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ABSTRACT
EVALUATING TIMBER STAND IMPROVEMENT OPPORTUNITIES

IN NORTHERN LOWER MICHIGAN USING
THE DECISION-TREE APPROACH .

By

A. Jeff Martin

Data were collected from 25 small privately-owned
woodlands within a five-county area of northern Lower
Michigan which had received a timber stand improvement
treatment in 1962 and remuneration for part of the esti-
mated cost through the Agricultural Conservation Program.
The stands were second-growth northern hardwoods.

In the analysis, each stand was reconstructed as
it appeared before and after the timber stand improvement
treatment. This afforded a means for simulating the deci-
sion-making sequence faced by each individual owner in
1962. The decision-tree approach was employed for purposes
of evaluating the formulated model., describing a total of
30 alternatives available to each ownership. Ph¥sical

growth projections were made under the four major assumptions



A. J. Martin

of: 1) No TSI in 1962, and no future thinnings, 2) No TSI
in 1962, but future thinnings would be performed, 3) TSI

in 1962, but no future thinnings, and 4) TSI in 1962, with
future thinnings. Additional assumptions concerning prices,
costs, cull défect; mortality, and quality change were then
applied to the decision model.

To evaluate the model, internal rates of return were
calculated for each opportunity, and used as a measure of
effectiveness for ascertaining the relative desirability of
the various options. 1IRR values ranged from less than 1
percent to over 20 percent, averaging 8 1/2 percent for the
"best" five alternatives. The highest returns were associ-
ated with timber stand improvement subsidized by ACP pay-
ments, followed by a regular schedule of periodic thinnings,
terminating in the marketing of cut products from the wood-
land. Subsequent to the initial evaluation, the original
model was subjected to sensitivity analysis, providing some
insight as to how incremental changes in certain parameter
values influence the optimal sequence of alternative courses
of éction. Of the various factors tested, the internal rate
of return appeared most sensitive to changes in the annual

cost assumption.
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CHAPTER I

INTRODUCTION

The small woodland segment of Michigan's forest land
represents a substantial source of potential timber supply;
Of the total commercial forest land in Michigan, 66 percent
is in some form of private ownership -- 20 percent is owned
by full- and part-time farmers. The farm-woodland category
alone contributed timber products valued at $16.3 million
in 1957 -- 22 percent of the total from all forests (James.,
1960) . The amount from all "small" private ownerships would
be significantly greater.

Generally., when a woodland owner undertakes forestry
practices, he is interested in making a net return from his
forest lands. He is usually constrained by a limited budget
for investment purposes, and the best procedures for maxi-
mizing returns are not specifically known to him. Reliable
data concerning the possible fluctuations in net returns from’
various forest management activities are relatively scarce
in all regions, and are practically non-existent in the
Lake States. Such data are needed to determine where forestry

1



can be practiced most profitably, and the kinds and inten-
sities of management that can be justified economically.

But aside from justifying small woodland research on
the basis of improving the owner's welfare, and/or his in-
come-generating potential, such efforts should strive to
achieve more abundant production of consumer goods from
small ownerships, products which are more economical and
competitive than so-called wood substitutes (Schallau, 1964).
Schallau proposes the implementation of small-tract produ.-
tion and marketing research, searching for strategic prob-
lems to investigate rather than attempting to study all
phases of growing and selling timber.

The present investigation was oriented towards the
production phase. It sought to compile needed information
on net returns from actual forest stands which have had vary-
ing degrees of cultural practices applied to them in keeping
with the goals of ownership.

The major objective of this study was to establish
management priorities and guidelines for timber stand improve-
ment practices. Such a set of recommendations would be de-
signed for the forest landowner and/or the consulting for-
ester, to use in the management of small northern hardwood

stands in northern Lower Michigan.



In attaining this goal, certain secondary objectives
were fulfilled in the process: 1) establishing a working
model for decision-making by the small forest landowner, con-
cerning the implementation of various cultural activities;

2) determining the effects of cultural treatments in northern
hardwood stands on developmental patterns and financial pros-
pects; and 3) ascertaining the relative influence of indi-
vidual ownership characteristics on the expected net re-
turns.

To accomplish the stated objective., the following

steps were required:

1. Select an area for concentrated study.

2. Determine which woodlands should be sampled in the
finite population of private landownerships and

what sampling intensity should be applied to each.

3. Undertake field measurements to determine the effects
of past treatments and to provide a basis for stand

projections into the future.

4. Compile the collected data in a form suitable for

growth projection and subsequent analysis.
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Establish a growth projection procedure for pre-
dicting future volumes under various intensities

of management.

Formulate a model for decision-making by develop-
ing a set of possible alternatives facing a given
woodland owner and to predict future volume growth.
as modified by various assumptions regarding mortal-
ity, cull defect, quality, etc., for each oppor-

tunity.

Add various economic assumptions concerning costs

and prices to the decision-model.

Evaluate the various alternatives for each owner-
ship and establish a list of priorities based on a

commonly accepted measure of effectiveness.

Based on results of the evaluation, formulate a
series of recommendations which would guide a forest

landowner in making future management decisions.

Identify those factors that are most critical in
making such an economic evaluation, by judging their

influence on the measure of effectiveness.



CHAPTER II

THE STUDY AREA

General Description

The -area selected for study included Benzie, Grand
Traverse, Leelanau, Manistee, and Wexford counties in the
northern portion of Michigan's Lower Peninsula (Figure 1).

The Michigan Department of Natural Resources sub-
divides the State into various Regions, Districts, and Areas
for administrative purposes, and the entire study area is
within Region II and District 6. Benzie, Leelanau, and
Manistee Counties ¢omprise the Betsie River Area and will
be referred to as Area I in this study., and Grand Traverse
and Wexford Counties form the Fife Lake Area, which will be
designated as Area II in this project (Figure 1).

The five-county block contains 1,440,000 acres of land
(4 percent of the state's total), and 60,160 acres of water
(8 percent of the state's total) (Myers and Van Meer, 1966) .

The past history of the study area is quite similar to

that witnessed throughout the northern half of Michigan's
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Lower Peninsula, with most of the region owing its "develop-
ment" to the lumbering era. Portions of two state forests
and one national forest are located in the study area., The
Fife Lake State Forest extends into Benzie, Manistee, and
Wexford Counties, and the Betsie River Forest is located
in Leelanau and Manistee Counties. The Manistee National
Forest extends into the southern portion of the study area.
comprising a large share of Manistee and Wexford Counties.

The five-county area, as with many sections of the
Northern Lower Peninsula, shows extreme contrasts in home
dwellings and general economic prosperity within the span
of a few miles. A typical shoreline abounds with recreation
centers and large, expensive dwellings (generally in absen-
tee ownership), whereas evident prosperity decreases rapidly
upon leaving the vicinity of the lake. The area between lakes
is largely devoted to farming and fruit orchards, and. except
in the case of mahy orchard ownerships, the properties are
rapidly deteriorating into "rural slums." Buildings in dis-
repai;. and croplands reverting to wildlands add testimony
to a decline in "small-parcel" farming.

The 1960 population of 88.153 for the five counties

comprised 1 percent of the state's total, with nearly half



(42 percent) of the area's population residing in the cities
of Cadillac (10,112), Manistee (8,324) and Traverse City
(18,432) (Myers and Van Meer, 1966).

Four of the five counties in the study area are locat-
ed adjacent to Lake Michigan and, therefore, experience a
modified marine climate most of the year. Wexford County.
approximately 20 to 25 miles from the Lake's shore has a
climate that alternates between the continental and semima-
rine, with changing meterological conditions (USDA, 1941).

Three soil associations encompass most of the five
counties: 1) Montcalm,’ Kalkaska, Emmet; 2) Montalm, Wex-
ford, Emmet; and, 3) Rubicon, Roselawn, Grayliné (White-
side, et al., 1968). The soils on the sampled ownerships
ranged from medium to very high in potential productivity
for northern hardwoods, based on their woodland suitability
classification (USDA, 1966) .

The region has a well-developed transportation sys-
tem, with a network of hard-surfaced roads providing excel-
lent access to most areas (Figure 2). In fact, the study
area has a higher concentration of main trunklines than any

similar-sized area in northern Lower Michigan.



e U, 5, ROUTES

me=we STATE ROUTES

TRAVERSE

Traverse City

GRAND

oo e

-
e
Y
Y
-

MANISTEE

S

Y
\
'

~.~~
\:’~’
/ ‘. WIEXFORD
|
|
|
!

§~~~
§‘~
~.~
\ m
Cadillac %

1.-’

FIGURE 2

PRIMARY HIGHWAY NETWORK FOR THE FIV
STUDY AREA, SHOWING U.S. AND
STATE ROUTES

E-COUNTY



10

Major roadways that traverse the area include U.S.
Highways 131 and 31, and State Highways 22, 37, 42, 55, 72,
109, 110, 113, 115, 186, and 204. This primary network is
adequately supported by a good system of secondary roads.
which, in the case of most county roads, are hard surfaced.

The median income of families living within the
study area is somewhat below that for the state and employ-
ment data show that a larger percentage of the study area's
labor force is unemployed, relative to the entire state
(Myers and van Meer, 1966). General agriculture., forestry,
and fisheries comprise nearly 8 percent of the total employ-
ment for the study areé, compared to 3.4 percent fof the
state.

Farming is quite important when considering the
scope of this study. The woodland areas sampled in the
investigation were generally part of a farm ownership. The
ties between farming and forestry in the area are further
highlighted when it is noted that 88 percent of the farming
units include woodland acreage (James, 1960) . Almost oné—
third of the total acreage in the area was classified as
farmland in 1966. In this same year, the total farm owner-

ships numbered 2,547, with an average size of 160 acres,
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slightly larger than the state average of 145 acres (Myers
"and Van Meer, 1966) .

The recreational picture has been considerably en-
hanced since the data were collected in 1966 by the intro-
duction of Coho séimon to several streams in the five-county
region. This region is also the location of Sleeping Bear
Sand Dunes, for which a National Lakeshore status has been
proposed. As with most of Michigan, the recreation aspects
in the area are largely water-oriented; and the five coun-
ties have approximately 30 lakes which provide excellent

facilities for boating, fishing and camping.

Timber Resources

The five counties contain 13 percent of the total
land area in the northern half of Michigan's Lower Peninsula,
and 12 percent of the total forest land. In the study area,
commercial forest land comprises 99 percent of allvforest
land( and represents 12 percent of the commercial forest in
the northern Lower Peninsula (Ostrom, 1967). Table 1 pre-
sents additional forest-land information from the most recent

Forest Survey in Michigan.
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TABLE l.~--Total and forest area in the five counties, 1966

Non- Commercial
Total All Commexrcial Commercial Forest as a
County Land Forest Forest Forest Percent of
Area Land Land Land Land Area
-------- Thousand Acreg - = = = = = = =~ Percent
Benzie 202.2 124.7 2.7 122.1 60.3
Grand
Traverse 297.0 161.7 0.6 161.1 54.2
Leelanau 223. 4 114.2 1.0 113.2 50.7
Manistee 357.1 221.3 1.1 220.2 61.7
Wexford 360.3 221.9 1.5 220.4 61l.2
Total 1,440.0 843.8 6.9 836.9 57.6
Northern
Lower 11,387.4 7,051.7 57.7 6,994.0 61.4
Peninsula

Source: Ostrom, 1967.

In a study of Michigan's farm woodlands (James, 1960) .,
it was pointed out that 36 percent of the farm area was wood-
land in northern Lower Michigan, with the average size of
each woodlot being 67 acres. In this same area, the farm
woodlot sector represents 18 percent of the total forest area.

Yoho's classic work involving private forest land

ownership in northern Lower Michigan (1957), estimated that
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in the "Cadillac Block" of counties,l 31 percent of the pri-
vately held commercial forest acreage was owned by full-time
farmers, 13 percent by part-time farmers, énd 7 percent by
industry. Thus, farm ownership constitutes a large share
of the commercial forest land in this region (44 percent),
and undoubtedly. a similar pattern holds throu;hout the study
area.

The Northern Lower Michigan Unit, as designated in
the Third Forest Survey, 1964 to 1966, coincides with the
31 counties included in Yoho's study; hence, the data are
quite comparable. The Forest Survey data subdivided the
commercial forest land area into various cover types., and the
northern hardwood component accounts for nearly 27 percent
of the forest land in the study area, (Ostrom, 1967). This
type, designated as cover Type 25 by the'Society of American
Foresters (1962), provided nearly all of the sample data in
this study. Associated types included Type 26, Sugar maple-

basswood, and Type 27, Sugar maple (Society of American For-

esters, 1962).

1 ,
Benzie, Grand Traverse. Kalkaska, Manistee, Missaukee,

and Wexford Counties.
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The growing stock volume of sugar maple and yellow
birch was 89.4 million cubic feet in the five-county study
area (Table 2), which represented 16.8 percent of the total
for these species in the northern 31 counties of the Lower

Peninsula (Chase, 1968).

Table 2.--Hardwood growing stock volume on commercial forest land, by
counties and species groups, 1966.

County -
Species
Total Benzie Grand Leelanau Manistee Wexford
Traverse
---------- Million cubic feet- - - - - - - = - - -
Aspen 126.4 20.7 17.2 19.3 34.1 35.1
Paper birch 33.7 5.6 5.7 6.9 7.3 8.2
Oak 108.9 11.4 25.9 8.6 42.4 20.6
Sugar maple-
Yellow 89.4 16.1 16.2 16.2 17.1 23.8
birch :
Other soft
hardwoodsa 168.2 33.8 30.7 24.7 36.8 42.2
Other hard b
hardwoods 62.5 12.8 11.7 9.5 13.6 14.9
Total 589.1 100.4 107.4 85,2 151.3 144.8

Source: Chase, 1968.

aOther soft hardwoods--primarily red maple, black ash, balsam poplar,
cottonwood, yellow poplar, basswood, black cherry, the elms, hackberry,
and sycamore.

bOther hard hardwoods~-primarily hickory, beech, white ash, and black
walnut,.
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The northern hardwood cover type (sugar maple,
yellow birch, and beech) contributed 23.6 percent of the
total hardwood sawtimber volume in the five-county area
(Chase, 1968). Two associated species that formed a
significant portion of the sample data--basswood and elm
consituted another 20.8 percent of the board-foot volume
total. This five-species group, making up nearly one-
half of the hardwood sawtimber, accounted for 37.4 per-
cent of the board-foot volume for all species in the
study area (Chase, 1968). From these data, it is evi-
dent that the northern hardwood cover type., and other
associated types, comprise the largest share of timber
volume in the study area, and represent a very important
forest resource for economic research,.

Allowable cut data from the Forest Survey com-
pleted in 1954 indicate that, for the northern hardwood
component, the actual cut of 26 million board feet
slightly exceeded the allowable cut of 25 million board
feet in the Northern Lower Michigan Su?vey Unit This
relationship probably holds for the study area as well.
Annual net growth for the northern Lower Peninsula was

296,300 cords or approximately 24 million cubic feet
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in 1955 in the northern hardwood type (Findel, et al., 1960).
When compared to the 25 million cubic feet of annual allow-
able cut, it appears that cutting has been maintained at a
level approximately consonant with recommended practices,
and a similar situation probably existed in the study area
in regards to the growth-cut relationship.

As with most of the northern Lower Peninsula. aspen
was the principal pulpwood species harvested in the study
area, contributing 54 percent of the total in 1966 (Horn,
1963; and Blyth, 1967). In 1964, a total of 290 farms in
the study area sold a mix of forest products valued at
$426,306 (U.S. Department of Commerce, 1967). These in-
cluded sawlogs, veneer logs, pulpwood, fuelwood. Christmas
trees, maple sap and maple sirup. Manistee County contri-
buted 36 percent of the value of all forest products sold.
60 percent of the pulpwood volume, and 61 percent of the
sawtimber and veneer-log volume which was marketed from
farm ownerships within the study area during 1964. Thus,
timber production from farm woodlands seems to be concen-
trated in the southwestern portion of the study area, pro-
bably influenced by the large pulp and papermill in nearby

Filer City.
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In the present study, this mill was considered to
be the sole purchaser of pulpwood from the five counties.
The number of sawmills located within the region is between
30 and 35, and nearly all have an annual production of less

than 3,000 MBM (Michigan Department of Conservation., 1964).



CHAPTER III

SAMPLING PROCEDURES

Two important questions had to be answered before
actual field investigatibn could commence, namely, how many
properties should be chosen for sampling, and how intensively
shéuld each ownership be samplea?

After consultation with personnel in the Forestry
Division of the Michigan Department of Natural Resources,
and examination of their records, it was decided to confine
the study to ownerships which had applied timber stand im-
provement (TSI) in 1962, and had obtained Agricultural
Conservation Program (ACP) cost-sharing payments from the
government. During that year., 774 farms in the State of
Michigan, totaling 9,574 acres, received remuneration under
the B-10 (timber stand improvement) forestry practice of the
~ACP program. The greatest concentration of these farms that
had applied timber stand improvement to northern hardwoods
was located in the five counties selected as the study area.

The entire population of woodland ownerships that
received ACP payments for the B-10 practice in 1962 within

18
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the five-county block totaled 78 referrals.2 Additional
records, exact locations, and aerial photographs were ob-
tained from Department of Natural Resources Field Offices
in Beulah and Traverse City.

After considering distance from East Lansing to the
study area, estimated time for sampling a referral, and the
length of time available for data collection, it was decided
that 30 referrals should be sampled from the population of
78. The 78 referrals ranged in size from 1 acre to 30 acres.
Before the samples were chosen, the population was strati-
fied on the basis of acreage per ownership into three
strata as follows: Stratum I, 1 to 10 acres; Stratum II,

11 to 20 acres; and Stratum III, 21 to 30 acres. The sam-
ple allocation to each stratum was in proportion to the
total number of referrals per stratum for the entire popu-
lation. The original 30 samples were selected in a random
fashion from the three strata, using a table of random

digits (Table 3).

2Referral is the term applied to an ownership that
has applied for assistance under the Agricultural Conserva-
tion Program.
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Table 3.--Population and original sample distribution by
individual stratum

Stratum Size No. in Percent of Samples
‘ population total per stratum
Ag_];_e_S_ M Percent Number
II 11-20 22 28 8
III 21-30 7 9 3
Total - 78 100 30

Because the referrals were selected in a random man-
ner and without replacement, the method was not independent
random sampling: 1i.e., the probabilities for each remain-
ing choice were changed after a sample was drawn from the
population. Thus, it was not a simple random sample with
all units having an equal probability of selection, although
the sampling design did provide the randomness necessary for
statistical analysis (Clelland, et al.., 1966).

After an initial trial with the field measurement
procedures, it was decided that two BAF 10 point samples
would be established on each ownership. Such a design per-
mitted the sampling of one referral in 3 to 4 hours, thus
enabling the two-man crew to complete two properties in one

working day including the necessary travel time.
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When 14 referrals had been measured, a preliminary
statistical analysis was made to determine the required
sample size needed for a specified sampling error, which
would then provide sufficient confidence in the reliability
of the data. Two statistical procedures were\épplied to the
preliminary data: 1) The range-mean ratio (Allen, et al.,
1960) , and 2) The standard sample-~size formula for strati-
fied sampling (Cochran, 1953; Freese, 1962). In both cases,
average basal area was chosen for the calculations, because
this parameter is of most concern to a woodland owner when
thinnings or other intermediate cuttings are contemplated
for a forest stand.

To obtain a sampling error of 10 percent or less,
the range-mean ratio calculations indicated that 25 samples
would be necessary. By the standard sample-size formula
computations, it was found that 22 samples would be needed.
Thus, on the basis of these independent computations, it
was decided that the sample size would be reduced to 25
ownerships (Table 4). Five referrals were removed from the
list in a random procedure similar to that used in the

first selection process.
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Table 4.--Population and final sample distribution by
individual stratum

Stratum Number in the Percent of Samples taken in
population the total each stratum
Referrals Percent Referrals
I 49 63 16
II 22 28 7
IIT 7 9 2
Total 78 100 25

The study area was divided into two "Areas," based on
the administrative units employed by the Michigan Department
of Natural Resources. 'Table 5 presents sample data and
average referral size, by stratum for the two areas. The
78 referrals totaled 847 treated acres, and the 25 sampled
referrals totaled 268 acres.

After 25 samples had been taken, the range-mean ratio
was again computed to obtain a final check on sample adequacy.
The results indicated that 20 samples would have been suffi-

cient to obtain a sampling error of 10 percent or less.

Hence, the actual sample provided somewhat greater accuracy.
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Table 5.--Population and sample distribution by stratum size and
administrative area.

Number

Total Area in Area in
Area County Stratum in Pop- Population in Sample
ulation Total Average Sample Total Average
Acres Number Acres Acres Number Acres Acres
I Benzie 1-10 9 49.5 5.50 1 3.5 3.50
11-20 5 66.0 13.20 0 0.0 -
21-30 0 0.0 ——— 0 0.0 ——
Total 14 115.5 8.25 1 3.5 3.50
Leelanau 1-10 9 66.0 7.34 4 35.0 8.75
11-20 7 135.0 19.29 2 40.0 20.00
21-30 4 108.5 27.12 1l 26.0 26.00
Total 20 309.5 15.45 7 101.0 14.42
Manistee 1-10 9 58.0 6.44 3 15.0 5.00
11-20 0 0.0 ——— 0 0.0 -——
21-30 1 30.0 30.00 1 30.0 30.00
Total 10 88.0 8.80 4 45.0 11.25
Totals for 1-10 27 173.5 6.42 8 53.5 6.69
Area I 11-20 12 201.0 16.75 2 40.0 20.00
21-30 5 138.5 27.70 2 56.0 28.00
Total 44 513.0 11.66 12 149.5 12.46
IT Grand 1-10 14 78.0 5.66 4 22.5 5.63
Traverse 11-20 5 84.0 16.80 3 44.0 14.67
21-30 0 0.0 - 0 0.0 -
Total 19 162.0 8.52 7 66.5 9.50
Wexford 1-10 8 46.0 5.75 4 21.0 5.25
11-20 5 76.0 15.20 2 31.0 15.50
21-30 2 50.0 25.00 0 0.0 -
Total 15 172.0 11.46 6 52.0 8.67
Totals for 1-10 22 124.0 5.64 8 43.5 5.44
Area I1I 11-20 10 160.0 16.00 5 75.0 15.00
21-30 2 50.0 25.00 0 0.0 S
Total 34 334.0 9.83 13 118.5 9,12
Total for 1-10 49 297.5 6.07 16 97.0 6.06
Both Areas 11-20 22 36l1.0 16.40 7 115.0 16.43
21-30 7 188.5 26.90 2 56.0 28.00
Total 78 847.0 10.87 25 268.0 10.72




CHAPTER IV

FIELD PROCEDURES

The field information collected from each referral
was obtained from ten mechanically located BAF 10 point
samples within the treated area. A wedge prism was used
to determine which trees should be included in the tally.
The sampling design required establishment of two major
point samples and eight minor point samples on each owner-
ship. The data obtained from the two major point samples
were quite detailed, and were recorded on an individual
tree basis, whereas the information gathered from the
eight minor point samples involved only tree and stump
counts for calculating the basal area.

The initial major point, which determined the loca-
tion of all other point samples on the ownership, was esta-
blished by rectangular coordinates. If the woodlot was
approximately sduare, the first pqint was located two
chains from one of the corners and two chains into the

woodlot (measured along cardinal compass directions). For

24
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properties having a rectangular shape, the point was located
two chains from a corner and one chain into the woodlot.

If the woodlot was very small, such as one or two
acres, the coordinate dimensions were changed to one chain
by one chain to confine the samples to interior portions of
the treated area. The second major point sample was sys-
tematically placed two chains from the first, in one of
the four cardinal compass directions, depending on orienta-
tion of the area and position of the initial point.

The minor point samples were arranged in circular
fashion one chain from the major point, four minor points
to each major point on predetermined compass bearings
(Figure 3). For ownerships in which the two major point
samples had to be oriented east-west, the sampling scheme
was oriented accordingly.

From the selected trees at each major point, a
subsample of five was chosen from which increment cores
were then taken for age determination. For all trees tal-
1i¢d at the major points, the following information was

obtained:
l. Species.

2, DBH (diameter at breast height)--using a diameter
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FIGURE 3

THE POINT-SAMPLE DISTRIBUTION AND ORIENTATION
FOR A NORTH-SOUTH DESIGN; THE
AZIMUTH READINGS ARE MEASURED
CLOCKWISE FROM DUE NORTH
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tape, and recorded to the nearest 1/10 of an inch--

on all trees 1 inch DBH and larger.

Total height to the nearest foot, using the Blum-

Liess Altimeter.

Merchantable height to the nearest foot for all saw-
timber-sized stems, 9.5 inches DBH or larger, mea-
sured to a variable top diameter determined in the
field. The merchantable height for all stems less
than 9.5 inches DBH (merchantable as cordwood only)
was measured to a 3-inch top DOB (diameter outside

bark) .

Grade~-determined in accordance with the Northern
Hardwoods Tree-Grading Classification (U.S. Forest

Service, 1949), for trees 9.5 inches DBH and larger.

Cull--estimated for each tree according to the
seven cull defect classes established for this cover
type, for trees 9.5 inches DBH and larger (Zillgitt

and Gevorkiantz, 1946) .

Crown class--determined for all stems, using the

Society of American Foresters' (1958) definitions;
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i.e., dominant, codominant, intermediate., or sup-

pressed (overtopped).

8. Vigor class--established in accordance with the four
northern hardwoods tree vigor and risk classes, for

all stems (Goetzen, 1943).

All stumps from trees cut during the 1962 operation
and located "within" the point sample in 1962 before cutting
were also measured and tallied by species. To ascertain
whether a cut tree was "in" or "out" of the point sample in
1962, each stump in the immediate area of the point center
was measured, and its diameter at stump height (DSH) was con-
verted to a DBH value by means of a previously constructed
table. From the.distance of the stump to the point center,
and the reconstructed DBH, it was established whether the
tree would have been tallied in 1962 or not.

The DSH-DBH conversion table was prepared by regres-
sion analysis from tree data collected in the sample area.

The equation was:

Estimated DBH = 0.15 + 0.8335 (DSH)
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In addition, each stump was classified on the basis of
existing stump sprouts and their level of abundance and vigor
into one of four "sprouting-level" classes.

Increment cores were extracted from five trees at each
major point for age determination and growth information, one at
DBH, and the other at stump height. The trees selected were the
first two encountered in a clockwise direction from a line due
north from point center. Trees 3 and 4 were the first two en-
countered in a similar manner from a line extending due south of
point center. The fifth was the one closest to the point center.

Data from the core at breast height consisted of the
radial growth for the past 10 years, which was subdivided into
the 4-year growth after treatment (1962 through 1966), and the
6-year growth prior to treatment. The measurements were made
to the closest 0.01 inch.

A separate tally sheet was used for each major point to
record crown closure, condition class., cover type, understory
and reproduction, sprouting, operability. topography-site,
availability of commercial products. incidence of insects and
disease, mortality., stand structure, and silvicultural needs.
These items were purely subjective in nature based on observ-
able characteristics of the stand immediately adjacent to the

point center.
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Site Index Determination

The standard concept of site index is generally
reserved for even-aged stands of one species. Thus, on
theoretical grounds, such a concept would not apply to
the study area; however, it was believed that a measure of
site, obtained from quantifiable field data, or based §n
published data, would be useful as a predictive tool in
this study.

Since the major species in most referrals was sugar
maple.3 site index curves for that species by Curtis (1962)

were used for site index determination (Table 6).

Vvolume Computation

The merchantable volume in cubic feet, board feet,
and cords, was estimated for each measured tree on all refer-
rals, using the tables prepared by Gevorkiantz and Olsen
(1955) . The individual tree volumes were then converted

to per acre volumes for each ownership.

3 . . . o

See Appendix 1 for a listing of common and scientific
names for all tree species encountered in the present investi-
gation.
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Table 6.--Site index for all referrals, using average
heights and average ages for all species,
based on Curtis's curves.

Site a Referral Frequanc Percent of
index numbe rP q Y the total

Number Percent
50 1104
1L16 2 8

55 2W18 1 4

60 2G01
1L13
2W17
2W23
1M24 5 20

65 2G02
1L06
2W09
2G10
2G15
1M21 6 24

70 2G03
1105
2W07
2G08
1B14
1M19
1125 7 28

75 2W1l1
1L12
2G22 3 12

85 1M20 1 4

84%

Total ———— 25 100

'aEstimates obtained from the formula presented by
Curtis (1962), for sugar maple in Vermont.

bThe Referral Number is coded as follows: The first
digit indicates the Area, and the letter represents

the county in which the referral was located. The

last two digits indicate the referral's number--1 to 25,
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Volume in board feet was ascertained for all trees

in the 10-inch diameter class and larger. Merchantable

.
" cubic-foot and cordwood volumes were determined for the 5-
inch diameter class and larger. Appropriate cull deductions
as presented by Zillgitt and Gevorkiantz (1946) for northern
‘hardwoods were applied to gross board-foot volumes to obtain
net volumes. Individual tree volumes, and per acre values
were computed for the two major points for each ownership.
The volume data were then grouped by species, grade, and
diameter class, as shown in Table 7. By subdividing total
stand volume into grade and species categories, the appli-
cation of differential selling prices was facilitated in
the economic analysis portion of the study.

When stand volume is considered solely in terms of
board feet, merchantable cubic feet, cords, or some combin-
ation thereof, some additional cordwood volume will be avail-
able in the tops and larger limbs of sawtimber-sized trees.
To determine the amount of such volume, the method presented
by Chase and Gevorkiantz (1953) was utilized. The authors
present a table of factors for estimating top and limbwood
volume per M bd. ft. (International 1/4-inch Rule) for hard-
wood species. The volume information for each referral, in-

cluding this additional volume, is summarized in Table 8.



Table 7.--Summary of volume data for Referral No. 2G0l., 1966

. DBH Volume
Species class by tree grade Total Volume
1 2 3 4
- - Bd. Ft. - - - Bd.ft. Cu.ft. Corxds
3 - - - —_— _ - -
Sugar 4 - T T T T - A
mgale 5 - — e e - 110.5 1.28
ap 6 - - - - - 130.1 2.08
8 - - ~= - - 98.5 1.31
9 - - - - - 90.3 1.38
12 -~ —— — 362 362 113.8 1.26
Total 0 0 0 362 362 543 .2 7.31
9 - -— -- - - 110.6 1.41
Basswood 10 - 434 - - 434 114.1 1.14
11 - 1091 322 -- 1413 445 .8 4.74
12 1091 572 - -~ 1663 357.5 3.84
13 454 - - - 454 109.3 1.30
Total 1545 2097 322 -- 3964 1137.3 12.43
Grand Total 1545 2097 322 362 4326 1680.5 19.74

143
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Table 8.~~Volume summary for each of the 25 referrals

(ownerships) in the study area. The entire
volume is expressed in three different forms:
board feet, cubic feet, and cords; in addition
the available volume in topwood (expressed in
cords) is also presented. (data for 1966)

Total volume of stand expressed in:

Additional
Referral board feet cubic feet cords volume 12
topwood
per acre per acre per acre
cords /acre
2GO01l 4,326 1,680.5 19.74 2.52
2G02 4,070 2,698.6 26.64 3.74
2GO03 6,529 2,383.4 23.98 3.01
1L04 3,875 1,923.4 24.58 2.07
1L.05 7,111 2,573.9 24.71 2.90
1L06 698 1,368.7 15.05 1.27
2WO07 7,186 2,662.5 24 .05 4.51
2G08 6,318 3,076.2 32.03 3.20
2W09 1,476 2,441.6 28.46 l.64
2G10 165 869.7 11.34 0.18
2Wll 722 1,675.0 20.83 0.78
1112 9,164 4,091.1 38.91 4.49
1L13 4,523 2,393.2 25.84 2.06
1B14 6,989 2,721.2 27.48 3.12
2G15 5,556 2,488.7 22.32 3.92
1L16 5,631 2,038.5 21.15 3.18
2W17 5,493 2,347.0 21.82 2.84
2W18 1,259 1,364.2 16.98 1.69
1M19 4,365 1,977.7 19.01 2.70
1M20 5,555 2,244.2 21.49 2.03
1M21 6,940 2,611.8 23.11 4.84
2G22 8,359 3,157.5 29.01 4.27
2W23 6,933 2,831.9 30.60 5.22
" 1M24 2,993 1,746.7 19.71 2.62
1125 2,998 1,413.8 15.35 2.65
Average 4,804 2,263.8 23.21 2.90

@Material which is also available when the stand volume is
expressed in terms of board feet; however, this is in-
cluded in the cubic-foot and cordwood volume figures.



36

Additional Stand Measurements and Characteristics

Additional stand data including average DBH, mean
DBH, average tree height, average age, number of trees per
acre, and basal area per acre were compiled for all 25
referrals. Each parameter was weighted by the number of
trees per acre and summarized in Table 9. The basal area
estimate was determined from the 10 point samples, whereas
other data were tabulated solely from the two major points..

Table 10 summarizes the improvement cutting opera-
tions performed in 1962. Stump tallies at each point sam-
ple provided information for obtaining the number of trees

and basal area removed in the cutting.

Information for each ownership including tree class,

vigor, cull percentage, distances to mills, reproduction.,
soils, topography, sprouting, insects and disease, and

mortality is listed in Tables 11 and 12. Table 13 presents
species composition information by cubic-foot volume for-

each ownhership.



Table 9.--Summary of diameter, height, age, and basal area data for the
25 ownerships, 1966.

Average DBH Mean DBH?2 Dom. and Codom. trees Number Basal
Referral All Dom. & All Dom. & Average Average of area
trees codom. trees codom. Height Age trees/ per
trees trees acre acre

Inches Inches Inches Inches Feet Years Number Sqg.ft.
2G01 4.9 9.0 5.6 9.2 62.0 54.6 597.0 92
2G02 8.7 10.7 9.2 10.9 71.8 58.0 228.9 128
2G03 9.8 11.7 10.2 11.9 78.6 62.8 166.6 85
1104 8.2 9.4 8.5 9.6 58.4 69.5 330.1 77
1L0O5 9.8 11.1 10.2 11.2 79.0 61.8 156.8 89
1L06 8.3 8.3 8.5 8.5 65.6 54 .4 171.2 77
2W07 6.2 12.2 7.7 12.6 . 79.8 64.4 369.0 118
2G08 8.0 10.7 8.4 10.8 80 .8 66.0 336.0 115
2W09 6.1 9.0 6.5 9.2 71.2 57.0 627.2 128
2G10 2.9 6.4 3.5 6.6 58.0 39.9 1,095.2 94
2W1ll 4.1 7.0 4.6 7.2 67.1 41.2 1,001.2 107
1L12 5.0 10.5 3.4 10.6 85.0 64.2 1,128.7 99
1L13 4.9 9.7 5.8 10.0 73.5 77.9 862.6 87
1B14 9.7 12.2 10.2 12.4 81.2 66.0 180.5 83
Average 6.9 9.8 7.3 10.0 72.3 59.8 517.9 98

LE



Table 9.--(Continued)

e —

8¢

Average DBH Mean DBH?2 Dom. and Codom. trees Number Basal
Referral All Dom. & All Dom. & Average Average of area
trees codom. trees codom. Height Age trees/ per
trees trees acre acre

Inches Inches Inches 1Inches Feet Years Number Sqg.ft.
2G15 9.2 15.6 10.5 15.8 81.8 74 .2 155.8 99
1L16 8.7 10.1 9.2 10.6 69.0 97.0 218.2 84
2W17 4.7 10.6 5.6 10.9 65.0 6l1.1 592.6 104
2W18 5.2 8.8 6.0 9.0 57 .4 53.0 461 .2 98
1M19 9.0 10.5 9.6 10.8 73.8 54.2 171.2 92
1M20 6.6 11.3 7.2 11.7 84.1 49 .8 507 .4 100
1M21 13.0 15.6 13.4 15.8 81.6 80.3 91.2 94
2G22 8.2 11.9 9.0 12.4 87.7 66 .4 270.4 111
2W23 4.8 10.7 6.0 11.0 70.8 64 .2 1,582.4 118
1M24 5.3 9.3 5.9 9.5 65.6 57 .4 568.4 90
1L25 5.1 9.1 5.9 9.3 68.2 47 .9 393.2 79
Average 7.3 11.2 8.0 11.5 73.2 64.1 455.6 97

a_ .
Diameter of the tree of mean basal area.
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Table 10.--Data for material removed in the TSI operation during 1962,
for each ownership.

Material removed in TSI Percent of cut by species

in 1962
Referral Basal Number Average Sugar Iron- a
area per of trees DBH of Elm Beech Other
maple wood
acre per acre cut trees

Sg. ft. Number Inches = = = = = = Percent -~ - - - - =
2G01 37 115.8 7.0 - - 77 3 20
2G02 18 l6.6 12.4 - 59 - 41 -
2G03 25 26.6 13.6 - - 100 - --
1L04 17 637.0 3.4 3 94 3 - -
1L0S 31 116.8 6.9 37 - 55 8 -
1L06 25 483.9 6.7 98 -— 2 - -
2W0o7 23 161.5 7.0 - - - - 100
2G08 28 117.4 8.5 53 - 24 23 -
2W09 25 134.4 3.6 100 -— - - --
2G10 31 266.0 5.3 34 - 52 1 13
2wWll 24 119.4 7.1 79 - 21 - -—
1L12 20 298,2 5.4 - 70 - - 30
1L13 31 32.3 10.9 - - - 9 91
1B14 13 6.5 16.9 100 - - - --
2G15 43 32.7 14.2 -— - - 100 -
1L16 18 27.4 11.0 - 78 - 8 14
2W17 14 50.8 8.4 - - 24 - 76
2wW18 19 141.1 6.2 - 100 - - -
1M19 47 101.1 10.0 12 - 7 5 76
1M20 22 13.4 14.1 100 - - - -~
1M21 13 56.8 9.0 41 - 59 - --
2G22 28 55.6 11.8 86 - - 11 3
2W23 22 47.0 6.1 - 72 28 - -
1M24 37 15.0 11.0 47 - -- - 53
ir2s 23 251.2 5.6 4 92 - - 4

Average 25.5 126.4 9.0 31 23 18 8 20

®Che category of "other" species includes the following: basswood, red
maple, yellow birch, white ash, black cherry, red oak, and aspen.



Table l11.--Additional referral measurements and characteristics

Ave. Ave. Ave. Distance of referral to:@ Status of Reproduction
Referral tree % vigor Nearest Paper- Nearest Ave. Ave,. Ave,
class cull class sawmill mill town tolerance® abundance€ desirabilityd
Miles Miles Miles
2G01 2.2 22 3.4 13.5 67.0 4.2 vT M L
2G02 2.2 13 2.5 7.2 58.8 6.5 vT S H
2G03 2.2 15 2.7 6.0 60.5 6.0 vT A H
1L04 2.1 6 3.4 7.0 61.2 4.5 T A L
1L0S 2.2 16 2.2 5.8 67.0 2.2 T A L
1L06 3.5 45 2.3 2.8 73.8 4.5 VT S H
2W07 2.3 21 3.4 4.8 48.0 2.5 T S L
2G08 1.9 14 2.8 4.8 65.5 5.8 T A H
2wW09 3.5 42 3.2 3.2 55.2 7.2 vT S H
2G10 2.0 7 3.5 6.0 62.5 5.8 vT S H
2W1l 2.3 7 3.4 7.2 49.2 3.5 VT S H
1L12 2.4 14 2.7 15.2 80.2 5.5 VT M H
1L13 2.5 24 3.1 2.5 60.2 3.5 I A L
1B14 2.4 22 2.3 2.2 38.0 3.2 T A H
2G15 2.2 23 3.1 13.8 55.0 2.8 vT M H
1L16 2.0 10 2.9 7.0 61.2 4.5 T A L
2W17 2.6 13 3.0 4.5 38.8 1.0 T s H
2w1l8 3.2 42 3.4 4.8 39.0 1.0 T S L
1M19 2.5 20 2.4 6.2 33.2 7.8 T M H
1M20 2.1 10 3.0 8.0 20.2 6.0 T S H
1M21 2.0 11 3.3 7.0 35.2 6.2 T A L
2G22 2.6 14 3.1 8.8 65.2 5.8 vT M H
2wW23 2.7 18 3.6 13.0 49.8 5.5 vT M L
iM24 2.0 9 2.8 11.0 39.5 6.2 vT A L
1L25 2.1 18 2.7 8.0 64.8 5.8 VT A L

3see Appendix 2 for a complete description of mileage to mills by road-surface type.

b . . .
VT, T, I; Very tolerant., tolerant, and intermediate, respectively.

c .
M. A, S; Moderate, abundant., and scarce, respectively.

dH. L: High, and low desirability respectively.

ov
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Table 12.--Additional referral characteristics

Relative ::i:givgf Relative Insect Relative Woodland
Relative P no. of and amounts
Referral proximity slope stand, of stump disease of suitability g
a ficati
to roads :Eigrﬁc sproutsd incidence® mortalityf classification

2G01 F L M L L L E
2G02 C U S L H L A
2G03 M L S M N L C
1104 C U M H H H C
1L05 C U S H M L (o4
1L06 M H M H N M A
2W07 C L S M N M A
2G08 (o4 L M H H M E
2W09 M L S H N H C
2G10 M U H H M H E
2Wl1l C H S H M M C
1Ll2 M H S H N M C
1L13 [od U M H L L E
1B14 C U S L L L E
2G15 C H S M L M D
1L16 (o4 4] S L M M C
2W17 M H S M L M C
2W1s8 C H M M M M C
1M19 M L S B H H C
1M20 M U M L L M C
1M21 M U S M H H E
2G22 C L S M N M C
2023 M u M M M L A
1M24 M U M L L L o}
1L25 M L S M N M C

aF, M, C; Greater than 1 mile, between 1/4 and 1 mile, and less than 1/4 mile from the
nearest road respectively.

bL, U, H; Level, undulating, and hilly respectively.

cS, M, H; Slight, moderate, and high incidence of sprout origin respectively.

dL, M, H; Low, moderate, and high amount of stump sprouting respectively.

eL, M, H; Low, moderate, and high incidence of insect and/or disease infestation re-
spectively. N--No indication of insects or disease present.

fL, M, H; Low, moderate, and high mortality respectively.

94oodland suitability classification; Soils in group A have very high potential produc-

tivity for northern hardwoods (i.e., a growth rate of more than 325 bd. ft./acre/year;

or more than l.2 cords/acre per year); Groups B and C have high potential productivity
(i.e., 275-325 bd. ft./A/yr.; or 0.8-1.2 cords/A/yr.); Groups D and E have medium
potential productivity (i.e., 200-275 bd. ft./A/yr.; or 0.5-0.8 cords/A/yr.) (USDA, 1966.)



42

Table 13.~-Species composition of each referral by cubic-foot volume
per acre, 1966.

Percent of each referral by species

Referral

Sugar Yellow Bass- Black a

maple Beech birch Elm wood Ash cherry Other

----------- Percent = = = = = = = = = = = = = = =
2G01 32 - —-— - 68 - - -
2G02 39 - - 52 9 - - -
2G03 94 - - 6 - - - -
1L04 35 - - 41 24 -- - -
1LOS 57 - - 37 6 - - -
1L.06 91 - - 9 - - . -
2W07 - 14 - ~-- -— - - 86
2G08 54 - - 31 15 - - -
2W09 70 7 - - 5 6 12 -
2G10 20 - - 13 9 58 - —
2W1ll 80 - - 16 - - - 4
l1n12 -— - - 2 37 31 - 30
113 98 — - - — —_— —_— 2
1B14 92 3 - 5 - - - -
2G15 49 38 - 7 - - 6 -
1L16 37 12 - 41 - 7 3 -
2W17 31 20 -- 21 23 5 - -
2W18 30 - - 22 40 - - 8
1M19 28 13 - 33 - 26 - --
1M20 67 - - 7 - 7 - 19
1M21 17 6 . - 77 - - - -
2G22 78 11 -- - - 6 - 5
2W23 39 18 - 4 29 10 - .
1M24 53 = - 3 4 - 6 34
1125 34 10 -— - 8 43 - 5

aIn_cludes oak, aspen, ironwood, hemlock, and red maple.



CHAPTER VI

GROWTH PREDICTION AND VOLUME PROJECTION

Basal Area and Height Growth

After comparing the results of several different-
methods of growth prediction, Spurr's Two-Way Growth Pre-
diction Procedure (Spurr, 1952) was selected for use. Re-
sults using his procedure were about the same as those from
the stand table projection procedure, and the two-way method
is considerably faster in application. Predicting volume
by means of yield tables would have necessitated less time;
however, existing tables contained no provision for the in-
fluence of management activities. The two-way method pro-
vided a measure of volume growth which was more sensitive
to changes induced by various maﬁagement regimes, thus, was
more responsive to the results of each alternative investi-
gated in the study. Although basal.area growth projection
was of a straight-line nature, tempered only by mortality
assumptions, the resulting volume predictions indicated
accurate relative differences even though the absolute values

may be somewhat inflated.
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The two-way approach combines separate estimates of
basal area and height growth as the basis for determining
future volume. Growth in average stand height was esti-
mated from the appropriate site index curve applicable to
each ownership.

Basal area growth was estimated by the method out-
lined in the Service Forester Handbeok (USDA, 1961) using

the following formula:
Rob = {1 - S(DBH - er /n] 100

where: Rob = the ratio of 10-year basal area
increment to present basal area
per acre expressed as a percent.

DBH

the present diameter at breast height.

o
]

the number of growth sample trees,

r = the 10-year radial growth in inches.

‘The radial growth for the 6-year period before timber stand
improvement, and for the 4-year period after treatment were
converted to a l0-year basis by multiplying by 1.667 and 2.5,
respectively. A modification involved a 5 percent addition
to the radial wood growth to adjust for bark growth. Values
for the factor (DBH - 2r)2 were available in tabular form

in the Service Forester Handbook (USDA, 1961)., and were
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multiplied by the number of trees in each diameter class
within the five-tree growth subsample of each point sample.
An example of the basic computations using the before
treatment growth rate is given in Table 14, and for the
after treatment growth rate in Table 15, for Referral 2GOl.
The results in Tables 14 and 15 were used to com-
pute the basal area growth percents for before and after
treatment conditions. For Referral No. 2GO0l, for the before

treatment conditions, the computations were as follows:

- Point No. 1

Rob

[1-(163.70/261.40)] 100

Rob

37.38%

Point No. 2

Rob [1-(91.85/128.60)] 100

Rob 28.58%

The Referral Average
Rob = (37.38 + 28.58) /2
Rob = 32.98% (the 10-year growth percent-

age; or 3.298% per year)

For the after treatment condition for the same referral,

the computations were:
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Table 14.--Basal area growth calculations for Referral
2G01l using the before treatment growth rate.

No. of Past Past radial 10-year

DBH trees radial growth radial (DBH-Zr)2
class per growth adjusted growth (DBH-Zr)2 weighted
acre to 10-year adj. for by no.
basis bark of trees
growth
(1) (2) (3) (4) (5) (6) (7)
In. Number Inches Inches Inches

Point sample no. 1

11 16.0 .35 .5833 61P 79¢  12.64%
5 79.4 27 .450 .48 .64 50 .82
11 16.0 .42 . 700 .74 .76 12.16
6 51.0 32 .533 .56 .64 32.64
4 99.0 .28 467 .49 .56 55.44
Total 261.4 - - . - 163.70
Point sample no. 2
5 62.9 31 517 .54 .64 40 .26
8 30.1 24 .400 .42 .81 24.38
9 23.1 .32 .533 .56 .74 17.09
12 12.5 .34 567 .59 .81 10.12
Total 128.6 _ - - - 51.85

%column (3) X 1.667, to adjust the 6-year growth
before treatment in 1962 to a l0-year basis.

bColumn (4) X .05, to adjust for 5 percent bark
growth.

cFrom the Service Forester Handbook (USDA, 1961).

dColumn (2) X column (6).
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Table 15.~-Basal area growth calculations for Referral
2G01l using the after treatment growth rate.
No. of Past Past radial 10-year 5
DBH trees radial growth radial (DBH-2r)
class per growth adjusted growth 2 weighted
i (DBH-2r)
acre to 10-year adj. for by no.
basis bark of trees
growth
(1) (2) (3) (4) (5) (6) (7)
In. Number Inches Inches Inches
Point sample no. 1
11 16.0 .27 .675°2 .71P .76° 12.16%
5 79.4 .20 .500 .52 .64 50.82
11 16.0 .28 .700 .74 .76 12.16
6 51.0 .14 .350 .39 .74 37.74
4 99.0 .17 ,425 .44 .64 63.36
Total 261.4 - ———— ——— - 176.24
Point sample no. 2
5 62.9 .21 .525 .55 .58 36.48
8 30.1 .28 .700 .74 .67 20.17
9 23.1 .19 .475 .50 .77 17.79
12 12.5 .29 .725 .76 .74 9.25
Total 128.6 _—— —_——— - -— 83.69

%column (3) X 2.5, to adjust the 4-year growth after
treatment in 1962 to a 10-year basis.

bColumn (4) X .05, to adjust for 5 percent bark
growth.

cFrom the Service Forester Handbook (USDA, 1961).

dColumn (2) X column (6).



48

Point No. 1

Rob

Rob

Point No. 2

Rob

Rob

32.58%

34.92%

[1-(176.24/261.40)] 100

[1-(B83.69/128.60)] 100

The Referral Average

Rob

Rob

(32.58 + 34.92)/2

33.75% (the l0-year growth percentage:;

or 3.375% per year)

The basal area growth percents were then used to

compute past and future basal area values.

The past basal

area, immediately after the TSI in 1962 (the residual basal

area), was determined as follows:

Past basal
area per acre

_ Present basal
area per acre

- .
Basal area growth

percent for length Present
of projection basal area
period per acre

For Referral No. 2G0Ol, these computations became:

Basal area per
acre after TSI =
in 1962

Basal area
in
1962

4 annual basal area
years X growth X in
percent 1962




49

92 - (4 X 3.375 X 92)

92 - 20

80 square feet per acre.

The basal area per acre before the TSI in 1962 was
obtained by adding the basal area removed in the TSI to the
residual basal area. For Referral No. 2G0l, the cut-stump
tally totaled 37 square feet of basal area per acre (from

Table 10). Thus, the basal area before TSI in 1962 was:

80 + 37 = 117 square feet per acre.

The future basal area at the end of any desired
projection period was obtained as follows:

Basal area growth

Future basal _ Present basal + percent for length Present
area per acre area per acre of projection basal area
period per acre

If Referral No. 2G0Ol, with 117 square feet of basal area in
1962, had not been treated, its basal area by 1966 would have

become:
Basal area per Basal area 4 Annual Basal area

acre in 1966 in + | years X growth X in
1962 percent 1962
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117 + (4 X 3.298 X 117)

117 + 15

132 square feet per acre.

Annual basal area growth values for each ownership
are presented in Table 16. Basal area data on a per acre
basis for stand conditions before TSI, removed in TSI, after
TSI, and four years later at the time of measurement in 1966,
are presented in Table 17.

By comparing the average growth rates before treat-
ment and after TSI in 1962, very little difference can be
observed. The basal area increment without TSI (before treat-
ment) was 2.86 percent, and the figure with TSI (after treat-
ment) was 2.92 percent. These values were so close that no
statistical difference could be noted; hence, it can not
be stated that timber stand improvement caused any acceler-
ation in growth. However, the period between cutting and
measurement was very short, so perhaps the true response has

yet to be realized.
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Table 16.~-Annual basal area growth for each referral
with and without TSI.

Referral Bésal area increment Bésal area increment
with TSI treatment without TSI treatment
Percent Square feet Percent Square feet
2G01 3.38 3.1 3.30 3.9
2G02 2.27 2.9 2.68 3.6
2G03 2.44 2.1 2.76 2.8
1L04 1.90 1.5 1.96 1.7
1L05 - 2.52 2.2 3.11 3.4
1L06 2.76 2.1 2.82 2.7
2W07 3.71 4.4 3.97 4.9
2G08 3.08 3.5 2.79 3.6
2W09 3.79 4.8 3.84 5.1
2G10 4.40 4.1 . 3.95 4.3
2W1l1l 3.45 3.7 3.03 3.5
1L12 2.38 2.4 2.51 2.7
1L13 3.01 2.6 3.43 3.7
1Bl14 2.74 2.3 2.98 2.6
2G15 3.20 3.2 2.65 3.4
1L16 2.66 2.2 2.21 2.1
2W17 2.64 2.7 2.05 2.2
2W18 2.97 2.9 2.98 3.1
1M19 3.13 2.9 2.61 3.3
1M20 2.88 2.9 2.80 3.1
1M21 1.37 1.3 1.63 1.7
2G22 3.81 4.2 3.00 3.7
2W23 2.43 2.9 2.55 3.3
1M24 2.33 2.1 2.95 3.5
11.25 3.81 3.0 3.58 3.2
Average 2.92 2.86 2.86 3.21
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Table 17.--Basal area data for stand conditions before TSI, _
removed in TSI, after TSI, and in 1966 for each
ownership.

Basal area per acre:

Referral Before TSI Removed in After TSI

in 1962 TSI in 1962 in 1962 In 1966
Sq. ft. Sq. ft. Sq. ft. Sg. ft.
2G01 117 37 80 92
2G02 134 18 116 128
2G03 102 25 77 85
1104 . 88 17 71 77
1L05 - 111 31 80 89
1L06 94 25 69 77
2WO7 123 23 100 118
2G08 129 28 101 115
2WO09 134 25 109 128
2G10 109 31 78 24
oW1l 116 24 92 107
1L12 109 20 89 99
1113 108 31 77 87
1B14 . 87 13 74 83
2G15 129 43 86 99
1L16 93 18 75 | 84
2W17 107 14 93 104
2W18 105 19 86 08
1M19 127 47 80 92
1M20 110 22 88 100
1M21 102 13 89 94
2G22 122 28 94 111
2W23 128 22 106 118
1M24 119 37 82 20
1125 20 23 67 79

Average 112.0 25.5 86.5 97.5
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volume Projection

The volume in cubic feet per acre formed the basis
for all volume projections. The past or future volume per
acre was computed by the following equation (Spurr, 1952;

USDA, 1961):

\ \Y
P _ n

(Hp) (BAP) (H) (BA)

where: V the present cubic-foot volume per acre.

Vn = the cubic—foot_volume per acre in
year n.

Hp = the present stand height.

Hn = the average stand height in year n.

BAp = the present basal area per acre.

BA

the basal area per acre in year n.

These computations were made to obtain an estimate of
volume for each referral in 1962, both before and after the
TSI operation, as well as predicting volume for any year in
the remaining portion of the rotation. The basic data for
Referral No. 2G0l, and the computation of the volume in 1962

after timber stand improvement is as follows:
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The present volume 1,680.5 cubic feet per acre

Present basal area 92 square feet per acre
The present stand height = 62 feet

Stand height in 1962 = 60 feet (from site index
curves) )

Residual basal area in 1962 = 80 square feet

‘per acre
1,680.5 \Y/
- n
62 X 92 60 X 80
Vn = 1,414.2 cubic feet per acre.

The volume per acreiiﬁ 1962 before TSI could also be com-
puted easily by merely replacing the 60 squate feet of
residual basal area with 117 square feet, which was the
basal area before the TSI. However, it was desired to have
the volumes by individual species, and this was not possible
by a simple backward projection. The reason for this is
that the 37 square feet of basal area removed was tallied
from the stumps of trees cut in the thinning operation,
and~backward projection would provide only the total volume
before TSI -- not by each individual species. Therefore,
the volume removed in timber stand improvement was estimated

separately, and then added to the residual volume.
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To accomplish the initial volume calculation, a sep-
arate regression was first computed for each referral., re-
gressing height on DBH. By determining the DBH of a "cut"
tree from its stump diameter (as previously described), and
then calculating its height by the regression equation, its
cubic—fqot contents could be read directly from the volume
table. 1Individual tree volumes were then multiplied by the
representative number of trees per acre and summed to obtain
the total volume per acre. The two point-sample estimates
were averaged to obtain the referral mean (Table 18).

For Referral No. 2G0l, this amounted to 514.2 cubic
feet per acre removed in the TSI activity (Table 18):; hence,
the volume before TSI was 1,414.2 + 514.2, or 1,928.4 cubic
feet per acre. Thus, the volume of 1,928.4 cubic feet in
1962 had been reduced by TSI by 514.2 cubic feet, and the re-
sidual volume of 1,414.2 cubic feet per acre had grown to
1,680.5 cubic feet per acre by 1966.

From these and earlier computations, it was a simple
matter to portray the stand volume for each species and size
class in 1966, as shown for Referral No. 2GOl in Table 19, and
also the residual volume after TSI in 1962, the volume removed

in TSI, and the volume before TSI, as shown in Table 20.
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Table 18.--Computation of volume removed by TSI in
1962 on Referral No. 2GOl

e —— . — . —— — —

Species? Stump p Total Number Merchantable Total
P Diameter height® of volume Merchantable
trees per treed volume®
Inches In. Feet No. Cubic feet Cubic feet
52 11.4 9.7 62 19.5 9.7 189.2
52 7.1 6.1 51 49.3 2.5 123.2
52 6.2 5.3 49 65.4 1.7 111.2
52 7.5 6.4 52 44 .8 3.2 143 .4
60 7.4 6.3 52 46 .3 3.2 148.2
62 20.4 17.2 84 6.2 50.5 313.1
Totals for 2 point samples 231.5 -_—— 1,028.3
Total per acre 115.8 ———— 514.2
a

52 = elm; 60 = basswood; and 62 = beech.

0.15 + (.8335) (DSH) .

From the regression equation: DBH

“From the regression equation: HT. 33.3 + (2.976) (DBH) .

dFrom Gevorkiantz and Olsen (1955), using the estimated
DBH and height values.

'e(Number of trees) X (Volume per tree).



Table 19.--Volume by species and size class for Referral No. 2GOl

in 1966-~per acre basis.

Species
Item Maple Basswood Total

Total volume; cubic feet 543 .2 1.137.3 1,680.5
Percent of total 32.3 67.7 100.0
‘Percent by size 100.0 100.0 100.0
Volume in poletimber-sized

trees, cubic feet 431.3 30.7 462 .0
Percent of total 25.7 1.8 27.5
Percent by size 79.4 2.7 27.5
Volume in sawtimber-sized

trees, cubic feet 111.9 1,106.6 1,218.5
Percent of total 6.6 65.9 72.5
Percent by size 20.6 97.3 72.5

LS



Table 20.--Volume by species and size class for Referral No. 2G01
in 1962--per acre basis.

Species

Ttem Maple Elm Basswood Beech Total

Total initial vol.. cubic feet 456.8 283.5 1,031.5 156.6 1,928.4

8¢

Percent of total 23.7 14.7 53.5 8.1 100.0
Percent by size 100.0 100.0 100.0 100.0 100.0
Poletimber volume, cubic feet 362.7 188.9 99.9 —-—— 651.5
Percent of total 18.8 9.8 5.2 —_— 33.8
Percent by size 79.4 66.6 9.7 -—- 33.8
Sawtimber volume., cubic feet 94.1 94.6 931.6 156.6 1,276.9
Percent of total 4.9 4.9 48 .3 8.1 66.2
Volume removed in TSI, cubic feet ---- 283.5 74 .1 156.6 514.2

Residual volume, cubic feet 456 .8 - 957.4 - 1,414.2
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At this point, the volume and growth computations
did not include adjustments for mortality, cull defect, or
quality changes throughout the projection period. Also,
the basis for converting cubic-foot volume into either
board feet or cords had not been determined. Such steps
were needed before the economic analysis could be made;
however, before these aspects of the prediction model
could be developed and merged for application, the formal
analysis model itself had to be identified, and the basic

alternatives and decision-making framework specified.



CHAPTER VII
THE DECISION-TREE MODEL AND UNDERLYING

ASSUMPTIONS

Development of the Model

The formulation of a model for prediction and eval-
uation purposes began with the premise that each of the 25
woodland owners was faced with a set of alternative courses
of action in 1962 and., therefore, was confronted with the
necessity of making a set of decisions. Such a sequence
of decisions would, over time, influence the physical pro-
cesses of stand growth and development and consequently.
financial returns to the owner.

In order to provide a clear representation of the
various alternatives facing an owner, as well as providing
a means for evaluating the different opportunities, decision
tree analysis was selected. The decision tree approach is a
relatively new analytical tool of applied statistical deci-
sion theory. Foundations of statistical decision theory were

pioneered by Robert Schlaifer of the Harvard Business School

60
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(1959) , and the decision tree technique received its greatest
impetus from John Magee, also of Harvard (1964).

A decision tree accomplishes two functions with its
implementation. First, it provides a clear visual represen-
tation of the complete decision-making process faced by a
business manager, as it is actually composed on paper, and
thé various "tree branches" portray the relevant alterna-
tives. It contains the available courses of action, their
associated costs and possible outcomes, probabilities of
occurrence, and the consequences invélved, for an entire
decision-making sequence. Second, the method employs a
computational algorithm for evaluating each opportunity.
and determining which course of action should be pursued.
This "best" set of policies is the optimal sequence, in
terms of expected net returns for the duration of a plan-
ning horizon.

The decision tree approach recognizes that long-
range planning consists not of one decision--but rather a
series of decisions--made at various times throughout the
planning period. As expressed by Peter F. Drucker (1959),
"Long-range planning does not deal with future decisions.

It deals with the futurity of present decisions."
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The decision tree for the study at hand was prepared
in stages, starting with fundamental alternatives and chance
outcomes, to which were added various modifications indica-
tive of the model's many ramifications. In this analysis,
there were two basic decisions which affected the potential
physical yields from a given referral: 1) In 1962, the owner
had to decide whether he was going to undertake a timber
stand improvement operation or not; and 2) In future years
he would have to.decide whether the woodland would be allowed
to gro& unmanaged for the remainder of the rotation. When
paired, these two options resulted in four general "branches"
to the owner's decision tree (Figure 4).

This created the need of four separate schedules to
project the physical data for each ownership. To fulfill
this requirement, individual growth projections were made

for each of the following situations:

1. The assumption that TSI was performed in 1962, and
that thinnings would be interspersed throughout
the balance of the rotation. This was based on the
basal area growth rate measured after the actual

TSI operation.



FUTURE THINNINGS

TS1 IN 1962

NO FUTURE
THINNINGS

FUTURE THINNINGS

NO TSI IN 1962

NO FUTURE
THINNINGS

.— Decision point FIGURE 4

BASIC DECISION TREE FOR A WOODLAND OWNER
FACED WITH A DECISION ON TIMBER

STAND IMPROVEMENT IN 1962.

€9
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2. The assumption that TSI was performed in 1962;
however, no thinnings would occur in the future.
This also relied on the growth rate determined
after TSI, but projection was greatly simplified
as compared to No. (1) since the stand was allowed
to grow directly.to the end of the rotation before

a cut was made.

3. The assumption that TSI was not undertaken in
1962; however, future thinning operations would
be performed when warranted by physical and finan-
cial characteristics of the stand. This schedule
was based on growth rate calculations for the

period preceeding the actual TSI program.

4. The assumption that TSI was not undertaken in 1962,
and that future thinnings would not be part of the
management plan. No cultural work whatsoever would
be applied in the intervening years before a final

harvest cut.

The next phase in the model-building process was to
extend the basic framework into a more sophisticated repre-

sentation of the decision-sequence which would confront a
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woodland owner. It was impossible to include all of the
myriad alternatives available to a manager, because many
such avenues would not be recognized by the analyst or
even the owner himself. If a complete enumeration were
included., the computational phase would be extremely time-
consuming, even with the aid of high-speed computers. 1In
addition, many alternatives in such an exhaustive list
would be extraneous to the major objective of evaluating
timber stand improvement opportunities. For example, it
was assumed that the woodland owner would retain his wood-
lot in a forested condition until commercial products

were available. Thus, investment (or disinvestment) alter-
natives which would remove the timber, such as clearing
for farmland, selling for residential construction, etc.,
although possibly highly profitable in the long run, were
not included in the decision tree.

The "branch" dealing with TSI in 1962 was expanded
as to: 1) Who assumed the fihancial burden for the opera-
tion, and 2) How the undesirable stems were removed. In
actuality, all 25 referrals received monetary reimbursement
through the Agricultural Conservation Program (ACP), and

all TSI consisted of cutting trees, with only a small portion
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of the cut material removed and sold in product form. How-
ever, this pattern was not the only recourse; the owner
could have assumed the financial responsibility himself,
and the stems might have been girdled, treated with silvi-
cide, or cut and sold. Therefore, two additional points

of decision were added to the basic "tree" for each
ownership.

Initially., it was thought that the costs of TSI
should be differentiated by the method of removal, whether
girdled, cut, or treated with silvicide. However, most
of the research on this aspect (Chaiken, 1951; Walker,
1956; MacConnell, 1962; Lindmark., 1965), reported the
results on a per acre or diameter-inch basis only. Such
information was inadequate for application to different
ownerships, where the stocking, material to be removed,
species composition, age, growth rate, etc., were all dif-
ferent, because, regardless of these parameters. the same
cost figure would be used. The most useful guidelines
that were available gave a cost schedule dependent on the
amount of basal area removed, and in the recommendations
most germane to this study., cost structuré was independent

of removal method (USDA, 1961; Haskins, 1961).
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For these reasons, and for further simplification
in model construction, only two alternatives were considered
in the removal of undesirable stems, namely, cutting and
selling the material, and deadening the stems. Thus, by
adding these alternatives, and whether the TSI was self-
financed or ACP cost-shared., the decision tree now had a
total of ten "branches" (Figure 5).

Additional modifications concerned the manner of
selling merchantable products from an ownership. The two
primary opportunities available to an owner were the sel-
ling of stumpage, or the marketing of cut products. It
was conceivable that an owner, contemplating several
future thinning operations plus a final harvest, would
select both means of sale over the rotational period, and
cordwood and sawlogs could be handled differently for a
given thinning. For example, an owner might sell all of
the material from the first thinning, which would consist
mainly of cordwood, as stumpage, whereas when the second
thinning was undertaken, he could market cut products, in-
cluding more sawlogs than before, at the mill site. When
a subsequent thinning or final harvest cut was made, he

could sell his merchantable pole-sized stems as cordwood
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Decision 1 Decision 2 Decision 3 Decision 4

'
' No future
nnings

No T8I in 1962

Future
I thinnings

No future

thinnings
: Cut and
seo
' Future
thinnings
ACP cost- !
shering l
No future
thinnings
Deadeni
stems on
future
thinnings
781 in 1962 !
I lNo future
H thinnings
l Cut and
sell
future
l thinnings
Soif -
inancing {
! |No future
thinnings
Deadenin
.-Decision point stems only Future

I thinnings

FIGURE 5

DECISION TREE SHOWING ADDITIONAL ALTERNATIVES
FACING A TYPICAL OWNER IN 1962.
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stumpage along with the poorer saw-timber-sized trees, and
market the higher grade sawlogs delivered at the local mill.
Thus, it was readily apparent that a realistic pat-
tern of choice would be infinitely variable and extremely
complex for analytical purposes. The pattern would vary
by owner, and would be determined by many factors which
were not included in the study. Because of their nature,
many would be non-quantifiable or at best semi-quantifiable,
such as length of tenure, age of owner, number of college-
bound children, educational levels, aversions to risk and
uncertainty, and basic attitudes towards forest management.
Such complexities would increase the number of com-
putations at a geometric rate. For example, starting with
one of the 5 "branches" dealing with future thinnings, a
decision occurred at the time of thinning No. 1l: whether
to sell stumpage or market the cut material. If it is then
assumed that each alternative has the potential of either a
low, medium, or high income (a chance event), six additional
"branches" would be created. This process would then be
repeated for thinning No. 2, and each of the six "branches"
for the first thinning would.result in an additional six

for the next cutting operation--a new total of 6 X 6, or 36
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"branches." If three thinnings were planned before the
final harvest, this compounding would involve 1,296 "branches"
at the end of the rotation; however, if another thinning was
possible, the number would spiral to 7,776:; and this, for
only one of the "future-thinnings branches." If this se-
quence were applied to all the "future-thinnings" alterna-
tives, and the "no-thinning"” alternative added, the grand
total would be approximately 39,000 "branches:." Further-
more, this excluded many other possibilities, such as the
owner selling only cordwood, or only sawtimber, or a com-
bination of the two products; and, the owner selling part
of his timber as stumpage, and marketing the remainder.
Therefore, it was necessary to restrict the system by cer-
tain simplifying assumptions.

One very important assumption was that., once an
owner had determined the manner in which his products would
be harvested and sold for the first thinning, he would con-
sistently follow such a brocedure for all additional cutting
operations. The author believes that such an assumption is

quite realistic for most small woodland owners; unless a

man goes bankrupt in an initial timber transaction, it seems

quite reasonable that subsequent ventures would exhibit
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identical characteristics. If a substantial loss were ex-
perienced by the owner, he would probably avoid further
forestry activities, rather than seek professional assist-
ance for his management problems.

Another assumption was that all yields from thin-
nings would be treated as cordwood in the estimation of
product value. Although this aspect may become less real-
istic as the stand matures, it should suffice for the early
thinnings, which remove the smaller stems, and even with
later cuts which take larger trees, the quality would be
low and cull percentage high, thus necessitating usage pri-
marily for pulpwood. The final yield was considered to be
sawtimber, with cordwood from the tops and larger limbs.
Hence, part of this assumption was that all owners were
aiming toward an eventual crop of quality hardwood sawt imber
stumpage or harvested sawlogs.

Obviously, this assumption may not be realistic for
some owners, because properties change hands, goals associ-
ated with ownership fluctuate, product markets and technol-
ogy change, etc. However, the evaluation of alternatives
using the discounted cash flow technique, resulted in a mea-

sure of expected future value in 1962, when the initial
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decision had to be made. This expectation about potential
returns must form the basis for present-day decision-making
concerning future changes in management objectives or prop-
erty useage (e.g., disposal of forest land by selling or
clearing); it becomes a form of opportunity cost when devi-
ations are made from the optimum schedule.

It was questionable whether the stumpage-sale alter-
native should be included, as much past research showed this
to be less profitable than marketing products at roadside
or mill site (Filip and Leak, 1962; Aughanbaugh, 1963).
However, at least one investigation indicated the opposite
case in some instances (Fenton and Broomall, 1963), and it
was quite likely that many owners would sell stumpage re-
gardless of the monetary consequences, because they lack
either the time and/or the equipment for harvesting and
hauling timber products. For these reasons it was decided
that the stumpage provision should be retained.

Another facet concerned the absence of explicit
probability data on the decision tree. In the literature
dealing with statistical decision theory and the concepts
of decision trees, probability estimates are applied to

each chance event, This information is used to obtain the
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discounted value from each "branch," and the alternative
yielding greatest expected returns is selected as the opti-
mum path to pursue. However, a recent investigation in
Christmas tree investment opportunities (Bentley and Kaiser,
1967) ., emplqyed the decision tree approach without directly
using probability estimates. They were applied implicitly
by using average or "most likely" values for certain para-
meters in the initial solution., which was then followed

by sensitivity analysis of various factors to gauge their
influence on the optimal sequence.

This latter approach was followed in the present
analysis, using "medium" or "most probable" estimates for
each parameter in the model's initial solution. Later, by
means of sensitivity analysis, certain parameters were
allowed to vary, to judge the responsiveness of the optimal
sequence. Such techniques eliminated the need for formally
grappling with probability estimates, and they would give a
manager some insight as to which factors have the greatest
impact, and thus require the most attention in measurement
and/or estimation.

The -final form of the decision tree used in this in-

vestigation is presented in Figure 6. It contains 30
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"branches," indicative of the alternatives available to
each of the 25 owners in the sample. However, before the
evaluation began, additional assumptions about certain
physical and economic aspects., including mortality., cull,

quality, prices, costs, etc., were needed.

Rotation Length and Thinning Interval

The rotation used in the initial formulation was
120 years. This guideline was consistent with management
recommendations for even-aged stands of northern hardwoods.
"Even-aged, second-growth forests, especially those on good
sites, can yield high-value products. Where the species
are mostly yellow birch, beech, and sugar maple., high-value
yields will be associated with long. rotations (100 to 120
years) . . ." (Gilbert and Jensen, 1958). This permitted
the projection of all referrals at least 20 years into the
future (one ownership averaged 93 years of age in 1962).

The interval between successive intermediate cuts
was 10 to 20 years, as advocated by Arbogast (1957)., Blum
and Filip (1963), Eyre and Zillgitt (1953), Gilbert and

Jensen (1958), and Zon and Scholz (1929), Gilbert and
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Jensen (1958) state that most stands composed of sugar maple
and other tolerant species will respond to a thinning even
after age 60; therefore, all ownerships were considered to
be suitable for thinning, even though response might be neg-
ligible in some of the older stands.

In making each hypothetical cut throughout the pro-
jection period, a guideline of 92 square feet of residual
basal area per acre was followed (Arbogast, 1957; Eyre and

Zillgitt, 1953; Society of American Foresters, 1959).

Mortality

After consulting several research reports aealing
with mortality (Conover and Ralston, l95§; Eyre and Longwood,
1951; Eyre and Zillgitt, 1953; Leak, 1961; Longwood., 1952,
1953; Meteer, 1953; Meyer, 1954; Stott, 1965), the assump-
tions used in the model were derived primarily from studies
conducted at the U. §. Forest Service Northern Hardwoods
Research Laboratory in Michigan's Upper Peninsula. Their
results indicated that in uncut stands over a period of 20
to 25 years, the mortality loss was nearly 70 percent of the

net growth--hence, a net increase in total stand volume of
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30 percent of the net growth. However, for use in the pres-
ent study, this seemed a bit severe. Most of the uncut
stands at the Northern Hardwoods Research Laboratory were
mature or over-mature old-growth northern hardwoods, whereas
ownerships in the present study were immature to mature
second-growth stands. Therefore, it was assumed that uncut
stands in the study area would lose only 50 percent of the
growth to mortality; one-half the projected-growth would be
lost and the remainder would be the net increase.

Eyre and Longwood (1951) also reported. ". . . that
the average mortality on all the cutting plots was only 1/4
of that in uncut timber is perhaps the most noteworthy fea-
ture of the entire study." Therefore, in the present inves-
tigation, the assumption was made that 1/4 of 1/2, or 1/8
of the growth would be lost to mortality when partial cuts
were made at relatively frequent intervals.

When only one thinning was performed, as in the case
of an initial TSI treatment notAfollowed by future thinning
operations. the mortality. although reducing growth by 1/8
after cutting, would gradually approach the 50 percent loss
level in an uncut stand. Therefore, it was decided that a

reduction factor of 1/4 should be applied to the growth
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when a stand received the TSI treatment in 1962, but no
additional intermediate cuts in the future. This provided
an average between the 1/8 mortality loss corresponding to
intensive management, and the 1/2 mortality loss for uncut
stands. Examples of the various assumptions concerning

mortality are presented in Figure 7.

Converting Cubic-Foot Volume to Cordwood or Board Feet

In computing the growth for each alternative.,
cubic-foot volumes were used; however, for those schedules
involving future thinnings., the cubic~foot volumes were
converted to cords, so that appropriate monetary valua-
tions could be made. It was assumed that one standard
cord would be equivalent to 92 cubic feet of wood and bark
(Gevorkiantz and Olsen, 1955). Therefore, it was a simple
matter to divide the cubic-foot volume (less the mortality
deduction) by 92, and obtain the volume in cords at the
time a thinning was made.

For converting cubic-foot volumes to board feet,
yield tables for northern hardwoods in the Lake States by

Gevorkiantz and Duerr (1937), were used. From their
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VOLUME

(®)

{a) (b)

AGE (years) (®)

AGE (years) (®)
()

FIGURE 7. GROWTH FOR A TYPICAL REFERRAL FROM 1962 UNTIL THE END OF THE ROTATION 70 YEARS HENCE.
(a) NO TSI IN 1962, AND NO FUTURE THINNINGS; (b) TSI IN 1962, BUT NO FUTURE THINNINGS; (c) NO
TSI IN 1962, HOWEVER FUTURE THINNINGS WERE PERFORMED; (d) TSI IN 1962, AND FUTURE THINNINGS.
LINE AB 1S THE VOLUME AVAILABLE FOR HARVEST AT THE END OF THE ROTATION.

6L
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information, the following conversion factor for a stand at

120 years of age was obtained:

Y 2.924 X

where: Y = the net board-foot volume per acre.

X = the merchantable cubic-foot volume
per acre for all trees.

Changes in Cull Defect

Several researchers have discussed the amount of
cull expected in old-growth northern hardwood stands (Eyre
and Longwood, 1951; Eyre and 2illgitt, 1953; 2Zillgitt and
Gevorkiantz, 1946), indicating that the deduction may rénge
from 30 to 50 percent of the gross volume (45 to 50 percent
for very defective old-growth stands). On areas which re-
ceived some type of partial cut, the cull varied from 15
to 24 percent, and was approximately 37 percent on uncut
areas.

With these findings serving as a rather rough guide-
line, the following assumptions conéerning cull reduction

at the end of a rotation were applied:
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If no initial TSI was performed, and no future thin-
nings were made, the deduction for cull at the har-
vest cut would be 35 percent. 1In the case of a
referral having more than 35 percent cull in 1962,

the deduction was increased to 45 iircent.

If TSI was performed in 1962, but no intermediate
cuts were made in the remaining years, cull deduc-
tion at the time of final cut was 25 percent of

the gross volume. In the case of a referral having
more than 35 percent cull in 1962, the deduction
was increased to 35 percent, so that there would

be no change in the projected net volume.

In the case of a management schedule with no timber
stand improvement in 1962, but with periodic thin-
nings in the future, cull deduction would be 10
percent of the gross volume. In stands where the
cull defect was greater than 35 percent in 1962, the

deduction would be 20 percent of the harvest volume.

For ownerships that had TSI in 1962, and would be
managed very intensively over the remainder of the

rotation, the cull deduction would be 5 percent.,
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except for ownerships where the 1962 level of cull
defect exceeded 35 percent, where the deduction

would be set at 15 percent.

Changes in Quality

During the stand inventory, each tallied tree was
classified by tree grade., based on the log grade of the
butt log. This distribution was projected "backwards" to
1962, assuming no change in the grade proportion of the
residual stems during the intervening four years. For the
two major alternatives involving no TSI, the material actu-
ally removed in 1962 was added, with the simplifying assump-
tion that it was all in tree grade 4.

The next phase was to establish log-grade conversion
factors for each of the three tree grades. In a recent study
in Northern Michigan, Meteer (1966) constructed tables show-
ing the percentage of each log grade in a given tree grade
for individual species and species groups. The percentages
from his report which were used in the present study are

shown in Table 21.
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Table 21.--Log grade yield from trees of given butt-log
tree grades for sugar maple and "other hardwoods"

Species Tree Proportion of the volume by
P Grade log grade:
#1 #2 #3
—————— Percent - - - - - -
1 47 .4 33.8 18.8
sugar 2 ———— 68.4 31.6
maple 3 ———— 4.4 95.6
4 ———— ——— 100.0
1 59.1 28.3 12.6
other 2 -——— 68.3 31.7
hardwoods 3 ———— ———— 100.0
4 ———— ———— 100.0

Source; Meteer, 1966.

With these factors, the board-foot volumes by log
grade and species at the beginning of the projection (invest-
ment) period in 1962, and at the end of the rotation were com-
puted for each of the four major alternatives.

In reference to the assumptions dealing with cull
defect, mortality, and guality, Farrell (1964) has stated:
"Such adjustments are somewhat arbitrary, but are necessary
to reduce gross yield estimates to realistic levels before
applying value. For specific tracts, foresters may apply

experience values of their own choice." Other authors
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advancing a similar viewpoint made the following statement:
"Projection of quality may sometimes be difficult because
information about the effect of time and treatment on quality
is less abundant than information on volume and size. Yet

it is necessary to make these projections, even when the
basis is at best doubtful. An objective estimate, even
though based on limited déta, is better than a completely
subjective one" (Marty, et al.., 1966).

The only available information on quality changes
following partial cutting in northern hardwoods was the
20-year study by Eyre and Zillgitt (1953) which compared
the results of nine different forms of thinning with an un-
cut reserve area. Their findings indicated that the volume
in grade 1 logs remained fairly constant, regardless of
whether the stand was thinned or not. On the other hand,
thinning to this level increased the volume in grade 2 logs
by 15 percent, and decreased the grade 3 category by approx-
imately 15 percent. This information provided a rather gen-

A .

eral guideline for the following grade change assumptions:

1. If there were no initial TSI and no future thinnings.
there would be a 5 percent increase in the amount of

material in log grade no. 2, and a 5 percent decrease
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in grade 3. It was assumed that some change would
occur, even though the stand received no cultural
treatment; primarily due to the increase in size of
individual trees. Improvement in grade through in-
creased size would slightly offset any decline in
quality caused by increases in cull defect. The in-
crease in defect would be reflected more by an in-

crease in cull, rather than a change in log grade.

If there were no initial TSI, but future thinnings
were applied, there would be a 15 percent increase
in the volume of grade 2 logs, and a 15 percent de-

crease in the grade 3 category.

If initial TSI were applied but no future thinnings,
there would be a 10 percent reduction in log grade

no. 2, and a 10 percent reduction in log grade no. 3.

With ini;ial TSI and future thinnings, there would
be a 15 percent improvement in log grade no. 2, and
a 15 percent decrease in log grade 3. Thus, it was
assumed that a TSI operation followed by periodic

thinnings would result in the same grade distribution
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as periodic thinnings without an initial TSI

treatment.

Once the projection of volume was accomplished,
based on the grade distribution in 1962, the quality im-
provement factors were applied to obtain an estimate of
net board-foot volume in each species-log grade category

at rotation age.

Determination of the Additional Volume in Topwood

When the projected cubic-foot volume was converted
to board feet per acre at the end of the rotation, it was
possible to determine how much additional cordwood volume
would be available in the tops and limbs of sawlog trees,
using the procedure recommended by Chase and Gevorkiantz
(1953), as outlined in an earlier chapter (page 33). To
facilitate this conversion on a per acre basis, using the
board-foot volume at the time of final harvest, the follow-

ing regression equation was computed and utilized:
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Y = 0.746 + 0.000367 X

where: Y = the additional cordwood volume
per acre in topwood.
X = the net board-foot volume per acre,

Computational Steps in Volume Projection

The calculations of volume per acre at the time of each
proposed thinning, and at the time of final harvest., for Refer-
ral No. 2G0l, are presented in Tables 22 to 25.

Percentages in these computations indicate the volume in
each species category, and changes in species composition induced
by each thinning operation, since the cuttings were designed to
encourage high-value species and to remove those of lower value.
The percentages, which changed after each cut was made, were uti-
lized to determine the volume distribution by species before the
next scheduled thinning. For example, sugar maple in Referral
No. 2GOl would increase from 23.7 percent to 81.3 percent of the
total volume over the remaining years of the rotation, if the
schedule of intermediate cutting were followed (Table 24). For
each proposed thinning, data are given for the volume per acre
before thinning, volume removed, and the residual volume per

acre. The board-foot volumes are not adjusted for the assumed



Table 22.--Computational steps in volume projection and calculation of final yield by species and log
grade, for Referral No. 2G0l, with no TSI and no future thinnings, per acre basis.

_—_—_—___——__‘——-—‘—_—'———'——_——_——‘—_‘_—_‘__—__ﬁ._——-
Gross Volume by Speciés--Cords & Percent
Ave. Basal Gross Mor- :
Age HE Area Volume tality Vol. Less Entire Sugar Bass- Elm Beech
: Mortality Stand Maple wood
Yrs. Ft. Sq.Ft. Cu.Ft. Cu.Ft. - Cu.Ft.
100% 23.7% 53.5% 14.7% 8.1%
51 60 117 | 1,928.4 | -==~=-=- 1,928.4 21.0 5.0 11.2 3.1 1.7
a 100% 23.7% 53.5% 14.7% 8.1%
120 89 386 3,754.4 5,682.7 61.8 14.6 33.1 9.1 5.0
Additional volume in topwood--cords® | 5.8___| __ 1.4 | 3.1 _ | _ 0.8__] 0.5 _
Distribution of final board-foot yield by tree and log grades based on the initial distribu-
tion in 1962:
. Total Volume by Tree Grades Volume by Log Grades
Species Net
Volume€ 1 2 3 4 1 2 3
Sugar Maple 3,938 _—— —_— _— 3,938 _— _— 3,938
Basswood 8,890 3,467 4,703 720 ———— 2,049 4,193 2,648
Elm 2,443 ——— -_— _— 2,443 — | ——- 2,443
Beech 1,345 -—— -— -— 1,345 -—— -—— 1,345
Total 16,616 3,467 4,703 720 7,726 2,049 4,193 10,374

®This represents the basal area corresponding to the projected volume,
before a reduction for mortality had been applied.

bCordwood available at the time of final harvest in addition to the sawtimber volume.

CBased on the cull defect percentage in 1962.
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Table 23.--Computational steps in volume projection and calculation of final yield by species and log
grade, for Referral No. 2G01, with TSI in 1962, but no future thinnings were performed,
per acre basis.

—-—-—_.——r'—:-——_'-——— —— -~ ____ 4
a Ave. Basal Gross Mor- Gross .Vblume by Species--Cords & Percent
Age HE Area Volume talit Vol. Less Entire Sugar Bass- Elm Beech

‘ Y Mortality Stand Maple wood

Yrs. Ft. Sq.Ft. Cu.Ft,. Cu.Ft. Cu.Ft.

100% 23.7% 53.5% 14.7% 8.1%
SlI 60 117 1,928.4 | ————- 1,928.4 21.0 5.0 11.2 3.1 1.7
SlC 60 37 514.2 | -==-- 514.2 5.6 -— 0.8 3.1 1.7
51R 60 80 1,414.2 | -=-—- 1,414.2 15.4 5.0 10.4 —-— ——

b . 100% 32.5% 67.5% -— —-—
120 89 294 7,709.1 1,573.7 6,135.4 66.7 21.7 45.0 - -
Additional volume in topwood--cords® __ | ___________| 7.1 2.3 0 4.8__| __~==_l__z=¢

Distribution of final board-foot yield by tree and log grades based on the initial distri-
bution in 1962:

Total Volume by Tree Grades Volume by Log Grades
Speciles Net 1 2 3 4 1 5 3
Volume
Sugar Maple 5,831 —-—— —-— ~—- 5,831 ———- —-——— 5,831
Basswood 12,109 4,723 6,406 980 -_— 2,791 5,712 3,606
Total 17,940 4,723 6,406 980 5,831 2,791 5,712 9,437

aI, C, and R indicate ipitial stand conditions, material cut, and residual stand conditions
respectively at a given age.

bThis represents the basal area corresponding to the projected volume, before a reduction for
mortality had been applied.

cCordwood available at the time of final harvest in addition to the sawtimber volume.

dBased on the cull defect percentage in 1962.

68



Table 24.--Computational steps in volume projection and calculations of final yield
by species and log grade, for Referral No. 2G0l, with no TSI in 1962,
however, future thinnings were performed, per acre basis.

Gross Volume by species-cords & percent
a | Ave.| Basal Gross .
Age Mortality |[vol. less .
ht. area volume mortality Entire | Sugar Basswood | Elm |Beech
Stand Maple
Yrs. | Ft. Sqg.ft. | Cu.ft. Cu.ft. Cu.ft.
100% | 23.7% 53.5% (14.7%| 8.1%
51 60 117 1,928.4| -——-—- 1,928.4 21.0 5.0 11.2 3.1 1.7
b 100% | 23.7% 53.5% |14.7%| 8.1%
60I 65 152 2,714.0 392.8 2,321.2 25.2 6.0 13.5 3.7 2.0
60C 65 60 | el e 678.5 7.3 -——— 1.6 3.7 2.0
60R 65 92 1,642.7] —-—-—-—- 1,642.7 17.9 6.0 11.9 -— -
100% | 33.5% 66.5% | ——— ~—
80, 74 152 3,089.8 180.9 2,908.9 31.6 10.6 21.0 -— -
80C 74 60 | ——=—emm] - 1,038.7 11.3 — 11.3 - -——
80R 74 92 1,870.2| -—-———-- 1,870.2 20.3 10.6 9.7 -—— -—
100% | 52.2% 47.8% | —--- ——=

100I 82 152 3,423.9 194.2 3,229.7 35.1 18.3 16.8 -— -

100 82 60 |~ e 1,157.3 12.6 —~—— 12.6 - -—

100y, | 82 92 | 2,072.4| -=—-m—v 2,072.4 | 22.5 | 18.3 4.2 | - | ---

100% | 81.3% 18.7% | ——- -
120 89 152 3,716.2 205.5 3,510.7 38.2 31.1 7.1 —— S
Additional volume in topwood - cords® 5.1 4.1 1.0 ——— | ——-
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Table 24.--(Continued)

Distribution of final board-foot yield by tree and
log grades based on the initial distribution in 1962:

Total
Species net Volume by tree grades: | Volume by log grades:
volume 1 2 3 4 1 2 3
Sugar maple 8, 345 ————{—~== |--=-18,345 ———— --—- 18,345
asswood 1,920 749{1,016 | 155 |-=~-~ 433 906 571
Total 10,265 7491016 | 155{8,345 433 906 {8,916

@1, ¢, and R indicate initial stand conditions, material cut, and
residual stand conditions respectively at a given age.

This represents the basal area corresponding to the projected
volume, before a reduction for mortality had been applied.

cCordwood available at the time of final harvest in addition to
the sawtimber volume.

dBased on the cull defect percentage in 1962.

16



Table 25.--Computational steps in volume projection and calculations of final yield

by species and log grade,
future thinnings, per acre basis.

for Referral No.

2G01, with TSI in 1962, and

Volume by species-cords & percent

a | Ave Basal Gross Gross
Age : Mortality | vol. less .
ht. area Volume . Entire | Sugar
mortality Basswood| Elm |Beech
Stand | Maple
Yrs. | Ft. Sq.ft. | Cu.ft. Cu.ft. Cu.ft.
100% 23.7% 53.5% (14.7%| 8.1%

SII 60 117 1,928.4| ———~—- 1,928.4 21.0 5.0 11.2 3.1 1.7
51C 60 37 514.2 | -==~-- 514.2 5.6 - 0.8 3.1 1.7
51R 60 80 1,414.2 ) —==~-- 1,414.2 15.4 5.0 10.4 -—— -
b 100% 32.5% 67.5% - -
70I 70 139 2,866.7 181.6 2,685.1 29.2 9.5 19.7 - -
70C 70 47 | —=——mmmm | mm———— 787.7 8.6 -— 8.6 - -
70R 70 92 1,897.4| —-—=——- 1,897.4 20.6 9.5 11.1 - -—
100% 46.1% 53.9% | ~——- -
90I 78 154 3,539.1 205.2 3,333.9 36.2 16.7 19.5 - -
90C 78 62 | mmmmmemm | —————- 1,219.7 13.2 ——— 13.2 - ——
90R 78 92 2,114.2) ———~—- 2,114.2 23.0 16.7 6.3 -—— -——
100% 72 .6% 27.4% | --- -—
120 89 185 4,850.9 342.1 4,508.8 49.0 35.6 13.4 - -
Additional volume in topwood - cords® 6.6 4.8 1.8 ——— | ===

4%



Table 25.--(Continued)

Distribution of final board-foot yield by tree and
log grades based on the initial distribution in 1962:

Total
Species net Volume by tree grades: | Volume by log grades:
volume 1 2 3 4 1 2 3
Sugar maple 9,572 ———— |m——— f-—-— 19,572 ————| m————] —————
Basswood 3,612 1,4091,911292 | -=—-- 8334}1,704| 1,075
Total 13,184 1,409} 1,911{292 | 9,572 833 | 1,704 (10,647

£6

%1, ¢, and R indicate initial stand conditions., material cut, and
residual stand conditions respectively at a given age.

bThis represents the basal area corresponding to the projected
volume before a reduction for mortality had been applied.

CCordwood available at the time of final harvest in addition to the
sawtimber volume.

dBased on the cull defect percentage in 1962.
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changes in cull and quality; however, it is subdivided by tree
grade and log grade, based on the 1962 distribution.

The next step incorporated the various assumptions
concerning cull defect changes and log-grade improvement
(Table 26) . Although the changes aré presented in Table 26,
they were actually applied in the computer program used in
the economic evaluation. This was much simpler, since it
eliminated many preparatory calculations. With these ex-
pected changes, the assumptions involving physical yield
data were concluded, and the remaining aspects of model

formulation entailed various economic considerations.

Periodic Cost Assumptions

The completed decision-tree model (Figure 6) consid-
ered two alternative methods that an owner might use for sel-
ling his timber products: 1) Marketing sawlogs and cordwood,
or, 2) Selling the material as stumpage. The harvesting
costs would be quite different for the two possibilities.

If the decision were made to market the products at
either a sawmill or pulpmill, the owner would incur the costs

of felling, bucking, skidding, loading, hauling, and unloading,



Table 26.--Volume per acre at rotation age for each of the
four major alternatives for Referral No. 2GO01l.,
by species and log grade after cull and quality
adjustments were made.

Species
and
Log Grade

Net volume by alternative cutting schedule:

No TSI No TSI, TSI in 1962 TSI in 1962
and no but but no future and future
future future thinnings thinnings

thinnings thinnings

Sugar maple:

—————————— Board Feet - - = = = = = = - - - -

Grade 1 164 1,444 561 1,749
2 3,116 8,186 5,048 9,910
Basswood:
Grade 1 1.707 511 2,685 1.015
2 3,603 1,145 5,842 2,271
3 2,096 560 3,122 1,113
Elm:
Grade 3 2,035 ——— ———— —_——
Beech:
Grade 3 1,120 ——— ——— ———
Total adjusted
net volume 13,841 11,846 17,258 16,058

Sé
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or else enlist the services of a contractor. The per unit
costs for each operation in the production process are pre-
sented in Table 27.

Although a recent study was made of timber harvest-
ing costs in northern hardwoods (Gardner, 1966), the infor-
mation from the Service Forester Handbook (USDA, 196l1)., was -
considered to be more applicable, because only the data
available for consideration by the owner in 1962 would be
relevant, and information from the Handbook would usually
provide the basis for actual cost determination by the con-
sulting Service Forester for ACP cost-sharing purposes.

Hauling and unloading costs were based on a differ-
ential rate depending on the type of road surface (Table 28).
Rates were in dollars per unit of volume per unit of distance;
therefore, accurate determination of the mileage from each
ownership to a market location was needed. The market for
sawtimber was assumed to be the closest sawmill to each
property. It was assumed that all pulpwood would be sold
to the mill in Filer City. The requisite mileage was ascer-

tained from county maps by road-surface category (Appendix 2).
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Table 27.--Production costs on a per-unit basis for an
owner choosing to market sawlogs and cordwood
at the mill site.

Cost
Operation
Sawtimber Pul pwood
per MBF per cord
Marking, felling, and

bucking, including $5.99 $4.28
supervision variable variable

I - 5.70 3.71
Skidding variable variable

Loadin 1.40 .47
9 variable variable
Fixed-- Fixed--

b based on the based on the

Hauling and unloading

mileage and type
of road surface

mileage and type
of road surface

sapo—

Total logging cost

Summation of the
vrevious items

Summation of the
previous items

Overhead (20 percent
of the logging cost)

Fixed

Fixed

Total production cost

Summation of the
previous items

Summation of the
previous items

Source: USDA,

1961.

%The cost of $5.70 represents the expense of skidding
sawlogs with a small tractor, on slopes of 10 percent
or less, for a distance of 200 feet, and for a stand
with an average DBH of 16 inches.

bSee Table 28.
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Table 28.--Schedule of hauling and unloading costs

Costa
Operation Sawtimber: Pulpwood:
($7.00/hour and a ($7.00/hour and a
load of 2 MBF) load of 6 cords)
Per MBF per mile Per cord per mile
Standby, delay. A
and unloading $1.40 S .47
Hauling:
Highway (45 mph) .16 .05
Main haul (25 mph) .28 .09
Secondary (15 mph) .44 .15

Woods road (8 mph) .88 .29

Source: USDA, 196l.

®The minimum hauling costs including unloading in 1961 were
$2.00 per cord and $4.00 per MBF.

The computations of harvesting costs for Referral

No. 2G01l are as follows:
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Sawtimber, per MBH:

Marking, felling. and

bucking, including supervision . . . . . . . $5.99

Skidding . . . . .« 4+ ¢ ¢ 4 4+« + « « « . . 5.70

Loading . . . . . ¢ « 4« 4 « +« +« +« « « « . . 1l.40

Hauling and unloading:

Standby, delay, and unloading . . $1.40
Highway (6 miles) . . . . . . . . .96
Main (6 miles). . . . . . . . . . 1l.68
Secondary (.5 miles). . . . . . . .22
Woods road (1 mile) . . . . . . . .88

Total . . . . 5.14

Total logging cost . . . . . $18.23

Overhead (20 percent of the logging cost) . 3.65

Total production cost . . . . $21.88

Pulpwood, per cord:

Marking, felling, and

bucking, including supervision . . . . . . . $4.28
Skidding . . . . . . .« . 4 e 4 e e e e e .. 371
Loading . . . + ¢ ¢ ¢ 4 e e e e e e e e e e .47

Hauling and unloading:

Standby, delay, and unloading . . § .47
Highway (64.5 miles). . . . . . . 3.22
Main (1 mile) . . . . . . . . . . .09
Secondary (.5 miles). . . . . . . .08
Woods road (1 mile) . . . . . . . .29

Total . . . . 4.15

Total logging cost. . . . . . $12.61

Overhead (20 percent of the logging cost) . 2.52

Total production cost . . . . $15.13
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If an owner decided to sell stumpage, he would still
have the responsibility of marking timber for cutting, and
supervising the harvesting operation. Such items, whether
done by the owner himself or by a professional consultant,
would involve a cost that must be included in the analysis.
In the present study it was assumed that marking and super-
visory costs would be $1.50 per MBF for the final harvest
of sawtimber, and $.40 per cord for each intermediate cut
(Marty aﬁd Trimble, 1967). The sawtimber cost was applied
to the gross volume removed at the time a harvest cut was

made.

Costs of Timber Stand Improvement

A woodland owner contemplating timber stand improve-
ment, was assumed to have four possibilities available. The
associated costs and their computation differ somewhat for
each alternative.

One alternative would be a TSI operation completely
financed by the owner, where the marked trees were either
cut and left where they fell, or where the undesirable stems

were girdled or treated with silvicide. The actual cost for
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such a program was determined from the Service Forester

Handbook (USDA, 1961), which provided data on TSI cost

per acre'per square foot of basal area to be removed.
For Referral 2GOl, the computation of total cost

per acre for this option proceeded as follows:

Basal area Cost per square foot of Total cost

DBH class removed basal area removed per acre
Inches Sg. Ft.
6 25 $.588 $14.70
10 6 .362 2.17
18 6 .214 1.28
Total 37 - | $18.15

Thus, if the owner of Referral No. 2GOl had chosed to fi-
nance timber stand improvement from his own pocket, and the
unwanted trees were not sold for pulpwood, the cost would be
$18.15 ber acre.

It was possible, however, that an owner might have
been able to cut and sell the undesirable stems, and there-
fore, generaﬁe a monetary return which might offset the cost
involved. This opportunity would have hinged primarily on
prevailing market conditions, and the costs would have been
computed in the same manner as for other commercial thinnings.

If the material was marketed at a mill site, the total
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production costs would be applied to the volume removed, or,
if a stumpage sale was selected by the owner, the costs of
marking and supervision would be involved. In the case of
Referral No. 2G0l, where 5.6 cords per acre were removed in

1962, the total cost of TSI per acre would be:

]

5.6 X $15.13 $84 .73 per acre if the cordwood

was marketed at a mill site.
5.6 X $ .40 = $2.24 per acre if the cordwood
was sold as stumpage.

Actually., the option taken by all referrals in the
study area was cost-sharing payments for TSI under the ACP
program. In general, ACP payments are 80 percent of the
Service Forester's estimate of total cost per acre, and
the payment is not to exceed $25.00 per acre. However, in
Michigan, the Department of Natural Resources., which admin-
isters the program on a local level, has established a sys-
tem of reducing the total estimated cost when merchantable
products will be obtained from the thinning. Thus, an 80
percent payment could not be realized by ownerships which
removed a volume greater than the specified minimum; nearly
all sampled referrals did not receive the full 80 percent

remuneration.
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The appropriate payment schedules for 1962 were ob-
tained from the Michigan Department of Natural Resouces.
"Generally, volumes of less than 2 standard cords per acre
will not be considered merchantable. Otherwise, the fol-
lowing is suggested as the amount to reduce the total esti-

mated cost in computing the Federal Cost Share" (Haskins,

1961) :
Cords per acre Approximate allowance per acre
2 $0.00 - $1.00
3 1.00 - 1.50
4 1.50 - 3.00
5 and over 3.00 - 4.00

Although the actual cost of a TSI operation may
differ from the estimated expense, the Service Forester
computed each cost-share on the basis of his own determina-
tion of total cost. The reduction for merchantable volume
would then be applied to his estimate, as described above.
The Michigan Department of Natural Resources used the fol-
lowing schedule for estimating costs of timber stand improve-

ment prior to 1964 (Haskins, 1961):
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$1.25 per square foot of basal area--saplings
1 to 5 inches DBH cut or girdled.

$ .75 per square foot of basal area--poletimber
5 to 11 inches DBH cut or girdled.

$ .50 per square foot of basal area--sawtimber
over 11 inches DBH cut or girdled.
The federal cost-share payment was equal to 80 per-
cent of the difference between total estimated cost and the
reduction for merchantability. For Referral No. 2G0l, the

cost-share was calculated as follows:

1. Estimate total cost per acre:

Total cost
Size class Basal area Cost per sg. ft. per acre
Sq. ft.
Saplings - - -——
Poletimber 31 $.75 $23.25
Sawtimber 6 .50 3.00
Total 37 -——— $26.25

2. Determine the reduction for merchantable products:

5.6 cords were cut; hence, the reduction would be
$3.50 per cord, or a total reduction of $3.50 X 5.6
= $§19.60 per acre.
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3. Determine the federal cost-share:
The total estimated cost minus the reduction allow-
ance: $26.25 - $19.60: leaves $6.25; and 80 per-
cent of $6.25 is $§5.32. This is the cost-share pay-
ment per acre for the owner of Referral No. 2GOl.
Once the cost-share had been computed, it was deducted
from the actual cost per acre, to find the true cost of the
owner's TSI operation. For example, if the owner of Refer-
ral No. 2G0l1 had chosen to obtain ACP reimbursement for
deadening the undesirable stems. the true cost would equal
the actual cost of eliminating the trees either by cutting,
girdling, or treating with silvicide, minus the cost-sharing
payment: $18.l6'— $5.32, or $12.83 per acre.
On the other hand, if the owner had decided to cut
and sell the marked material, his true cost would have been:
$84.73 - $5.32, or $79.41 per acre if the pulp-
wood was marketed at the mill site.
$2.24 - $5.32, or - $3.08 per acre if the pulp-
wood was sold as stumpage. This re-
sulted in a negative cost, thus it was
actually an income of $3.08, due to
the federal cost-share.
'In all cases, the actual cost of timber stand improve-

ment as determined from information in the Service Forester

Handbook was lower than the actual Service Forester's estimate,
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This fact has caused the Michigan Department of Natural
Resources to revise its cost estimates downward beginning
in 1961. 'The latest reduction in 1964 dropped the cost
in each size class by $.20 to $.25 per square foot of
basal area (Haskins, 1965), which now makes the actual
costs of TSI and the basis for determining cost-sharing
payments closer to;;ther.

A similar discrepancy between actual costs and
ACP-estimated costs was also observed in a Wisconsin study
of timber stand improvement by Montambo and Sylvester
(1965) . Their findings for three woodlots ranging from
7.5 acres to 8.8 acres in size, indicated the actual ex-

pense of TSI by girdling was from 8 to 43 percent below

the ACP estimate.

Annual Cost Assumptions

With the computer program used in the evaluation
phase of this study (Row, 1963), it was possible to investi-
gate several annual cost assumptions simultaneously. Also.
it was permissable to start with a base annual cost, and to

increase it every year by a predetermined percentage.
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Consequently, the following assumptions were selected for

evaluation, representing a low, medium, and high annual cost.

Beginning base Annual Increase
annual cost Applied to the base
Percent
Low $0.00 0
Medium 1.00 1
High 1.50 3

The annual cost included taxes, administration, fire pro-
tection, etc., which would be paid each year regardless of
whether any cultural activities were performed or not.

The annual increase was a simple interest rate, and
in the case of the "medium” assumption, the annual cost
would be $1.00 the first year, $1.01 in the second year,
$1.02 in the third year, and so on for the entire investment

?

period.

Selling Price Assumptions

The various prices used were obtained from several
sources (Michigan Department of Conservation, 1963; Univer-

sity of Wisconsin, 1967; Wisconsin Department of Agriculture,
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1963; Office'of Iron Range Resources and Rehabilitation,
1965; Stott, 1965) which were coalesced iﬁto a single price
for each species and grade category (Tables 29 and 30).
Major emphasis was given to the 1963 data from the Michi-
gan Department of Conservation (presently the Department

of Natural Resources), which were published for the north-
ern portion of Michigan's Lower Peninsula.

The various opportunities concerned with selling
stumpage., instéad of marketing cut products, were handled
in a twofold manner with respect to stumpage price. The
first was termed an average price; i.e., the price which
usually prevailed in the study area (Tables 29 and 30).

The second set of stumpage prices was calculated in the
"textbook" fashion. They were computed as conversion sur-
plus (or residual) prices; i.e., what was "left over" after
the costs of production plus a margin for profit were de-
ducted from the final selling price. Conversion surplus

was calculated in the following manner (USDA, 1961):

1. cCalculation of Margin for Profit:

Margin for Profit = 10 percent of the selling price
of final product which in this
case was either sawlogs or pulp-
wood . '
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Table 29.~-Prices for sawlogs delivered at the mill site,
and for sawtimber stumpage, per MBF.

e — . ]

Sawlog prices by Stumpage prices by
Species log grade: log grade:

1 2 3 1 2 3
Ash $ 76 $40 $25 $19.80 $10.00 $1.65
Aspen 40 30 15 6.00 3.00 .50
Basswood 85 50 25 24 .00 12.00 2.00
Beech 60 30 20 15.60 7.75 1.30
Yellow birch 140 60 25  10.80 5.50 .90
Black cherry 85 45 30 24.00 12.00 2.00
Elm 60 40 25 19.80 10.00 1.65
Hemlock® S — 10.00  -=--
Hard maple 100 60 35 33.00 16.50 2.75
Red oak 85 50 30 15.00 7.50 1.25
Soft maple 70 40 20 13.20 6.75 1.10

Source: Michigan Department of Conservation (1963~1965);
Minnesota Forest Products Marketing and Pricing
Review (1965); Wisconsin Department of Agricul-
ture (1963); Stott (1965).

aHemlock was not priced by grades.
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Table 30.-~Prices for pulpwood delivered at the mill
site, and for pulpwood stumpage, per cord.

Species Delive;ed at the Sold as
mill Stumpage
Aspen $14.50 $1.30
Basswood 14.00 .80
Hemlock 19.00 3.00
Mixed hardwoods 16.00 1.00
Oak 15.00 1.00

Source: Michigan Department of Conservation (1963 -
1965) ; Minnesota Forest Products Marketing
and Pricing Review (1965); Wisconsin Depart-~
ment of Agriculture (1963); Stott (1965).
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For example: the selling price of grade 1 ash saw-
logs was- $§70 per MBF (Table 29), hence the margin
for profit would be:

10% of $70 = $7.00

2. Calculation of total operating costs:
Total operating costs = total production costs +
margin for profit; and, to continue the example,
using cost figures from Referral No. 2GOl:
Total operating costs = $21.88 + $7.00 = $28.88

3. Calculation of the conversion surplus (i.e., the
stumpage price per unit of volume) :

Stumpaye price Selling price - Total operating costs

$70.00 -~ $28.88

Stumpage price $41.12 per MBF

The calculation of conversion surplus resulted in a
considerably higher stumpage price than was usually paid on
the average; e.g.. $41.12 compared to $19.80 (see Table 29).
However, with pulpwood, because of the cost structure involved.,
the reverse-was often noted; i.e., average stumpage price was
higher than conversion surplus for some species.

As with the annual cost assumption, Row's computer
program (1963) facilitated investigating various changes in

prices. To provide a low, medium, and high range in expected
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future prices, differing annual-percentage changes were
applied to the base price for each species-grade category.
The following changes were applied, and permitted some
insight into the model's sensitivity to potential varia-
tion in price:

Annual increase applied to
the base price

Sawtimber Pulpwood

Percent Percent
Low 0 0
Medium 1 1/2
High 2 1

To simplify matters, the changes were allocated uhiformly

to each species and grade combination.



CHAPTER VIII

EVALUATION OF THE DECISION-TREE MODEL

The Computer Program

The computer program published by Row (1963) was
used to evaluate each "branch" of the decision tree. Sub-
sequent to Row's original publication, the program received
certain modifications (Marty., et al., 1966) which increased
its sophistication and computational capacity. Prior to
.its use in the present investigation, the program was
streamlined somewhat to save compilation time on the com-
puter, and the output format was modified to minimize the
lines of print and number of pages (see Appendix 4).

The program's structure permitted simultaneous
evaluation of six alternatives from one data deck. There-
fore, five sets of data cards were required for each refer-
ral to accomodate the complete sche@ule of 30 alternatives.
The data cards, cﬁn;aining both physical and economic infor-

mation, numbered nearly 4,000 for the entire analysis.

113
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Measure of Effectiveness

The measure of effectiveness was the internal rate
of return (IRR). This is the compound intérest rate which
equates the discounted value of all future returns to the
discounted value of all future costs; i.e., the rate which
generates a present net worth of zero. This criterion
enables the analyst to rank various alternatives on the
basis of their financial desirability; the higher the IRR,
the more attractive the investment.

The essence of the evaluation phase was to compute
an internal rate of return for each alternative under
"medium" conditions for all parameters. This established
rates of return which could be expected as payoffs for
each of the 30 "branches" on the decision tree. The "branch"
possessing the highest IRR value is the one which should
have been followed, if it can be assumed that the "medium"
or average conditions were valid.

Once various alternatives are ranked in descending
order on the basis of their rates of return, a decision-
maker can then guage the relative desirability of all oppor-

tunities. Such a ranking would permit him to see the
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financial loss, in terms of a percent, that would result
if he were to pursue another alternative in lieu of the

optimal choice.

The Initial Solution

Results of the initial solution for average or
"medium" conditions are presented in tabular form for all
alternatives or "branches" for each referral in Table 31.
In several tables in this chapter, and Appendix 3, the
category of "cut-leave" is used. This merely refers to
all removal methods which simply deaden the undesirable
stems in place, without any utilization or sale of the
material thus eliminated from the stand.

Although the optimum alternative varied somewhat
from ownership to ownership, the resuits indicated certain
trends. This was especially true when the top five alter-
natives from each referral were considered. To extract
meaningful information from the initial results., the values
were considered in terms of an initial solution (IS) matrix.
The matrix dimensions were 30 x 25, representing the 30 al-

ternatives and the 25 referrals, for a total of 750 cells.
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Table 31.~-Internal rates of return for each referral for the 30 alternatives, under "medium" or
average conditions for all parameters.

Referral No.

Alternative 2G01 2G02 2G03 1LO4 1L0S 1L06 2WO7 2GOB 2W09 2G10

I. No TSI in 1962

(A) No Future Thinning
(1) Market Products 4.6 4.8 6.6 4.8 6.4 3.2 5.8 7.6 4.4 2.0
(2) Sell Stumpage

A. Ave. Price
B. Conv. Surplus

~w;
o o

(B) Future Thinnings
(1) Market Products 5.2 8.4 9.2 7.6 8.2 5,2 14.2 9.0 7.8 4.4
(2) Sell Stumpage

A. Ave. Price 1.4 1.6 5.6 3.8 6.0 1.0 3.8 8.0 1.4 0.2
B. Conv. Surplus 3.0 3.2 6.4 5.6 6.4 3.2 5.0 7.0 2.8 0.2
I1. TSI in 1962
(A) No Future Thinning
(1) Market Products
A-No ACP, Cut-Sell 5.8 6.2 8.0 6.2 6.6 4.2 9.8 7.4 6.2 3.0
B-No ACP, Cut-Leave 4.6 5.4 6.6 4.8 5.8 3.4 5.4 7.0 4.8 2.2
C~ACP, Cut-Sell 6.2 6.2 8.0 25.2 6.6 a 9.8 7.4 6.2 5.2
D-ACP, Cut-Leave 4.8 5.4 6.6 5.8 5.8 4.4 5.4 7.0 6.6 2.6
(2) Sell Stumpage
A. Ave. Price
1-No ACP, Cut-Sell 3.2 3.0 5.4 2.6 5.0 0.2 3.0 9.0 2.4 0.2
2-No ACP, Cut-Leave 2.2 2.4 4.2 1.6 3.4 0.2 1.8 4.4 1.4 0.2
3-ACP, Cut-Sell 3.8 3.0 5.4 5.2 5.0 0.8 3.0 9.0 2.4 0.2
4-ACP, Cut~Leave 2.4 2.4 4.2 2.2 3.4 0.2 1.8 4.4 2.6 0.2
B. Conv. Surplus
1-No ACP, Cut-Sell 4.6 4.4 6.2 4.8 5.8 3.2 5.4 6.4 5.0 0.2
2-No ACP, Cut-Leave 3.8 4.2 6.0 3.8 5.0 2.4 4.0 6.2 3.8 0.2
3-ACP, Cut-Sell 5.2 4.4 6.2 7.6 5.8 a 5.4 6.4 5.0 0.4
4-ACP, Cut~Leave 4.0 4.2 6.0 4.6 5.0 3.2 4.0 6.2 5.4 0.2
(B) Future Thinnings
(1) Market Products
A~No ACP, Cut-Sell 5.4 8.4 9.0 7.6 7.4 5.2 15.0 7.8 8.4 5.0
B-No ACP, Cut-Leave 4.4 6.6 7.6 6.0 6.6 4.4 8.0 7.4 5.8 3.4
C-ACP, Cut-Sell 6.0 8.4 9.0 25.2 7.4 a 15.0 7.8 8.4 33.4
D-ACP, Cut-Leave 4.8 6.6 7.6 7.2 6.6 5.6 8.0 7.4 9.8 4.2
(2) Sell Stumpage
A. Ave, Price
1l-No ACP, Cut-Sell 2.6 1.2 6.2 4.0 6.2 1.4 4.4 a 2.4 0.2
2-No ACP, Cut-Leave 1.4 0.8 4.6 2.8 4.2 0.6 2.2 5.0 1.2 0.2
3-ACP, Cut-Sell 3.2 1.2 6.2 a 6.2 a 4.4 a 2.4 0.2
4-ACP, Cut-Leave 1.6 0.8 4.6 3.6 4.2 1.4 2.2 5.0 2.8 0.2
B. Conv. Surplus
1-No ACP, Cut-Sell 3.8 2.8 6.2 5.6 6.2 3.6 5.4 5.8 3.6 1.0
2-No ACP, Cut-Leave 3.0 2.6 6.0 4.6 5.4 2.8 3.8 5.6 2.6 0.8
3-ACP, Cut-~Sell 4.2 2.8 €.2 a 6.2 a 5.4 5.8 3.6 l.6
4-ACP, Cut-Leave 3.2 2.6 6.0 5.6 5.4 3.6 3.8 5.6 3.8 1.0

21t was impossible to obtain these values through iteration in the computer program. This was
caused by either multiple or imaginary roots to the cost-revenue polynomial. A practical
solution which would provide a rough approximation of the relative rate earned, is to simply
interpolate between two known IRR values for the missing value.
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Table 31,--Continued

1L16 2W17 2W18 1M19 1M20 1M21

2G22 2W23 1M24 1L25

1B1l4 2G15

1L12 1L13

2W1l

3.6

5.0 4.4

7.2

5.2 6.6

1.2 5.0

4.8

5.8 10.2

. 8.4 7.0

4.0

1.0
2.2

1.8 0.4
3.6 3.4

2.2 2.2 3.2 4.2
6.4

0.2

5.6

5.8

5.4 16.8 10.0 10.4 9.2 7.8 5.8

11.6 10.4 11l.6 15.4 8.8

7.6

8.8

2.4
3.4

3.4 1.4

6.8
5.2

4.8 5.2

3.8
6.6

0.2

3.6
5.6

5.4 6.8 10.2

7.6

8.2

4.4 2.6

5.4 7.0

13.4

6.8

8.4

4.8

6.2 5.0

8.0
7.2

3.6 18.8 18.8 9.2

9.8 11.2 7.4
6.4 5.6

8.8

9.8

4.2

5.0 4.2

5.4 6.6

i8.8 9.2

4.4
18.8

11.4

6.8
8.8

8.2

5.4
4.6

8.0
7.2

a
3.6

8.0
5.6

11.2

9.8
6.4

6.2 5.6

5.4 6.6

4.4

11.4

6.8

8.2

2.6

3.2 4.2 6.2 2.8 1.2

3.4
2.0

6.0 1ll.4 3.2 0.2
2.6 0.2

5.2

7.4

1.0

1.8

4.6 2.0 0.6

6.2

2.6 3.0

3.2 4.2
2.6

3.4

0.2

3.4

6.0 11.4

5.2

7.4

2.2

2.8 1.4

4.6

3.0

2,0

0.6

3.8
3.2

4.4 3.6

7.2
6.4
7.2
6.4

6.2 6.2

5.6
3.2
5.6

5.2
4.4

7.6 6.0 1l1.8

6.8
7.6

8.2

3.2

3.0

3.6

4.6 5.0

10.4
6.0 11.8

5.0

7.4
8.2

6.2 6.2

2.2
1.2

5.4
4.4

3.2

3.6

4.6 4.2

4.6 5.0

3.2

5.0 10.4

6.8

5.6

8.6 6.0
6.6 4.8

9.0
8.2

21.0 11.2

6.4 10.8 12.6 12.0 13.2 13.4 4.6 19.6

0

12.

4.8

8.0 8.2
21.0 11.2

6.2
19.6

a

9.4 8.6 13.8 8.
12.0 13.2 15.0

12.6

9.2
10.8

9.0
8.2

6.4

12.

5.4

9.0 6.8

.8 8.4 6.2 8.0 8.2

13

8.6

9.4

2.8

4.0 2.0

a
5.2

3.2 5.6
2.4 4.0

6.0 9.2 14.4 4.8 0.4 4.4
3.2

8.8

1.2 1.8

2.8

2.6
4.4

5.6

14.4 5.0 .

9.2

6.0

2.2 .

4.2

5.2

2.4 4.0

2.6

7.0 6.0 4.8 3.4 3.4
4.0 2.8

4.6 5.8

13.6
12.

7.4
6.4

8.6

.0

5.4

2.8

5.6

4.2

5.6

7.0
5.6

8.6 7.4 13.6

8.0

3.8 3.2

4.6 5.8 5.6 5.0

4,2

3.0

12.2

4
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If the "best" five alternatives on the basis of their IRR
values were picked from each ownership, they would comprise
125 cells in the IS matrix. However, a certain amount of
duplication occurred because the cost-share on nearly one-
half of the referrals was zero, due to the reduction for
merchantable products; therefore, the ACP and self-financing
"branches" gave identical returns. In addition, the inter-
nal rates of return were rounded off to the nearest 0.2
percent in the computer solutions, so that several alter-
natives had the same rate because of this factor. Conse-
quently, instead of 125, the "best" set actually contained
206 cells (Table 32).,

Of the "best" set, 82 percent had received timber
gtand improvement in 1962. Therefore, the evidence is
gquite conclusive that TSI would be a favorable option for
most referrals in the study area. For that portion of
the "best" set which was contained in the TSI option, 63
percent of the cells were found in the category of future
thinnings, and those "branches" under the marketing of
cut timber products comprised 85 percent. When these two
alternatives were considered in combination, the proportion

drops to 53 percent.
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Table 32.--Number of cells by desirability rank for each alternative in
the "best" set.
—
Number of Cells by
Alternative Desirability Rank:
1 2 3 4 5

I. No TSI in 1962
(A) No Future Thinning
(1) Market Products - - - 2 5
(2) Sell Stumpage
A, Ave. Price - - - - -
B. Conv. Surplus - - - - -
(B) Future Thinnings
(1) Market Products 9 8 6 1 1
(2) Sell Stumpage
A. Ave. Price - 1 - - -
B. Conv. Surplus -- - - 2 2

II. TSI in 1962
(A) No Future Thinning
(1) Market Products

A-No ACP, Cut-Sell - 2 9 5 6
B-No ACP, Cut-Leave - - - 2 2
C-ACP, Cut-Sell 2 3 8 3 3
D-ACP, Cut-Leave - - 1l 5 3
(2) Sell Stumpage
A. Ave. Price
1-No ACP, Cut-Sell 1 - e - -
2-No ACP, Cut-Leave - - - -- -
3-ACP, Cut-Sell 1l - - —— -
4-ACP, Cut-Leave - —— - - -
B. Conv. Surplus
1-No ACP, Cut-Sell - - - —-— 2
2-No ACP, Cut-Leave - - - - -
3-ACP, Cut-~Sell - 1l - - 3
4~ACP, Cut-~Leave - - - - --
(B) Future Thinnings
(1) Market Products
A-No ACP, Cut-Sell 8 10 5 1l -
B~No ACP, Cut-~Leave - 2 5 7 7
C-ACP, Cut-~Sell 12 6 2 - -
D-ACP, Cut-Leave 4 3 5 8 4
(2) Sell Stumpage
A. Ave. Price
l-No ACP, Cut-Sell - 1l - 1l 2
2-No ACP, Cut~Leave - - - - -
3-ACP, Cut-Sell - 1l - 1 2
4-ACP, Cut-Leave - - - - -
B. Conv. Surplus
1-No ACP, Cut~Sell - - - 1 4
2-No ACP, Cut~Leave - - - - -
3-ACP, Cut-Sell - - - 1 3

4-ACP, Cut~-Leave - - —-— - 1l
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The trends were very similar in those cases where
TSI was not undertaken in 1962; 81 percent of the "best"
cells in this category were under the option of future
thinnings, and the alternative of marketing cut products
contained 86 percent. When the percentage for future
thinnings is compared to the dorresponding value in the
TSI category, a difference of nearly 20 percent is noted,
indicating that once a stand réceivés TSI, additional
cuts are not as important as they appear before the first
cultural operation. Thus, the first treatment seems to
have the greatest bearing on future stand development,
especially in terms of financial returns, whereas the
effect of successive cuttings is apparently to refine the
stand developmental pattern. The two alternatives of making
future thinnings and marketing cut products, when considered
in combination, account for 55 percent of the "best" cells
under the TSI option.

If the "best" set is analyzed in its entirety, the
results are quite comparable, with 67 percent in the cate~
gory of future thinnings, 85 percent in the category of
marketing the cut timber products, and 55 percent in the

combined alternative.
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The timber stand improvement option Qas further sub-
divided by financing method to provide some insight as to
which method was more desirable. The alternatives dealing
with ACP cost-sharing contained 51 percent of the cells.
Although seemingly quite low, when this is viewed with re-
spect to the reduction in the cost-sharing allowance for
merchantable products, it becomes more understandable.

Quite obviously, any cost-sharing would defray part of the
cost, and increase the owner's financial return; however,
because many ownerships had a calculated cost-share of
zero, the increased returns were not realized.

The category of cutting and selling material re-
moved in timber stand improvement, occupied only 65 percent
of the "best" cells, which also may seem rather low. However,
when products are sold, either "on-the-stump." or at the
mill, additional expenses are incurred, so that the income
is offset to a considerable extent by the added costs.

To investigate the various trends in greater detail,
each of the individual ranks 1 through 5 in the "best" set
was analyzed separately. It was found that 78.3 percent
of the cells, ranking as the number one, or the "best,"

investment opportunity, occurred in only 3 of the 30
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alternatives: 1) No TSI in 1962, future thinnings, and
marketing cut products, 24.3 percent; 2) TSI in 1962,
future thinnings, marketing cut products, no ACP financing,
and cut and sell the material removed in TSI, 21.6 percent;
and 3) TSI in 1962, future thinnings, marketing cut pro-
ducts, ACP cost-sharing, and cut and sell the material
removed in TSI, 32.4 percent. These three options com-
prised most of the "second-best" selections as well,
occupying 63.2 percent of the cells (Table 33).

In the 3rd, 4th, and 5th ranks, the pendulum
swings somewhat, so that more alternatives are encom-
passed by the majority position. Hence, it takes more
alternatives to constitute 50 percent or more of the cells,
In addition., those alternatives contributing the most to
this majdrity percentage were not the same as in the first
and second ranks. Therefore, it becomes more difficult to
differentiate between various alternatives when one goes
down the list of opportunities ranked in descending order
on the basis of their desirability. This is most noticeable
in the fifth rank, where it takes 5 alternatives to contri-

bute 52 percent of the cells in this position.
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Table 33.--The summarized "best" set for the most favor-
able alternatives.

e e e e e ]

Percentage of the total
number of cells in each

Alternative alternative by rank:
1 2 3 4 5
No TSI in 1962
No Future Thinning
Market Products: ——— ———— —_——— 5.0 10.0
Future Thinning
Market Products: 24 .3 21.1 14.6 2.5 2.0
TSI in 1962
No Future Thinning
Market Products
No ACP, Cut-Sell: ———— 5.3 22.0 12.5 12.0
ACP, Cut-Sell: 5.4 7.9 19.5 7.5 6.0
ACP, Cut-~Leave: ———— ———— 2.4 12.5 6.0
Future Thinnings
Market Products
No ACP, Cut-Sell: 21.6 26.3 12.2 2.5 ————
No ACP, Cut-Leave: ———— 5.3 12.2 17.5 14.0
ACP, Cut-Sell: 32.4 15.8 4,9  ecee oo
ACP, Cut-~Leave: 10.8 7.9 12.2 20.0 8.0

Sell Stumpage
Conv. Surplus
- No ACP, Cut-Sell: ---- ——— ———— 2.5 8.0
Other:. 5.5 10.4  —==—- 17.5 34.0

Total 100.0 100.0 100.0 100.0 100.0
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It is also quite important to determine what factors
or characteristics of a given ownership seem to be strongly
related to the internal rate of return. 1In an attempt to
answer this question, regression analysis was used., regres-
sing various attributes on the IRR values. Instead of using
a single rate of return, IRR values for the top 5 altefnatives
were averaged for each referral. This provided a rate which
may be more realistic and representative of an ownership's
potential, since many of the rates are very close together
and it is difficult to say that one alternative is definitely
better than the next most desireable opportunity. Also, some
of the "best" alternatives had internal rates of return much
higﬁgr than the remaining options, thus not truely indica-
tive of the overall financial prospects. The following items

were used as independent variables in the calculations:

1. Site Index.

2. 1/Hauling Cost of Pulpwood per cord.
3. 1/Actual Cost of TSI per acre.

4. Basal Area Growth Rate before 1962.
5. 1/Cull Defect Percentage in 1962.

6. Initial Basal Area in 1962.

7. 1/Initial Basal Area in 1962
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8. Age of the Stand in 1962.
9. 1/Age of the Stand in 1962,
10. 1Initial Vvolume in Cubic Feet per acre in 1962.

11. 1/Initial Volume in Cu. Ft. per acre in 1962.

A computer program was used which repeatedly solved the
regression model while deleting the least significant vari-
able before each successive computation. The original
solution contained all 11l variables; however. after the
deletion process, only three variables were needed to
satisfy the .05 significance criterion. The ll-term model
explained 76 percent of the variation in IRR values, where-

as the 3-term expression accounted for 59 percent. The re-

gression coefficients for the complete ll-term model and the

simple correlation coefficients are presented in Table 34.

The regression model in equation form is as follows:

IRR = -102.52 + 0.03Xl + 30.52X2 -14.81X3

+ . . + 0.
+O.10X4 20 OSXs + 0 28X6 0 34X7

+ OLOOIX8 + 3666.16X9 + 658.28X -1036.44X

10

However, more important than a predictive tool., is the

correlation between certain factors and the internal rate of

return. Those variables having the strongest relationship

11
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Table 34.--Regression coefficients and simple correlation
coefficients for the ll-term regression on
average IRR values.

Simple correlation coeffi-

Variable Rzz;:i:;:2t cient between the variable
¢ and the average IRR
xi bi R

Constant term -102.52 ———
Site index - Xl 0.03 .020
1/Hauling cost for

pulpwood - X2 30.52 .508
1/Actual cost of

TSI - X3 -14 .81 .328
Basal area growth

rate - X4 0.10 -.219
1/Cull defect - x5 20 .05 .282
Initial basal

area - X6 0.28 -.056
Age of the stand

- X7 0.34 .392
Initial volume - x8 0.001 .185
1l/initial basal

area - x9 3,666.16 .063
1/age of the stand

- Xlo 658.28 -.271
1/initial volume

- X -1,036.44 -.284

11




127

to the average IRR were: 1) Hauling cost for pulpwood;
R (the simple correlation coefficient) = .508; 2) Age;
R = .,392; and, 3) Actual cost of TSI; R = .328. Thus,
on the average, the referral having the lowest pulpwood
hauling costs will have the greatest rate of return,
and, a similar situation exists for timber stand improve-
ment costs. Also, the oldest stands in the sample gener-
ally had the highest returns.

Actually, these correlation coefficients are
too low to infer even a weak cause-and-effect relation-
ship. However, they do indicate the relétive importance
of several characteristics, some of which could be man-
ipulated within cetrtain limits by the woodland manager

when planning developmental activities.

Sensitivity Analysis

Even though the initial solution for average con-
ditions provided sufficient information to formulate certain
guidelines and recommendations, additional analyses were
made. The IS matrix was computed on the basis of average

conditions for all parameters involved, and although their



128

values were estimated from the best information available,
the "real world" often fails to conform to average condi-
tions. The "medium" values may adequately describe the
ownerships in total, but a given’property has individual
characteristics that cause deviations in the average values
for one or more factors in the model. Data were needed

to ascertain how possible changes in a given parameter
would effect the optimal ranking of alternatives. Such
divergences from the average occur, because each owner-
ship and/or stand of timber differ, and when the analyst
or owner is making an evaluation, he must make projections
and estimates which are always susceptible to varying
degrees of error.

To gain an appreciation of the effects such poten-
tial variation would have, sensitivity analysis was applied
to the initial solution. This is a technique whereby one
factor is varied over a predetermined range of values while
holding ail other factors constant. The results enable the
decision-maker to guage the relative importance of each
‘parameter. Those factors having the greatest effect should
receive the most emphasis in measurement or estimation. If

the effects are quite pronounced, the optimal schedule of



129

alternatives may change, indicating that another option
is to*be preferred.
Items included in the sensitivity analysis were
selling prices, annual cost, periodic costs, and series
of percentage changes in cull defect, volume production,
mortality, etc. A "low" value and a "high" value were
used for each factor, generating additional internal rates
of return for the complete model. This, in conjunction
with the initial solution, resulted in IRR values for
low, medium, and high levels of the parameter in question.
The three variations for selling price and annual
cost were discussed in Chapter 7. Changes in periodic
costs were implemented by a percentage alteration to the
average value., For a "low" level, each periodic cost in
an investment schedule was reduced by 10 percent; and for
"high" levels, an increase of 10 percent was applied. The
"high" level represents a close approximation to the actual
increase in harvesting costs between 1961 and 1966. Based
on guidelines in the Service Forester Handbook (1961), the
computed production costs for sawtimber in the present
study averaged nearly $21.00 per MBF. It was reported that

in 1966, production costs were nearly $24.00 per MBF for
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northern hardwoods in the Lake States (Gardner, 1966). This
represents an increase of slightly more than 10 percent,
which occurred over a 5-year period; hence, the 10 percent
change may be very conservative for long-range planning.

The three levels of periodic costs also correspond
to the approach used by Herrick and Morse (1968), in which
they assumed that a decision-maker could choose the one
which best reflected the characteristics of a specific
timber stand. They stated: "Such factors as stand access-
ibility, steepness, and ground condition, as well as tech-
niques, could determine which cost level would represent
a particular stand."

The percentage changes applied were: * 5 percent,
t 10 percent, * 15 percent, and * 20 percent; a minus value
represents a lower level, and a plus indicating a higher
level. Row's computer program is structured in a manner
which allows a "quality index factor" to be applied to each
volume category. In the computations, the timber volume 1is
multiplied by the selling price and this result is multi-~
plied by the quality index. Thus, it was a simple matter
to alter this item in successive computer "runs" by the

"change" percentages. Such changes could be viewed as
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increases or decreases in the projected volume., the selling
price for a given species-grade combination, the amount of
cull defect, the level or mortality., the assumed growth
rates, etc. Specific use would be left to the discretion
of the decision-maker involved. His knowledge of the par-
ticular tract of timber would afford him the means for
deciding which measurement or parameter estimate had the
greatest variance, and thus would be most critical in an
evaluation. For example, if he had confidence in all
aspects of his decision model, except the physical growth
rate used, he could determine the effects of a ¥ 5 or

t 10 percent change in that parameter.

Results of the sensitivity analysis for Referral
No. 2G01 are presented in Table 35 as internal rates of
return generated from the model when each modification
was applied.

To provide rationalization for the merits of sensi-
tivity analysis, changes in the optimal sequence for modi-
fications of the selling price, annual cost, and periodic
cost assumptions are shown in Tables 36, 37 and 38 for
Referral No. 2G0l. It can be observed from these results

that moderate changes in certain factors can have a very
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Ave. Price
Conv. Surplus
II. TSI in 1962

A.
B.

(2) Sell Stumpage

o Puture Thinning
(1) Market Products

@)

5.0
4.6
S.4
4.8

5.2 6.4

4.6 4.8

5.4 6.0
4.6 4.6

3.4 6.8 8.6 4.4 7.0 5.0
2.4 5.6
6.0 6.8

3.8 7.4
2.6 5.8

A-Ko ACP, Cut-Sell

4.8 4.4

6.0 3.8
12.0 4.6

4.6
6.2

B0 ACP, Cut-Leave
C-ACP, Cut-Sell
D-ACP, Cut-Leave

(2) Sell Stuspage

15.8

5.2

8.8

5.6 7.4

9.0 5.4

4.8 5.0 4.8 5.0

5.0 4.6

6.4 3.8

4.8

Ave. Price

A.
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1.6

2.0

2.4 4.2
1.8 2.4

2.8

2.8 3.6
2.0 2.4
3.2 4.4
2.2 2.6

3.2 3.2

1.0

4.0 0.6

1.6 4.2

0.8 3.0

3.2

1-Mo ACP, Cut-Sell

1.6
2

2.2 2.0

3.8 3.8

1.0

4.6 0.6

1.8 4.8

LR
v .
N ™

2-M0 ACP, Cut-Leave
3-ACP, Cut-Sell

1.6

2.0 2.6

2.4 2.2

0.8 3.2

-
o~

4-ACP, Cut-Leave
Conv. Surplus

3.6

5.8

3.8

4.2 5.4
3.6 4.0
4.4 6.2
3.8 4.2

4.4 5.0

3.6

4.6 4.6

8.4 3.0

3.4 5.4
2.6 4.4
3.8 6.0
2.8 4.8

1-No ACP, Cut-Sell
2-Bo ACP, Cut-Leave
3-ACP, Cut-Sell

4-ACP, Cut-lLeave

Puture Thinnings
(1) Market Products

3.6
4.2

3.8

3.8 3.6

5.2 2.6

4.8 5.6

4.0 4.0

5.2 5.2

5.2

3.8

4.0 4.0

5.8 2.8

(B)

4.4
4.0

4.6 6.6
4.2 4.8
5.0 7.8

4.4 5.2

5.0 6.0
4.2 4.6
5.4 6.8

4.6 5.0

7.6 4.4
5.0 4.0

8.0 4.2
10.4 4.8

2.6 7.0

5.4
4.4

A-Mo ACP, Cut-Sell
B-No ACP, Cut-Leave
C-ACP, Cut-Sell
D-ACP, Cut-Leave

(2) Sell Stumpage

5.2
4.2 16.0

5.8 3.6
10.4 4.4

2.0 5.8

4.6 10.0

4.2

3.0 7.8

5.4

S.4 4.2

6.2 3.8

2.2 6.0

Ave. Price

A.

0.2
0.2

0.8 6.0

0.4 2.4
1.0

3.8

1.6

2.6 2.4

0.2
3.8 0.2

0.6 3.6

1-No ACP, Cut-Sell

1.0 2.0

2.0 5.6

0.2 2.4 1.6 1.4

2-No ACP, Cut-Leave
3-ACP, Cut-Sell

3.2 3.0
1.8 1.6

0.8 4.4

3.2
1.6

3.6

0.2

0.4 2.8

1.2 2.2

4.4 0.2

0.2 2.6

4~ACP, Cut-Leave
Conv. Surplus

3.8 3.8
3.2 3.0

4.2 4.2

2.4

2.8 5.2

2.4

3.2 4.4

2.8 3.4

7.2 2.2

2.4 4.6

1.8 3.8

1-No ACP, Cut-Sell
2~N0 ACP, Cut-Leave

3-ACP, Cut-Sell
4-ACP, Cut-Leave

3.6

4.6 1.8

2.6

3.0 6.4

2.6

3.6 5.0
3.0 3.6

2.4
5.0 2.0

2.8 5.0

3.8

3.4 3.2

2.0 4.0

3.2

This was caused by either multiple or imaginary roots to the cost-

%t was impossible to obtain these values through iteration in the computer program.

revenue polynomial.
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Table 36.~-Changes in the optimal sequence of investment
opportunities as a result of the sensitivity
analysis of selling price, Referral No. 2GOl.

Internal rates of return and

Alternative® rankings (in parentheses) for
the three parameter levels.
Low Medium High
No TSI in 1962
Future Thinnings a
Market Products: - 5.2 (5) 7.2 (3)
TSI in 1962
No Future Thinning
Market Products
No ACP, Cut-Sell: 3.4 (2) 5.8 (3) 6.8 (5)
ACP, Cut-Sell: 3.8 (1) 6.2 (1) 7.4 (2)
ACP, Cut-Leave: 2.6 (5) -—
Sell Stumpage
Conv., Surplus
No ACP, Cut-Sell: 3.4 (2) -——- -
No ACP, Cut-Leave: 2.6 (5) -——- -——
ACP, Cut-Sell: 3.8 (1) 5.2 (5) —_—
ACP, Cut-Leave: 2.8 (4) - -
Future Thinnings
Market Products
No ACP, Cut-Sell: 2.6 (5) 5.4 (4) 7.0 (4)
ACP, Cut-Sell: 3.0 (3) 6.0 (2) 7.8 (1)
Sell Stumpage
Conv. Surplus
ACP, Cut-Sell: 2.8 (4) - -

aOnly those alternatives ranking 1, 2, 3, 4, or 5
in either the low, medium, or high categories

are included.



134

Table 37.--Changes in the optimal sequence of investment
opportunities as a result of the sensitivity
analysis of annual cost, Referral No. 2GOl.

Internal rates of return
and rankings (in parentheses)
for the three parameter levels
Low Medium High

Alternativea

No TSI in 1962
No Future Thinning
Market Products: 17.8 (1) - —
Sell Stumpage
Ave. Price: 15.8 (3) - ——
Conv. Surplus: 17.2 (2) - _—
Future Thinnings
Market Products: ' - 5.2 (5) 3.6 (5)
TSI in 1962
No Future Thinning
Market Products
No ACP, Cut-Sell: - 5.8 (3)
No ACP, Cut-Leave: —— _——
ACP, Cut-Sell: 12.0 (4) 6.2 (1)
ACP, Cut-Leave: - _—
Sell Stumpage
Conv. Surplus
ACP, Cut-Sell: —— 5.2 (5) —_———
Future Thinnings
Market Products

(2)
(4)
(1)
(4)

Wb Wb
o o ® b

No ACP, Cut-Sell: - 5.4 (4) 4.2 (3)
No ACP, Cut-Leave: —_—— - 3.6 (5)
ACP, Cut-Sell: 10.4 (5) 6.0 (2) 4.4 (2)
ACP, Cut-Leave: —_—— —-— 3.8 (4)

aOnly those alternatives ranking 1, 2, 3, 4, or 5
in either the low, medium, or high categories are
included.
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Table 38.~~-Changes in the optimal sequence of investment
opportunities as a result of the sensitivity
analysis of periodic costs, Referral No. 2GOl.

E e s e -]
Internal rates of return and

. .a rankings (in parentheses) for
Alternative the three parameter levels.
Low Medium High
No TSI in 1962
No Future Thinning a
Market Products: - -— 4.4 (5)
Future Thinnings
Market Products: 7.0 (4) 5.2 (5) -
TSI in 1962
No Future Thinning
Market Products
No ACP, Cut-Sell: 7.0 (4) 5.8 (3) 5.0 (3)
No ACP, Cut-Leave: ——— - 4.4 (5)
ACP, Cut-Sell: 9.0 (2) 6.2 (1) 5.4 (1)
ACP, Cut-Leave: - 4.6 (4)
Sell Stumpage
Conv. Surplus
No ACP, Cut-Sell: —-—— - 4.6 (4)
ACP, Cut-Sell: -— 5.2 (5) 5.2 (2)

Future Thinnings
Market Products

No ACP, Cut-Sell: 7.6 (3) 5.4 (4) 4.4 (5)
ACP, Cut-Sell: 10.4 (1) 6.0 (2) 4.6 (4)
ACP, Cut-Leave: 5.4 (5) - ———

aOnly those alternatives ranking 1, 2, 3, 4, or 5
in either the low, medium, or high categories are
included.
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pronounced effect on the ranking of investment opportunities.
For example, the effect of a 1 percent increase in the sell-
ing price of sawtimber and a 1/2 percent increase in pulp-
wood prices, thus comparing "medium" to "high" conditions,
was to cause a complete shift in the first and second choices.
Such a reversal would mean the difference between performing
future thinnings on the property., and of not doing so. As-
suming this owner has the economic and/or physical facilities
for choosing between the two, a change of this sort would
represent a major alteration in his management policy.

If the sensitivity analysis is viewed in its entirety,
it appears that changes in the annual costs have a greater
influence than do those of any other factor. This is especi-
ally true for those alternatives which do not include future
thinnings. When intermediate cuttings, along with the neces-
sary costs, are not part of the picture, the annual expense
assumes a greater role in the overall cost structure, so that
changes in its value have a significant impact on the internal
rate of return.

Changes in the selling price assumptions have an in-
termediate effect on the IRR and the optimal sequence, whereas

fluctuations in periodic costs, and the percentage applied
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to the quality index appear to have the least influence.
Even a * 20 percent change indicated only a slight response
in many instances.

In Appendix 3, a series of tables is presented
which shows the sensitivity analysis for all factors tested
for six of the 25 referrals. Only six were selected since
most referrals exhibited very similar patterns in their
responsiveness to the sensitivity analysis. These six
encompass the extremes for each of the three factors most
highly correlated with the IRR, as determined from the
previous regression analysis. The referrals chosen, and

the basis for their inclusion, are as follows:

1l1,06--This referral had the highest hauling cost for
pulpwood--$5.17 per cord, and the third highest
actual TSI cost--$18.50 per acre. Average IRR =

4.6 percent.

2W09--This referral had the highest actual TSI cost

--$§21.70 per acre. Average IRR = 7.8 percent.

2G01--This referral supported the youngest stand of

timber in the sample, averaging 36 years of age.
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Also, it had the second highest actual TSI cost

--$18.90 per acre. Average IRR = 10.4 percent.

1B14--This referral had the lowest actual TSI cost--
$2.94 per acre, and the third lowest hauling
cost for pulpwood--$2.54 per cord. Average

IRR = 10.0 percent.

1L16--This referral had the lowest site index--50,
and supported the oldest stand of timber in
the sample, averaging 93 years of age. Average

IRR = 14.1 percent.

1M20--This referral had the highest site index--85,
and had the lowest cost for pulpwood--$2.06
per cord. Average IRR = 12.8 percent. |
Although site index was very poorly correlated with

the average IRR, it is appropriate that the two extremes be
included in the tabulation of results, since traditionally,
site index has often formed the basis for determining various
inputs and outputs in the productive processes in forest
management. The average IRR for each of the six selected re-
ferrals is the arithmetic mean of the "best" five alternatives

for each ownership.
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Additional Results

In an earlier chapter, it was mentioned that the
five-county area comprised two administrative units of the
Forestry Division, Michigan Department of Natural Resources.
These were termed Area I (Benzie, Leelanau, and Manistee
Counties), and Area II (Grand Traverse and Wexford Counties) .,
and showed certain differences between stand structural
typés. An interesting difference is noted when the stock-
ing levels before and after TSI in 1962 are compared (Table
39). It can be seen from the basal area data that, although
the initial stocking level was greater in Area II, nearly
the same amount was removed by TSI in both areas; thus,

residual stocking was also higher in Area II.

Table 39--Stocking levels by administrative area.

Administrative Basal area per acre:
Area Initial Removed in TSI Residual
Sg. Ft. Sq. Ft. Sqg. Ft.
Area I 103.2 29.9 73.3

Area II 119.6 26.4 93.2

All referrals 111.7 26.1 85.6
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The divergency between areas leads this investigator
to surmise that little or no regard was given to the desired
residual stand when marking was conducted by the Service
Forester, Apparently he was more concerned with marking a
specified amount of material, rather than marking to a pre-
determined residual level. This may have been a doubtful
silvicultural practice for some ownerships, even though it
may have created a more equitable distribution of ACP pay-
ments within the two areas. If this was the goal, then
pefhaps such a procedure was justified; however, in these
instances, the timber stand improvement and resulting ACP
cost-sharing was simply a contrivance for conveying welfare
payments.

By comparing average annual basal area growth rates
(Table 40), it can be observed that there was very little
difference between growth following TSI in 1962 and growth
without TSI. There undoubtedly was some shock effect of
- the cutting, and a delay before its influence upon growth
could be noticed. However, Area II, with the higher initial
and residual stocking levels, had the higher growth rate.
Thus, stands averaging approximately 90 square feet of basal
area per acre had greater growth than stands with 70 square

feet per acre.



141

Table 40.--Basal area growth rate with and without TSI in
the two areas, 1962-1966.

Administrative Annual basal area growth rate
Area with TSI Without TSI
in 1962 in 1962
Percent Percent
Area I 2.62 2.71
Area II 3.19 3.05
All referrals 2.92 2.89

The internal rate of return showed an inverse rela-
tionship with basal area stocking levels; the highest inter-

est rate was associated with the lowest residual basal area

(Table 41).

Table 41.--Internal rate of return comparisons by area.

Average internal rate of
Administrative return for the "best" five
Area alternatives from each

referral
Percent
Area I 9.14
Area II 8.12

All referrals 8.61
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The observations outlined in Tables 39-4]1 are
supported by the simple correlation coefficients obtained
concurrently with the regression analysis of various factors
on the average IRR. For example, the simple correlation
between basal area growth rate and the initial stocking
level was .24--indicating a weak positive relationship.

The simple correlation coefficient between average IRR and
initial basal area was -0.06--indicating almost no relation-
ship; however, it was negative, corresponding to the average
data found in Table 41. Therefore, even though marking in-
tensity essentially ignored the initial conditions and was
not geared towards a desired residual level, the differences
were minor; thus apparently the consequences are relatively

unimportant to the referral and its financial prospects.



CHAPTER IX

CONCLUSIONS AND RECOMMENDATIONS

The results of the study provide the foundations for

making the following conclusions and recommendations:

l. When the proper age has been attained, timber stand
improvement should be applied to immature overstocked
northern hardwood stands as a means of increasing

financial returns to ownership.

2. The owner should make application for ACP reimburse-
ment, which would help to offset considerably the
actual costs of TSI. If an owner received a cost-
share of nearly 80 percent of the estimated expense,
his rate of return would be increased by an amount
ranging from 1/2 to 5 percent, depending on the total

cost structure and the management alternatives followed.

3. There seems to be little evidence from this investi-
gation to support a categorical statement concern-

ing the choice between cutting and selling material

143
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from a TSI operation, or of simply deadening the
desirable trees. Each owner would have to examine
this aspect quite carefully, tempering his decision
with knowledge of market availability for the cut
material, as well as a full understanding of the
requisite costs, including relevant opportunity
costs. Based on the actual performance of the 25
sampled owners, it would appear that market avail-
ability was very limited in 1962, or knowledge of

market conditions was greatly lacking.

If an owner has intentions of continuing timber
yields from his property, to provide income for
successive generations, he should treat the undesir-
able material with silvicide, or treat the cut stumps.
This would reduce or eliminate stump sprouting, which
was quite substantial on the sampled referrals in
1966. only 4 years after the cut. Stump sprouts are
generally unsatisfactory for sawtimber production and
the vigorous sprouts compete with more desirable
seedling regeneration (Solomon and Blum, 1967). Such
concern might be unwarranted when the owner's planning

horizon is short, as it has been historically.
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Regardless of the owner's approach to initial timber
stand improvement, a series of periodic future thin-
nings will usually increase his return on the invest-
ment. A program of intensive management will yield
greater dividends than will a single extensive initial

TSI treatment.

When it becomes desirable to remove timber in inter-
mediate cuts, or when the stand reaches economic
maturity and a harvest cut is scheduled, the owner
should cut and market the sawlogs and/or pulpwood at
the mill site, rather than sell stumpage. If he
sells stumpage, as has been traditionally the case
with most small woodland owners, he will immediately
incur an opportunity cost of approximately 2 to 4
percent. However, because of predominantly absentee
ownership in this region many owners are either
poorly equipped for timber harvesting., or have goals

other than profit maximization from their properties.

In light of the sensitivity analysis and the simple

correlation coefficients between various factors, it
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appears that the most critical cost item is the
annual expense. Because of its significant effect,
which increases as the number and amount of periodic

costs decrease, the owner should strive to minimize

his annual costs. Taxes, maintenance, fire protec-

tion, and other items which accrue every year should

be reduced to their lowest practical levels.

Because periodic production costs and selling prices
are also very important, the profit-minded owner
should make a conscious effort to be cognizant of
market fluctuations, and store his timber "on-the-
stump" until the price cycle is most attractive.
Obviously, this can't be done for long periods, but
deviating several years from the proposed cutting
schedule could result in greater financial returns,
even though physical productivity may not be maxi-
mized. Also, responsiveness ﬁo market conditions
should be balanced with fluctuations in production
costs. It does the owner little good, if, when he

sells at a higher price, the costs have also risen.
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In substance, these conclusions and recommendations
are quite obvious and definite; however, many aspects of
land ownership influencing a manager's decision-making have
not been considered. It has been assumed throuéhout this
study that the woodland owner has chosen to practice some
level of forest management, when in reality many other
land-use alternatives enter the decision-making process,
In addition to economic justification, there are several
other factors which influence a forest landowner's atti-
tude towards forest management. ‘Maﬁy woodlands are owned by
absentee owners and most of these non-residents acquired
foreét land to satisfy their recreational desires, rather
than produce timber products. The land tenure for most small
woodland owners averages 10-15 years in the study area (Yoho,
1957) , and planning horizons are very short; hence, it might
be difficult to encourage forest landowners to pursue the
stated recommendations. Public assistance programs should
stimulate forest landowners to engage in stand improvement
practices; however, the widespread lack of knowledge concern-
ing the availability of these cost-sharing and similar pro-
grams almost negates their effectiveness (Yoho and James., 1958).

These factors would act as limitations on the implementation
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of the various guidelines; however, they are very difficult,
if not impossible to quantify and consequently were not

evaluated in the present study.
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APPENDIX I

Common and scientific names
of tree species (Little, 1953)
encountered in the study.



Common Name

White ash
Bigtooth aspen
Quaking aspen
American basswood
American beech
Yellow birch
Black cherry
American elm
Slippery elm
Eastern hemlock

Ironwood

Red Maple
Sugar maple

Northern red oak

TREE SPECIES

lel

Scientific Name

Fraxinus americana L.

Populus grandidentata Michx.

Populus tremuloides Michx.

Tilia americana L.

Fagus grandifolia Ehrh.

Betula alleghaniensis Britton

Prunus serotina Ehrh.

Ulmus americana L.

IIlmus rubra Muhl.

Tsuga canadensis (L.) Carr,

Ostrya virginiana (Mill.)
K. Koch

Acer rubrum L.

Acer saccharum Marsh.

Quercus rubra L.




APPENDIX II

Distance from Referral to Millsite
by Road Surface Type for Each of
the 25 Referrals.



Table A--Distance from Referral to the Nearest Sawmill
by Road Surface Type.

Distance to nearest mill on:

Referral
'No. Woods  Secondary Main Highway  Total
Roads Roads Roads
—————————— Miles = = = = = = = = = - -
2G01 1.00 0.50 6.00 6.00 13.50
2G02 0.25 1.00 6.00 -——— 7.25
2G03 0.50 ———— 5.50 ———— 6.00
1L04 —-_——— 0.50 5.50 1.00 7.00
1L0S —-——— 2.25 3.50 —_——— 5.75
11.06 0.50 ———— 2.25 ———— 2.75
2W07 0.25 1.50 0.50 2.50 4.75
2G08 ———— 1.50 3.25 ———— 4.75
2W09 0.50 2.00 0.75 —_—— 3.25
2G10 0.75 0.25 5.00 ——— 6.00
2Wll 0.50 —-—— 2.25 4.50 7.25
1L12 0.75 1.00 10.25 3.25 15.25
1L13 -—— 0.50 - 2.00 2.50
1Bl4 - 2.25 -_——— - 2.25
2G15 ——— 2.25 6.00 5.50 13.75
1L16 ——— 0.50 5.50 1.00 7.00
2W17 0.25 0.50 2.50 1.25 4.50
2W18 0.75 0.25 2.50 1.25 4.75
1M19 0.50 0.50 5.25 ——— 6.25
1M20 0.75 0.50 6.75 ———— 8.00
1IM21 0.50 ———— 6.50 ——— 7.00
2G22 0.25 —_——— 8.50 —_———— 8.75
2W23 0.75 3.25 ———— 9.00 13.00
1M24 : 0.75 1.50 8.75 —_——— 11.00
1L25 0.50 0.75 3.50 3.25 8.00
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Table B.~--Distance from Referral to the Pulp and Paper Mill
in Filer City, Michigan; by Road Surface Type.

Distance to the Papermill on:

Referral
No. Woods Secondary Main Highway  Total
Roads Roads Roads
---------- Miles - - = = = = = = - - -~
2G01 1.00 0.50 1.00 64.50 67.00
2G02 0.25 1.00 ———— 57 .50 58.75
2G03 0.50 ———— 1.50 58.50 60.50
1L04 ——— 0.50 9.75 51.00 61.25
11.05 ———— 1.75 14.25 51.00  67.00
1106 0.50 ———— 22.25 51.00 73.75
2W07 0.25 ———— ee——— 47.75 48.00
2G08 - 0.75 10.75 54.00 65.50
2W09. 0.50 ——— 4.75 50.00 55.25
2Gl0 0.75 0.25 2.00 59.50 62.50
2W1ll 0.50 ——— ———— 48.75 49.25
1L12 0.75 ———— ———— 79.50 80.25
1L13 ———— ———— 7.25 53.00 60.25
1B14 ——— 0.75 2.25 35.00 38.00
2G15 ~——— 0.75 1.75 52.50 55.00
1L16 -———— 0.50 9.75 51.00 61.25
2W17 0.25 0.50 2.50 35.50 38.75
2W18 0.75 0.25 2.50 35.50 39.00
1M19 0.50 0.50 3.25 29.00 33.25
1M20 0.75 4.00 ———— 15.50 20.25
1M21 0.50 ——— 18.25 16.50 35.25
2G22 0.25 —_—— 11.00 54.00 65.25
2w23 0.75 4.00 ———— 45.00 49.75
1M24 0.75 1.50 20.75 16.50 39.50
1L25 0.50 3.50 9.75 51.00 64.75
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.Tables
Tables
Tables
Tables
Tables
Tables

Tables

Internal

APPENDIX III

Rates of Return Resulting From the

Sensitivity Analysis, for the Six Selected

Referrals:

A - F -- Sensitivity Analysis of the Selling Price
Assumption.

G - L -- Sensitivity Analysis of the Annual Cost
Assumption.

M - R -- Sensitivity Analysis of the Periodic Cost
Assumptions.

S - X -- Sensitivity Analysis Resulting From a 5
Percent change in the Quality Index.

Y - DD -~ Sensitivity Analysis Resulting From a 10
Percent Change in the Quality Index.

EE - JJ-- Sensitivity Analysis Resulting From a 15
Percent Change in the Quality Index.

KK - PP-- Sensitivity Analysis Resulting From a 20

(A--This

Percent Change in the Quality Index.

entry in the following tables indicates

those values which were impossible to obtain

through

iteration in the computer program. This

was caused by either multiple or imaginary roots
to the cost-revenue polynomial.)

165



TABLE A.

N
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(2)
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181 IN 1962
LAY NO
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"B, CONV, SURPLUS

3L, T8
tAy NO
RS

IN 1962

FUTURE THINNING
MARKEY PRODUCYS
A=ND ACP, CUT=SELL

- BeND ACP, CUTeLEAVE

ey
A, AVE, PRICE

B, CONV. SUR'LUS
. BYTeSELL
BUTeLEAVE

CeACP, UU?-BELL
'ACP. Uy LEAVE
SELL STUM AGE

{aND ACP,

REFERRAL NO, 1L0e,
_ANALYS1S OF TME SELLING PRICE
ASSUMPTION

F RETY

BUYSELL

2eNO ACP, BUTeLEAVE

S«ACP, CUTwSELL
4uACP, CUTelLEAVE

. 4=NO QQP{
2=NQ ACP,
I=ACP, GUT-SELL
4nACP, CUTeLEAVE

(8) PUTURE THINNINGS

(L)

MARKET PRODUCYS

. A=ND ACP, QUTeSELL

BaNO ACP, CUTelLEAVE

CeACP, CUT#BELL

()

D-AOP. CUTeLEAVE
SELL STUMPAGE
A, AVE, PR[CE
m.l-NQ ACP,

SUTeBELL

2«NO ACP, OBUT=LEAVE

SeACP, CUTsBELL
4aACP, CUTeLEAVE
B, CONy, SURPLUS

1aNO ACP, CGUTsSELL
 29NQ ACPbYGUY-LEAVE

S=aCP, CUTeSELL
4aACP, CUTsLEAVE

. 166

SENS!?!V!TV
VALUES ARE INTERNAL

RN FOR EACH OPTION,
LOW MEDIUM
0,2 3,2
0,2 0,2
0,2 2,2
1,6 5.2
1,8 3,2
042 4,2
0,2 3,4
0.4 A
042 4,4
0,2 0,2
0,2 0.2
0,2 0,8
0s2 042
1,6 3,2
1.0 2.‘
4,0 A
1,6 3,2
2,2 5,2
1,6 4,4
3.6 A
2,4 5,6
0,2 1,4
02 0,6
0 A
052 1,4
2,0 3,6
1,4 2,8
A A
2,2 3,6
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TABLE B. REFERRAL NO, 2W09, SENSITIVITY
o  ANALYS]S OF THE SELLING PRICE
ASSUMPTION, VALUES ARE INTERNAL
RATES OF RETURN FOR EACH OPT]ON,

O g R S TR R SR RN TPt

LOW Mep 1UM W]GH

I, NO TSI IN 1962
o SA) ND FUTURE THINNING
(1) MARKET PRODUCTS 0
(2) SBLL STUMPAGE
A, AVE, PRICE 0
8, GONV. SURPLYS 1
(B) FUTURE TMINNINGS
e $4) MARKET _PRODUCYS 3
(2) SELL STUMPAGE
A, AVE, PRICE 0,
B, CONV, SURPLUS 1,
11, TS81 IN 1962
(A) NO FUTURE THINNING
..(3) _MARKEY PRODUCTS «
A=NO ACP, CUTeSELL
_BaNO ACP, CuTeLEAVE
CeACP, CUT»SELL
~ D=ACP, CUTeLEAVE
(2) S!LL STUMPAGE
Ay AVE, PRICE ,
1aNO ACP, CUT®SELL
2eND ACP, SVUTSLEAVE
SwACPs CUTeSELL.
 4eACP, CUTeLEAVE
8, CONV, SURPLUS
__4wND _ACP, BYTeSELL
N0 ACH, BUYSLEAVE
 3eACP, GUT-SELL
&.Acw. CUTeLEAVE
(B) FUTURE TWINNINGS -
(1) MARKEY PRODUCTS
~ AaNO' ACP, CUTwSELL
DaND ACi. TUY=LEAVE
~ CeACP, CUTwBELL
’ D.Acp. CUT=LEAVE:
(2) SELL STUMPAGE
- A, AVE, PRICE
1.~o ACP, EUTeSELL
 BaNO ALK, BUTELEAVE
3eACP, CUT-GELL
. 4wACP, CUTeLEAVE
8, CONV, SURPLUS
{eNO Ac!’ BUT*SELL
2«NO ACP’ BUT=LEAVE
R Y 1+ GUT-SELL '
4.‘0’. CUT.LE‘VE
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 TABLE C.

ASSUMPT I ON

1, NO TSI IN 1962

. SA) NQ.

(1)
(2)

FUTURE THINNING
MARKET PRODUCTS
"SELL. STUMPAGE

A, AVE, PRJCE

B, CONV, SURPLUS

(B) FUTURE THINNINGS

(
)

_MARKET PRODUCYS
SBLL STYUMPAGE

A, AVE, PRICE

B, conv. SURPLUS

11, T8
(A) NO
YN

IN 3962

FUTURE THINNING
MARKET PRODUCTS
A=NO ACP, CUTeSELL

 BsND ACP, CUTs|EAVE

“y

C-ACP, CUTeSELL
DeACP, CUTw|EAVE
SELL STUMPAGE

Ao AVE, PRICE

1’"0 ‘cpp BUY'SELL
2«NO ACP, BUT»LEAVE
SeACP, CUT»SELL

 4wACPs CUTeLEAVE

B, CONV, suanus

_1eNQ ACP, BYTeSELL
24N0 Acr. BUTeLEAVE
JeACP, CUTeSELL
4-Acr. CUTe | EAVE

(B) PUTURE THINNINGS

(1)

(2)

MARKET PRODUCYS

AsNO ACP, gur-SELL

BeNO ACP, CUTeLEAVE
CeACP, CUTeSELL

SELL STUMPAGE

A, AVE, PR]CE

””Ht.no ACP, EUTeSELL
2«NO ACP EUTeLEAVE
dahCP, CUTsLEAVE

B, CONy, suRPLUS
1«NO ACP, BUTSSELL
2eNO ACP BUTeLEAVE
3eACP, OUT-SELL
4aACP, CUTwLEAVE

REFERRAL NO, 2G1p,
ANALYS] S °F THE QELL!NG

SENSJTIVITY
RICE.

" VALUBS ARE INTERNAL'
_RATES OF RETURN FOR EACH OPTION,

LOW MeDIUM
0,2 2,0
0,2 0,2
0,2 0,2
0,4 4 4
0,2 0,2
0,2 0,2
0,2 2,2
0,2 5,2
0,2 2,6

0,2 0,2
0.2 0.2
0¢2 0.2
0,2 O.Z

0,2 0,2
0¢2 042
0,2 0.‘
0,2 0,2
1.4 5.0
pe bk
2,2 33,4
1,0 4,2
0,2 0,2
0.2 0,2
042 042
0,2 0,2
0,2 1,0
042 0,8
0,2 1,6
042 1,0
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 TABLE D.

REFERRAL NO,

1814,

e

SENSITIVITY

~ ANALYSIS OF THE SELLING PRICE

AssunPTxou
RATES O

-1y NO TSI IN 1962

LAY ND

(1)
(2)

FUTURE THINNING

MARKET PRODUCYS
SELL' STUMPAGE
A, AVE, PRICE
B, CONV, SURPLUS

(8) FUTURE THINNINGS

LAL)
ey

8]
i’ NO.
)

()

MARKET PRODUCTS
SELL STUMPAGE
A, AVE, PRICE

B, CONVQ SUrpL VS

N 1962
FUTURE THINNING
MARKET PRODUCTS

“AeNO ACP, CUTeSELL

BeNO ACP, CUTmLEAVE
CaACP, CUTeSELL
D.‘CP. CUY.LE‘VE

SELL STUMPAGE
A, AVE, PRICE

1.~o AEF. BUTSSELL
§.~o ACP, BUTw=LEAVE
«ACP, cuvusELL
4aACP, CUTeLEAVE
B, CONV, SURPLUS

1eNQ ACP, BUT»SELL
AaNO Acr. ‘BUYeLEAVE
S«ACP, CUTwSELL
Q.ACP CUT-LE‘VE

(8) PUTURE THINNINGS

(1)

()

QBINﬁ ‘cp‘

MARKET PRODUCYS
AeNO ACP, CUTeSELL
UT-L&‘VE
CeACP, CUT=BELL
D-ACP. CUt=LEAVE
SELL STUMPAGE
A, AVE, PRICE
ft-uo Acn, CUT=SELL
- 2«aNO ACP, BUYeLEAVE
SeACP, CUT-SELL
4eACP, CUTeLEAVE
8, CONyY, OURPLU!
1«NO ACP, CUTeSELL
2«NO AOP BUTeLEAVE
3aACP, CUTSELL
4eACP, CUTeLEAVE

RETY

VALUES ARE INTERNAL

RN FOR EACH OPT]ON,

LOW MEDIUM
3,0 s
4,0 2,4
6,4 5,0
10,4 7,8
5,4 4,0
746 6,4
5,8 - 8,8
4,2 6,8
5,8 8,8
4,2 6,8
3,6 5,2
342 4,6
3,6 5.2
3,2 4.6
6,4 7,6
5,6 6,8
6,4 7,6
5,6 6,8
9,8 12,6
7.2 9,4
9,8 12,6
7.2 9,4
4,6 6,0
4,0 5,4
4,6 6,0
4,0 5,4
7,2 8,6
6,2 7,4

7' 8's
6,2 7,4
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TABLE E.

2170

ASSUMPTIDN
RaTE§ 0

I, NO TSI IN 1962

e LAY NQ

(1)
NES

FUTURE THINNING =

MARKEY PRODUCYTS

SELL STUMPAGE
A, AVE, PR]CE

8, QQNV. SURPLYS

' (B) PUTURE THINNINGS
(ll MARKEY. PRODUCTS

(2

11, T8
(A) NO
5§ I

SILL STUMPAGE

A, AVE, PRICE

B, CONV, SURPLUS
IN 1962

FUTURE THINNING
MARKET PROQUCTS
AsNO ACP, CUTeSELL

BaNO ACP, CUTsLEAVE

CeACP, CuT»SELL

_ D=ACP, CUT=LEAVE

(2)

SELL STUMPAQE

A AYE, PRICE

1-N0 ACP, GUT=SELL
~ 2aNQ Acp BYTeLEAVE

3«ACP, GUT-SELL

deACP, CUTeLEAVE

B, CONV, SURPLUS

_$«NQ ACP, CUTeSBEL|
24NQ ACP. ur-LEAVE

 3eACP, CUTe#SELL
4wACP, CUTeLEAVE

(B) PUTURE THINNINGS

(1)

(2)

MARKEY PRODUCTS

. AsND ACP, CUTeSELL

BeNO ACP, CUTeLEAVE
CeACP, CUT=SELL
D.ACF; CUT.LE‘VE
SELL SYUMPAGE
A, AVE, PR]ICE
.1-N0 ACP, BYTeSELL
2«NQ ACP, BUTsLEAVE
JeACP, OUT-S!LL
4.Acp. CUTeLEAVE
B, CONV, SURPLUS
1«ND ACP, GUTeSELL
~ 2=NQ ACP BUTeLEAVE
SeACP, OUT-S!LL
4nACP, CUTelEAVE

REFRRRAL NO, 1L1e,
_ ANALYSIS OF THE .SELLING PRICE

"RETYRN

SENSITIV]TY
vaLuss ARE !NTERNAL

FOR_EACH OPTION,
LOW MepluM
5,0 10,2
4,4 6,4
8,4 10,2
12,2 19,4
8.6 10'2
12l° 13“
8,8 11,2
Qab 11.‘
8,8 11,2
8:6 11:4
9.4 14
5,4 ”
9,4 11,4
5.4 7.0
,;olz 113
9.0 10.‘
,10l2 11.8
9,0 10,4
wlllz 13;2
110‘ 13.’
11,2 13,2
11,4 13,8
12,4 14,4
7,6 9,0
12,4 14,4
7,6 9,0
12.% 13,2
310 12,
1g:2 13:6
10,8 12,2

WiGH

43,2

8,0
11,4
17,6

11,6
14,8
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TABLE P, REFERRAL NO, 31M2p, SENSITIV]TYY
o ANALYSIS OF THE SELLING PRICE
ASSUMPTION, VALUES ARE [NTERNAL

RATES OF RETURN FOR EACH OPTJON,

LOW MEDIUM HIGH

I, NO TSI IN 1962
(A) NO FUTURE THINNING
({) MARKET PRODUCYS
(2) SELL STUMPAGE
A, AVE, PRICE
... B, CONY, SURPLUS
(B) PUTURE THINNINGS
(1) MARKEY PRODUCTS
(2) SELL STUMMAGE
.. A, AVE, PRICE
B8, CONY, SURPLUS
11, 781 IN 1962
tA) NO FUTURE THINNING
A1) MARKET PRODUCTS
A«NO ACP, CUTsSELL
- BeNO ACP, CUTs|EAVE
CeACP, CUT=SELL
. DmACP, CUT=LEAVE
(2) SELL STUMPAGE
A, AVE, PRICE
{aNO AGP, BUTSSELL
2eNQ ACP, EYTeLEAVE
SeACP, CUTeSELL
4sACP, CUTe|EAVE
B, CONy, SURPLUS
e 1aNO ACP, GUTeSELL
o ey P UV S LEAVE
S«ACP, CUTeSELL
aehCp, CUTeLEAVE
(B) FUTURE THINNINGS
(1) MARKET PRODUC?®S
oo AuND ACP, CUT®SELL
BeNO ACP, CUYeLEAVE
~ CeACP, CUTeSELL
DeACP, CUT=LEAVE
(2) SELL STUMPAGE
A, AVE, PR[CE
1eNO ACP, BUTWBELL
HeNO ACP, BUTSLEAVE
daACP, CUTsLEAVE
B, CONV, SURPLUS |
1eNO AGP, BUYSBELL
~2«NO ACP, BUTe=LEAVE
--3ThOR, CUTSBELL.
4aACP, CuTe|BAVE
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ASSUMPT | ON

1, NO TS] IN 1962
e S AL NO FUTURE THINNING

(1) MARKEY PRODUCTS
(2) SELL: STUMPAGE.

A, AVE, PRICE

B, CONV. SURPLYS

'caa FUTURE TWINNINGS

441 _MARKET PRODUCYS
(2) SEL STUMPAGE

A, AVE, PRICE

B, cowv. SURPLVS

1. 781 lN 1962

(A) NO FUTURE THINNING

L4

MARKET PRODUCTS
AeNO ACP, CUTeSELL
BeNO ACP, CUT®LEAVE
CeACP, CUT=BELL
DeACP, CUTeLEAVE

- (2) SBLL STUMPAGE
A, AVE, PR]CE

1-~o AGP, BUTSSELL
2=NO AQP, CUT=LEAVE
SeACPs CUTwSELL
 4eACP, CUTeLEAVE
B, CONV, SURPLUS
.1=NQ ACP, BUT-SEL |
3wACP, CUTeSEBLL
4aACP, CUTeBAVE

(8) FPUTURE THINNINGS

(1)

(2)

MARKET PRODUCYS

AsNO ACP, CUTeSELL

BeNO ACP, CUTeEAVE
CeACP, CUTWSELL
D-AcP, CUPelEAVE
SELL STUMPAGE

A, AVE, PRICE

teNO gn BUTeSELL
2«NO ACP, GUT=LEAV E
3eACP, CUTeSELL
A.Acp, CUTeLEAVE

B, CONV, SURPLUS
LeNO ACP, BUTeSELL
2«NQ AGP, BUTwLEAVE
S-lC’o CUT-G!LL
4aACP, CUTeLEAVE

REFERRAL NO, iL06,
_ANALYSIS OF THE ANNUAL €OST

VALUES ARE !NTERNAL

_ RATE§ OF RETURN FOR EAGH OPTION,

LOW

'“16;2w S

13,2

16,0
10,8

»

SENSITIVITY

MEDTUM

Atsa Ope O OO O o0 e
o e

e OO0 O

HIGH
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" TABLE H.,  REFERRAL NO, 2Wo9, SENSITIV]TY
R _ ANALYSES OF THME ANNUAL COST

AssunrrzON VALUES ARE [NTERNAL

_RATES OF RETURN FOR EACH OPTION,

T, N0 TSI IN 1962
(A) NOQ FUTURE THINNING

(1) MARKET PRODUCYS
.(2) SELL STUMPAGE
A, AVE, PRJCE
By CONv, SURPLYS
(B) FUTURE THINNINGS
(1) MARKEY PRODUCYS
(2) SELL STUMPAGE
A, AVE, PR]CE
B, co~v- SURPLUS
11, TSI IN 1962
(AY NO FUTURE THINNING
(1) MARKET PRODUCTS
T AmNGTAEE, CUYSSELL
BaNO ACP, CUT#lEAVE
CQACP CUT=8ELL
B U,D.ACP. CUTnLEAVE
(2) SELL STUMRAGE
A, AVE, PRICE
' i.~o AP, CUT=SELL
2aNQ AP, BUT=LEAVE
JeACP, CUT-SELL
v”,"‘cpf CUT.LEAVE
B, CONV, SURPLUS
1eNO ACP, BUTeSELL

“3aNO ACH, EQT=LEAVE

3«ACP, CUT-SELL
‘Q‘CP. CUT-LE VE
(B) FUTURE YMINNINGS
(1) MARKEY PRODUCYS
memwhw“No ACP, CUT-SELL
BaNDO Acp, TUTsLEAVE
D-ACP. CUYe EAVE
(2>MSELL STUMPAGE
lvE PRICE
" 1aNQ ACP, EBUTRSELL
T 3wNO ACP, TUTE_ EAVE
S»ACP, CUT'SELL
4nACP, CUT-LE!VE
B, CONV, SURPLUS
1aNO ACP, BUT®SELL
2«NQ ACP, BUTSLEAVE
3 AUP, CUTSELL
G-ACP. CUT-LEAVE

LOW

T
15,2

17,6

14,8
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SENSITIV]TY

" YABLE T.  REFERRAL NO, 2Gig,
T Tt ANALYSTS OF 'THE aANNUAL cOST

S, NG TS

ASSUMPTION, VALUES ARE [NTERNAL

_RATES OF RET

I IN 1962

. $A) NQ FUTURE THINNING

(1)
L)

By FUT
SRR ¥ %

(2)
L, T81

(A) NO
NSRS & » B8

STT

MARKEY PRODUCYS
SELL' STUMPAGE
A, AVE, PRICE
B, CONY, SURPLUYS
URE THINNINGS

MARKEY PRODUCTS
SELL' STUMPAGE

. Ay _AVE, PRICE

B, CONY, SURPLUS

IN 1962
FUTURE THINNING
MARKEY PRODUCTS
AuNO ACP, CUT#SELL
BeNO ACP, CUTsLEAVE
CeACP, CUTSSELL
DeACP, CUYLEAVE
SELL STUMPAGE

A, AVE, PRICE

1=NQ ACP, BUY=SELL
2aNQ ACP, GUTeLEAVE
3eACP, CUTwSELL.
42ACP, CUTwLEAVE

'8, CONV, SURPLUS

(B) FUY
(1)

. 1aNQ ACP, CUT=BELL
2.NO ACP, CUT*LEAVE
S«ACP, CUTWSELL
4sACP, CUTwLEAVE

URE THINNINGS
MARKET PRODUCTS

Mwﬁaﬂgmﬂggtwggllgskkm
BaNO ACP, CUT-;EAVE

Y2

CaACP, CUTYwSBELL
DeACP, CUTSLEAVE:
SELL STUMPAGE
A, AVE, PRICE

- 1aNQ ACP, CUTeSELL
2+N0 ACP, GUTwLEAVE
3eACP, CUTeSELL:
¢=ACP, CUT»LEAVE
CONY, SURPLUYS

LaNO ACP, BUTSSELL
2eNQ ACP, BUT=LEAVE
JadCP, CUTeSELL
4eACP, CUTeLEAVE

RN FOR EACH OPTION,

LOW MEDTUM
10,8 0,2
11,2 0,2
16,4 4,4
A 0,2
5,2 0,2
9,2 3,0
3.8 2,2
A 5,2
5,6 2,6
A 0,2
1,6 0,2
A 0,2
3,4 0,2

5,2 0,2
2,4 0,2
A 0.4
4,2 0,2
11,0 5,0
5,2 3 4
A 33,4
8,2 4,2
A 0,2
2,4 0,2
A 0,2
5,2 0,2
48 1,0
2,6 0,8
A 1,6
. 4,2 1,0
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-
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TABLE J.

REFERRAL NO,

475

1814, SENSITIVITY

ANALYSIS OF THE ANNUAL cosY

Assunn!lo
 RATES OF

1, NO TS] IN 1962

LAY NO

FUTURE THINNING

Ty WARKEY PRODUCYS

()

SELL' STUMPAGE
A, AVE, PRICE
B, CONY, SURPLUS

(8) fUTURE TH(NN!NGS

(L)

MARKET PRODUCTS

(2)

SELL STUWPAGE
A, AVE, PRICE

8, EONV. SURPLUYS

l!. TS].
(AY NO
H

IN 1962

FUYURE THINNING
MARKEY PRODUGCTS
AaNO ACP, TUYSELL
B«NO ACP, CUTsLEAVE

" CeACP, CUTRSELL

D'ACP CUT'LEAVE

) SELL STUMPAGE
A, AVE, PRICE

“LaND AW, EUTSBELL
§.No ACP, BYTeLEAVE
wACP, CUTeSELL

B 4-Acw. CUTeLEAVE

B, CONYV, SURPLUS
1«NQ ACP, CUTeSELL

- ACP, WUTeLEAVE

3«ACP, CUT#SELL
4eACP, CUTeLEAVE

¢B) FUTURE THINNINGS

()

(2)

T 2eNO LN,

MARKET PRODUCYS
AaNO ACP, CUTWSELL

CeACP, CUT»BELL

"DeACP, CUYwLEAVE

SELL STUMPAGE
AVE, PRICE
1-NO AC’L CUTeSELL
SaACP, CUTOSELL
4=ACP, CUTILE‘VE

8, CONV. SURPLUS

~ 4LwND ACH, BUT=SELL

2eN0 ACP, CUTLEAVE

4WACPO CUT'LE‘VE

RETU

BUTSLEAVE

VALUES ARE INTERNAL

RN _FOR EACH OPT|ON,
- WOW MED IUM
23,0'\ 7,0
20,6 4,0
22,6‘ 6,4
29,8 10,4
A 5,4
A 7,6
22,0 8,8
10,4 6,8
22,0 8,8
1044 6,8
e 5,2
8,6 4,6
A 5,2
8,6 4,Q
A 748
10,2 6,8
A 7,6
10,2 6,8
22,6 12,6
is's o'
22,6 12,6
13,8 9,4
A 6,0
9,8 5,4
A 6,0
9,8 5,4
A 8,6
11,4 7.4
“mi. “a:‘_
11, 7.‘
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ASSUMPTION,

l, NO TSI IN 1962
tAY NO FUTURE THINNING
(1) MARKEY PRODUCTS
. 42) SELL STUMPAGE
A, AVE, PRICE
.. .. B, CONY, 9URPLUS
(BY PUTURE THINNINGS
o $1) MARKET PRODUCYS
(2) SELL' STUMPAGE
_ A, AVE, PRICE
B, CONY, SURPLUS
11, T81 IN 1962
tA) NO FUTURE THINNJNG
(L) MARKET PRODUCYS =
A=NO ACP, CUT#SELL
BeNO ACP, CUTeLEAVE
CeACP, CUTeSBELL
) _A.QnAQPJMGUT!LEAVE
(2) SELL SYUMPAGE
Ay AVE, PRICE =
1eNO ACP, BUTeSELL
2eNQ ACP, BUTeLEAVE
SeACP, CUTeSELL
4aACP, CUTe|EAVE
B, CONV, SURPLUS
_1=NQ ACP, BUTeSELL

ZeNG AGP. BUTSLEAVE

SeACP, GUTeSELL
4»ACP, CUTe#LEAVE
(B) FUTURE TWINNINGS
(1) MARKEY PRODUCYS
.. AaNO _ACP, CUTwSELL
BwND ACP, CUTsLEAVE
CeACP, CYTeSELL
SELL STUMPAGE
A, AVE, PR]CE roSELL
1aNO ACP, BYTeSELL
2.ND ACP, BUT=LEAVE
3=ACP, CUTsSELL
4aACP, CUTe[EAVE
B, CONY, SURPLUS
1«NO ACP, BUTeBELL
2eNQ _ACP, BUTSLEAVE
A4nACP, CUTeLEAVE

)

REFERRAL NO, 3L16,
~ ANALYSIS OF THE ANNUAL COST

SENSITIVITY
VALUES ARE INTERNAL.

_RATES OF RETURN FOR EACH OPTION.. .

LOW MepluM
b
A 6,4
A 10,2
28,0 15,4
A 10,2
37,8 13,4
13,8 11,2
15,2 11,4
13,8 11,2
15,2 11,4
A 11,4
11,8 7.0
A 11,4
14,8 740
14,6 10,
18,2 11,8
14,6 10,4
35,2 13,2
172 138
15,2 13,2
17,2 13,8
A 14,4
13,4 9.0
A 14,4
1344 9,0
19,6 13,6
16,0 12,2
196 13,6
16,0 12,2
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TABLE L. REFERRAL NO, 1iM2g9, SENSITIVITY

o ~ ANALYSIS OF THE ANNUAL CQSY
ASSUMPTION, "VALUES ARE INTERNAL

__RATES QF RETYRN FOR EACH OPTION,

LOW MEDIUM M]GH
I, NO TSI IN 1962
e SAY ND FUTURE THINNING e o
(1) MARKET PRODUCTS 17,4 5,2 3,8
. t2) SELL' STUMPAGE
A, AVE, PRICE 15,2 2,2 0,2
o .......B, CONY, SURPLYS 17,0 4,4 2,8
(B) FUTURE THWINNINGS
(1) MARKET PRODUCYS 31,0 10,0 6,8
(2) SELL STUMPAGE
A, AVE, PRICE A 4,8 2,8
B, CONV, SURPLUS A 5,4 3,2
i1, T8 IN t962
(A) NO FUTURE THINN]NG
.o48) MARKEY PRODUCYS 00 . ,
A=ND ACP, CUTWSELL 27,6 18,8 5,6
BeNO ACP, OUTeLEAVE 7,8 5,4 44
CeACP, CUTwSELL 27,6 18,8 5,6
B D"CPQCUT"LE‘VE 7,8 5,4 4!‘
(2) SELL STUMPAGE ‘
A, AVE, PRICE .
{=NO ACP, BUYwSELL 'y 3,2 1,0
 2aNO ACP, BUTeLEAVE 5,6 2,6 0,8
SeACP, CUTsSELL A 3,2 1,0
_ 4aACP, CUTeLEAVE 5,6 2,6 0,8
B, CONvV, SURPLUS
... AeNQ ACP, BUTWBELL A 6,2 40
e g ORGP GUTSLEAVE 7o HH s
3«ACP, CUTwSELL A 6,2 4,0
4=ACP, CUTwlLEAVE 7,0 4,6 344
(B) FUTURE TWINNINGS
(1) MARKEY PRODUC?S
. AeND ACP, CUTeSELL 27,8 21,0 14,2
BeNO ACP, CUTeLERVE 12,4 8,0 5,8
CeACP, CUT~SELL 27,8 21,0 14,2
 DeACP, CUYWLEAVE 12,4 8,0 3,8
(2) SELL STUMPAGE
| ACRVE UPRICE
1eNO ACP, EUTeSELL A 3,2 0,2
3NG-ACPLBUTSLEAVE 6,8 e o'z
SeACP, CUTwSELL: A 3,2 0,2
4aACP, CUTelEAVE 6,8 2,4 0,2
B, CONV, SURPLUS
{~NO ACP, BUTeSELL A A 3,6
2«NO ACP, BUTeLEAVE 8,6 46 2,8
3LKCP. COTSBELL k- 17 3's
4-ACP, CUTeLEAVE 8,6 4,6 2,8
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TYABLE M. REFERRAL NO, 1L06, SENSITIVITY
. ANALYS]S UF THE PER]ODJC €OSY

ASSUMPTION, VALUES ARE [NTERNAL

. RATES OF RETURN FOR EACH OPTION,

I'v NO YS1 IN 1962
CA) NO FUTURE THINNING

(1) MARKET PRODUCYS
$2) SELL STUMPAGE
A, AVE, PRICE
) B, co~v. SURPLUS
(8) FUTURE THINNINGS
(42 MARKET PRODUCTS
(2) SELL STUMPAGE
A, AVE, PRICE
8, co~v. SURPLUS
11, TSI IN 1962
tA) NO FUTURE THINNING
(1) MARKET PRODUCTS
AsNO ACP, CUTw@SELL
BeNO ACP, CUTw| EAVE
c.acr, CUT#BELL
. DeACP, CUT=LEAVE
(2) SELL srunnaas
A, _AVE, PRICE
1=NO ACP, BUT»SELL
2«NO ACP, QUT-LEAVE
3eACP, CUT®SELL
~ 4aACP, CUTeLEAVE
B, CONV, SURPLUS
...3=N0 AGP, CUT=SBEL|
2-NO ACP, CUTeLEAVE
3=ACP, CUTeSELL
4. ACP, CUTwLEAVE
(B) PUTURE THINNINgS
(1) MARKET PRODUCYS
AsND AQPa GUYUSELL
BaNO ACP, CUTeLEAVE
CeACP, CUT#BE|L
DeACP, CUTeLEAVE
(2) SELL STUMPAGE
A, AVE, PRICE
. _1-No ACP, BUTeSELL.
2~NO Acn BUTSLEAVE
SeACP, CUTQSELL
4aACP, CUTe|EAVE
1«NO ACP, CUT®BELL.
~ 2aND ACP BUT»LEAVE
3aACP, cur-SELL
4nACP, CUTw(EAVE
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TABLE X. REFERRAL NO, 2W09, SENSITIVITY
| ~ ANALYS]S UF THE Pénxoo;c cos‘

ASSUMPTION,

I, NO YS] IN 962
_CAY _NO FUTURE THINNING
(1) MARKE? PRODUCYS
(2) SELL STUMPAGE
A, AVE, PRICE
. B, CONY. SURPLUS
(B) FUTURE THINNINGS
(1) MARKEY PRODUCYS
" (2) SELL STUMPAGE
A, AVE, PRICE
8, co~v. SURPLUS
11, TSI IN 1962
(A) NO FUTURE THINNING
_ (1) MARKEY PRODUCTS
‘AeNO ACP, CUT#SELL
BeNO ACP, CUTelEAVE
CnAGP, CUT#SELL
_— . D"c?a CUT»LEAVE
(2) SELL STUMPAGE
A, AVE, PR]CE
TrLaNg AEP, GUTY=SELL
~ 2eND ACP, BUTwLEAVE
- 3aACP, CUYUSELL
~ 4aACP, CUTeLEAVE
B, CONV, SURPLUS
~ 1eNO ACP, BUT*SELL

‘2=NO lCP BUTsLEAVE

S-ACP. CUTQSELL
4nACP, CUTw|EAVE
(B) PUTURE THINNINGS
(L) MARKET PRODUCTS
_A=NO ACP, CUTeSELL
- BeND ACP, CUTeEAVE
CeACP, CUT=BELL
DeACP, CUTeLEAVE
(2) SELL STUMPAGE
A, AVE, PRICE
1-~o ACP, BUTwSELL

2aNO ACP, TYTPLEAVE

3mACP, CUTeSELL
4eACP, CUTelLEAVE

B, CONV, SURPLUS
{eNO ACP, BUT#SBELL

2#NQ ACPb CUT=LEAVE
¥ A

"SaACP, CUYeSELL
4=ACP, CUTwLEAVE

VALUES ARE [NTERNAL

 RATES OF RETuRN FOR EACH OPT]ON,

LOW MED UM
PRE a4
0,2 0,2
3,6 3,6
14,2 7,8
1,6 1,4
3,0 2,8
6,4 6,2
540 4,8
6,4 6,2
6,8 6,6
2.4 a4
1,6 1,4
2,4 2,4
5,2 5,0
e 3's
5,2 5,0
5,4 5,4
14,4 8,4
7,4 5,8
14,4 8,4
20,4 9,8
2,6 2,4
1.‘ » 1'2
2,6 2,4
3,0 2,8
3,6 3,6
2,8 2,6
3'e 3's
3,8 3,8
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REFERRAL NO,
ANALYSES OF 7
ASSUMPT 10N
RATES OF RETY

I, NO TSI IN 1962
... tAY NO FUTURE THINNING

(L)
()

(B)
R ¥ 5
(2)

i1, 781
tAY NO
SRR 3 I

MARKEY PRODUCYS
SELL STUMPAGE
A, AVE, PRICE

. .B, CONY, SURPLUS
FUTURE THWINNINGS
MARKEY PRODUCTS

SELL STUMPAGE

A, AVE, PRICE

B, CONY, SURPLUS
IN 1962

FUTURE THINNING
MARKEY PRODUGYS
A=NO ACP, CUT#SELL

_BaNO ACP, CUTe|EAVE

CeACP, CUTSELL

DeACP, CUT=LEAVE

(2)

SELL SYUMPAGE

. Ao AVE, PRICE

1eNO ACP, CUTwSELL
2«NQ ACP, CUT~LEAVE
SQAC’o GUTaSELL
4= ACP, CUT'&EQVg
B, CONV, SURPLUS
_1=NQ ACP, CUTeBELL
2-NQ ACP, CUT=LEAVE
SWAGPO,GUTPSEEE

(B) FUTURE THINNINGS

(1)

()

MARKET PRODUCYS
AeNO ACP, CUTeBELL
B=NO ACP, CUTwLEAVE
CeACP, CUT=BELL
DaACP, CUTe|EAVE
SELL STUMPAGE

A, AVE, PRICE

.4eNQ ACP, CUTeSELL
2=NO ACp, CUTSLEAVE
3ACP, CUTeSELL
4=ACP, CUTeLEAVE

8, CONV, SU"PLUS
1«NQ ACP, CUT»BELL
2eNQ ACP, EUTeLEAVE
SeACP, CUTeSELL
4=ACP, CUTw|EAVE

2619, SENSJITIVITY
HE PERIODIC cOSY

VALUES ARE INTERNAL

RN FOR_EACW OPTION,

LOW MEDIUM
2,4 2,0
0,2 0,2
0,2 0,2
6,0 4,4
0,2 0,2
0,4 0,2
3,6 3,0
2.4 242

A 5,2
3,0 2,6
0,2 0,2
0,2 0,2
0,2 0.2
02 0,2
0.__2 012
02 0,2
0,6 0.4
0,2 0,2
8,6 5,0
4,2 3:4

A 33,4
5,2 4,2
0,2 0,2
0,2 0.2
0,2 0,2
0,2 0,2
1,2 1,0
0:8 0,8
1,6 1,6
1|0 1'0
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TABLE P.

18l

REFERRAL NO,

ANALYS]S oF

ASSUMPTION
_RATES OF RET

-1y NO TS] IN 1962

SA) NO

FUTURE THINNING

(1)
()

MARKEY PRODUCYS

SELL STUMPAGE

A, AVE, PRICE

B, CONy, SURPLUS

(B) FUTURE THINNINGS

S Y N

(2)

_MARKEY PRODUCYS =

SELL STUMPAGE

A, AVE, PRICE

- B, CONY, SURPLUS

1 IN 1962

FUTURE THINNJING
MARKEY PRODUCTS

~A=NO ACP, CUTeSELL

BeNO ACP, CUTe|EAVE

~ CmACP, CUT=SELL

()

D=ACP, CUT=LEAVE
SELL STUMPAGE

A, AVE, PRICE

1=NO ACP, E€UY=SELL
2«N0 ACP, GUT=LEAVE
3eACP, CUTeSELL
4=ACP, CUTsEAVE

B, CONV, SURPLUS

__1eNQ ACP, CUTeBELL
" eNO AP, BUYSLEAVE
3eACP, GUT?SEkL |
4=ACP, CUTeLEAVE

4B) FUTURE THINNINGS

(1)

MARKET PRODUCYS
A=NO AGP, CUTw»SELL

“BeNG AGH . CUTSLEAVE

(2)

CeACP, CUTSELL

DeACP, CUTeLEAVE
SELL: STUMRAGE
A, AVE, PRICE

.WQ:N%WAC?anUYYﬁskk
3aND AP EUTSLEAVE
‘i‘CP;HCUTiLEQVE

B, cONvV, SURPLUS
(N0 ACP, CyT*SELL
2-NQ ACP, BUTWLEAVE
4« ACP, CUTILEQVE

1814, sensrr:v‘vv
THE pERIQDIC CpST

VALUES ARE INTERNAL.
URN FOR EACH OPTION,

LOW MEDTUM
S} e
4,0 4,0
6,4 6,4
11,4 10,4
5,6 5,4
7,8 7.6
23,6 8,8
7,0 6,8
23,6 8,8
7,0 6,8
5,2 5,2
4,6 4,6
5,2 5,2
4,6 4,6

7.8 7,6
6,8 6,8
7,8 7,6
6,8 6,8
25,2 12,6
1042 9,4
2%,2 12,6
10!2 9"
6,2 6,0
5,4 5,4
6,2 6,0
5,4 5,4
8,6 8,6
7,4 7,4
8,6 8,8
7,4 7,4
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TABLE Q.  REFERRAL NO, 1L16, SENSITIV]TY
o ANALYS]S OF THE pERIODIC COSY

ASSUMP ION VALUES ARE INTERNAL
. " RATES OF RETYRN FOR EAGH OPTION,
LOW MED TUM WiaGH
I, NO TS§] IN 1962
LAY NO FUYURE THINNING = = . |
(1) MARKEY PRODUCYS 11,4 10,2 8,8
(2) SELL' STUMPAGE |
A, AVE, PRICE 6,6 6,4 6,2
B, CONV. SURPLYS 10,2 10,2 10,0
(B) FUTURE TMINNINGS
.L4) MARKEY _PROPUCTS 16,6 15,4 14,0
(2) SELL SYUMPAGE
A, AVE, PRICE 10,4 10,2 10,2
B, CONV, SURPLUS 13,6 13,4 13,4
1, TS$1 IN 1982
(A) NO FUTURE THINNING
(1) MARKEY PRODUCTS . y o . o
A=NO ACP, CUTeSELL 15,0 11,2 8,8
BeNO ACP, CUTe|EAVE 12,2 11,4 10,6
CeACP, CUT#SELL 15,0 11,2 8,8
. DeACp, CuTeLEAVE 12,2 11,4 19,6
(2) S!LL STUMPAGE
A, AVE, PRICE L B o
1-No ACP, BUTYeSELL 11,8 11, 14,0
2«ND ACP, CUTeLEAVE 7,2 7.0 6,6
SeACP, CUT'SELL 11,8 11,4 14,0
. 44ACP, CUTeLEAVE 7,2 7,0 6,6
8, CONV, SURPLUS
. . 3«NO ACP, EBUT=SELL 11,8 11,8 14,6
2«NO ACP. “BUTeLEAVE 10,6 10,4 10,2
S=ACP, CUT'SELL 11,8 11,° 14,6
4«ACP, CUTWLEAVE 10,6 10,4 10,2
(B8) FUTURE THINNINGS '
(1) MARKET PRODUC?S
. ﬁﬁaNQ ACPA GUT'SELL 1616 1352 ;OJ‘
BeNO ACP, CUTeLEAVE 14,6 13,8 13,
 CeACP, CUT=SELL 16,8 13,2 109
D.AGP. CUF=LEAVE 14,6 13,8 13,0
(2) SELL STUMPAGE
A, AVE, PRJCE
,_umt-no ACP, CUT»SELL 14,8 14,4 13,8
2-NO ACP, BUTLEAVE 9,2 9,0 8,6
3eACP, CUT-BELL 14,8 14,4 13,8
4=ACP, CUTeLEAVE 9,2 9,0 8,6
B, CONY, SURPLYS
1eNO Acp cuy'sELL 13,8 13,6 13.4
2aNQ ACP, EUTeLEAVE 12,4 1242 12.3
3eACP, CUTeSELL" 13,8 13,6 13,

4eACP, cur-LElVE 12,4 12,2 12,0
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BLE R.
| ASSUMPTION,

~ RATES OF RETYRN FOR EACH OPTION,

1 IN 962
FUTURE THINNING

(1)
2)

MARKET PRODUCYS
SELL' STUMPAGE
A, AVE, PRICE
B, CONY, SURPLYS

~ (BY FUTURE THINNINGS

R £ 3 I
(2)

MARKET PRODUCTS.
SELL STUMPAGE

A, AVE, PRICE

i1, 78}
(A)y O
L S S

B, CONV, SURPLUS

IN 9962 =
FUTURE THINNING
MARKEY PRODUCTS
AsNO ACP, CUT=BELL
BeNO ACP, CUTeLEAVE

CoACP, CUT#BELL

3y

DeACP, CUTsLEAVE
SELL' STUMPAQGE
A, AVE, PRICE

L NS RE, BUTeSELL

t8y ruy
(1)

2nNO ACP, CUTWLEAVE
~ 4eACP, CUTeLEAVE
B, CONV, SURPLUS
wwinﬁpmﬁgﬂp OUTeSELL
“2eNO ACP,
3nACP, CUTeSELL
4oACP, CUTe[EAVE
URE THINNINGS
MARKET PRODUCYS
AeNO ACP, CUT=SELL

"BeNO ACP, TUTWLEAVE

CeACP, CUTeSELL

" DeAEP, CUTeLEAVE

()

SELL: STUMPAGE

A, AVE, PR]CE

1oNO ACP, BUTWSELL

2eNO ALP, BUTRLEAVE

3eACP, CUTeSELL
4=ACP, CUTwEAVE

8. CONV, SURPLUS
1wNO ACP, SUTWBELL
24NQ ACP, BUTLEAVE

REFERRAL NO, iM2p,
ANALYS|S OF TWE PERIODIC cOSY

BUT#LEAVE

SENSTTIVITY
VALUES ARE INTERNAL

LOW MEDIUM
5.4 5,2
2,2 2,2
4,4 4,4

12,8 10,0
‘8 4,8
5,4 5,4
36,0 18,8
5,6 5,4
36.2 18'8
[ ] 5!‘
3,2 3,2
2,6 2,6
3,2 3,2
2,6 2,6
6,2 6,2
4,8 4,6
6,2 6,2
4,8 4.6
36,4 21,0
9,6 - 8,0
36,4 21,0
9.6 8,0
,312 . 302
2's 2'a
3,2 3,2
2,46 2,4

‘8 A
4 4.6
“i .i.
4,8 4,6
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TTTTTTTTTYABLE S.  REFERRAL WO, IL06,  SENSTTIVIYY 0

ANALYS]S RESULTING FROR A 5

B "PERCENT GCHANGE TN YHE QUALTTY "
INDEX, VALUES ARE ANTGRNAL

RATES OF RETURN FUR ENGR OPFVIUNY ™

LOW  MEDIUM  HIGH
I, NO TSI IN 1962

(AY NO FOTURE THINNING T R
(1) MARKEY PRODUCTS 3:0 342 3,

T g, CONV, SURPLUST N 178 2y

2y SELL SYUNPAGE L
A, AVE, PRICE 0ve 0o

(B) FUTURE THINNINGS

0
2

( 1 ’ M ‘,R Wfﬂvmo.nw ANy 9Pt e RS 0 “,.,u._w.u.,".?!.. [PPSR Sp—— .4,.~3¢;”2.~-M.w »‘.-..-,.m.,..r...’,‘;, 1 W e A it
(2) SFLL STUMPAGE .
3

a. CONV, SURPLUS 2.8 3i&

T MERKETPRODUCTS e e € A 1 1 Bt e 1 S

1«NO ACP, CUT»SELL 042 gve 0,
J«ACP, CUTeSELL 062 0,8 2,
R T

1 . N U ‘CP p c UT - SEL L S A........‘s,\:,‘.«.g.,., e e e ..3,'_2. ..,_......,m.‘..,,,...,‘..uA..—....s,.m St i s Rt

e e o e e o A i e et A o 02 I s g IVE . .FR..I—UE . - N PIR —07Q .. - - 1 _in
T T, YSTTIN 1982
(A) NO FUTURE THMINNING
AeNO ACP, CUT=SELL 4,
T B;NU”KCP “TUT-LEAVE %%
C-ACP. CUT-SELL A
A § P BOP . s CUT«LEAVE TRy
(2) SELL STUMPAGE
K, KVE, PRICE
o B TT&WACTP, TUT=LEAVE 0sd Oy 2
B, CONV, SURPLUS

2«NO ACP, CUTe LEAVE 242 244 2
- wekCP, QUTSBECL- R S
4= ACP, CUTnLEAVE 342 3 8 -3
TUBY FUTURE THINNINGS ™ T o
(1) MARKET PRODUCTS

B-NO ‘OP. CUT-LEAVE 4,2 4,4
DoACPn CUTnLE‘VE 514 540 5,

- .(2.’. s E.L_t,... S.?U"P] GE ara s e e e e . - - . PR e - [RPEN
A. AVE, PRICE

A . N V] ‘ Up.:_.cmEtt. e pensons wnane e _._...’__'.vm. - _.,’.;.2.,. s s ,mz..;,.sﬂ..ﬁ. e min s nn
4
’

A - e e E s AN ua!--n-u—-w mp" wv-cw.m»t s s nun—;m'-u--q — i ' * P —-—2-»4'»- 2—..--.“..-.--.‘4.‘1..,

2=N0 ACP, CUT=LEAVE 0¢2 040 1,2
©¥ACP, CUTSSEL E¥1. A A

4eACP, CUT»LEAVE 0ié 1¢4 2,0
B CONV. SURPLUS . .

1«NO ACP, CUTeSELL J¢2 346 4,0

3#ACP, CUTeSELL A A A
4aACP, CUTWLEAVE 342 308 4,0

Wm‘*‘m..m VEWI DR SRR ,..42,,,;,‘....., PR ..4.“.-..2..'._8-, OIS ,-A‘,..ﬂ.,..“,.‘.‘u\_‘.s.;,u\.,,..‘ v s
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P R GIE T, TREFERRAL NO, 2WO09, T SENSTTIVITY
ANALYSIS RESULTING FROM A 5

N - e ~PERCENT CHANGE - IN-TNE QUALTTY —
INDEX, VALUES ARE INTERNAL ‘

RATES OF “RETURN FOR~EXTH OPTTUNT -

LOW  MERIUW  HIG

1. NO TSI IN 962

TAY NU FUTORE THRINNING '
(1) MARKEY PRODUCTS 4,2 449 4,6
et Y- ST STUNPRGE
A, AVE, RRICE 0¢2 B¢e 0,8
g UMV SURPLUS XA 3§63
(8) FUTURE THINNINGS :

LYy MARKEY PRODUCTS ¥} 1A L. L
(2) SELU SYUMPAGE

B. CONV, SURPLUS 22 2.8 3,6

SIS T INT 1962

(A) NO FUTURE THINNING
tT WERXESPRODUCTS
AeNO ACP, CUTeSELL
T e e NG KCPW"ch'tEﬂVE
CnACP’ CUTeSELL
e e o mwkcpiﬂqwitﬁkvﬁ e
(2) SELL STUMPAGE

6,4 6
- ,“.‘.a,. [P, ‘ -
6,2 6

o o & O
e e e =
i;cb&::

AV PRI CE - s e
1e«NQ ACP, CUT~SELL 1,8 244 e,
et e it e ot et 0 e anrs o et i ___,._23_"0_,*‘“.‘,cuT”.LEA VE e 0 'a- e . 1~' ‘ - RN 1 '
3«ACP, CUT~SELL 18 249 2,

B, CONV, SURPLUS

IW‘Mﬁmm ot AV b ,.’_‘po e reessonn «‘5""‘”’“' et et e 9..
2«NG ACP, CUT~ LEAVE 36 3y 8 .,

i o e £ e e _si.‘.cp,‘ CUT-SELt PRV PITII. ,.5 To . e 5~', a RN . ..i 2.. - PR C

4«ACP, CUTSLEAVE 542 548 5,6
(1) MARKET PRODUCTS

A e Nﬁ ﬁﬁmm’ﬂ'ﬂtﬁ”‘ ot W..'.nm...,'.;..‘,,..u.,. P ”ih““ ,,_«‘-.ut.ou.;...o.m-...A.......,.w., -

BeNO ACP. CUT LEAVE 542 Syl 6,2
D-ACP. CUT-LEAVE 8ye 9¢8 12,2
A. AVE, PRICE

toNO—ACP—BUTwEELL— B8 3 A S ——
2¢NQ ACPR, UUT-&EAVE 05e 1,8 2,2

e - B g fBP U TR BBEE Mcf‘ Ry - A

4sACPs CUTw|EAVE 140 2¢8 7,0
1«NO ACP, CUT»SELL 248 3,6 4,4

— WWWEM ............. ‘24‘.’_»-.“.%_.. .2‘.‘.“, ..... ;m'.. —
JeACP, CUT~SELL 28 J¢6 4,4
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T RRLE U T REFERRAL ONO 2G0T T SENSTTIVINY
ANALYS]S RESULTING FROM A 5

B — e~ pERCENT GNANGE TN~ THE GUALTTY
INDEX, VALUES ARE INTERNAL

RATES OF RETURN FORENOR OPTIUNT

1, NO TSI IN {962

( LOW  MEDIUW - HIGH

CRY NO FUTURE TRINNING ™ A
(1) MARKEY PRODUCTS 1e
2} SBLL STUWPAGE SR 5.
A, AVE, PRICE 0
- BEONV SURPLUS © 02
(B) FUTURE THINNINGS

202,

8
04% Gyl 0
2 b

(TY WARREY PRODUTTS — ™" AYYTTTTTAYS Uy
(2) SELL STUMPAGE

) R WECPRICE= Wi w .
B, CONV, SURPLUS 042 0y2 0,
. [T TST TN 1962 - e RIS
. - (A) NO FUTURE THINNING

(Y ~MERREYPRODUCTS "~ . . _— e s e

_A=ND ACP, CUTSELL 248 3,0 3

c.AcP CUT=SELL 42 542 39

o WWEP! CUTSLEAVE - e 262
<2> SELL STUMPAGE

A, AVE, PRTCE -
1=NO ACP, CUT-SELL 0
o e Y a NG IUP. CUT-QEAVE g
SeACP, CUTwSELL 0
e D CUTSLEAVE T
B8, CONV, SURPLUS
TSN ATP, CUTSSELL S
2=NO ACP, cur-LEAve 042 02
wekOP, CUTEBELL " ~ 053 Ge
4=ACP. CUTWLEAVE 02 0¢2

NN

- e » -

i
3
d
i
e
-
»

- w = e

L O NS oY

- TIBY FUTURE THINNINGS
(1) MARKET PRODUCTS -
oD KOF, BOTeBELL A g g

C;IUP"UUTwSELL 2N B3R 7 38,8
D-ACP. CUTOLEAVE 40 4,2
12 SELL STUWPAGE B A S I
A, AVE, PRICE
= e YOG RCP; CUTSSELLT 042 R T L S
2«NO ACP. CUTFbEAVE 042 0¢d 0
"3 ACQP, CUT#SELL 0¢e2 B PY A 1
4=ACP, CUT=LEAVE 032 0e2 0
1
p A
4

5
BeNO ACP, CUT=LEAVE 3,2 3y8 :
4

8. CONV, SURPLUS
LeNO ACP, CUT=SELL 046 340
z ® NU ‘ CP . cu ?i—tg*v.e_ [ M..U.?“,m n i s .,.M,.n,.ﬂ,..‘..m.._.m. e v s e

"~ 3=ACP, CUTw=SELL 170 1¢6
— - 4= ACP, CUTeLEBAVE 0ib 11 1,4
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—

e R BUE W REFERRAL “NO, 184, SENSITIVIVY

ANALYS]S RESULTING FROM A 5

i e R A BENT - CHANGE TN THE GUALTTY

INDEX, VALUES ARE INTERNAL

RATES OF WETURN FOR EXOR OPTIONY

1, NO TSI IN {962

LOW MEDIUM

LTI

(AT NU FUTURE TRINNING o T

(1) MARKE? PRODUCTS T Tl

et o 7 S b b S s e --—z-rr.—z’,- —.Sm‘L"—STU“P.‘*GEﬂ e e e

A, AVE, PR]ICE 348 4y
(B) FUTURE THINNINGS

—ee g GONV SURPLUS 0 82  byw

7’2

‘ N 2

(T WERKET PRODUTTS "= 104818744074~

(2) SELL STUMPAGE
X, AVE, PRICE P T R T &
B, CONv, SURPLUS 742 746
STTTTSTOIN 1962 P
(A) NO FUTURE THINNING

.
8,2

‘ 1 ’ mmcn_w i . N AR 8 A 4 R ¥ 14 L s B AL A i vt B0

AsNO ACP, CUT~SELL 8y2 848

S S S O S B,- N.U ‘cp_i.-cUTiL,E A.v E o . .. 6_:,3 . . . 6 ‘__a P . 3

C-ACP CUTeSELL 8sa 848

o 1t At A 4 a8 s ek P b e D.-—.t_cp. CUT"’L-‘E*VE . - . 6‘,6 PR PR 6‘“”” D P

(2) SELL STUMPAGE

‘ " m " m.— e PR et 078 b i o 1 S S A AT S 1 R B 15 A A b O o i 8 YRS LR 8 g T 9 B S0 A 8 0

1«NO ACP, CUT-ShLL 4,8 5y 2

i e i e e o2 s e z'ﬁn tcp. currte.‘vE e 4‘: o e . 4'6 e e

3sACP, CUT=SELL 48 542

8, CONV, SURPLUS
>

~ 2«NO ACPR, CUT-LEAVE 646 648

4= ACP, CUT*LEAVE 646 6y 8

By FUTURE - THINNINGS
(1) MARKEY PRODUCTS

B-NO ACP. CUT'LEAVE 92 946

D-ACP. CUY-LEAVE 9¢2 e d

— 2y SELL-STUMPAGE -
A, AVE, PRICE

2«NO ACP, cuv-LEAVE 470 5¢4

- -3wACP; CUTwSBLL  ~~  Sy2- - 6yY

4= ACP, CUT.LEAVE 4,8 5"
1«NO ACP’ CUT=SELL 7:8 846

" mh“ "’*"‘T‘%’” s s 7,',6.,_ et .M,au_

IEWW v Mmt.trﬂ I ",.t.g.v‘u e v et et

[— _1'.~°,. WW . ....a..,.g,ﬂ..,,;“w.m._,_..‘,..éﬂ.i,.\_. S

WW?.. — "_'_o_m P M
JeACP, CUT=SELL 7,8 846
4wACPy CUT=LEAVE 749 Tee

im0 5 1 B
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T T Y RBLE W, REFERRAG NG, CILTE, T SENSITIVIYY

ANALYS]S RESULTING FROM Ao 5
T ST T WEROCENT CHANGE TN YRE QUALTTY ™
INDEX, VALUES ARE INTERNAL

RATES OF RETURN FUR ENCR OPTJON|

I, NO TSI IN ioez

LOW  MEDIUM

(AY RO FTUTORE THINNTNG ,
(1) MARKEY PRODUCTS 1040 10,8%
e T2 SELL SYUNPRGE o o et
A, AVE, PRICE 5¢8 6,9
——— 1w "UM‘MWW—"-MN-‘"0«‘—m.—g.:—‘mv.;w'——su.np'cUs‘ PPN PN . e .«9 :8 e e - 1 u ', 2
(B) FUTURE THINNINGS

Iy MARREY PRODUCTS gy T L S

(2) SELL STUMPAGE

B, CONV, SURPLUS - “_::'QM; | _13,4

- TTTYTTSTTIN IveZ T
(A) NO FUTURE THINNING

H10W

LY HERKEY—FROQUTTS o e
AeNO ACP, CUT=SELL 10,4 13,4

T T BeND AUP, TUTALEAVET 11y 13,4 7

CaACP, CUTeSELL 104 13¢d
e e e U"IUP}“BUT“EEIVE R T T DS
(2) SELL STUMPAGE

5 RVE, PRTCE S S
1eNO ACP. CuT=SELL B8 11,4

i e BB —CUTFGEAVE 636 7'nm
S«ACP, CUT=SELL 848 1144

e AR ROTRUEAVE 618 Ty@

8. CONV, SURPLUS

1 . NU ‘ UF;th eso e WIU; ‘ i gt 11._.'..6.._ R ,1,3”.,.6., .

2eNO ACP, CUT=LEAVE 1042 1644

SO UV P U g PR ,,._x_i_xcp ) CUT-sELL [, 1,0" ‘< ‘ R N . 114' a"- v s e e — - ; m atiasten s Aeas ca b

49ACP, CUT=LEAVE 1032 1044
T By FUTURE THINNINGS S |
(1) MARKEY PRODUCTS

st o m._.,...,,......_,...o.......mwm._‘T._.N,U...m_.‘ .n,s.Ett_w i are .~..v,....,,..1.2».ﬂ,.‘. R -4w,m...m.t..s_va...W.M._,m PR

BeNO ACP, CUTwLEAVE 13,6 1348

DeACPs CUTeLEAVE 13,6 1348

—. e B Y ‘.2,, - swt"‘s?u”"ﬁe‘“" .
A, AVE, PRICE

- o . M‘At .W W- vt has _,11_;.0 .-...,ﬂ_-...._.‘tm
2=NO ACP. CUTe LEAVE 834 9¢8
~3WACP, CUTSSELL B S Y2 B CILE
4eACP, CUT=LEAVE Bed 940

B, CONV, SURPLUS ' .
teNO ACP, CUT=SELL 1230 13'

S«ACP, CUT»8ELL 1210 13¢6
4eACP, CUTe|EAVE 1240 1248

ﬂmm‘ﬂmwe. . .w.....,...u..x‘zwrvw.. [ESTPREE—. 1m~» SRR -

1%,6
12,4

1 ’ 6 prp— -
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~TABLE X

REFERRAL-NOT-1M20+

ANALYSIS RESULTING FROM A 5

INDEX,

I, NO TS! IN Iooa

RAT

LOW

e e pERGENT OHANGE INTTHE QUALTTY
VALUES ARE INTERNAL
“FOREXGH OPTTUNT

MED’UH“

ALl

UAY NU FUTORE THIRNNTING
(1) MARKEY PRODUCTS

A, AVE, PRICE

(B) FUTURE THINNINGS

$3)
(2)

MERREY PRODUCTS "

SELL STUMPAGE

“AVE, PRTCE™
B. CONV, SURP

FUTURE THINNI

AeNO ACP, CUT

CUT-SE

SELL STUMPAGE

g GONV; SURPLUS =
s v 3

466

LUS N
NG

»SELL

BeNOACPT CUTwLEAVE -~ -

LL

“”ﬂﬁ*ﬁkﬁ**ﬁ

532

148

T R

5,8

2¢2

a4

1970

5¢%

5.2

2,4
§5

T 3% S

6,4

9;e
92

g e

150

1Bv

X
-
s>

W
‘3
i

PN

i

S
N aya
oo

> ®» = =

Kk ET-PRICE

1«NO ACP,

. T TTSTOIN 962
(A) NO
)
CuAUP
DeAC
(2)

3«ACP, CUT=

~4wACPT CUT
B, CONV, SURP

2«NO ACP,

CUT=SELL

SELL
LuS

NG A RSO SEEL
CUT#LEAVE

“3VAOP, TCUTWSELL -

curt

qLEAVE

(1) MARKET PRODUCTS

4=ACP,
e et By FYTURE - THINNINGS

KeNO—KOP; CUTWSBLE

B-NO AGP. CUT

D-ACP. CuTelE

ey SELL T STUMPAGE -

A, AVE, PRICE

4=ACP, CUT

-8, CONVy-SURP

1=NO ACP,

3=ACP, CUY

 awACPLCUT

wLEAVE

AVE

LeNO—ACR;—CUTwSELL
20NO_ACP, CUTwLEAVE

w§ELL-
~LEAVE
Lys—
EUT-SELL

nSELL
wLEAVE

2¢8

248

4,6
T

7¢4

s I»t-.: o ce e v+ s e
7¢4

S-S &'
176

1;6

O AEP O TwEEAYE— 472

Sed
452

....2;“, S

N GN
- - € -
oKX on

.,.5,76 s st Pt b RS 210

446

PN
-
-

1-.6 -v’-..’.m». st ot

i
;
:
:
{

1

4
> d
1

|

3
!

NN o
- - W -» B
>0 >

DN BN
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TTTTTTTTTTTTYABLE Y, T REFERRALTNO, IL06.

SENSTTIVITY

ANALYSIS RESULTING FROM A 18

INDEX,

TPERCENT CHANGE TN YRE QUALTTY —
VALUES ARE INTERNAL

RATES OF RETURN FOREXEH OPTIUNG

1. NO TSI IN {962

e VL SURPLUS

CAYNU FUTURE TRINNTNG """

(1) MARKEY PRODUCTS

127 SETL STUNPAGE

A, AVE, PRICE
(B)Y FUTURE THINNINGS

(1T WARKEY PROPUCTS ~

(2) SELL STUMPAGE
A, AVE, PRICE
B, CONV. SURPLUS

I YSTUIN I9Ee

(AY NO FUTURE THINNING

S s gIRD RGP, GUTSLEAVE

(I " MARKEY PRODUCTS "

AeNO ACP, CUT#BELL

C-ACP! CUTwSELL
e e SRR CUTSLEAVE
(2) SELL STUMPAGE

e e g OP - DUTWLEAVE

LOwW

MEDTUM

,3‘0..

s
1486

T

T

244 i

3:8

32

7+2

R

R RVE,F

$«ACP, CUTeSELL
B, CONV, SURPLUS

gy B TR SELL

4«ACP, CUT»|EAVE

“1BY FUTURE TWINNINGS
(1) MARKEY PRODUCTS

A« NU ATP, CUT®SELL™ " "
BeNO ACP, CUT-LEAVE'

—— m“Wm@mwwwwc.xcpuncuT'SEcc

D-ACP. CUTeLEAVE
(2 SELL STUMPAGE ™
A, AVE, PRICE

1=NJ A—p""‘"cuTw«s-EtL e

m > « asestan
1wNO ACP, CUT=SELL
N R OP CUTPLEAVE

TVNO ACP; CUTSELL
2=N0 ACP, CUT-LEAYE

0¢2
0V
0.2
LEL N

o e g

240
S
310

430

3758

542

2=NQ ACP. CUT=LEAVE 0+d

" "3=ACP, "CUTBELL

J-ADP, CUT=LEAVE

B, CONV. SURPLUS
B e Ll

1«NO ACP, CUT SELL
J=ACP, CUTOSELL
4eACP, CUTHLEAVE

0¢2
oie

2¢8

4.4
370

BT T S

“2;# T =
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T Y ABLUE T 2. ‘REFERR Ali"ND . 2WT 9, SENS [TTV'Q !Y
ANALYSIS KESULTING FROM A 10
T s s ERCENT CMANGE CINT YRE QUALTTY
I{NDEX, VALUES ARE INTERNAL
RATES”UPNRETURN”FUR‘EIUR”UFTTVN?’
LON MEDIUM HIGH
1, NO TS! IN 1962
(AY NU FUTORE THWINNING S
(1) MARKET PRODUCTS 442 Q0 4,6
e con o e et e me _“W"—t?k’“ﬂsnt_s—?m‘se i e . . . I . - e
A, AVE, PRICE 0s2 Bed 1,4
e B CONV T SURPLUS 3ve 3§06 3,8
(B) FUTURE THINNINGS
( 1 ’ " A R . AL YA A R 0 ety .,g..,;..a.,..‘.- M,,‘.,r..'...,o.,, - ..,......,.,..,....w.i,tw;-,‘....-«,...,w.m.....
(2) SELL STUMPAGE
v sttt o e oo hm'm_dm‘_ .._..rv?. P.R TCE 0 :2 - 1.',‘ P »8' 0 .
B, CONV. SURPLUS 1;6 248 4,6
TST IN 1982 ’ ' o o
"(ky NO FUTURE THINNING
‘ I T M.l Rmn’mﬁm.w..m. ot e i e et s et e = 2 Svsa < in < 2SSV AR S mnine e . -
AeNO ACP, CUT=SELL 6.0 6y8 6,4
- T T HeNO RGP, CCUTWLEAVE 456 b 2.0
C-ACP CUT=SELL 6.0 6¢8 6,4
- D”iCP. CUTLEAVE . ri ) 656 6,8
(2> SELL STUMPAGE
A AVETPRICE N e e R
1=NO ACP, CUT=SELL 048 2,4 3,2
- T 2wNOTACR, “CUTWLEAVE 0t Ty 2y
3«ACP, CUT=SELL 0+8 2¢% 3,2
B, CONV, SURPLUS
2eNQO ACP, CUT=LEAVE 3;6 3y8 4,0
4w ACP, CUT=|EAVE 8,2 5¢4 5,8
(1) MARKEYT PRODUCTS
B-NO ACP, CUT-LEAVE 448 5y 8 8 6,
mCP“mcUT¢SEtL L.rL By d 811,
n.acp. CUTeLEAVE 740 ‘2L 835,
- —8) SELLSTUMPAGE - ' o S
A, AVE, PRICE
***** “tvwo~tt77*cﬁfvﬁﬁkt” orR 4 A ANt - F T ¥ I
2¢NO ACP, CUYeLEAVE 0v2 X% 4 3,
- 3wACP, CUTwSELL 0s2 29 %1,
4« ACP, CUTe|EAVE 048 2yb 4 A
By GONV, SYRPLUS- ' '
1«NO ACP, CUTeSELL 252 Y 5,
2wNO—ACP - CUTF L EAVE oty Bl Gy
J«ACP, CUTwSELL 242 3¢6 6 58
4wACP,; CUTwLEAVE 2% 3,8 4 68
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~YEBLE AL REFERRAG

U 2RT0

SENSITT

vivy

ANALYSIS RESULTING FROM A 18

- T PEROENT THANGE "IN YNE QUALTTY
INDEX, VALUES ARE INTEBRNAL
RATES OF RETURN FOR ENGH OPTIUNT —
B LOW MEDTUM H1GH
1, NO TSI IN 41962 N ,
(AY NO FUTGRE THINNING
(1) MARKEY PRODUCTS 148 244 2,2
_ (75 SELL STOUWPAGE~ ~ A Ad L
A, AVE, PRICE 042 Gyd 0,2
- T TR, BONV, TSURPLUS 0¢d Ge2 0,2
(B) FUTURE THINNINGS
(TTHERKET PROPUCTS = =~ 3 &~ - T
(2) SELL STUMPAGE
- A KVE, PRICE ™ 07 - R LA 0,8
8, CONV, SURPLUS 0:2 04¢ 1,4
e TTTST AR o e v ' "
(A) NO FUTURE THWINNING
CTY-WERKEY-PRODUCTS - e
AsNO ACP, CUT=SELL 2¢6 3,80 3,4
_ “BeNURCF, TUTSLEAVE 237 2,2 2ty
COACP CUT=SELL Jy6 5¢8 A
- P! “CUT*LEAVE 276 2¢6 R8T
(2) SFLL STUMPAGE
AT AVEY PRTCE R ——— =
1eNO ACP, OUT=SELL 02 0s2 0,2
_ N gD ACP . CUT-LEAVE 042 b “otp
3=ACP, CUT=SELL 042 By 0,4
— g GUTSLERVE ¥ i s
8., CONV, SURPLUS
CSNO KR, CUTHSELL  ~~0§2- D .
2«NO ACP, CUTeLEAVE 0;2 O¢2 0,4
) g R TP, CUTRSELL T Te gy rrE
4eACP, CUT=LEAVE 032 0+¢ 0,8
By PUTURE-THINNINGS - Ve e . }
(1) MARKET PRODUCTS
A - N U l Ur:wmasstt P s et s oy s e o MM’S“"“QW b s e abe T pa 5,;;.#..» _d.b~.;.B
- - CRRCPL CUTESELL o 82" I3 e
DeACP, CUTeLEAVE 316 4,4 5,0
C2Y-SELL- - STUMPAGE e ! v
A, AVE, PRICE ,
s o — 1 i,mw_mﬁ,,cv.’.‘_sﬁt Jemetna k- . ﬂ..g,n.m " -tvi . .41‘ a R
2«NO ACP, CUT»LEAVE 0}2 0¢2 0,4
_____ SeACP, CUTWBELE ~ 02 gyd A
4eACP, CUT=|EAVE 072 XY 1,0
B B, CONV, SURPLUS - o -
1eNO ACP, CUTeSELL 072 3¢ 2,2
e i ks A ALt i s a1 A ﬁw "‘crw’tW*nu e v WWU ;2 e "& 1;.‘.“
SeACP, cUT-SELc 0¢4 1.0 A
4«ACP, CUTw|EAVE 042 148 1.8
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e A e e T R B R 7 1A S AP AP 1981 72 S0 S e 8 48 AV B S 8 i, S A o U5 -

e e e e e e o —————— -.u_-,».A_T.‘,at E_A, BB; .. _...R ErERR.‘.b. N.e ' Ia t‘.'. SEN s“tT’tvi‘!v
ANALYSIS RESULTING FROM A 18

e e i 2 i 2w e P < e A bte S entem et e e titeis 4 rth e oo .P.Eﬂ.cENT..mNGEMtN ~_V”E.,_au.‘t1 ‘TAY e e et i
INDEX, VALUES ARE INTERNAL -

— e BT RGO P RETURN P OR—ERGH—OP THON G oo oo

~ LOW MEDIUM HIGM

1, NO TS! IN 1962

- CAY " NO FUTORE TRINNING N

(1) MARKEY PRODUCTS 740 740 7,2
e A By RELL STURPRGE e ot
A, AVE, PRICE 3;6 de¥ 4,4

U ..i..,_«_“....., SO S SU—— E conv ' SU_RPL us e e . ...6 112 O . . .6 i ‘ e - _6 .. 6 - S

(8) FUTunE THINNINGS

- (1T HERKET PRODUCTS" ' 97 ey 11,2
8
6

(2) SFLL STUMPAGE
a. CONV, SURPLUS 6:3 746 8,
(A) NO FUTURE THINN!NQ |
o i i r Wmm_,w.mw A i OO . NI T P A T8 K AR 4548 T O 8 PSS v, S O—,
A-NO ACP. CUTnSELL 7,6 By 8 12,8
c.acp, CUT-SELL 756 88 12,8
(2) SFLL STUMPAGE
“ . w.e.... m O " e by £ AR S 8t
1NO ACP. CUT-SELL 474 542
3= ACP, CUTnSELt 449 502
. B, CONV, SURPLUS
2=NO ACP; CUT=LEAVE 646 6y 8
Q-ACP. CUTnLEAVE 6vb 6y b
T TUBY FUTURE "THINNINGS . R T
(1) MARKET PRODUCTS
i s o n . Nﬁ lﬁ"‘;w”mtmt:‘ PSR Auu,.,s et .‘.,,Iz.'..ov;, i ,t’in, et o e,
BaNO ACP, CUTnLEAVE 930 9y 10.0
D-ACP. CUTRLEAVE 960 9y @ 10 0
S i_mw"m?h_ﬂ“*.‘.sﬁ.bht”- 4...n....,,.<...,,.«.,.,,‘,1.‘.”,._......«.,,.‘ e -,..,.....6..'\9,.,._.« - ».‘.‘,.,».9‘..61-. s i i
2«NO ACP, CUTw~LEAVE 442 544 6,4
4=ACP, CUTLEAVE 4,2 5¢4 6,4
1=NO ACP, OUT=SELL 740 By6 A
. v e e ?'WW“:&*VE ,_.,.A.._,"...,.m ................................ 7.'. Y- U ma.i.o. I
J«ACP, CUT=SELL 7.0 8,0 A
- 4ekCP, CUTw EAVE 6:8 Ts& 8,0

O BdD ONON
: ; ! .

- mw »

CVOWw WMo Vo
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ANALYS]S RESULTING FROM A 180
e BEREENT CWANGE- TN THE GUALITY
INDEX, VALUES ARE INTERNAL

oy KRR T CCs REFERRAL NG, ILY6,  SENSTTIVEYY 0

"""" ~—RATES -OF “RETURN -FUR ENEH ORTTUNT-

H]aH

10,8

746
10,58

g g
RS e T

1446

13,2

RS B

LOW MEDIUM
I, NO TSI IN {962
~ (AY N0 FUTORE THINNING ~ - )
(1) MARKET PRODUCTS 946 10¢2
e BT GELT STUMPAGE , '
A. AVE, PRICE 540 6y #
. g T ONY S “SURPLUS 4 Cyaa
(B) FUTURE THINNINGS
POy HERKET PROBUETS " A TE~ " 8y
(2) SELL STUMPAGE
) R VEBRICE T
B, CONV, SURPLUS 12,4 13¢6
ST TR 1VE2 o 19
- (A) NO FUTURE THWINNING
Y FERKETPROGUCTS -+~ s o e e
AeNO ACP, CUT»SELL 9.8 11,4
) e BINDATP, CUTSLEAVE S T I
ClACP’ CUTeSELL 9;8 11,2
= e e R EP L CUTSLEAVE a0 e
(2) SELL STUMPAGE
P A, AVE, PRICE o - o
1+NO ACP, CUT»SELL 7:0 11,44
_ e g AP CUTSLEAVE 6.0 e
SeACP, CUT=SELL 740 11,4
. e GeREPL CUTSLEAVE © © 6a8  ~Tie
8. CONV, SURPLUS
- 1 . N U A CPL. CUT . sEtL,,, .,.‘..,.,-,..,9.;52.‘......,. . W'WWMIT“&“‘"—“
2=NO ACP, CUTeLEAVE 10,0 1044
NTRCP, CUTSSELL - 9.3 iite
4=ACP, CUT=LEAVE 1050 1044
- TUUEY FUTURE THINNINGS '
3 (1) MARKEY PRODUCTS

KeNO ACP, "CUTSSELL 1138 7 18,&
BeNO ACP, CUTeLEAVE 13;4 1348

DeACP, CUTwLEAVE 1334 1398

T2y SELL STUMPAGE -

2«NO ACP, CUTeLEAVE 8¢0 9.0
7 SeACP, CUT=SELL 970 1446
4=« ACP, CUT«LEAVE 8;0 940

B, CONV, SURPLUS
1«NO ACP, CUTeSELL 10,8 13y6

3=ACP, CUTwSELL 10,8 1346
AwACP, CUT«|EAVE 1176 12,8

"—*Vk”““‘I“;Wu-w‘w“&"m‘;sﬂ.u”"w” U 4,9. ; o... e .._I‘..;.‘. e e e

1.5
A
7.6

PSRN .\..ntf;.ua‘ N N

0,8

e

‘10.8

e -t

14,2
1402
142

13,2
Citle
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Crr Y RBLE DD REFERRAL NO, IMZ0. T SRNSTTTIVIVY

ANALYS]S RESULTING FROM A 18

“PERCENT TWANGE TN TRE QUALTTY
INDEX, VALUES ARE INTERNAL

RATES OF ﬂETURW”FUR“EIBW“UPTTer

LOW MEDIUM H]GHW
I. NO TSI IN 1962
TAT NU FUTURE THINNING - -
(1) MARKET PRODUCTS 58 5y 5,2
2y SELL STUMPAGE o e S
A, AVE, PRICE 146 2,4 2,6
e AN SURPLUS T 432 dge 4L
(B) FUTURE THINNINGS
(i Y "MK R“mm~m [ mmw,‘..,_.».,....,,a,,;.?_,,m,."W....,...w.,.t’..i.e_w~...,..,....w,..._...,tug.;...z..,,
(2) SELL STUMPAGE

- ...,._,.._,,__.A..,._,........_.4,..._._.‘.‘..._.ﬁ.‘_.‘,.; - WE . _-PR rcE et e e e - 3‘-6 . " 8. P 6 ',‘ . cer e
Ty4

B, CONvV, SURPLUS 40 514

I OTSTTIN L9862

(AY NO FUTURE THINNING

(Y FERRET-PROPUCTS = o et e e e

AeNO ACP, CcUT=BELL 74 18¢8 29

TBWNDTACP: TUT*LEAVE ~ 5id4 OB 5

C-ACP CUTwSELL 7:4 1848 29,
<2> SELL STUMPAGE

“ " m P 'ﬂ.r.c.r.. b e er e et £ 4 KB B e o AN TR A 5P 0381l S 14 80 RIS S ot

1«ND ACP), CUT=SELL 2¢4 3,4 4,
3,
3=ACP, CUT=SELL 244 3,2 4:
Je
B. cowv, SURPLUS

i

2-N0 ACP. CUT-LEAVE 4;6 446 4,

4= ACP, CUT»LEAVE 446 490 4,

tBY FUTURE THINNINGS | o |
(1) MARKEY PRODUCTS

B-NO ACP. CUTnLEAVE 68 8y 48 9
D-ACP. CUT-LEAVE 638 By 0 9
- (2) setb-STumPaeE - - :
A, AVE, PRICE

2oNO ACP, CUT=LEAVE 130 244 4,0
- SeACP, CUTwSELL 1v8- L1 ] A
4= ACP, CUT'LEAVE 1.0 2.8 4,0

B, CONV, SURPLUS : - :
1«NQ ACP’ CUT-SELL 442 A A

S«ACP, CUT-SELL 42 A A
dwACP, CUTwLEAVE 396 490 5,8
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TABLUE "EE. ~REFERRAL NO, "ILT&,  SENSTTIVIVY =

_ ANALYSIS RESULTING FROM A 15

INDEX, VALUES ARE TINTERNAL

RATES UF NETURN FOR ENER OPTIUNF ™

1. NO TSI IN {962

WOW  MEDIUM

T URY NO FUTURE TYHINNTNG . _
(1) MARKET PRODUCTS 2,8 3,8

(2) SBLL SYUNPAGE -~ o e D

A, AVE, PRICE 0,2 04

R B.CONV, SURPLUS 174  2y®

(B) FUTURE THINNINGS

( I _y M A R me..w._.,wmw-nwm..,.,,,..y,,wm,“ .,m-.-ww,....,‘....zyw..;.g..; ....n(.u,.,.,..m..-,‘»«.mwsm.wz»m.‘.m_.nm.. s areen:

(2) SELL STUMPAGE

B8, CONV,. SURPLUS 240 Jed
TSI LB R A U AU
tA) NO FUTURE THINNING

T MERRET PROTUGT G oo = s o e

AwNO ACP, CUT»SELL - 38

CeACP, CUT=SELL 640

e S BPLCUTSTEAVE A2 A4

(2) SELL STUMPAGE

S AVETPRICE .~ O§®  Ly@ -

T RVET PRTCE e
1«NDO ACP, CUTeSELL 02 God

e gD RGP CUTSLEAVE 0tz 0v@
3=ACP, CUTeSELL 0?2 Ve 8

c e gyt PERVE T g¥2  Gyd

B, CONV, SURPLUS

TeNDKCPS CUTHSELL ™~ 274 = = 3y

2eNO ACP, CUT=LEAVE 2¢0 244
“WeACP, CUT-SELL 4,4 A
4eACP, CUTeLEAVE 2:8 3e4d
S rBY FUTUME ‘THINNINGS ~ ~ L )
(1) MARKEY PRODUCTS

PO\ttt s 8 Bt st S A .‘...“,‘w.uw..,.......,,...,.‘.;,\N-o.....-tcp.;»-uvcmw;.sdEEutvww e e e ..n.n wi_.n,« ke ,.-.Az,.«..,.sw.m R

]
BeNO ACP, CUTwLEAVE 3;8 '
DeACP, CUTwLEAVE 4;8 5

4r 4 miim s agy smasee. ,(2’ ,SELL..‘s?U"P..KGE . o~ TN . . . - . - B - N

2°ND ACP, CUT~LEAVE 02 696
3=ACP, CUT«SELL 0id N T
4eACP, CUT»LEAVE 0«2 1496

8., CONV, SURPLUS
1=NO ACP, CUT~SELL 2:4 3e0

J«ACP, CUT#SELL 354 A
4eACP, CUTwLEAVE 276 330

e O KCP - CUTSLEAVE 270 2§

-4 o e s e A B R e i e l & W ..... IUP-’ - CUT.-SELL B, U“"? e _I.',.',.w [N —



197

B B PR

‘REFERRAL WO, 2W09, ~SENSITIVETY

ANALYS[S RESULTING FRON A 15

B T PERCENT CHANGE - IN-THE QUALTTY
INDEX, VALUES ARE INTERNAL .
TRATES OF RETURN FORERQROPTTONT e
LOW MEDIUM H1GH
I, NO 7S] [N 1962
UAY " NU FUTURE TRINNING )
(1) MARKET PRODUCTS 430 4y 9 4,8
727 44444 SECU SYUMPAGE .  ,‘.“,.v...W, e
A, AVE, PRICE 0¢2 042 1.8
.“”MMWMMWMJHg;wccnvjmsuﬂphus» ,273‘,,. '3?0" ,mt;om
(B) FUTURE THINNINGS
( 1 ) M ‘_Rmmmpﬁ.m, PRSP ——— ,-.--ﬂ.-,,,,r,,-»‘..ws.y.:.-h... Jy—— 7 i‘ s - ’1’3‘;‘8’“"“ RRUPSPSHPONY
(2) SELL STUMPAGE v
a. CONV, suapyus 140 248 6,2
—— = .,...__..,r..t...i."....TS,.! .IN ﬂ 6 2 [ . . o R -
(A) NO FUTURE THINNING
.i i i Wms.,._-. e e tamin W 3 © Amaepls 4 a et PYHIAR Len SIS T L 0 AN kA AR PACAR £t - A vy e T
AeNO ACP, CUT=SELL 558 648 6,4
- - BeND ACP, CUTWLEAVE- 436 4y8 5.0
CeACP, CUTeSELL 58 6¢d 6,4
SOV D'*C_P N CW'L_WE ﬁ .‘, ‘ JE 6'& 6'_ 8,
(2) SELL STUMPAGE
A " WW 1 it ey e, #3 AN £ T i PR Y A AT A A Ay i Ry e e
1=NQ ACP, CUT-SELL 0.2 246 3,6
“2eNO ACP, CUT#LEAVE - D72 Ted 2,4
S=ACP, CUTeSELL 002 2496 3.6
B, CONV, SURPLUS
I‘WW .,_cw.,s&LL ‘ .r,e ST .,-5_',.0,.“,-.‘... 4-_5'..‘, S
2=ND _ACP, CUT-LEAVE 3;4 3,8 4,2
- e e oSGk OP Y CUTESELL T 416 B-21) B 'Y
4=ACP, CUT-LEAVE 530 5¢6 5,8
- By FUTURE THINNINGS B o - o
(1) MARKET PRODUCTS
BaNO ACP, CUT~LEAVE 4;4 5¢8 7,2
—CwACR, ~CUTSSELL 88 8vé B
D-ACP. CUT-LEAVE CRY 98 19,8
A, AVE, PRICE .
MO“W?”W&L’*:‘ o e “W.?ﬂ.. e v ae _.,_”.2..',‘.“ ,W_a,b.‘h‘.
2«NQO ACP, CUT=LEAVE 0¢2 1yd 4,2
- "'5"*391 EUT‘GE{A‘: . . 0,‘! . . 2" . ’2'6" 8
4eACP, CUT»LEAVE 032 248 A
1eNO ACP, CUT=SELL 136 3y 6 7,2
Mﬂ”’m’i*whk&w = _-.1..'_2- ,ev,.m o~ N 4?',,, e
3=ACP, CUT»SELL 146 346 7,2
4wACP; CUTw EAVE 178 3y A
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crrTmmm e YRBLE T GG.T T REFERRAL NO, 2GYQ0, CSENSITIVIYY o

ANALYS]S RESULTING FROM A 15

""""" B ~PERCENT CWANGE TN THE GUALTTY
INDEX, VALUES ARE JNTERNAL

~—RKTES OF RETURN FOR EXER OPTIUNT

1, NO TS! IN 1962

JWOW  MEDIUM M)

(AY NO PUTURE THINNING — 7 o
(1) MARKET PRODUCTS 146 244
2y SELL STUNPAGE A A "
A, AVE, PRICE 032 042
T TR, EONV,.  SURPLUS ' ‘nye oyt
(B) FUTURE THINNINGS

Ty HERKET PROBUGTS = ™ = ¥y g &y
(2) SELL STUMPAGE '
e R S TS
8, CONV, SURPLUS 042 Bed
e TTTSTOIN TIEZ . ¥ AN
(A) NO FUTURE THINNING

L MR RRE T P RO DU TS " ™ 7 o o o o

AaNO ACP, CUT=SELL 2:é 3.8

WWMMWWWWWWE;NU'ACP;”CUTH[EIVE o 260 2yd

CeACP, CUTeSELL J¢d 548
,_..._.M-_H,_».D...rcpf CUTSLEAVE . R R T T
(2) SELL STUMPACE

L L oo+ S — .
1«NO ACP, CUT-SELL 042 04
NG ACP CUTLLEAVE 0§ ota
3=ACP, CUT=SELL 0,2 0,2
RGP CUTOLEAVE 02 S S
8, CONV, SURPLUS

1 .N u ‘ CF;..W“t et s .—U',’g.w.n e iste ec v.i.z., U

2«NO ACP, CUT~LEAVE Os2 0e2
~¥skCP, CUT#SELL iz T
4eACP, CUT=LEAVE 042 042
T(BY FUTURE THINNINGS ' -
(1) MARKET PRODUCTS

A po N U l UF‘;...W..CUT“‘._S.EEE b . L e e . 4,,.,.3, ‘7 T T LI .-.g,»;.e...,. A e b

BeNO ACP, CUT=LEAVE 2;8 346

omoo |
1

srRnoM

- » ® !

eoeN NoNa ;

DaACP, CUT«LEAVE Ish 442
TUeY SELL STUMPAGE ' ‘ '
A, AVE, PRICE
Tmm————— *“MMI”WU”IUP;"UUT“SetL 'Ufz”‘f' A§e
2«NQ ACP, CUT-LE‘VE 0¢8 0+
"3%ACP, CUTESELL uri 'Y &
4=ACP, CUT=LEAVE 0s2 0vd
8., CONV, SURPLUS ' ’
{1«NQO ACP CUT=SELL 0,2 3,0

3eACP, CUTSELL 0,2 146
4sACP, CUTwLEAVE 0v2 149

v ?m m,",» m E*v_s Cheen ...U ;z e .,.....'..;_'_,n.- (RO PP
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T Y ABLE T HH,., T REFERRAL NO,1IB14, T SENSTYIVITY

ANALYS]S RESULTING FROM A 15

— —FERGENT CHANGE- TN TRE UALITY -~ = —

INDEX, VALUES ARE INTERNAL

RATES OUF NETURN FOR EXCH OPTTONG

1, NO TS! IN {962

LOW  MEDIUM  MIGK

TAY NU FUTURE THINNTNG

(1) MARKEY PRODUCTS 740
......-.——._--._Mﬂ—-—r_z—y-»mt—usy‘u-n”ue amtimy e B atnaes smsten s o heria smimale mhiiin 4 b Famis s aeit s smian sewens Asmim b

A, AVE, PRICE 342

(B) FUTURE THINNINGS

..__.,-.,.‘_._..M...._.B..:'.._c.o-wv»;._-m-.us_. RN ‘61;'__2 RN . FRveaE—_.

7.0

;-
- N
i

440
6,'. ‘ P

o
oo

(1Y MAIRKET PRUDUCTS T e
(2) seLL STUMPAGE

B, CONV, SURPLUS 644

YT YSTUINIYe T T

(A) NO FUTURE THINNING

»
N

+ ¥ " T

.5,‘....,_ . PR | T

7,8
746 9,2

Iy MERXETPRODUCTS ””
AeNO ACP, CUT»SELL 742

et e o e e < N' NU_ -KUP.. CUT _L.E.“ VE S ,,6_,:‘ R

C-ACP CuTw=SELL 7¢2

D-IbP.‘ﬁUT“LEkvg e

(2) SELL STYUMPAGE

2
2
4

Be8 e

8,8 2

K, AVE,PRICE —
1eN0 ACP, CUTwSELL

e e e i 7 1P i 4 e e e ._......-—.zui.nom..»x‘cm;w-A«cu.T .6tgwﬁ..> e e

B, CONVg SURPLUS

3 8
3=ACP, CUTeSELL 358
J— ‘.xcp_‘, ..... Umﬁtekve e 4‘& e e

1o ’ 6'6

E-NO ACP. CUT=LEAVE = 646

b ep o i A b i i et b s ......_..3 ‘m WCUT‘m t.._ e e e R ,6 “.P‘ S ‘s i s

4=ACP, CUT=LEAVE 6i6
By PUTURE - THINNINGS — -
(1) MARKET PRODUCTS

| BeND ACP, CUTaLEAVE By 6

D-ACP. CUTnLEAVE 846

T2y SELE S TUMPAGE
A, AVE, PRICE

W’t‘“ i (b3 e Stnn e ‘..ﬁ.,‘,n. e et oo

5¢4 7,
5,
542 7,
5y

.W.»-.V?.,.’,‘G.... vt e s a8 s e w‘... b e

6,8 7.0

6'5 700

9" 10.2

1.2_,',~°. cimn thbiiae 2,3, 'a B [PPSTRIEN

"Iy 10,2

twNO—ACP—CH TwSELL I8
2«NO ACP, CUT=LEAVE 3,8

42ACP, CUT=LEAVE 3.8
‘”B}“CﬁNV“"SURPLUS o '
1«NO ACP, CUT-S&LL 64

6 ¥ 9_ *__,.._m.__...,‘.. —s

544 6,8

t
5" 6.8

846 A

2UNO—ACP;CUTvLEAVE Sy
3eACP, PUT-SELL 6i4
4w AQPs CUTwLEAVE ¢4

7 8 b

846 A
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- TABLE ~II, “REFERRAL NO, 1L1&, SENSTTIVi¥YY — ~— -
. ANALYS]S RESULTING FROM A 15

T FERCENT UWANGE YN VHE GQUALTTY
INDEX, VALUES ARE INTERNAL

RATES OF RETURN FOURERBR OPTIUNG —

(LBW  MEDEUM - HIOH

1, NO TSI IN {962

(AY NU FIOYORE YHINNING B ) '
(1) MARKET PRODUCTS 9¢2 19,¢ 11,2
_____ (27 SECC-SYUWPAGE ~ — ~ oo R
A, AVE, PRICE 440 6498 8,2

BCONVS SURPLUS 930 1ey& 14,0

(B) FUTURE THINNINGS

_‘ 1 ) M ‘ R m-mmww....«.r--..w S T AL TSI MIAms—-m.qv‘oyww g MM'I-"-'M‘“ -«..«w...-...mw.«.,..ra...;.,sm.nw".._.;-m

(2) SELL STUMPAGE

B, CONV, SURPLUS 1138 15y 15,0

T TYSTOIN Y62
(A) NO PUTURE TH!NNING

A 15 v, 1 3 AR W £ B e o -

T~ WER
_AwNO ACP. CUT=SELL 950 1348 14, 4

CwACP, CUTSELL 940 1148 14 4
. MU:IUPLMCUTﬂuEIVE‘M_”WM.MMWIU?J_MWWMMII;WM“ww_ 11
(2) SELL STUMPAGE
rEVE.PRICE e .
1=NO ACP, CUT-SELL 5,6 1346 A
e g i AR DUTSLEAVE BT TaU 8,0
3«ACP, CUT=SELL 5¢6 1144 A
e B RUTELEAVE S BB TR B0
B, CONV, SURPLUS
TsNUACF, CUTSSELL " @yw " ITyd
2«NO ACP, CUT»LEAVE 948 10,4 11,0

- AP EUTSEELL . REE AEE R
- 4=ACP, CUT-LEAVE 938 10,6 11,0

U8y FUTURE THINNINGS
(1) MARKET PRODUCTS

A ps N_U -1»UF-:.m-mmmtr», oA s e v .1.1 .,;‘.-U_v st e e W-..I...swi.,gm [P .,x.e...-t‘.ﬂ R—

BeNO ACP, CUTw|EAVE 13,2 13,8 14,4

DwACP, CUTeLEAVE 1342 1348 14,4
e gy RELL-STURPRBE - - e AR R

A, AVE, PRICE

2eNO ACP, CUT-LEAVE 74 940 10,2
“SSATP, CUTSBELL TTh 'LILE A
4«ACP, CUT»LEAVE 744 94 ¥ 10,2
8, CONV, SURPLUS ' ' SRR .
1+NO ACP, CUTeSELL 948 1346 A

SOACPo CUT=SELL 9¢8 13¢v0 A
4« ACP, CUT=LEAVE = 1444 12,8 13,0

1 r9 N U ‘CP’; m”etL 7. A‘ q‘ - © ey A-I.w‘wﬂil ‘....‘ b — — ...K dra ey haai 1 BN

. ---W\ MW «UUT"‘L”!“‘VE 1 1..,:‘4’_. B LT ..Iz«;‘:‘-u-. b 0 e re -..,»---.I 3-;»0»— o e
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"REFERRAL N0, 1M2Q,

SENSTTIVIYY
ANALYS]S RESULTING FROM A 15

~ PERCENT CHANGE TN THE QUALTTY -

VALUES ARE INTERNAL .

— “TABLE T
INDEX,

1. NO TSI IN 1962

(1) MARKET PRODUCTS
'“T?TWQEEE“STUHPKGE"”“"
A, AVE, PRICE
o @, CONVy SURPLUS”
(8) FUTunE THINNINGS

(LY " MARKEY PRODUCYS

(2) SELL STUMPAGE
RV PRICE
B, CONV, SURPLUS
STy TSTINT Y962
(A) NO FUTURE THINNING

( i ’ Wmm.um.s,m, e T
18@&

AeNO ACP, CUT=SELL
“BWNO ACP CUTWLEAVE
c.ACp, CUT»SELL
e R AR, T CUTRLEAVE
(2 SELL STUMPAGE

RTAYET PRI CE

1=«NO ACP,

X 11 ¢ & lch CUTwLEAVE
3»ACP, CUT=SELL

B, CONV, SURPLUS

~4wNOKCP; CUTweERL -
2aNO ACP, CUTmLEAVE
~3wKCP, CUT#SELL
4«ACP, CUT=LEAVE
B8y PUTURE THINNINGS
(1) MARKET PRODUCTS

BeNO ACP, CUT=LEAVE

~CwACP; "CUTHSELL

 peach’ CUTWLEAVE
27 SELL STUMPABE

A. AVE, PRICE

2«NO ACP, CUTeLEAVE
JeACP, CUTwSELL -
4eACP, CUTe|EAVE

8, CONViWSURPLUS :
1«eNO ACP, CUT=SELL

3sACP, CUTQSELh
4apACP, CUTeEAVE

CUT-SELL

e NO—KOPCUTWSELE

RO ACP U TwSERL -

—BwNO-ACPy - BUTwREAVE

LOW

2it

1;2
ey

& L Tt

W o N O
o e o o
> 3OO

250
2¢0

250

4‘4

478

At 4

9Ty
6y 4

978
6¢d

072. e it s men

0¢2
6s2
03¢

o4

MS‘T‘!‘““ e e

314
3r2

2,0

2¢4

MEDIUM

5,2

24¢

SRl

5¢4

By4-

18,8

3¢

4,6

6¢2

4,6

840

8y0

248
3,4

4y b

3y 8

HIGH

...‘.,...w,,.._....r.s..;.z..._ vt

M.,-...,....»., U



T “"YABLE KK, REFERRAL 'NO, 1L08,
ANALYS]S RESULTING FROM A 20
T ) "PERCENT CHANGE "IN YRE QUALITY -
INDEX, VALUES ARE INTERNAL

I, NO TSI IN ioez
T URY OND PUTURE THINNING
(1) MARKET PRODUCTS
T2y SELE SYUMPABE
A, AVE, PRICE
“'H, CONV, SURPLUS
(B) FUTURE THINNINGS

[T WERREY-PROGUCTS = =~

(2) SELL STUMPAGE
- K, AVE, PRICE
B, CONV, SURPLUS
TIT,TSTUIN IvsE
(A) NO FUTURE THINNING
(1Y "WERKEY PRODUCTS ™
AsNO ACP, CUT-SELL
g KOP Y GUTALEAVE
CwACP, CUTeSELL
e T OLEAVE
(2) SELL STUMPAGE
K.~ KVE,PRTCE

1eNO ACP, CUTeSELL

2aNO ACP, CUTHLEAVE
3«ACP, CUT=SELL

8, CONV, SURPLUS

- ,.I__...._N.U_ l.UP.A_. W.A‘SELL PRV

2=NO ACP, CUT-LEAVE
e -wwkCP, CUTHSELL
4«ACP, CUT»LEAVE
T CTBY FUTURE THINNINGS
(1) MARKEY PRODUCTS
‘‘‘‘‘ “AwNUTACTP, TCUTSSELL -
BeNO ACP; CUTULEAVE
'"”C-IUP, TUTSSELL
DnACP, CUTeLEAVE
T2y SELL STUMPAGE
A, AVE, PRICE

2eNO ACP, CUT»LEAVE
YeACP, CUTWSELL
4=ACP, CUTeEAVE

B. CONV, SURPLUS
1«NO ACP, CUTeSELL

T s b VLR e b e B SRS B it £ A O it ¢ _,2 r n-o mp‘ _m.te.‘ ve,«,, e e e e

J=ACP, CUT-SELL
4«ACP, CUT#LEAVE

oooo !
.. ® & ®m

N e
. @ -

LoW.

H

e ®mN MO

N
-

.,m..,_..,n,.,,_....,.,“.,.,....._..,m........._*...,T;W...zm‘..»cur;srt,L.., S

SENSITIVEVY

MEDIUM
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e g B S T REF ERRAL NG 29T SENSTTIVETY
ANALYS]S RESULTING FROM A 20
e - DEROENT CHANGE-IN-THE QUALITY =~
INDEX, VALUES ARE INYBRNAL .

T RATES OF RETUNN FOR-EXTH OPTIUNT

1. NO 7S] IN {962

WOw  MEDEUM . HIGW

R Y RO T TORE TR TR NG~ o oo e oo s
(1) MARKEY PROpDUCTS - 3y _“‘h4v0 - ft? -

B REL L STURPRGE .«
A, AVE, PRICE 052 0,2 2,2
(8) ruruns THINNINGS

‘ 1 ’ M A RW NS Do -,ar;\m‘w“»hlhmn\‘v e ey -».mx.a’u;mew.&.nm..m,ww‘.w m..,x‘.,..',,..a,.,.A.»..,,.,,,,..m-ur

(2) SELL STUMPAGE
3, CONV, SURPLUS 0i6 2y8 10,6
— SITTST TN 1962 T S S
(Aa NO FUTURE THINNING

4T AR ETPROTUCTS — e e e e Pt e

AeNO ACP, CUTHSELL 5

e A ACP.”CUTﬁLEkvﬁ , A

C-ACP CUT«SELL 5

miamanfan b S S 4 ahiee A eI ibaims S SAh ar s m,.‘..,g...D.‘.’ A C.P ‘ -CUT ' L EtVE. 6
(2) SELL STUMPAGE

A " A VE . mrvew R £ 4 i ,n...-.‘.,,__. N AN AL AR S CATAAT GO NPT N B i b RS 13 T TS i 2L et S e Bt 84 A e Py

1 NO ACP{ CUTHSELL 002
[T Whiie b e abntn REs AS R am ssb b BIeARAS & me 2."0 ‘CP. .cuT._LEAvE 0 ' z .
3=ACP, CUT»SELL oie 244
R, CONV, SURPLUS
2eNO_ACP, CUT-LEAVE 32 3,8 ;,
]
6,

4eACP, CUTwLEAVE 4,8 S5yé
T “BY FUTURE THINNINGS - ‘ R o
(1) MARKET PRODUCTS

A r N G m;wwmt.tdm_. o v e .,“5

BaNo ACP; CUT'LEAVE 4

DeACP, CUT-LE‘VE 5
T 2y CSELETSTUMPAGE
A, AVE, PRICE

2«NO ACP, CUTeLEAVE 042 T 5,2
4sACP, CUT=|EAVE 0:2 2yH A
1«NO ACP, CUT=SELL 1,2 3y6 13,0

S WWWE .,.07‘. PO w,.,ﬂ.,e,'.‘._.,..-m.....,. __4_66. ...............

S«ACP, CUTOSELL 142 3.0 13,0
4w ACP, CUTwLEAVE 178 Jyb A
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e e W - REFERRAL “NO. 2600~ SENSTTIVEYY

ANALYS]S RESULTING PROM A 20

e BEREENT GHANGE TN TWE GUALITY

INDEX, VALUES ARE INTERNAL

1. NO TS1 IN 1962

~~RKTES UF RETURN FOR ENCN OPTIUNT "

GOW  MEDIUM

(AY NO FUYHRE TRINNING -

2 SELL SYUNPAGE |
A, AVE, PRICE 0¢2 Ovd

e g RV S SURPLUS T ot e R

(B) FUTURE THINNINGS

" 1 ) M A Rmm‘r.s.w... e JRe— Z . a‘.,...... ...‘_..'..‘..‘.w..‘.w._

(2) SELL STUMPAGE

TTTTYTYSTTIN 1962
(A) NO FUTURE THWINNING

(1) MARKET PRODUCTS DX L 1 L

I R

.wm...«,._..,6«:..8‘“,‘““,*“.«";,

0,2

L B\ M T T R S
B, CONV, SU"PLUS ” B L

‘ 1 , M l R WW Poar—— A A A L AT RN S B S E P P T T L b 68 T 5 T e S
AwNO ACP, CUTSELL 2
“BeNOACP, CUTLEAVE 4
c.AcP, CUT#SELL 34

B

T T T T T T g KEP, T CUTRLEAVE 2
(2) SELL STUMPAGE
A, AVE. FR]IUE o
1-k ACPO CUT=SELL 062 0v@
_ e geND ACPL-DUTSLEAVE ot i@
3«ACP, CUT=SELL 0¢8 0,2
— e R e RDPL BUTSLEAVE - 0lE wia
B, CONV, SURPLUS
TENTRTF; CUTSSELL 58— g
2eND Acp. CUT~LEAVE 0i2 042
- “¥SACP, CUTSSELL ~ 0§20 Wwe
4=ACP, CUT=LEAVE 042 0,2
- ~(BY FUTURE THINNINGS =~ | e
(1) MARKEY PRODUCTS
‘ p NU ‘ ﬁp-;-‘-»m«mtm e e e ..3.&_“«.. »4*4»“',.~--~—3~-'~>"'~~Nnnu~-- ~,M.;1
BeNO ACP, CUTwLEAVE 246 394
——— ~C;_‘c ‘ -cUT.'.SE.L_L I . - 3' a . L 33' ‘ S
DeACP, CUTwLEAVE 3,8 4,2
- 2y SELL-STUMPRGE - B
A, AVE, PRICE
2eNO ACP, CUT=LEAVE 042 By
_ 32ACP, CUTSSELL o2 b
4sACP, CUTwLEAVE 0r2 (7Y
) B, CONV, SURPLUS |
1eNO ACP, CUT=SELL 042 1y
s " _,.z,m.o_., W““cﬁ? '_..t em_‘ - atn ._..U.;.z. Cmbe aab s e ."WW"U“; smare e A e 3 s werm
) 3*ACP, CUTeSELL 0j2 146

4eACP, CUTeLEAVE 042 30

m“nNoH ando :

- o' '=s @

N X o o

sonN® |

{
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ANALYSIS RESULTING FROM A 29
INDEX, VALUES ARE INYGRNAL

1, NO TSI IN {962

LOW MEDTUM

G —— et

_ TNNTN
{1) MARKET PRODUCTS 648 7e¥
2GR SYUNPRBE e

A, AVE, PRICE 0 4,0

3¢
et ———— ettt e <_..._.,..._.,.........M..bB..;.. *m';—'SURFLUS' [P . e e 6 ‘o . [ — 6 ' ‘

(B) FUTURE TWINNINGS

4,8

6

e £ o s . S A o 3t ot et e e e ’”nncﬂﬁ%kﬂﬁﬁwtn ...m_ QU]LTT*“ e e e e R
RATES OF RETURN FOR—ERGH OPTHONY s

( 1 ,’_ M ‘ R mmmcn‘—.."uv. A s At b ,..,..,,.8..,‘,,.!...,_..”. M_,..,,,M,tw»'«..'wnmmu..u.\..mwrzA;...U R

(2) SELL STUMPAGE

...._.M_.._~......._,..A,_m.4.,.w._-...M...,,A__.;.....m;.. .._m_cE_ e e e [ ..2 i‘ . - . 5,"_ e

B, CONV, SURPLUS 630 4L

I YSTTIN L9

(A) NO FUTURE THWINNING

9

]
LL A

MERRETPRODUCTS '
AeNO ACP, CUT=SELL 7,0 Be 8
CeACP, CUTeSELL 740 8y8
et e e et _.,W.D_i.m_iﬁﬂcmit.e,we.. - - . e e 6. 6 - . e 6,‘a~
(2) SELL STUMPAGE

129

27'8

27,8

A m. m_m.,-W. e A A A . ‘ -
1eNO ACP, CUT=SELL 3,4 548
3=ACP, CUTw~SELL 34 5y8
e e g AP - BUTRLEAVE 36 T
B8, CONV, SURP(LUS

2=NO ACP, CUT=LEAVE 6y 6,8
~¥ekCP; CUTWBELL &2 T.6
4«ACP, CUTeLEAVE 654 6y b
CBY FUTURE TRINNINGS A
(1) MARKEYT PRODUCTS

‘ - Nﬁ A W,rmttm....‘..;,,b..,._ N ,.M.a,;,.a R .1.?‘.',6.. N

BeNO ACP, CUTeLEAVE 8,4 9,4

DeACPR, CUTelEAVE Byh 9,4
oty SELL T STUMPAGE ' ‘ o
A, AVE, PRICE

b e .ﬂﬂtm_,_‘c’:’.ﬂ.w&t‘..‘“ M e “66“"" R

2«NO ACP, CUYT=LEAVE 3,2 5,¢

- JwhEP; CUTeBELL 30 6y ¥
4eACP, CUT#LEAVE 382 Syé
LeNO ACP, CUT=SELL 640 Beé

3+ACP, CUT~SELL 610 Byt
4wACP, CUTwLEAVE 6y 704

9,0
9.0
5,2

i m—m"m”hw‘ ....,.w..‘.‘.aw,‘..z. e ammarn e o ,7.‘6,°~-‘ o e e o v vaturlon s e et

...A.....,z.ow;“n‘..,.\. SRR Re—

10,4

10,4
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e A BLE 00— REFERRAL NO, 1L§6. ~SENSTTIVITY -
ANALYSIS RESULTING PROM A 20

. e ERCENT CMANGE-TN THE QUALITY

INDEX, VALUES ARE INTERNAL

RATES OF RETURN FORENCH OPTIONT

LOW  MEDYUM H1GH

1, NO TSt IN {962
R —— e
(1) MARKET PRODUCTS 950 10,2 11,4
(2 SHLL SYUNPAGE AL 1.4 Sl
A, AVE, PRICE 3,0 6,9 8,6
e CEBLUS g s 11.4
(B) FUTURE THINNINGS
T HIRRET PROGUCTS ™~ L3818 L
(2) SELL STUMPAGE
L SCEIVELBRICE S 68 Wvd 13,2
B, CONV, SURPLUS 1144 1344 15,6
TS T 1oz ) S A L A 22,06
(A) NO FUTHRE THWINNING
CL)HERRETPROGUCTE " oo o e e R
AsNO ACP, CUT»SELL 86 1348 15 8
e BNOTACP, GUTSLEAVE - 1058 {igé 12'°wuu -
CeACR, CUTeSELL 8,6 1342 13,8
e et EUYSLEAVE 10V fEge 12
(2) SELL STUMPAGE
K kVE, PRITE e o e e e
1«NO ACP, CUTeSELL 44 11¢4 A
g ADB OUTSLEAVE BTG 7yW 8.2
3«ACP, CUT»BELL 444 1344 A
e e g TRLERVES A o 74 Bha
B, CONV, SURPLUS
ENTACPSCUTHSELL "~ yE o rERE g
2«NO ACP, CUTe=LEAVE 96 1044 11,2
e g WUV BELL 716 R
4»ACP, CUTw»LEAVE 956 1044 11,2
BT FUTORETHINNINGE Rel ,
(1) MARKET PRODUCTS
BeNO ACP, cUT-LEAVE 13‘u 1348 14,6
e ~CACP, TUTSSELL , Cante i 17le
DeACP, CUTwlEAVE . 1330 1348 14,6
(2T SELL STURPRGE -~ R
A, AVE, PRICE
g NEATH;CUTSSELL™ 70— LA
2«ND ACP, CUTeLEAVE 6:8 948 10,6
6D
6;8

e ghacen CUTESELL Cgae 0
4sAOP, CUT=LEAVE 914 10,6
B 8, CONV, SURPLUS |
1eNO ACP, CUT~SELL 940 1346 A
?‘:‘N‘U«'Ic rmwtﬁ.we e e e Il,wu._... de e Iﬁ' [T ..1.,3..6.2. PP
3wACP, CUT»SELL 950 13y6 A
e |  4=ACP, CUT#LEAVE 1440 1248 13,2
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R R PP REFERRAL NO, IMZ0. SERSITIVETY
ANALYS!S RESULTING FROM A 29

T PERCENT CHANGE "IN THE QUALITY
INDEX, VALUES ARE INTERNAL

~ RATES OF NETURN FOR EXGR OPTIUNT'

R 3 LOW MEDTUM HIGH

1, NO TS! IN Ioez
(1) MARKE? PRODUCTS 540 5¢d 5
A; AVE PRICE 048 2,1 3.0
(B8) ruvuns THINNINGS :
n ’ mmmm et SR A S A ONAS = T ~.w..,.1,,78....~ i a..i,ﬁ_ ....,ﬁ\.;,‘m e e s
8

(2) SELL STUMPAGE
et s hirh s e i oA e o .‘ vE.... ....... m - e e e e - 2 ’.& . . 4 i, ‘, SR . P PR
B. CONV, SURPLUS 330 5¢4 10,2
i o s o e TT ...... .___T,ST r.n 19_62_,_ SR . . - . S . . - NS U - R . .
(A) NO FUTURE THMINNING

i 1 ’ m!?—'mum._m_.__m..m.»...—_. S D S N P ke AR SR AT A9 M A e e i

_AwNOD AcP. CUT»SELL 6,2 18.8 38

C-ACPE CUTeSELL 642 1848 38
s i dmr A 4 s B A A PSS e b 18 D‘W CUTii’tEi‘VE' . P P 5.:,9 - - U 5" ' . e e 5
(2a SELL STUMPAGE

X . w.E ” m i P e 1 AR S AT 8B PN SR s

1eNO ACP, CUT~SELL 136 3¢2 A
antrns fias v R st e ben e im0 o s et 2..”0 ‘CP " cvv *tt* VE . 1 ._ 6 FE U 2_,'.6 . . 3 ',,2 . .
S-ACPa CUT-SELL 146 32 A
B, CONV. SURPLUS

2NO ACP. CuTe LEAVE 44 446 5,0

4-AOPa CUT-LEAVE 44 4,6 3,0
e e te’ FUTURE ..... T .ﬁ,tNN m‘es_. SO . . - . e - . e - P PR
(1) MARKET PRODUCTS

e W.‘C.P_v WL t,. ten st i A....V,WMT“..‘W,MN,.,.,A,..4._.-,,“2.1.',0.-.- ,,Nmsa,;.a,.-.A

BeNO AOP. cut LEAVE 610 By 0 10,2

DnACP, CUT-LEAVE 640 8¢ 0 10,2
——————— F P R ‘.2).. _s—Ettrq-..sTum.GE,_.. [ P s e e s e e o e E T ey
A. AVE, PRICE

2N0 ACP. OUT-LEAVE 0s2 244 5.8

4=ACP, CUT~LEAVE 042 244 5.8
c g CONYV. SURPLUS. ‘ ,

1=NO ACP, CUTw»SELL 2;8 A A

3eACP, CUT=SELL 248 A A
- 4wACP, CUTWLEAVE 2,8 4,6 7.2

;m _.‘.cp....._m.%tt o i _..u,oﬂ — ww.%a~.~ PSS .m...“‘,....,, s i

m WWW' . ..-»..A..h.a,_.....,,.m SR— ".‘...“.. ,.;72 S



APPENDIX IV

The Modified Version of Clark Row's
Computer Program (1963) which Was
Used in the Present Study.



%
142
17000

17002
170408
17004
1/nuY
1/70ui

147
158

11
/6
/7

)

192

18
125
100
10¢

14
165
1/0
172

1/5
100
10¢

405
12
190

140V
194

209

IRNGRAM INVEST

DIMENSTION ANC{iO),:ANCtlo).NC(0,200).P!CO(G,!OG).N!(isloﬁ).VLD&(‘«
1200, QUAL16,2009,N2(6,200),0UAL2(6,200),N3(6,200),7L 3(0,200),QUA
2.,306,210),PH13,20),CPRE3,20),FVALI29),MATE(200),RTLUG(200),VALINI
38,200),LY(A),KCX(8) ,KIN(O) s KIXTHY,KIX(O),A026),L1(¢6),Y0DR(G,200)

DI“EMSION RINT(3),x[RR(S)

DISCCXYRRTLO! eeX

ININT 75

TULMAT{LAWL ,10X,#SENSITIVITY ANALYSIM OF THE PRICE AQSUHPTlON'.//)

JeAD 17000,(RINTLIY,Inq,8), ] 0U7

FURMAT (3F4,3,12)

IATE(L)SRINT(L)

DU 17001 182,200

IF(RATE(]1-1)=RINT(3)) ¢7602,17003,17003

IATECIISRATEC=1)eRINT(2)

39 T0 170014

SENGTHalel

IF (MODCLENGTH,2)) 17004,47005,176804

L NGTHE (LENGTHe1)/2

30 e 137

WeNGTHELENATH/?

3V T0 437

SUNTINJE

0U 136 1s1,LENATH

ATLOG(T1 )8y ,eRATE(])

EAD 11, NOLLZ,LX, CLIEL)L®L06), CLYLL) ) L8L,6),XX,KCXK,
LOREX LY o i®1,6), KEXA,, (KIX(L)obwd,6) 0 RIXX, (K2X(L),Lui,8),
CAIAX, (CIX(L)alml,8),JX, MY, NZ,NX

TUAMAT(312,0A4,613,12/72013/7713,412)

RINT 76,NO, (LI(L), Lol by

FURMAT(1r0,5%,12,10X.6(6X,4A4))

IRINT 77

FURMAT 1M

EAD 15,(At]),181,14)

TURMAT  (1445)

cAD 15,(At]),1315,26)

IF (®C¥X) 160,160,152

DU 155 KCay,%CXX

eAD 13, (NC(L,XC),®ECQO(L,XC), Lny,6)

TJRMAT(6(13,F9,2))

SONTINJE

1F (¥1¥X)170,170,192

DU 165 Kist,K1¥X

WCAD 14, INLCLKL), YLD L, KL s QUALLIIL,KY) Ly, 6)

FUAMATI6(]X,F5,3,F4,2))

SUNTINJE

Iv eK2Xx) LRD, 100,172

BU 175 K2mq,K2¥X :

AeAD 18, (N2(L,K2),YLD2¢(L,K2),QUAL2(LIK2),L0g,6)

CONTINJE

IF (®3¥X) 190,190,182

DU 165 K3mq,K3XX

IEAD 14, (NS(L,K3), YLDSL K3, QUALI(L,K3) ,Ln1,6)

CUVTINJE

TUIMAT (BF9,3)

EAD 12,(ANC(JY,CANCCLIY, Jsl,uX)

DU 191 Meyi,MX
FURMAT(6F9,3)
IEAD 1200, (PR(K,M),CPR(K, M), X3 ,xX)

172 1P (N7<4)19%,19%5,19Y%
193 EAD 12, (FVAL(N),Ne13NY)
1¥2 D3 395 Jsg,JdX

DU 39p Mmg,Mx
okl XsNY
1P ONY,EQ, 0 LLLYSY

1v8 DU 390 Nel,LLLX
240 DO 345 (ey,LY

CCxAsKZX(L)
CleAsxK1X(L)
CAYASKAX(L)Y
CINASKIX(L)Y
XLYsFLIAT(LY(L)Y)
ADSIGN 220 TO MNZIERD
OU 340 =y, LENGTH

59 Y0 VZERM,(220.3%0)
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28y DANCsQ,0
DUANC=2N,0
DKCs0,
DAYsN, N
D2l A
DA 4m0, N
DFvAL 2N, D
ML,0123TLOR(T)
DISCH=2TLOR(T)eeNLY
TFCANCEJY) 275,230,229
2¢5 DANCR(ANC(J)e(NISCY1, 1) #(RATEC ) 13CO)
230 IF (CAVC(JY) 215,240,235
205 DUANCEtCANC{J) o ANC(J) @ (DISCOaRLYeRAIE(T)=1,))/(RATE(1)ve2eb|5LU)
290 1reKCXA) 280,250,241
241 DU 246 KCuy,KCYA
XNCRFLNAT(HCLL,KRE))Y
TP EXMCal, ) 244,244,248
746 NACBIKS4PEN(L,KD)
3U 10O 246
245 DATENKSePENUIL,KC)/DISC(YNCs1,U)
P86 ZUNTINJE
2205 Ir (n1v¥A) 203,700,251
221 DJ 255 hyag, 4L YA
XNQEb L IAT(MLIL,KL))
299 DAISIKYelYLDL(L,K1I*PREL, MIeQUALI(L,KLY®(1,eCPR(1,M)
1#AN1Y) 2DISC(XNT)
200 1F (2vA)27),270,251
201 JJ 265 K231 ,K2XA
XN2mELIAT(M2(L,K2))
205 DROELKIelYL U2 (L, K2)ePRE2,M)*GUAL2(L K2)%(],eCPR(2,M)0XN21)/
1018Ctxv2)
2/0 1P EK3XA)28Nn,280,27¢
271 DU 275 K3x1,K3¥A
ANISFLIAT (N3 (L,K3)y
2/5 JATEDK Ao (Y] DA(L K3V ePREI, MI*OUALI(L, KE)el1, o+CPR(3I, %) *XN3))
17180 (vNY)
200 TUVAL s K1 +eNK2+ K $=NANCDCANC=DKE

IFINZ=911290,29C,293
20 VALIM(,, 1 eTDVALR(Y,+1,/¢DISCOL,)?
3J 10 40
295 DEvALaTVALEN)Y/DISCH
VAL IR (a1 yaTNVaLeDFVAL
IFevVALTNCL, 1)) 330, %40, 34
3oy VALIME . 1)sg,p
ASS[fn 330 TN MZ2ERI
3l SunTlwJIE
Tah TUNTINJE
Ny 1308 I=1,LENGTH
IATEC[)=RATE( [V w1gn,p
13a8 SUNTINGE
Ny BUG Lel,LX
JJ B0y Img,LFN"TH
TP evagINGL, 1),6T,0,0) 60 70 801
Ir ¢vALINCL,1Y,F3,0,0) %0 TO 892
Jrel,e2,1) GO T3 813
XIPR(LISIRATE(IsL)eRATE(1)} /2,0
3J TP AgQn
Rue XIIRCLIBIATEC(]Y
3V TU RON
Ayl SUNTINUE
8uS YIAR(L)s=D,0
Gl JUMTINJE
It tM=py BQ,H41,R2
80 OPXINT 76R,(xIRR(L),L=1,6)
708 TUUMAT(IN Li18X,eL0Nw,F86,1,2F10,1)
'R GABNT- 1.1 )
61 d4INT 778,tX1RPIL),L81,6)
/M TURMATIEM 15X, ¢MENIUMe,FB.1.5F10,1)
3J Y0 4665
oz INT 7B&,(XIRK(L),Ls1,6)
768 TUAMATILN L3174, eH]%He,F06,1,5F10,1)
4509 JJ 4007 l=q,LE'IGTH
4t07 RATECIISIATE(LY/2109,0
3vD TJIUTINIE
Reay 19, IFND
[r ¢ F1Ne981400,142,410
Ayl IXINT 82
47 TUIMAT (23W{§ FRNQOI IN INPJT CARDS)
4.0 S1p

BN
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DATA INPLT JVSTRUCTIONS

Canb SO0LUMNS I TEM FleLy
CEEX X KN PR e S ew L Y I LY e Y P Y L LYY L TR R RN LS L LR A LN LN A J
CUMTRUL=1 1=4 MINIMUM RATE OF INTEWEST VXXX

Se4 INTFREST RATE [NCREMzNT 1 KKX
9-12 MAXIMUM RATE OF INTESEST P XXX
1314 (00 FOR INT., WATE ONLY, (01 FQOR P,W, ANY .
INTEREST RATE, 02 FO< PRESENT WNDRTHS ONLY) X
CuNThy ez 1-2 PHOBLEM NUMcgER (4 TO 99) FOR IDENTIFICATION XX
$=4 ALTERNATIVE TYPE (01=ROTATION, N2<SI1TE INVEX,
03-0RODUCTIUN SYSTEM) XX
3«6 NUMBER OF ALTERNATIVES (01 YO 06) XK
7-3n 4 DIGIT NO, IDENTIFYING EACH ALTERNATIVE XXAX
1i-47 LFNGHY DF EACH ALTERVATIVE (1-999 YEAKS) XX
4a9=5n MAY, NO, OF ulFFEREN[ PROLUCTS (0=3) kX
CUMTRUL=-3  1eJ MAXx, NO, PERIODIC CO3TS XXX
4o/ NO, PENRIQDIC CUSTS, zACH ALTERNATIVE XXX
22=24 MAX, NO, RETURNS FOR PRODUCT GNE XXX
25«42 N}, RETURMS FOR EACH ALTERNATIVE-PROUUCT UNE XXX
43=-45% MAX, NU, RETURNS FOR PRONUCT TWO XXX
a6=61 ND, RETURNS FUR EACH ALTERNATIVE=PROpUST TWU xXX
CUNIRU_=4 1=3 MaX, NO, REIURNS FOR PROVDUCT THREE AXX
4-71 NO, RETURNS = EACH ALTERNATIVE~PRODULT THREE XXX
22-23% NG, SETS OF ANNUAL CJUSTS (0=-10) XX
2425 ND, SFTS OF PRODUCT <“RICES (0=20) X
28=27 TYPE OF TERMINAL CALJULATION (01-I1F pERPETUAL
SERIES, 02-ifF FINAL vALUE) XX
28-29 N, OF FINAL VALUES (0-25) XX
PrUB, VAR 172 NAME OF PKOGDLEM
PRUL, vaMES 120 NAME OF PROUJUCT ONE
21=-4n NAME OF PROUUCT TwWwO
41-61 NAME OF PRQUUCT THREe
PERiOVIC 1=3 YEAR OF [TH COST FOR ALT, 1 XXX
LosSTS 4=1? [TH COST FO+ ALT, 1 XXXMXX, XX
13-15 YEAR DF [TH LCOST FOR ALT, 2 XAX
16024 ITH COST FOR ALT, 2 XXXKXX, KX
2527 YEAR OF [TH CNST FOR ALT, 3 X XA
28«34 1TH COST FURn ALT, 3 XRXXXK, KX
17«30 YEAR NOF ITH COST FOR ALT, 4 XXX
40=48 [T COST FQR ALT, 4 XKXXXRXK KX
49ehy YHAR OF 1T COST FOR ALT, 5 ARX
2=60 1TH COSY Fux ALT, § XEXXXA XX
AleH7 YA® OF 1TH COST FOR ALT, 6 XXx
hde?? ITW COUST FOn ALT, 6 XAXARXK (XX

(N, OF ZARDS = MAX, NO, UF PeRIODIC JOSTS IN ANY ALT,)

PrUDULT 1-3 YEAR OF JTH RETURN FUWK THE KTH PRODUCTeALT, 1 XXX

HETuwns (X} VOLUME NF JTW YIELD -OR KTH PRODUCT=-ALT, 1 KXX,X
912 QUALITY INDEXsJTH RETURN FOR KTH PROU,»ALT,1 X,XX
cene AND SO FORTH FOR A.L SIX ALTERNATIvES

(wd, QF CASDE [ A SFT 8 MAX. NO, OF <ETURNS FROM THE PRUDUGCT lw ANVY

ALI=R' ATIVE - w0, OF SETS s NO, OF P<0ODUCTS (1 TO 3))

A wNUAL
Cust

PriCEa

Foitenl
vALUES

TewM| vl

1-9 ITH ANNUAL COST ASSUWPTIOW XXKEX ¢ XXX
10-1n [TH CHANGE IN ANNUAL COST ASSUMPTION XXXKK g XXX
ceea AND SO FOATH, FOR JP TO 10 SETS
1=9 [TH UNIT PHICE ASSUM<T]ON=PRODUCT ONE XXXKKK XXX
10=14 ITwW ANNUAL CHANGE [N UNIT PRICE

ASSYUMED FDhr PRODUCT JNE XXAXK , XAX
LT AND SO FORTW FUR A.L THREE PRODUCTS (AQUIT U.wAL

CARDS OF JTHER SET> OF PRICF ASSUMPTUNS Tu &
MAXTHMUM OF 20)

1-v ITW FINAL VALUE ASSUWPTIQUuS XAXXX, XAX
ae-va AND SO FOXTH FOR A MaxXIMyM OF 25 (yo
NAT USE |+ TERM, CaLC, IS PERPETUAL SERIED)

1-2 TERMINAL CUvE (YdeANJTWER PROH, FOLLUWD
99~ AFTER THE FINA, PRUBLFM) XX
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