350, $70) in our discussion. The analysis in

the previous chapter assumed a demand curve like BC, or like ABCD

where the relevant offerings were within the range BC. (The demand

curve BC has the functional form: p = 70.) To gain some understand-

ing of the impact of demand on the value of Study Area offerings, two



Figure 17. Possible shapes for the stumpage demand curve.
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additional demand curves were considered (q in millions of board feet,

p in dollars): p 157.5 - .05q and p 87.5 - .Olq. These curves

are EF and GH in Figure 17, respectively. The first demand curve

(EF) is fairly steep and Forest stumpage offerings substantially

affect price (price elasticity at current rate of sale is about .8).

The second demand curve (GH) is fairly flat and Forest stumpage

offerings have little effect on price (price elasticity at current

rate of sale is about 4).

The contribution to Forest stumpage revenue and present net

worth attributable to the pure conifer class in the Study Area was

compared for timber management alternatives Ti and T6. These alter-

natives span the range of timber management alternatives for the

Study Area, from complete preservation (alternative Tl) to the minimum

acceptable visual constraints on harvesting (alternative T6), and

demonstrate the impact of the shape of demand on the value of stump-

age from the Study Area.

The steeper the demand curve, the lower is the contribution to

Forest stumpage revenue and present net worth attributable to the

pure conifer class in the Study Area (Table 25). Beyond some level

of steepness, as demand curve p = 157.5 - .05q demonstrates, Study

Area timber actually makes a negative contribution to these

totals. This occurs because the demand curve is so steep that

the decrease in the price received for all Forest timber, when

the additional timber attributable to the Study Area is offered,

more than offsets the revenue received from this additional
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Table 25. Annual stumpage revenue and present net worth of harvests
from the pure conifer class, under current procedures for
allowable cut determination, three demand curves and an
interest rate of .07. (All figures in millions of dollars.)

Forest1 Study Area1

Stumpage revenue PNW Stumpage revenue PNW

p = 70

Ti 23.9 341.5 0 0

T6 24.5 350 .6 8.5

p = 87.5 - .Oiq

Ti 24.0 343 0 0

T6 24.5 350 .5 7

p = 157.5 - .05q

Ti 24.6 352 0 0

T6 24.5 350 -2

Assuming an average annual harvest of 341.5 million board feet for
the Forest and 0 million board feet attributable to the Study Area
under alternative Ti, and an average annual harvest of 350 million
board feet for the Forest and 8.5 million board feet for the Study
Area under alternative T6. These figures for the Study Area cor-
respond to those given in Chapter VIII, under Forest-wide yield
tables.



timber.
12

Maximizing Present Net Benefit from Sale

of Siuslaw Forest Timber

The demand curves discussed above could be used to actually set

harvest levels, in addition to evaluating the return under any par-

ticular harvest pattern. Demand would then be the driving force in

setting the level of allowable cut on the Siuslaw National Forest.

Such an approach will now be presented. It is very preliminary and

tentative, and the results should be viewed with considerable caution.

however, the approach provides some insight into the contribution

which the Study Area makes to Forest volume and value, as demand is

used as a primary force in setting harvest levels.

Economists have often suggested that demand play a larger part

in harvesting decisions on public land, and a Congressional committee,

the Public Land Law Review Commission, recently recommended that

demand, constrained by a number of factors, play an important part in

setting harvest levels on public land. It recommended:

Dominant timber production units should be managed
primarily on the basis of economic factors so as to maxi-
mize net returns to the Federal Treasury. Such factors
should also play an important but not primary role in
timber management on other public lands. Page 96.

.it (should be) well understood, and stated in
law, that the Federal Government is not to extract

12As will be discussed later in this chapter, the negative figures
reflect a situation where the Forest offers more timber than a
monopolist would offer.
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monopoly profits or to use its position to control timber
markets. This is particularly important with respect
to timber sales to firms dependent on the public lands
for their supply of timber. Page 97.

Major timber nanaqeiHent dec is ions , including

allowable-cut determinations, should include specific
consideration of economic factors. Page 97.

Communities and firms dependent on public land
timber should he given consideration in the management
and disposal of public land tinber. Page 99.

Controls to assure that timber harvesting is con-
ducted so as to minimize adverse impacts on the environ-
ment on and off the public lands must be imposed. Page
101 (U.S. Public Land Law Review Commission, 1971).

Given these recommendations and my own analysis of the problem, I

developed a procedure to maximize discounted stumpage return from

timber sales on the Siusiaw National Forest, subject to constraints

on pricing policy, environmental impact and harvest flow.

This procedure was applied to the pure conifer class of the

timber key category. According to the Forest Service, the market for

stumpage from the mixed species and pure hardwood classes of the

timber key value category is unstable and the procedures developed

in this chapter would be difficult to apply to these classes.

The information on inventory and yield developed in Chapter VII

and used in Chapter VIII, to estimate the harvest volume and value

under current Forest Service allowable cut determination, was used

here with the following adjustments:

The inventory data was updated to 1970, under the assumption

that harvesting proceeded as scheduled from 1965-1970.

71 per cent of the acreage in the pure conifer class was

considered available for thinning in 1970, instead of

113
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assuming 54 per cent available in 1965, 61 per cent in 1975,

and 68 per cent in 1985, and 71 per cent in 1985. While

this slightly overstates the possible harvest from the

Forest, it will have little impact on yields attributable

to the Study Area.

2.5 years were allowed for regeneration, instead of 1.32

years.

4) The harvest was computed by five-year intervals and the

yield for each age class at the beginning of each harvesting

period was used as the yield throughout the period. Harvest

flow from the Study Area was computed under Forest-wide

yield tables.

Demand

The two linear demand curves utilized earlier in this chapter,

to evaluate stumpage return and present net worth from sales of

Siuslaw Forest timber, were used here:13

p = 87.5 - .Olq or q = 8750 - lOOp

p = 157.5 - .05q or q 3150 - 20p

Pricing Constraints on Harvesting

Although the Public Land Law Review Commission recommended that

public land management agencies maximize the net dollar return to

13Computational problems with the kinked demand curve precluded its
use.



the Federal Treasury on dominant timber production units, it also

recommended that the Federal government not extract monopoly profits

or use its position to control timber markets (U.S. Public Land Law

Review Commission, 1971, p. 97).

When the demand curve is downward sloping, maximizing net dollar

return involves monopolistic pricing. In Figure 18, MR is the

marginal revenue curve associated with demand curve and MC is

the marginal cost curve. If the agency can sell all the timber it

wishes at the going price, the demand curve it faces is perfectly flat

(D1) and the marginal revenue (MR1) is identical to this demand curve.

To maximize net monetary return, the agency should equate marginal

revenue and marginal cost, offering q1 units of timber at price p1.

If the agency's timber offerings can affect price, the demand curve

it faces is downward sloping (D2) and marginal revenue (MR2) de-

creases at a faster rate than demand. To maximize iet monetary

return, the agency should equate marginal revenue and marginal cost,

offering q2 units at price p2. Here the agency engages in monopo-

listic pricing.

If D1 represents a marginal social benefit function and MC

represents a marginal social cost function, as occurs under perfect

competition with the desired income distribution, offering q2 units

at price p2 does not lead to optimal resource allocation. When q2

is offered, the marginal social benefit is Aq2 and the marginal

social cost is Bq2. Net social benefit can be increased by offering

more units. In this case, net social benefit is maximized at q3,

where net marginal social benefit equals marginal social cost, and
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Figure 18. Monopolistic pricincj and net benefit pricing, with
different denand curves.
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the agency is no longer engaging in monopolistic pricing.14 Using the

demand curve as a marginal revenue function in our maximization prob-

lem ensures that the agency will not engage in monopolistic pricing.

With a sloping demand curve, the agency will offer more timber, re-

ceive a lower price and make less money using 1)1 as a marginal revenue

function, rather than using MR. as the marginal revenue function.

The central maximization problem considered in this chapter will

use the demand function as a marginal revenue function. With as

a marginal revenue function, SB becomes the average revenue function

and a new objective function is defined, to which is marginal. We

will call this new objective function a "benefit" function, call SB

an "average benefit" function, and call our new maximization problem

one of maximizing "discounted net benefit" (DNB).l4a

Present net worth, the quentity a monopolist would maximize, is

the actual discounted money income accruing from the selected harvest-

ing policy. If the demand curve is flat, discounted net benefit is

identical to present net worth. If the demand curve is sloping,

present net benefit will be different from present net worth. In the

latter case, it represents a new criterion of objective attainment

which was not discussed in Chapter IV.

141n Figure 18, the agency's net monetary return is reduced from p2ABC

to p3EBC, as it switches from monopolistic pricing to "net so-

cial benefit" pricing.

l4aThe demand funciton is used as a marginal revenue function to avoid

monopolistic pricing, and its use as such is not meant to imply
that the demand function is a marginal social benefit function.
Even when discounted net benefit is maximized, present net worth

still measures the discounted income received by the agency.



Environmental Constraints on Harvesting

Under each timber management alternative given in Chapter V,

environmental constraints were implicit in the problem formulation

through effects on the acreage, yields, and cost of harvest of the

pure conifer class. Acreage in the class was affected by removals

for stream and visual management considerations. Yields were

affected by a Forest Service restriction that the minimum time

between thinnings be ten years. The cost of harvest was affected by

Forest Service restrictions on the type of logging equipment that

can be used. These same environmental constraints were used here.

Under some demand curves and interest rates, maximization of

net revenue may call for an accelerated harvest. Although more than

60 per cent of the planned road network has been installed and much

timber is accessible along these roads, an accelerated harvest may

generate an accelerated road building program. Through the impact

of roads on mass soil movement, such a program could have adverse

environmental effects. Also, an accelerated harvest will increase

the proportion of the Forest containing visible clearcuts. These

problems should be kept in mind in the subsequent discussion.

Harvest-Flow Constraints on Harvesting

Three types of harvest-flow constraints could be applied to the

allowable cut:

1) constraints which limit fluctuations in any period around

some specific figure,
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constraints which limit fluctuations in any period around

the over-all average, and

constraints which limit fluctuations in any period around

the harvest in the previous period (Navon, 1971).

This procedure utilized the third type of constraint. After discus-

sions with Siuslaw personnel, I decided to allow a maximum ten per

cent fluctuation in harvest between five-year periods. This con-

straint applies only to these periods in the analysis and thus allows

a sudden jump or drop between offerings under current policy and the

new policy. While it is possible to adjust the algorithm used to

solve the problem, such that it will develop more continuity between

current offerings and those proposed here, I did not do this. The

most interesting results from this section concern the present net

benefit and present net worth attributable to the Study Area under

the different demand curves. I do not believe the sign and relative

magnitude of these criteria would be affected by developing the

continuity between current and proposed harvesting policy. Estab-

lishment of this continuity would affect, somewhat, the harvest flow

from the Forest and that attributable to the Study Area, and this

qualification should be kept in mind.

Formulation of Maximization Problem

Given the demand functions, initial inventory, yield functions,

interest rates, planning horizon, and constraints on environmental

impacts, harvest flow and pricing policy, we wish to maximize the

present value of future cash flows generated by timber harvesting in
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the pure conifer class over the entire Forest. In considered timber

management alternatives for the Study Area through their impact on

the acreage in the pure conifer class. Time was divided into cutting

cycles and periods. A cutting cycle is defined as the number of

periods over which the acreage in a given site-cultural class is cut.

Each period contains five years and there are two site-cultural

classes: unthinned and thinned. In symbolic form, we wish to

maximize:
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pricing and environmental constraints, which are implicit in

the problem definition.

where:

= quantity harvested in intermediate cuts in age class s

and period .j of cutting cycle i.

= quantity harvested in regeneration cuts in age class s

of site-cultural class k, in period j of cutting cycle
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= stinpage revenue per million board feet harvested in

period j of cutting cycle i.

r = interest rate.

n. = number of periods in cutting cycle i.

'11ijk
number of ae classes of site-cultural class k avail-

able for harvest in period j of cutting cycle i.

9ijks
= growth rate of age class s of site-cultural class k from

period i-i to period j in cutting cycle i.

= volume of timber available for harvest in age class S

of site-cultural class k, in period s of cutting cycle

The input constraints are somewhat unusual and deserve explana-

tion. As discussed above, a cutting cycle is defined as the time

over which a given site-cultural class in the Forest is cut. Here

there are two classes: unthinned and thinned. At the beginning of

each cutting cycle for a particular site-cultural class, there is a

certain volume in each age class JkS The constraints state that

the total volume removed from an age class, discounted for growth,

equals the volume available at the start of the cutting cycle. As an

example, assume that the optimal cutting cycle for this age class, at

a particular point in time, is two periods. Further, assume there

are two units of volume available at the start of the cycle and growth

is ten per cent per period. Then the constraint becomes: q1 +

(l+.lo)
- 2. Possible harvest patterns are (2,0), (1,1.1), (1.l,.99),

etc. While this definition of input constraints may seem a little odd,
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it is a crucial component of the algorithm used to solve the maximiza-

tion problem given above (see Appendix E).

Solution Procedure

Technically, the maximization problem given above is a quadratic

prograniiiing problem with nonlinear constraints. Oddly, the con-

straining values for the input constraints associated with each cut-

ting cycle are not known until we actually reach that cutting

cycle in the solution. This occurrence makes the maximization prob-

lem somewhat unusual. However, Kunzi, Krelle and Werner (1966) have

suggested an algorithm for solving quadratic programming problems,

which I used to approximate an optimal solution to the maximization

problem given above. They call this algorithm the "Kuhn-Tucker

conditions for the second normal form". The actual solution tech-

nique utilized here is somewhat difficult to grasp and is discussed

in Appendix E.

Basically, the technique sets up conditions which must hold

between the harvests of successive periods, so timber cannot be har-

vested in some period that could be more valuably harvested in some

other period.15 An iterative procedure was used to find the pattern

of harvests which met these conditions, and a computer program was

written to implement the procedure.

15Walker (1971) intuitively suggested some of the necessary condi-

tions and applied them to a hypothetical harvesting example.



Results

As discussed before, I concentrated on maximizing discounted

net benefit, with a ten per cent permissible fluctuation in allowable

cut from period to period. Results from maximizing present net

worth, or allowing other fluctuations in allowable cut, are noted

for illustrative purposes. Returns are discounted at interest rates

of .03 and .07 under the first demand curve used, to demonstrate the

sensitivity of the solution to the rate of return. Only the .07

interest rate is used to discount returns under the other demand

curve.

As stated above, only the Study Are&s contribution to the

Forest harvest from the pure conifer class in the maximum modifica-

tion category will be discussed. Adding the other components of the

Study Area harvest as given in Chapter VIII, provides the total Study

Area contribution. In addition, only timber management alternatives

Ti and T6 will be considered.

Harvest flow from the Forest under alternatives Tl and T6 varies

greatly with the demand curve and interest rate used (Figures 19, 20,

22). Harvest from the Forest generally starts at a higher level than

current policy and continuously decreases, until an equilibrium level

is reached. Equilibrium occurs at a rotation of 35 years, with a

seven per cent interest rate, and a rotation of 50 years for unthinned

stands and 65 years for thinned stands, with a three per cent interest

rate.
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Harvest flow attributable to the Study Area under alternative T6,
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which is the difference between Forest harvest under T6 and Ti in

each period, also varies qreatly with interest rate and demand

Figures 21, 23). The harvest flow attributable to the Study Area

under T6 under a three per cent interest rate and the steep demand

curve is shown explicitly as the difference between Forest harvest

under T6 and Ti, to illustrate its derivation (Figure 20).

Two measures of policy performance mentioned above are present

net worth and present net benefit. The steeper the demand curve, the

lower is the contribution of the Study Area to Forest totals for these

two criteria. The Study Area contributes a negative present net worth

to Forest totals when the "steep' demand curve is used (Table 26).

As mentioned earlier in this chapter, niaximizing present net benefit

causes more timber to be offered at a lower price, than maximizing

present net worth. When Study Area timber is not available, the

Forest offers less timber and gets a higher price. This latter

stream of harvests is closer to a monopolist's offerings and thus

gives a higher present net worth. When the demand curve is used as

the marginal revenue function, present net worth is not a good index

of policy performance! However, the value of present net benefit

from harvests in the Study Area do show increases when Study Area

timber is available for harvest.

The Study Area contributes a small positive present net worth,

when the flat demand curve is used (Table 27). This occurs because

the constraints controlling permissible fluctuation in harvest flow

assume the dominant role in setting harvest levels. Any additional

timber ease their restricting effect on the solution, and hence lead



to an increase in present net worth.
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Table 26. Present net worth (PNW) and present net benefit (PNB) of
harvests from the pure conifer class, with maximization

1Maximizing present net worth, with a seven per cent interest rate,
yields a constant harvest flow of about 315 million board feet per
year, with a present net worth of $356 million and present net
benefit of 341 million. This harvest flow is below the growth rate
of the Forest and implies that some volume must be kept off the
market (perhaps through setting aside land for parks) to keep the

price up. In this case, the reduction in PNW due to removal of
Drift Creek from the allowable cut base is 0, since there is too
much timber around anyway.

of present net benefit, demand of p 157.5 - .05q, and

interest rates of .03 and .07 (all figures in millions).

Forest Study Area
.03 .07 .03 .07

Alternative Ti

PNB (MM$) 1550 689 0 0

PNW (MM$) 720 159 0 0

1
Alternative T6

PNB (MM$) 1570 693 20 4

PNW (MM$) 701 148 -19 -13
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Table 27. Present net worth (PNW) and present net benefit (PNB) of
harvests from the pure conifer class, with maximization
of present net benefit, demand of p = 87.5 - .Olq, and

interest rate of .07 (all figures in millions).

1Maximizing present net worth yields a constant harvest flow and PNW
very similar to that under maximization of PNB. This occurs because
the constraints on permissible fluctuation in harvest are controlling
the harvest flow, and the variation in objective function doesn't
change things. Increasing the permissible harvest fluctuation, from
period to period, from 10 to 50 per cent greatly changes the situa-

tion. Initial harvest under maximization of PNB increases greatly
and PNW drops sharply. Initial harvest under maximization of PNW

increases slightly as does PNW.

Forest Study Area

Alternative Ti

PNB (MM$) 602 0

PNW (MM$) 475 0

Alternative T61

PNB (MM$) 614 12

PNW (MM$) 481 6
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Figure 20. Annual Forest harvest from the pure conifer class, under
alternatives Ti and T6, with maximization of present net
benefit, demand of p 157.5 - .OSq, and interest rate
of .03.
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Figure 21. Annual harvest from the pure conifer class, attributable
to the Study Area under alternative T6, with current
policy, and under maximization of present net benefits
demand of p 157.5 - .05q, and interest rates of .03
and .07.



Figure 22. Annual Forest harvest from the pure conifer class, under
alternative T6, with current policy, and with maximiza-
tion of present net benefit, demand of p 87.5 - .Olq
and interest rate of .07.
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Figure 23. Annual harvest frou the pure con icr class, attributable
to the Study Area under alternative T6, with current
policy, and with iiaximization of present net benefit,
demand of p = 87.5 - .01g. and interest rate of .07.
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X. SUMMARY AND CONCLUSION

The study has concentrated on two main areas:

1) refining and implementing a methodology to evaluate manage-

ment alternatives for undeveloped public land in Western

Oregon, and

utilizing a number of procedures, and assumptions about

demand in estimating the cost of restricting timber harvest-

ing to preserve the primitive character of this undeveloped

land.

Analysis of Management Alternatives

Alternatives were evaluated in terms of a number of measures of

objective attainment, and thus the multiple objective nature of public

resource problems was specifically recognized. While it is desirable

to have as few measures of objective attainment as possible, no

attempt was made to put some artificial index such as dollars on

all outputs. Where no market for recreation activities existed, no

attempt was made to put dollar values on man-days of recreation. In

taking this approach, there was an attempt to restrict the analyst to

making professional opinions concerning predictions of the conse-

quences of some action, leaving value judgments to the decision maker.

Where there is not a single index to value all different outputs

associated with each alternative, it is the decision maker's job, not

the analyst's, to weigh all these different outputs and come to a

decision. When multiple objectives are present in a decision problem,

1 34
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evaluation of the alternatives by the analyst should stop when the

level of each measure of objective attainment has been detenriined

for each alternative.

In my observance of public land planning, there has been an

effort by the analyst, often encouraged by the decision maker, to

formulate the analysis such that the decision is made by the analyst.

Often there seems to be one alternative which is the "plan", with

other alternatives being only window dressing. In land use planning

this trick can be accomplished in three different ways:

selection of the area on which to consider alternatives,

selection of alternatives, and

choice of criteria to evaluate alternatives.

In order to guard against this problem, I developed a number of

rules to use in analyzing public land use. I then applied these rules

to my study concerning restriction of timber harvesting and recreation

development in an undeveloped area in Western Oregon. These rules are:

The area studied should encompass the largest area that might

be considered for harvest restriction and recreation develop-

ment.

The alternatives should encompass the decision maker's range

of choice for those measures of objective attainment which

are the focus of the discussion over use of the area, and

bracket the "most probable" alternative, so that he can see

the desirability of moving from this alternative.

There should be enough alternatives so the decision maker



can interpolate between them.

The measures of objective attainment used should relate to

information desired by the decision maker and be in a form

that he can use. As an example, annualizing recreational

construction costs may be fine for an accountant, but will

be of little help to the decision maker, if he must obtain

appropriated funds for the job.

The reliability of the information given for each alterna-

tive should be subjectively estimated by the analyst. In

my case, only two measures of reliability were used: 0 and

1. Either I gave an estimate for a particular measure of

objective attainment, or I did not give one. Ideally, some

confidence interval or related measure would be attached to

the estimates. The fact that information has low reliabili-

ty is information in itself.

The cost of constraints on the decision, such as buffer

strips on streams, should be specified.

Application of Methodology

Using these rules, I selected a Study Area, developed a number

of alternatives for it and selected a number of measures of objective

attainment to use in judging the alternatives. I tried to develop

recreation and timber management alternatives which spanned the range

of choice in the area, for allowable cut and associated revenue,

visual quality, and recreation development, and which would give the

Forest Supervisor (the decision maker here) an idea of the multi-
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dimensional input-output surface involved. The measures of objective

attainment fonu the dimensions 01 this surface, the constraints are

planes through it that restrict the attainable portion, and the alterna-

tives locate points on the attainable parts of the surface. More im-

portance was attached to providing the Supervisor with a skeleton of

this surface than was placed on identifying the point within it that he

would ultimately choose. Results of the analysis are summarized be1ow

using Forest Service procedures for calculating the allowable cut and

assuming a constant stumpage price (Table 28).

Use of the New Visual Management System

The new Region Six visual management system was utilized to describe

the visual quality associated with each alternative. Using this system,

visual management alternatives were delineated which varied from complete

"preservation" of the characteristic landscape to "maximum modification"

of it. The new system is a great step ahead in the classification of

the visual attributes of Forests, because it is easily generalized beyond

the particular hillside to which it is being applied. Just as foresters

now can understand the meaning of a timber management description like

"thinning from below in a second-growth stand of Douglas-fir", they will

soon be able to understand the meaning of a visual management description

like "partial retention on a hillside facing a major highway in the Coast

Range".

Some attributes of the new visual classes still have not been deter-

mined. No one knows what the cost of moving between classes will be, in

terms of allowable cut or stumpage return. These should be fruitful

areas of research.



Cost of Water Quality Constraints

Applying the new Stream Management Guidelines to the Study Area

took 600 acres out of timber production. These acres serve as buffer

strips for Class I and II streams. They represent about five per

cent of the acreage, three per cent of the standing volume and slight-

ly more than three per cent of the annual harvest with no visual

restrictions. These stream bottom areas are heavily dominated by

alder. If anything, these figures overstate the allowable cut impact,

because the timber typing system used was not extremely sensitive to

small species concentrations.

Maintenance of a "Primitive" Area

There are, perhaps, two main attributes of a management system

designed to maintain an area's primitive character:

retaining the visual composition of the characteristic

landscape in the area, and

controlling accessibility.

The second point is especially difficult to achieve. Many

people who pushed for a drive-in campground in the lower meadow

argued as follows: we have to provide enough access and development

to be able to predict enough use to be able to justify restricting

timber harvesting in the area. This type of thinking has two inter-

esting aspects. First, it implies that the timber management alterna-

tive has already been selected. Second, it reflects the thinking

that some minimum man day/board foot ratio is needed to justify

138
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harvesting restrictions. Make the access easier, and the experience

will tend to become less primitive. Make the access harder, and

fewer man-days of use will probably be recorded. Since the quality

aspect of a recreational experience is hard to pin down, it is

easily neglected.

The Cost of Restricti Timber Fiarvestin

Under Current Procedures for Calculatinq Allowable Cut

The cost of restricting timber harvesting to maintain the

primitive conditions in Drift Creek, under current calculation pro-

cedures, can be easily determined from Table 28. Tl is the most

restrictive policy and T6 is the least restrictive. Take any of the

measures of this cost, such as harvest volume, and subtract the lower

numbered alternative from the higher numbered one to obtain the cost

of movement from the latter alternative to the foniier one.

The cost of restricting timber harvesting in the Study Area is

very high, when compared to other areas on which the Forest Service is

considering restriction of timber harvesting to preserve primitive

conditions. On a per acre basis, the impact on allowable cut is more

than four times the average for the areas in Oregon that the Forest

Service is considering for Wilderness study (U.S.F.S., 1972a). For

an equal allowable cut reduction, many acres can be preserved on

other areas for every acre preserved in Drift Creek. This point

deserves careful consideration when Drift Creek is considered for

Wilderness inclusion.
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The present net worth figures in Table 28 were determined under

the assumption of a constant stumpage price or a perfectly flat

demand curve. When sloping demand curves are used, these present net

worth figures are reduced and can actually be negative (Table 29).

The steeper the demand curve, the lower are the costs, in terms of

stumpage return and present net worth, of restricting timber harvests.

Under Maximization of Present Net Benefit

One question which this study tried to answer concerned how the

costs of restricting timber harvesting would change when present net

benefit from Froest harvests is expressly maximized. Demand was

recognized as the driving force in setting harvest levels, subject to

pricing, environmental and harvest-flow constraints. The answers

gained are, at best, tentative and preliminary. However, two points

are clear.

First, harvests attributable to the Study Area will often make

a negative contribution to total Forest present net worth from timber

harvests. In this situation, there is an actual benefit, in terms of

stumpage revenue and present net worth, from restricting timber har-

vests. As discussed in the previous chapter, negative present net

worths occur because the harvest, under maximization of present net

benefit, is greater than the harvest under maximization of present

net worth for the years over which most present net worth is accumu-

lating. Removing the Study Area from the allowable cut base reduces

the Forest harvest and brings that harvest more in line with a

monopolist's offerings. Although not proven here, my tentative
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conclusion is that when the demand curve is sloping, and present net

benefit is maximized, only the harvest flow constraints extending a

controlling influence on harvest levels will enable harvests from

the Study Area to contribute a positive present net worth to the

Forest total.16

Second, the contribution to Forest present net worth and present

net benefit, of harvests attributable to the Study Area, can be

higher or lower when present net benefit is maximized as compared

to current procedures for determining allowable cut (Table 29).

Which procedure yields a higher contribution to Forest present net

worth depands on the relationship among the harvest flows under

maximization of present net benefit, maximization of present net

worth, and current procedures for allowable cut determination. Which

procedure yields a higher contribution to Forest present net benefit

depends on the relationship between harvest flows under maximization

of present net benefit and current procedures for allowable cut

determination.

The possibility of a lower contribution to Forest present net

benefit attributable to the Study Area, when net benefit is maximized,

probably needs some explanation. With demand curve p = 87.5 - .Olq,

harvest flow under current procedures for allowable cut determination

16
Present net worth is the actual discounted money income accruing
from the harvest policy. Present net benefit is obtained by evalu-
ating the objective function for which demand is the marginal
revenue function. The harvest flow values under maximization of
present net benefit should be considered extremely tentative because
the environmental impact of accelerated harvesting on the Forest
was not ascertained.
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is lower than optimal, from a present net benefit standpoint, during

which most of the present net benefit will accrue. Any additions to

the harvest during that time, such as those attributable to the Study

Area, will contribute a high marginal net benefit.

Conclusion

An appropriate question at this point is whether I have developed

enough information for a Forest Supervisor to reach a decision con-

cerning which alternative to choose for the Study Area. The answer

is "no". First, no information has been provided about public

preference for the different alternatives. Second, and related to the

first reason, there are at least two other areas on the Forest which

are probably "close substitutes" for Drift Creek, in terms of provid-

ing a primitive experience in the Coast Range. These two areas, Rock

Creek and Cummins Creek, are also on the Waidport District, and are

being considered for Wilderness Study (Figures 1, 2). The recreation-

al use of Drift Creek, and the demand for it as primitive recreation

area, cannot be determined separately from these other two areas.

The problem brings up an interesting point concerning recent

trends in Forest Service planning. With Multidiscipline teams, there

has been a trend away from functional planning (recreation planning,

timber planning, etc.) and toward area planning. Yet, what's needed

here is a functional plan for primitive areas on the Siuslaw, which

would provide coordination among the plans for these areas and develop

priorities for their use, and which would be integrated with an



over-all recreation plan for the Forest.17 Alternatives, such as

those developed for Drift Creek, should he developed in a similar

manner for these two other areas. Then questions can be more

intelligently asked about how much recreation planning and timber

harvesting restriction to have on each area.

17
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Perhaps, a sign of the problems area planning can cause is brought
home by an occurrence that happened repeatedly in my study. Many

Forest Service personnel pushed for an expensive recreation plan
for Drift Creek (R5). Yet, when asked if that was the first place
they would spend recreation money on the Waldport District, the
answer invariably was no".



1For the conversion period, using Study Area yield tables and current Forest Service procedures for

determining allowable cut. Yield after conversion is slightly higher.

20ver infinite time horizon.

3After removal of acreage in Stream Management Units.

Table 28. Summary of analysis of alternatives for Study Area.

Timber management alternative

Criteria Ti 12 T3 14 15 T6 1965 TMP

Average annual harvest (MM board feet)1 0 5.0 7.4 9,2 10.1 11.2 11.6

Annual stumpage revenue (M$)l
2

0 350 518 644 707 784 812

Present net worth of timber sales (MM$)
.03 0 11.7 17.3 20.0 21.9 23.8 24.7

.07 0 5.0 6.3 8.2 8.9 9.8 10.6

Distribution of Study Area among visual
quality classes (acres)3

Preservation 11900 6673 3452 0 0 0

Retention 40 700 1674 174 0

Partial retention 0 196 1210 1500 0

Modification 0 0 0 1210 0

Maximum modification 5187 7552 9016 9016 11900

Volume withdrawn from timber production
due to visual restrictions (MM board
feet) 650 359 222 72 9 0

New logging roads
Miles 0 6.8 15.9 22.0 22.0 22.0

Cost (M$) 0 272 636 880 880 880



1Traii mileage for 13 is actually .8 miles less than indicated.

Table 28. (cont.)

Criteria

Trail ml leage/camp units
Recreation alternative

Rl

R2

R3

R4
R5

R6

Recreation construction cost
Recreation alternative

Ri

R2

R3
R4
R5
R6

($)

Timber management alternative
Ti ,T2,T31 14,T5,T6

9.8/1213.5/12
11.5/2015.2/20
10.6/2414.3/24
9.8/3113.5/31
21 .5/4925.2/53
22.3/4926.3/53

84,400 74,400

148,400 138,400

369,500 359,500

410,800 400,800

685,100 675,100

675,800 665,800



1For the pure conifer class only.

and PNB under Ti and T6 for p = 70 were not calculated due to
computational difficulties.
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Table 29. Present net benefit (PNB) and present net worth (PNW) from

the Forest and attributable to the Study Area under three

demand curves and an interest rate of .07 (all figures in

millions of dollars).

Forest1 Study Area1

PNW PNB PNW PNB

Under current allowable cut determination procedures

p = 70
Ti 341.5 341.5 0 0

T6

p 87.5 -

350

.Olq

350 8.5 8.5

Ti 343 385 0 0

T6

p = 157.5

350

- .05q

393 7 8

Ti 352 560 0 0

T6 350 568 -2 8

p = 87.5 -

Under maximization of net benefit2

.Oiq

Ti 475 602 0 0

T6

p = 157.5

481

- .05q

614 6 12

Ti 159 689 0 0

16 148 693 -13 4
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Appendix A. TIMBER INVENTORY FOR STUDY AREA

(Adapted from unpublished material on file at the Siuslaw
National Forest Headquarters, Corvallis.)

Plot number Species Age of Site tree
stand age

Volume! Stand
one-third acre class

149

102.1 1 888* 80 26789 PC

54 114

71 22/

27o

102.2 1 60 1193 MS

71 1597
9390

102.3 1 888* 80 17210 PC

48 5445

71 301

22956

103.1 1 40 3409 MS

48 308

54 440

71 4185
8414

103.2 1 888* 90 24342 PC

48 222

54 63

71 280
24907

103.3 1 888* 80 23800 PC

48 14274
38014

106.1 1 60 1329 MS

42 483

71 5745

7557

106.2 1 60 15825 PC

71 3811

19636

106.3 1 70 3458 MS

54 347

71 3367
7172



Plot number Species I\qe of Site tree
stand age

Volume/
one-third acre

150

Stand
class

107.1 1 80 750
48 ) c

) (3

54 2022
6623

107.3 1 100 6152 PC

48 24340
30492

108.1 1 80 23777 PC

71 862
24639

108.2 1 80 11429 MS

48 1808
71 3612

16849

108.3 1 70 13127 PC

48 158
54 1580
71 1396

16261

111.1 48 60 1702 MS

71 4949
6651

111.2 1 80 12369 MS

42 293
48 258
71 3843

16763

111.3 1 30 1157 MS

71 1583
2740

112.1 1 250 9654 PC

48 112
54 2856
71 1083
76 1263
98



Species:
1 - Douglas-fir PC - pure conifers

48 - Western hemlock MS - mixed species
54 - Western redcedar
71 - Red alder
76 - Bigleaf maple

*888 means stand was classified by the cruiser as unevenaged. How-

ever, all acres were put into some age class in the 1965 TMP.
Therefore, the site tree was used to indicate stand age for these
plots.

Plot number

112.2

113.1

113.2

113.3

114.1

114.2

114.3

Species

1

54

71

1

48
54

71

1

48

54

71

76

1

48
54

1

1

1

Aqe of
st;ind

70

100

400

888*

70

0

0

Site tree
age

90

Volume!
one-third acre

24120
99

1853

151

Stand

class

PC

PC

PC

PC

PC

PC

I')261

5168

2293
10182

867

41332
2391

2184
256
252

46415

25746
9398
162

35306

17439
17439

Plantation

Plantation



APPENDIX B. DISCUSSION OF SOIL MOVEMENT CATEGORIES

(S.C.S., 1964, p. 560-580)

Erosion hazard (potential)

Potential erosion hazard is expressed in four classes ranging

from low to high. Potential erosion hazard refers to the rate and

quantity of surface soil loss after the protective vegetation and

organic mulch have been removed and mineral soil exposed. Both ex-

ternal and internal factors help determine erosion classes.

External factors such as time, intensity, and duration of storms

were considered to be uniform in the Survey Area. The internal

factors upon which potential erosion hazard classes are based are

properties of the soil and landscape. Examples of these are degree,

length and form of slope, stability and size of surface soil aggre-

gates, surface gravel content, soil texture, soil permeability,

thickness of solum and the permeability and degree of fracturing of

the bedrock. The erosion potential recognizes the normal geologic

erosion of the soil area as interpreted from degree of slope, land-

form, nature of the bedrock and morphology of the drainage system.

The four classes are defined as follows:

Low erosion hazard indicates that surface soil loss and prob-

lems of erosion control are generally minimal assuming that moving

water is not permitted to concentrate on exposed mineral soil. Soils

with this rating generally have short slopes, gentle slopes, strong

grade of surface structure, surface gravel mulch, thick permeable

sola, are situated in positions which have a minimum of geologic

1 52



153

erosion or any combination of these conditions. The soil loss is so

minimal as not to noticeably decrease productivity or cause great

difficulty to harvest or other land management activities. Minimum

practices include careful construction of water bars on tractor roads,

trails, and fire lines.

Moderate erosion hazard indicates that normal forest management

operations which cause complete removal of the organic mulch may be

accompanied by noticeable surface erosion. Soils with this rating

generally have short to moderate length slopes, moderate degree of

slope, moderate grade of structure, surface gravel, moderately thick

and permeable sola, are situated in topographic positions which are

subject to moderate geologic erosion or any combination of these

conditions. Erosion following harvest is sufficient to decrease

productivity slightly and to cause some future harvest or land man-

agement difficulties. Minimum practices include intensive water

barring of skid roads, trails and fire lines and uphill cable logging.

Moderately high erosion hazard indicates that normal current

forest land management practices may cause considerable erosion to

occur if large areas of the organic mulch or soil are disturbed.

Soils with this rating generally have moderately long slopes, steep

slopes, moderate to weak grade of structure, moderately thin sola,

slowly permeable sola, are situated in topographic positions having

rapid geologic erosion or any combination of these conditions. The

soil damage from erosion may be sheet erosion and development of

deep gullies. There may be a substantial reduction of productivity

and increased difficulty of carrying out future harvest or other land



1 54

management opera Li ons. M nimum practices generally include hand

construction and water barring of fire lines and trails. As little

disturbance as possible, inciudng harvest techniques such as care-

fully planned uphill cable or skyline yarding, is desirable from a

soils standpoint.

High erosion hazard indicates that surface and subsoil loss

will be severe where soil or organic mulch are greatly disturbed.

Some current land management operations such as uphill cable logging,

are extremely hazardous from a soil stability standpoint because of

the resultant surface disturbance. Soils with this rating generally

have long slopes, thin sola, slowly permeable sola, thin surface

horizons, a high percentage of stone, are situated in topographic

positions having rapid geologic erosion or any combination of these

conditions. Many of the soils with this rating are at or near the

angle of repose. The soil damage from erosion may e sheet erosion

or gullying. Some areas have completely lost soil material down to

bedrock. Such areas have permanently lost productivity and are

nuisance and high hazard areas to future land management operations.

Minimum practices include deferral of harvest or at most skyline

harvest systems, hand construction and water barring of trails and

fire lines and immediate revegetation following harvest. In most

cases, soils with this rating have greatly increased erosion and

decreased productivity as a result of slash burning.

Slide and slump hazard

Slumps are soil and rock masses which move mostly along concave
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upward internal slip surfaces. l3ackward tilting of units is common.

Slides (block glides, debris slides, debris avalanche) have move-

ment of single unit out and down along a more or less planar surface

of weakness generally a bedding plane. The block may glide far out

over the original ground surface. Flows have movement within the

displaced mass such that the form taken by moving material resembles

that of viscous fluids. Slip surfaces within moving material are

usually not visible or are short lived.

Many factors such as nature of climate (particularly the intensi-

ty and duration of winter rainfall), type of slope disturbed and cut

slope angle can affect the frequency of slumps and slides. The soils

alone are rated.. .for performance during winter months. The other

factors are considered to be uniform. Three classes each of slump

and slide hazard are defined.

Slide hazard. Slides are most comon in soils which are thin

to moderately thick on steep slopes. The failures are often at the

soil-rock interface or along slip planes in the rock. Slides may

occur along road cuts where supporting soil material has been re-

moved. The block or soil mantle then slides on to the road. Fail-

ures in the fill material are of the slide or flow type. Non-compact-

ed fill material which has a very high water holding capacity placed

over material of low or varying permeability (i.e., buried logs) may

absorb sufficient water to allow it to flow or slide downslope. On

steep slopes this type of failure may trigger slides for several

hundred feet downsiope. Three slide hazard classes were developed:



1 56

Low hazard indicates that sliding does not usually occur

in the forest or as a result on man's activity. These soils

have:

thin, stony profiles and are on gentle slopes

thick profiles of high permeability and are on flat

or gentle slopes

Medium hazard indicates that slides are present in the

forest and that there is a potential for more to occur. Road

closures during heavy periods of rainfall are coninon in areas

with soil of this class. These soils have:

thin, stony profiles on moderate slopes

thick profiles of high permeability on moderate slopes

formed on geologic strata which dip gently toward the

road

or a combination of the above

High hazard indicates that slides are common in the forest

and that there is potential for many more. Failures of cut

slopes during periods of heavy rainfall are very comon. These

soils are:

thin, stony and on steep slopes

thick, fine textured and on steep slopes

formed on geologic strata which dip steeply toward the

road

or a combination of the above
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Slump hazard. Slumping is most common in soils which are

relatively deep and fine textured. Soils which form on uneven or

dissected uneven slopes are more subject to slump than those formed

on smooth slopes.

Low hazard indicates that slumping does not generally occur in

the undisturbed forest or as a result of man's activities. These

soils have:

thin, stony profiles on moderate slopes, and

moderate to high permeability, drain quickly, and are on

gentle slopes

Medium hazard indicates that slumps are usually found in the

forest prior to clearing vegetation and that there is a potential for

more to occur. Generally, the greater the disturbance by man, the

larger and more frequent are the slumps. Soils of this class are

generally moderately fine textured and lie on dipping, impermeable

rock strata. Road fills of this soil material have a moderate ten-

dency to slide or flow when saturated with water.

High hazard indicates that slumping is a very severe problem

to land managers. Road cuts and fills should be kept very small.

The soils compact easily when moist. Soils with this rating gen-

erally are on moderate to steep slopes and have numerous slumps which

predate vegetation clearing.



Appendix C. Trail, camp, road, and land acquisition costs to be funded by appropriation.

Recreation management alternative

Ri

Ti

Timber management alternative
T2 T3 T4 T5 T6

Trails
Construction 74,000 74,000 74,000 64,000 64,000 64,000

Annual maintenance 1,000 1,000 910 720 720 720

Camps
Construction 10,400 10,400 10,400 10,400 10,400 10,400

Annual maintenance 1 ,200 1 ,200 1 ,200 1 ,200 1 ,200 1 ,200

Total
Construction 84,400 84,400 84,400 74,400 74,400 74,400

Mai ntenance 2,200 2,200 2,110 1,920 1,920 1,920

Ri A

Acquisition 64,000 64,000 64,000 64,000 64,000 64,000

Total
Cons tructi on 148,400 148,400 148,400 138,400 138,400 138,400

Mai ntenance 2,200 2,200 2,110 1,920 1,920 1,920
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Appendix C. (cont.)

Recreation management alternative

R2

Trails
Construction

Ti

97 ,800

Timber management alternative
T2 T3 T4 15

97 ,800 97 ,800 87 ,800 87 ,800

T6

87 ,800

Annual maintenance 1,140 1,140 1,050 860 860 860

Camps
Construction 13,300 13,300 13,300 13,300 13,300 13,300

Annual maintenance 2,000 2,000 2,000 2 ,000 2 ,000 2,000

Roads
Construction 168,000 168,000 168,000 168,000 168,000 168,000

Mai ntenance 1,160 1,160 1,160 1,160 1,160 1,160

Total
Construction 279,100 279,100 279,100 269,100 269,100 269,100

Maintenance 4,300 4,300 4,210 4,020 4,020 4,020

R2A
Acquisition 64,000 64,000 64,000 64,000 64,000 64,000

Total
Cons tructi on 343,100 343,100 343,100 333,100 333,100 333,100

Mai ntenance 4,300 4,300 4,210 4,020 4,020 4,020



Appendix C. (cont.)

Recreation management alternative

R3

Tl

Timber management alternative
T2 13 T4 T5 16

Trails
Construction 86,700 86,700 86,700 76,700 76,700 76,700

Annual maintenance 1 ,075 1 ,075 985 795 795 795

Camps
Cons tructi on 14,800 14,800 14,800 14,800 14,800 14,800

Annual maintenance 2,400 2,400 2,400 2,400 2,400 2,400

Roads
Cons tructi on 204,000 204,000 204,000 204,000 204,000 204,000

Annual maintenance 1 ,400 1 ,400 1 ,400 1 ,400 1 ,400 1 ,400

Acquisition 64,000 64,000 64,000 64,000 64,000 64,000

Total
Construction 369,500 369,500 369,500 359,500 359,500 359,500

Mai ntenance 4,875 4,875 4,785 4,595 4,595 4,595



Appendix C. (cont.)

Recreation management alternative

R4

Trails

Tl

Timber management alternative
T2 T3 T4 T5 T6

Construction 74,000 74,000 74,000 64,000 64,000 64,000

Annual maintenance 1 ,000 1 ,000 910 720 720 720

Camps
Construction 28,800 28,800 28,800 28,800 28,800 28,800

Annual maintenance 3,100 3,100 3,100 3,100 3,100 3,100

Roads
Construction 308 ,000 308 ,000 308 ,000 308 ,000 308 ,000 308 ,000

Annual maintenance 1,160 1,160 1,160 1,160 1,160 1,160

Total
Cons tructi on 410,800 410,800 410,800 400,800 400,800 400,800

Annual maintenance 5,260 5,260 5,170 4,980 4,980 4,980

R4A
Acquisiti on 64,000 64,000 64,000 64,000 64,000 64,000

Total
Construction 474,800 474,800 474,800 464,800 464,800 464,800

Annual maintenance 5,260 5,260 5,170 4,980 4,980 4,980



Appendix C. (cont.)

Recreation management alternative

R5

Ti

Timber management alternative
T2 T3 T4 T5 T6

Trails
Construction 122,800 122,800 122,800 112,800 112,800 112,800

Annual maintenance 1,890 1,890 1,700 1,610 1,610 1,610

Camps
Cons tructi on 132,300 132,300 132,300 132,300 130,900 130,900

Annual maintenance 5,300 5,300 5,300 5,300 4,900 4,900

Roads
Construction 430,000 430,000 430,000 430,000 430,000 430,000

Annual maintenance 1 ,620 1 ,620 1 ,620 1 ,620 1 ,620 I ,620

Total
Constructi on 685,100 685,100 685,100 675,100 675,100 675,100

Annual maintenance 8,810 8,810 8,720 8,530 8,530 3,530



Appendix C. (cont.)

Recreation management alternative

R6

11

Timber management alternative
12 13 14 15 16

Trails
Construction 133,500 133,500 133,500 123,500 123,500 123,500

Annual maintenance 1 ,950 1 ,950 1 ,860 1 ,670 1 ,670 1 ,670

Camps
Construction 132,300 132,300 132,300 132,300 130,900 130,900

Annual maintenance 5,300 5,300 5,300 5,300 4,900 4,900

Roads
Construction 346 ,000 346 ,000 346 ,000 346 ,000 346 ,000 346 ,000

Annual maintenance 1 ,400 1 ,400 1 ,400 1 ,400 1 ,400 1 ,400

Acquisition 64,000 64,000 64,000 64,000 64,000 64,000

Total
Cons tructi on 675,800 675,800 675,800 665,800 665,800 665,800

Mai ntenance 8,650 8,650 8,560 8,370 8,370 8,370



I\PPENDI X 0 . /U 1.OWAULE CUT CALCUI.A lION PROCEDURES FOR

TIlE MTX[1) SPECIES AND PURE CONIFER CLASSES.

The Siuslaw National Forest uses an area control procedure to

determine the acreage harvested in regeneration cuts for each rrian-

aqement category. Once the period over which the category will he

cut has been determined, the acres sold each year equal the area in

the category divided by this conversion period. Cutting priority

is determined by growth rate with the slowest growing material cut

first. The Siuslaw uses a stocking level concept related to Siuslaw

"normal" stocking to determine the level of intermediate harvests

as discussed in Chapter VI. The Siusiaw National Forest Timber

Management Plan (U.S.F.S. , l966b) contains a discussion of harvest

calculation procedures for all management categories. Only the

procedures for pure conifers and mixed species were used in this

report and they are summarized below.

Regeneration cut--pure conifers

According to the 1965 TMP:

For pure conifers the basic rotation is the age at which stands

over seven inches d.b.h. culminate their net mean annual incre-

ment based on U.S.D.A. Bulletin No. 201 international 1/8 inch
scale. For Site II, the Siuslaw average, this is 80 years.
Based on empirical yield tables, the average d.b.h. at 80 years
is computed to be 21 inches.

Stands which receive intensive management culminate realized
growth at a later age. This is generally assumed to culmination
of gross mean annual increment. Based on Research Paper #14
(Staebler, 1965), Site II, International 1/8 inch scale for trees
over seven inches d.b.h., this is 105 years....From stand projec-

tions, this rotation will produce trees which average 29 inches
in d.b.h.

164



For ease in daily use and further calculations, this is rounded
to 100 years.

The regulatory period of this plan is approximately 90 years.
Timber harvested from uricuitured stands after this period will be
approximately 80 years old with an average d.b.h. of 21 inches.
Timber harvested from cultured stands will be approximately 105
years old with an average d.b.h. of 29 inches.

Since there is no known established method of calculating the
allowable annual cut on even aged stands which are supporting

165

To this iiust [ie added the regeneration period. For the Siuslaw
this is 1.3? years.

. . Based on experience , problems and poss i hi ii ties associ ated

with the intennediate cut, the determination of acreage and
yield includes certain premises, i.e.:

Topography of less than forty percent is generally suitable
for tractor lojing. ihese are the average slopes that will he
operated. In actual practice where soils are critical tractor
logging may not he used on forty percent slopes. On short slopes
with stable soils, some tractor logging on slightly steeper
slopes may be prudent.

Cable logging can be practiced upon steeper ground within a
zone five hundred feet wide straddling the present road system
and the planned roads that will be completed later in the rota-
tion.

Stands younger than fifty years of age will not produce com-
mercial forest products during the present plan period.

From an analysis of inventory plots and the road system, it
appears that fifty-four percent of the commercial forest acreage
will be suitable for intermediate cutting during the ensuing
plan period and that seventy-one percent will be suitable when
the road system is completed, about thirty years hence.

Since 71 percent of the Siuslaw working circle is planned for
intensive management, the average rotation is calculated as
follows:

29% x 80 = 23.20
71% x 105 = 74.55
Weighted Average = 97.75
Regeneration Period = 1.32
Rotation 99.07
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intermediate cuts, the area-volume check method is adapted.

The first step is the separation of each age class into cultured

and virgin stands. Since fifty-four percent of all the timber
key value land is suitable for intermediate cutting, approximate-
ly fifty-four percent of each age class can receive intermediate
cutting during this plan period. A ten year cutting cycle is
established for this purpose....During the second ten year cut-

ting cycle seven percent of each age class will have been added
to the intermediate cut, etc. , until the road system is complet-

ed in the third cutting cycle and seventy-one percent of the
lands are under intensive management....

It follows that it would not be prudent to clearcut all of the
virgin and all of the residual one-hundred year old age class
before cutting in the ninety year old age class, if the residual

one hundred year old class was still near its peak mean annual

increment, while the ninety year old virgin age class was past
its peak mean annual increment. ifl order to make these determin-

ations a mean annual increment curve has been developed (1) for

virgin or uncuitured stands and (2) for residual, intensively
managed stands... .The curve for intensively managed stands is
based on the Siuslaw normal net yield and mortality data pre-
viously described.

Mean annual increment figures for cumulative yields under inten-
sive management is related to volume at age fifty and subsequent
intermediate and harvest yields.... (U.S.F.S., 1966, 35-41)

Given the mean annual increment of each cultured and uncultured

age class, cutting priorities were established with the slowest

growing material cut first (Table 30). Next the area volume check'

is applied directly without an estimated volume cut. A fixed annual

acreage cut equal to 1/100 of the acreage in the pure conifer category

is used. The average annual volume is determined by dividing the sum

of all cuts over the 100 years by 100. Under the 1965 TMP, regenera-

tion cuts from the pure conifer class will average 257.4 million

board feet per year and 70 thousand board feet per acre (Table 30).



Intennediate cut--pure coni fers

The 1965 TMP states:

With the preceding data available, it is relatively simple to
calculate the intennediate cut. An area-volume summary can he
set up.. .hy ten year cutting cycles by age classes. For

example, look at age class one-hundred. During the first cutting

cycle fifty-four percent of this age class is available for an
intennediate cut or 45,253 acres (Table 31). This cut will he
the initial reduction in growing stock... .the empirical yield of
a virgin one-hundred year old stand is 67,034 board feet per
acres..., it is seen that the minimum (sixty percent of Siuslaw
normal yield) yield for age one-hundred is 54,629 hoard feet per
acre. The initial cut will then average 12,405 board feet per
acre. Multiplied by the acreage this yields a total of 561 MM
board feet during the ten year period. A similar calculation is
made for each age class down to and including age class fifty.

During the second cutting cycle, present one-hundred year old
stands are 110 years old. Of this age class fifty-four percent
will be intermediate cut for the second time and will yield
5,504 board feet per acre... .Multiplied by the 45,253 acres this
cut yields 249 MM. In addition 5,866 acres (the additional
seven percent) are made available by the expanded road system
and receive an initial cut of 12,019 hoard feet per acre or a
total of 71 MM. A similar calculation is made for other ages.

(Table 31) shows the time that will elapse nefore clearcutting
the residual one-hundred year age class. Final harvest will be-
gin 29.7 years from now and be completed in 45.9 years. This

removes the one-hundred year age class from the tabulation and
it is reinserted as a zero age class in the fourth cutting cycle
near the bottom of the tabulation.... In the ninth cutting cycle
it has reached age fifty and will again receive an initial cut.
Since clearcutting is planned at the rate of 36,765 acres per
cutting cycle, seventy-one percent of this acreage or 26,103
acres is available.

It is readily apparent that the area-volume check for clearcut-
ting. . .and this area volume summary are closely interrelated.
One cannot be changed without changing the other. The total

net yield for any cultured age class during the rotation is the
horizontal sum of the cuts for that age class.., plus the total

volume when cut' from the corresponding residual age class... .In
the case of the one-hundred year old age class.. .this is 6,231
MM for the period 37.8 years on an area of 59,499 acres. This

results in a periodic annual growth of approximately 1,200 board
feet per acre per year for the intensively managed stand and
increases mean annual increment to about 760 board feet per acre
per year. This can be compared to uncultured one-hundred year
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old stands... .these stands will he harvested 13.8 years hence
resulting in a periodic annual growth of 560 board feet and a
mean annual growth of 650 board feet. (LJ.S.F.S., 1966b, 39-43)

According to the 1965 TMP, intennediate harvests over the next

100 years will average 93.1 million board feet/year and 6.41 thousand

hoard feet/acre harvested (Table 31).

Regeneration cut--mixed sj)ecies

According to the 1965 TMP:

In the timber key value area, there are 67,370 acres of hard-
woods, primarily red alder. These are basically fonner conifer-
ous forest lands which have been burned by disastrous fi res in

the late 1800's and early 1900's. They have been captured by

brush and red alder. The stands in this category have eighty
percent or more of thei r vol utne i n hardwoods.

In addition there are 90,468 acres of mixed species. These

stands are defined as those having less than eighty percent
conifers and less than eighty percent hardwoods by volume. Their

history is similar to the pure hardwoods. The market for timber
sales on both the mixed and pure hardwoods areas depends largely
on the market for red alder. Although a stand having seventy-
five percent conifers might attract bids from softwood mills,
the preponderance of the land area and stems are alder and it is
not feasible to fell such tracts for either clear cutting or
partial cutting unless merchantable alder will be utilized.

.In the interest of increased yield of forest products, the
bulk of these lands should be restored .to coniferous production
as rapidly as the hardwood industry can absorb the hardwood

logs. (U.S.F.S., 1966b, p. 37)

For purposes of allowable cut calculation, a sixty year conver-

sion period with area control was selected. According to the 1965

TMP:

The allowable cut for mixed species based on a sixty year rota-
tion is 90,46860 or 1,508 acres per year. An area volume check
has been made (Table 32)... .This calculates the total annual cut
from mixed species and also separately shows the coniferous seg-
ment resulting from this cutting rate. The indicated cut is

30.4 MM board feet coniferous species and 12.8 MM board feet
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hardwood species (Table 32)....Projected yields for these calcu-
lations are based on the empirical yield tables.... (U.S.F.S.,

1966b, p. 37-45)
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Table 30. Regeneration cut calculations for the pure conifer class during a 100 year conversion
period (volume in Scribner board feet).

V Viin Stànth
C - C1turcd Starid2

23 732
367,5t8 A 70.0 '/t A"e. 25,7: t1

100 y ' 257.3 1oh'r. A'.

riority
s

Praer.t
Ae Cl

Area
Acres

Years
To Cut

('.urrert Ve1'- I

Ae
When
Cut

Final Harvest VoltrVirQin

Cul tur.d
AfterIrr.

Per Ar
bd ft.

I!ta1
Cet .

Per Acr
bd.ft.

Totil
0I bd.ft.

Total
'i bd.ft.

Per Acreb.ft. Total
Y1 bd.ft.Per. C.

lv 110 38,!:32 IC'.5 10.5 67,894 2,609 -- -- 110+ 67,204 2,609
100 24,302 6.6 17.1 68,703 1,621 -- - 113 7,'03 1,303

90 5.796 1.6 18.7 61,306 356 -- 110 72,020 413
4V 80 13,303 5.0 23.7 57.573 1,054 -- - iGO 67,234 1,227
5V 70 7,358 2.0 25.7 41,942 369 -- -- 95 6z,236 473
67 60 12,931 3.5 29.2 42,073 544 -- -- 90 61,433 794
7V 50 1,783 0.5 29.7 31,599 56 ' -- -- 80 55,302 99

80 100 59,499 16.2 45.9 --- - 57,206 3,4C4 140 77,512 4,61S
9v 40 5,350 1.5 47.4 29,329 157 -- 35 53,035 312

100 90 14,191 3.9 51.3 --- -- 50,922 723 10 77,612 1,101
110 80 44,810 12.2 63.5 -- -- 44422 1,991 135 75,230 3;373
12V 20 4,460 1.2 64.7 5,737 26 -- 85 533S5 260
13C 70 18,013 4.9 69.6 -- -- 37,689 679 135 75,280 1,355
14V 10 1,733 0.s 70.1 --- - -- -- 80 55.332 99

153 60 31,657 8.6 76.7 --- -- 30,367 977 135 75,200 2,333
160 50 4,364 1.2 79.9 -- - 23,942 104 130 72,949 313
17V 0 13,L09 3.6 83.5 "-- -- -- -- 30 55,332 742
18C 40 13,097 3.6 87.1 --- -- 17,030 224 125 70,512 923
190 20 10,918 3.0 90.1 -- -- -- -- 110 62,853 685
20V -5 10,662 2.9 93.0 -- -- -- 85 56,335 523

210 10 4,364 1.2 94.2 --- -- -- 105 60,030 262

22J -15 10,652 2.9 91.1 --- -- - - 80 35,332 590
20c 0 ]}C4 3.1 130.2 -- -- -- -- _J)9 57,206 65S

Tot1 367,648 2j2
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Table 31 . Intenned ite cut cal cu ati ons for the pure coni for class
during a tOO year conversion period (volume in Scrbner
board feet).

4

I

3 3 5 4 7 9 9 Li'

7. vt lily
?"l (Or ç,i1 5' ('7 71 YJ 7

VJ'97' f\4 5'') 1)0 '7, 7,,

B. iti1 Cut(A) 45,2") 5,)" b,/l'4 1,6/u 'B1C.UL7 IdLI) 7' i( 51.3 ii
C.1utti1 Cut(iO4) 541. 11 7/ 36 Lose 4 u1i. cut .cyc1'&40.') yr'u;
'.(uc'.C't.(A) 45,253 51.1;) 51,r3 14.3

799 7" /L) 17.P5_lrur 'ffri 5.Oy'rs
1)),

, "'39
1)';

1 5

Li)
4 i,)

H

(j1 .3)
/,ru 7') 5 .'t/iu ir '3 '"'''

B. 1(7, 13 h'_) ci
C. 15) 17 is (hetofure 6.3. x 14,191 - 7,911
1'. 10,793 ,1)2 j.,791 7,9U 14.3 yr.

9 4)
¶0' (0 Y:9 (4,5)

11. 31,,8,,1 4,61)3 5,L9 1,242 (13.5)
C. 463 57 63 1

1). 2(,,C1 38,499 43,5/0) 44,810 26,212
'0' 18 7"' 159 3(57

3 ''1 i) 110 1 2') (/, .6

.1. 13,700 1,714 2,030 50/ (9.Oj
116 23 21 6

p. 13,700 15,476 17,506 18,043 18,031 8,632
6, 51 72 90 69 10/ 59

A. Li) 70 ('0 9') 100 110 120 3.2
8. 24,0:4' 3,1(1 3,507 4)91 (8.7)
'1. 295 40 46 11

1'. 24,0/6 27,109 50,750 3iG51 31,657 31,657 13,464
6. 87 Li) 143 5':') 176 162 80

A, 50 77) 10 9)) 9) 10)) 110 (49,,)
15. 3,3(9 4)4 494 123 (9.9)
C. 37 5 6 2

D. 3,31? 3,750 4,261 4,366 4,364 4,364 ,i('0
/0 14 18 70 22 24 12

40 50 40 7)) 8'.) 'Li) 100 LiD (2.1)
8. 11.253 1,4/5 369 (7.1)
C. 12? 18 5

D. 11,253 12,728 13,097 13,097 13,097 13,097 3,8)4
39 40 0, 61 (7 72 22

2.') 30 4)) 50 oU 70 80 50 (9.1
B. 10,918 (10.1>
C. 123
P. 12,91.6 10,918 10,918 10,913 5,514

/. 40 45 'I 28

1" 20 :1) 40 50 60 70 80 (942
B. 4,304 (14.2)
C. 49
P. 4,354 4,364 4,264 2,827
5', 19 75 15 13

A,, 0 10 20 30 40 50 60 70 50 (5.2
B. ,/ 32,328 (10.2)
C,
0.

370
32,828 32,828 32,825 16,735

6. 102 119 136 73

A. -10 4) 10 20 30 40 50 )'O ;o so
26,103

C. 294
0. 26,103 26,103 26,103
F.. 51 95 105

A. -20 -90 0 10 20 30 40 5') 60 70
26,103

C. 294
0. 28,103 26,103
1. 81 95

1,, '1' -20 -50 0 50 20 33 40 50 40

Ii. 21,103
C. 294

p. 26.103
81

-.0 -36 -20 -10 0 10 20 30 40 50

3. 26,103
C. 29

13 ,936 159, '43 1&t),403 10,5,549 152,1 34 143.411 131,950) 129,037 123,352 121, L'6
Vol. (1) l,15'i 957 1,11,4 1,146 724 952 781 727 ('69 656

A'_re/Yr. 3), 4') 14.949 19, (740 99,605 13.553 14,365 13, lOo 12 ,06 12,235 12,115
V.i./. (121) 190.1 59.7 1o5.6 114.4 '/2,4 95.2 76.1 72.7 66.4 65.4

92.o 6.0 5,9 ,,8 5.4 8f 5.9 5 6 5.4 '
1.



Table 32. Regeneration cut calculations for the mixed species class during a 60 year conversion
period (volume in Scribner board feet).

= 1,508 A/Yr.
60 Years

7,577 NM
60 Years

= 43.0 NM/Yr.
All species

1/ See Empirical Yield Curve, Page 53

I Actual Volume per Acre from Inventory Data

1,803 MM
60 Years

= 30.1 MM/Year
Coni f ç r s

1,803 MM 19.9 N/Acre
90,468 Acres Conifers

Years to Cut
cine8

Present
C ifrs & Hardvo'ds

Cut
Conifer' O?v

Vohir
Age When

Cuc

Volume When Vo1ue Thn C t
Per. Cuin. c7re

Bd.Ft.
Tota'

N Rc.Ft.
Per Acre

1/ Bd.Ft.
Total Per Acre

NM Bd.Ft. JJBd.Ft.
Tcal

NM

2.1 2.1 22,290 71 110+ 2/22290 71 2/(17,832 57

4.1 6.2 36,122 224 105 - (35,122 224 - (22,987 143

1.5 7.8 25,698 61 95 29,078 69 21,453 51

9.1 16.9 27,637 379 90 28,745 394 20,623 2s3

3.1 20.0 18,715 86 90 28745 133 20,528 95

14.3 34,3 23,691 510 85 28,228 607 19,735 424

7.7 42.0 17,666 205 90 28,745 334 20,523 243

8.2 50.2 17,949 223 85 28,228 351 19,735 245

3.1 53.3 5,715 26 80 27,527 127 18,78S 87

5.2 58.5 5,767 45 75 26,642 208 17,789 139

1.1 59.6 70 25,575 41 15,735 27

0.5 60.1 60 22,838 13 14,471 12

2,577 1,833

L're sent
Age Acres

110+ 3,181
100 6,211
90 2,335
80 13,705
70 4,620
60 21,507
50 11,526
40 12,422
30 4,620
20 7.803
10 1,591
0 795

Total 9046$

N'1___ 28.5 N/Acre
0,468 Acres All species



Appendix E. Derivation of an Algorithm to Maximize Present Net

Benefit.

In Chapter IX, we defined the following maximization problem:

subject to:

j=l

s=1

[

Ill. 2 m.
ij2 13k

ij E
+ 2. Jk5 ]

s=l k=i s=l

n.

(1 + r)1 l

1) input constraints

+ + . . .0. + iflkS =jks
(l+g..) (1+g.5)

i1... G

j =

k = 1,2 1 = unthinned

2 = thinned

S = l)2...rnlk

2) harvest flow constraints

2 m+lk

t1
+ +1k5 .90(

k=l s=l

2 m..ijk
1

k=1 s=l

m..
132

S =1
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t.. +
13
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m.. 2 in.. m.
ij+12 13+1K 132

tij+1
+ Z1 i+1k fE LlO( t1 +

2 in..

= ....

k=l s1

3) pricing and environmental constraints, which are implicit in

the problem definition.

where:

quantity harvested in intermediate cuts in age class S

and period j of cutting cycle i.

= quantity harvested in regeneration cuts in age class s

of site-cultural class k, in period j of cutting cycle

1.

= revenue from timber in period j of cutting cycle i.

r interest rate.

number of periods in cutting cycle i.

= number of age classes of site-cultural class k avail-

able for harvest in period j of cutting cycle i.

9ijks
= growth of age class s of site-cultural class k from

period j-1 to period j in cutting cycle i.

= volume of timber available for harvest in age class s

of site-cultural class k, in period s of cutting cycle
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The procedure used to solve this maximization problem will be

explained through a number of examples. Only the input constraints

will be considered at first.

1. One age class, one cuttng cycle, P f(q).

Maximize P q subject to n qtt tQ
t=l (l+g)

Pt = discounted net return per unit cut in period t.

= quantity cut in period t.

g = growth per cent over one period (assume growth per

cent same between all periods).

Q = total quantity available in first period (assume

quantity (qj is cut at start of period harvested

in).

Using Lagragean multipliers, the problem becomes

Max. J = Pq + ( n - Q)

t=l (li-gd\t1

To solve, take partial derivatives of 3 with respect to q0

and . Set partial derivatives to zero and solve the m n+l equa-

tions.for the m n+l variables which will have non-zero solutions.

Find the partial derivatives and set to zero.

Pt + = 0 t =

(l+g)t

n -Q =0

t= 1 (l+g)t

cutting cycle is the time period over which all acres represented
by Q are cut once.



Manipulating the first n derivatives:

or

el..
7\

A
Ti +g)

p -

2

(l+g)

or

P1 P2 p
n-i= -

...
i+g if all n years in solution.

If q3 0

then necessary conditions are

P p p4 p

l+g
5

= (1+g)2
=

l+g
12 4 5 n

Assume objective function is quadratic (that price =

C2q). Now the problem is max. = - Cq) +
t= 1

-

t=l (l+g)

and the necessary conditions (for these s in the solution):

P, - 2C1q P2 - 2Cq2
I! P2 - 2C2q2 = P3 - 2C3q3

n

t 1

P1

or l+g

=0

= l+g

pn-1 - 2C1q1
P -2Cq - g

n nfl
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Procedure to Find Optimal Values for All

(underlining indicates a matrix, a prime on a matrix indicates a

trans pose)

Since the objective function is quadratic and the constraint is

in the form of an equality, the second normal form of the Kuhn-Tucker

theorem applies (Kunzi, Krelle, and Werner, 1966, p. 76).

For Max. J P'o - + 7\(AX-Q) : 0

(C is positive semi-definite)

the second normal form is:

Aa = Q

P - 2C9 - U + A' = 0

0 IJ0
U = 0

Here A = £ 1
(1 +g)

1 1 1

(l+g)2 (1+g)3 - (l+g)

= 1fl C = [C.....C]
P=

LJ
U = lu1

UnI

Condition 1) just refers to the basic constraint.
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Putting 2) in the form of its individual elements:

P1 - 2C1q1 - U1 + 7' 0 (or J - U1 0)

P2 - 2C2q2 - U2 + =

(1+9)2

-2C3q3-U3+ \

(1+9)2

P2 - 2Cq - U + 7

(i+g)

If the U. 0, then condition 2) becomes 1/ given

above.

Conditions 3) and 4) of the normal form imply that if any vari-

able has a non-zero solution, U. = j-J must equal 0, indicating

that is part of a local optimum. They also imply that if any

has a zero solution, U. 0 which indicates that moving into the

basis will not raise the value of the objective function.

Algorithm to Utilize the Kuhn-Tucker Normal Form (con constant)

Choose value for q1 Q (assume optimal q1> 0 ), then

U1 = 0.

Divide a) by h)

P1 - 2C1q1 - U1 +
= ( hut IL (1

P2 - 2Cq - U2 +

0

0

-2C1q1-U1

- 2C2q2-
2 A

(1+g)

and P1 - 2C1q1 = con

l+g

178



con> P2 - 2C2q2 - U2
= (i+g)

Set U2 = 0. Is there any q2O such that the condition is

satisfied and q1 + q2 Q. If yes, go back to 2) using

b) and c) this time. (Notice if can find q20 which

satisfies the equation, no U2 0 will satisfy it..)

If no q20 which satisfies equation, find the U20 which

satisfies equation.

When reach a point where have used up all the volume

Q) and either q..O or U.0 for all t, then

1

stop. You have the optimal solution. For this problem, the

algorithm gives an exact solution.

Suppose when we set P2 - 2C2q2 - U2 con ,the solution is U2<0
l+g

or P2 - U2 = con. Next we set P3 - 2C3q3 - U3
l+g P22

P3 - 2C3q3 - U3 P2 - U2

1 +g

or

P3 - 2C3q3 - U3 = con

(l+g)2

A
(1 +g

2
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So we can skip the time period where = 0 (period 2) and equate the

next time period considered (period 3) to the last one with a positive

1).



180

2. Two age classes, two cutting cycles, five periods, quadratic

objective function. Here we must not only specify a but must

also specify which age class of which cutting cycle the is composed

of. In this example, let's assume we have an interation in which the

first age class is cut in periods one and two, the second age class

is cut in periods two and three, the first age class is cut again in

periods three and four, and the second age class is cut again in peri-

ods four and five.

Max. J = P1q111 - C1q1112 + p2 (q11 + q122) - C2 (q11 +

+ P3 (qi2 + q23) - C3 (q132 + q231)2 + P4 (q41 + q242)

2 2
- C4 (q241 + q242) + P5 (q252) - C5 (q25)

+ (q11i q121 - Q11)

(l+g)

2
(q122 + q132 - l2 +

(q231 + q241 - 2l + 2
(q242

(l+g) (l+g)

+ q252 - Q22)

(l+g)

= the quantity harvested of age class s in period t and

cutting cycle i.

= the quantity available in age class s at start of

cutting cycle i.

Forning the second condition of the Kuhn-Tucker nonnal form:

P1 - 2C1

P2 - 2C2q121 - 2C2q122 - U + l = 0
2

- 2C2q121 - 2C2q122 - U2
+ 2

=



P3 2C3q132 - 2C3q231 - U3 + 0

fg

P3 - 2C313 - 2C3q231 - U: + 0

P4 - 2C4q241 - 2C4q242 - U4 + i1 0

P4 - 2C4q241 - 2C4q242 - U4 +

P5 - 2C5q252 - U4 + 112 0

Algorithm

Choose value for q111 (Here 0 <q111 Q11)

Divide a) by b) with P1 - 2C1q11 = con (constant), U1 0

P1 - 2C1q111 - U1

P2 - 2Cq1 - 2C2q122 -

1+g

(-nfl
P2 - 2C2q121 - 2C2q122 - U2 =

Set U2 = 0 and use all q121 and enough q122 to get equality.

Divide c) by d), now P2 - 2C2q121 - 2C2q122 = con , U2 0

to get P3 - 2C3q132 - 2C3q231 - U3 -

Set U3 = 0, use all q132 and as much of q231 as needed for

equality.

Continue in this way, as long as 0 or 0 and

(l+g)
E Q5,till finished.

a) If finished and < return to beginning and

1 +g

raise q111
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If find point where return to beginning and

1 +g

lower q111.

If find point where con<O, return to start and lower
I +g

q1. This can only happen if q111 is so large that

P1 - 2C1q111 < 0.

The solution given by satisfaction of all these conditions is

only an approximation. Q is the quantity available for harvest in

age class s at the start of cutting cycle i. Although the initial

inventory gives Q, the value of Q. is not known for cutting cycle

k until cutting cycle k-1 is completed. The value of Q depends on

the rate of harvest in the i-1 cutting cycle. In the example above,

and are a function of all harvests in the first cutting cycle

(q11.....q132). The formulation of the second condition of the Kuhn-

Tucker normal form given above does not recognize this and therefore

are only approximations to the actual conditions.

In the example above,

= 1q1 and
l

= f(q11 1""q132)

= q1 + 3q122 + 4q132
and = f(q11.....

q241), etc.

where = volume available in age class 1 in period 1 of cut-

ting cycle 2 per unit of volume cut in age class 1

in period 1 of cutting cycle 1.



Al gori thm

Choose value for q111

Divide a)' by b)'

P1 - 2C1q111 - U1

P2 - 2C2q121 - 2C2q122 - U2

P2 - 2Cq11 - 2C2q122 - U2

P1 - 2C1q11 = COfl, U1 0

7\1 iT2P2
+g

c 7\I - 'tT22
-

i iiii

When we use the algorithm given before, we drop ( ) and

thus assume '2 42 = l l

4, Two stands, two age classes for e, one For f, one cutting

cycle of three periods, = e +
quadratic objective fn. (The

expansion to multiple cutting cycles is just like that under 2.)

Assume cutting priority: ei 1t' e2. Assume cut e1 in periods

1 and 2, f. in periods 2 and 3, e2 in periods 3 and
42

Max. J = P1(e11) - C(e11)2 + P2(e12 + f12) - C(e12 + f12)2

+ P3(e23 + f13) - C3(e23 + f13)2 + P4(e24) - C4(e24)2

+ e12 - E1) + 223 + e24 - E2) + (f1 +

l+g l+g
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2Here the symbology is e5, with s = age class and t = time period.

Therefore the fonnulation of a) and b) of the second condition

of the Kuhn-Tucker normal form actually is

P1 - 2C1q111 - U1 +
- =

0

P2 - 2C2q121 - 2C2q122 - U + I

- 2 2
0

2



P1 - 2C1e11 - U1

P2 - 2C2e1 - 2C2f12

con

or P2 - 2C2e12 - 2C2f12

1

1 +g

Use up all e12 and enough f12 to satisfy equation.

con
Divide c) by d) to get P3 - 2C3e23 - 2C3113 =

con
Divide e) by f) to get P4 - 2C4e24

-

If optimal solution, Aq = Q.

One additional complication I have not covered is the volume of

thinnings in each period. This volume depends on the acreage avail-

able in each age class of the thinned stands and should enter the

optimization problem as an endogeneous variable. However, we shall
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f13 - F)

T

Forming the second condition of the Kuhn-Tucker normal form:

P1 - 2C1e11 - U1 + = 0

P2 - 2C2e12 - 2C2f12 - U2 + l = 0

P2 - 2C2e12 - 2C2f12 - U2 + = 0

P3 - 2C3e23 - 2C3f13 -
+

= 0

P3 - 2C3e23 - C3f13 - U5 + 17 =0

P4 - 2C4e24 - U + = 0

Al gori thm

1) Set value for e1 and divide a) by b)
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treat it as an exogeneous variable, which further emphasizes the

approximate nature of this solution technique. It will be calculated

simply as

T = ZA
t ts

thirinings from age class s/period

A = acres in age class s in period t

5. Procedure to use in solution to maximization problem defined

at beginning of Appendix E. We will consider four periods of one

cutting cycle, with unthinned stands (e), thinned stands (f), and

thinnings (T). The thinruings are exogeneously determined at the start

of each period according to the procedure outlined in Chapter VII.

Assume that harvesting should be begun on the first age class of the

thinned stands after cutting the second age class of the un-

thinned stands. Also, assume on this iteration that e1 will be cut

in the first period, e2t in the first and second periods, e3 in

second and third, in the third and fourth periods, e4 in the

fourth. Therefore, harvesting on f1 will be started in the third per

period and (assume) be finished in the fourth period. Cutting pri-

orities: eit e2 e3, e4.

Max. J P1 (T1 + e11 + e21) - C1 (T1 + e11 + e21) +

P2 (T2 + e22 + e32) - C2 (T2 + e22 + e32)2 + P3 (T3 + e33

+f13)-C3(T3+e33+f13)2+P4(T4+f14+e44)

- C4 (T + f14 + e44)2 +
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Ce1 - E1) +
2

Ce21 + e22 - E2)
+

(e3 + e9, -

Tg 1Tg

E3)
+

(e4 - E4) + Cf13 + f14 - F)

1 +g

Formulating the second normal form of the Kuhn-Tucker conditions:

These conditions can be evaluated to find the optimal solution

as discussed previously.

There are three reasons why a feasible solution may not be found,

thus forcing us to return to the first period and altering the initial

harvest. Say we are solving the following equation:

- 2C.q - U =
1 +g

These two reasons are:

1) should be some value q* > 0, but we don't have enough

volume to achieve this value. Then we should return to the

P1 - 2C1T1 - 2C1e11 - 2C1e21 - U1 + =

P1 - 2C1T1 - 2C1e11 - 2C1e21 -
+

= 0

link periods 1-2 [
P2 - 2C2T - 2C2e22 - 2C2e32 -

+
= 0

1 +g

- 2C2T2 - 2C2e22 - 2C2e32 - U4
+

link periods 2-3
P3 - 2C3T3 - 2C3e33 - 2C3f13 - U5 + = 0

1 +g

P3 - 2CT3 - 2C3e33 - 2C3f13 - U6 + = 0

link periods 3-4 [
P4 - 2C4T4 - 2C4e44 - 2C4f14 - U + IT = 0

P4 - 2C4T4 - 2C4e44 - 2C4f14 - U +
8

7\ = 0
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first period and lower q,. Constraint Aq= Q has been

violated (T'> Q).

Feasible and have been found for the entire planning

period, but not all the available volume has been used.

Return to frst period and raise q1. Constraint Aq= Q has

been violated (Aq< Q).

(Actually, we use a binary search technique which iterates until it

finds the highest initial harvest which does not cause Aq> Q.)

No feasible solution, no q> 0 or 0 will satisfy the

equation. As discussed earlier, this can only happen if

is so large that P1 - 2C1q1 < 0.

In addition to the input constraints, two other types of con-

straints were mentioned in the maximization problem given at the

start of this chapter: pricing constraints and harvest-flow con-

straints. Pricing constraints affect the problem through the selec-

tion of the derivatives used as the driving force in the problem.

Harvest flow constraints affect the problem through setting a minimum

and maximum level for each new harvest after the first.


