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Ex, A. R.. and Brobig, I. D. 1975, A preliminary analysis of short-rotation aspen manage-
ment. Can. J. For. Res. 5, 245-25K.

Stand-yield models were developed for stem and branch wood, stem wood and conventional
utilization standards for various sites and initial densities. A model of sucker reproduction
following harvesting is also presented. These models were then subjected to conventional
economic analyses and long-term simulation comparisons. Results indicate that aspen rotations
may be moderately shortened, with substantial increases in yields if utilization standards are
increased. Greatest potential lies with the best sites, but more complete utilization standards may
also allow operations on sites currently considered marginal. Rotations based on the usual
soil-expectation value criteria could be reduced from the current 35 to 45-year range (at 5%
discount rate) down to 20-30 years. Extremely short rotations (¢.g. . << 15 years) appear undesira-
ble due to sustained rapid volume and value growth rates well into the third decade.

Ek. A. R.,et BRODIE. ]. D. 1975. A preliminary analysis of short-rotation aspen management.
Can. J. For. Res. 5, 245-258.

Des modeles de peuplement ont été congus pour exprimer, d’une part le rendement en matiere
ligneuse du tronc et des branches, et d'autre part le rendement en matiere ligneuse du tronc
uniquement, le tout lié i des normes d utilisation conventionnelles pour des sites et des densités
initiales différents. Un modele de regénération apres coupe par rejet de souche est aussi présenté.
Ces modeles ont été soumis 4 une analyse économique conventionnelle ainsi qu’a une simulation
along terme. Les résultats indiquent qu'une diminution modérée des révolutions de peuplier ainsi
qu'une augmentation importante des rendements pourraient &tre atteintes si les normes
d’utilisation étaient accrues. La plus grande capacité productive repose certes sur les meilleurs
sites mais des normes d'utilisation plus complete pourraient permettre des opérations sur des
sites actuellement classés marginaux. Les révolutions basées sur les criteres usuels de valeurs du
fonds pourraient pusser de la classe 3545 ans i la classe 20-30ans, avee un taux d'escompte égal
25 %. Les tres courtes révolutions. i.e. inférieures a 15ans, ne semblent pas souhatables a cause
des rapides taux de croissance soutenue, et en volume et en valeur, trouvés dans la troisieme

décennie.

Introduction

Rescarch on short rotation management has
considered two different approaches, agrono-
mic management with improved genctic stock
and intensive crop-tending inputs, and harvest
and regeneration of natural sucker stands with
utilization of all stem and branch wood. "The

latter approach is considered here for aspen’

in the Lake States.

The first step in the study was the develop-
ment of mathematical models for sucker pro-
duction and various yield components. The

'Based on a paper presented at the 6th TAPPI
Forest Biology Conference May 1-3, 1972. Applelon,
Wisconsin.

“This rescarch was supported by the Collepe of
Agriculture and Life Sciences, University of Wiscon
sin, Madisen, the University of Wisconsin Graduate
School, and the Mclntire- Stennis Cooperative Tores-
ty Research Program, Project 1675,
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second involved analysis of economic implica-
tions of alternative utilization standards, rota-
tion lengths and management strategies.

Yicld and Reproduction Models

Yield-prediction Methodology

Several yield tables are available for aspen
stands in the Lake States (Kittredge and Gev-
orkiantz 1929: Anderson 1936; Gevorkiantz
and Duerr 1938; Graham ef al. 1963; Schlac-
gel 1971), but these alone were not considercd
adequate as a basc for cconomic analyses in
this study. The recent growth model by Schlae-
gel was constructed only with remeasured plot
data from north-central Minnesota, and is
limited o projections from known or specilied
initial stand conditions, The other tables also
have geopraphical limitations and/or are based
on temporary-plot data and “normal™ or “vari-
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able-density” yicld table construction method-
ology (see Spurr 1952). Consequently, the
stocking levels and mortality rates in these
tables are likely to be only crude approxima-
tions of actual stand development. Other cri-
ticisms arc vague merchantability standards,
dated or incompletely specified curve-fitting
methodology and a lack of information on
stands less than 20 years of age.

An examination of available data then led
to the construction of yield models based on
tree height and stand-density devclopment and
methodology that would avoid much of the
above-mentioned criticisms. The basic elements
of the approach are: (7) prediction of changes
in stand density as a function of initial stand
conditions and time from permancnt plot rec-
ords; (ii) prediction of average dominant
height growth as a function of age and site
index; (iii) expression of future product vol-
umes as functions of predicted future stand
density and average dominant height obtained
from steps i—ii above. The models developed
are described in Table 1a. They are referenced
later by cquation numbers given in the table.

These models were developed to predict
stand yield for ages 2-80 years. Initial density
was evaluated at age 2, since previous studies
indicated that ingrowth and mortality during
the first two years following harvesting is erra-
tic (Sandberg 1951). Beyond the end of the
seccond growing season, however, ingrowth is
minimal and mortality rates have stabilized.
Fitting methodology involved nonlinear rcgres-
sion techniques (see Draper and Smith 1966)
and the testing of numerous promising model
forms.

Data Base

Sources of data used for model construction
are indicated in Table 2a along with basic data
characteristics. Some of these data were ob-
tained from plot descriptions given in the liter-
ature. Data from upper Michigan, Minnesota
and Wisconsin were included in all phases of
the study. Some of the data (52 observations)
for the construction of equations 3—6 were also
taken from published yield tables (Kittredge
and Gevorkiantz 1929; Gevorkiantz and Ducrr
1938), and thus werce smoothed average values
representing a number of plots. Most plots
were 75% or more trembling aspen (Populus
tremuloides Mich.) by basal area. Bigtooth
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aspen (Populus  grandidentata Michx.) was
also present on a number of plots.

Since plots of many sizes were included in
the data, cach was weighted by the square root
of its respective size ;lccnrtling to suggusliuns
by Freese (1962) and Wense!l and John (1969).
The R*® and standard-error wvalucs given in
Table 1 refer to weighted residuals, The stan-
dard errors noted may be underestimates, since
some plot locations were clustered due to ex-
perimental designs uscd for earlier studies from
which the data were drawn. Plot size for ob-
servations based on an avcrage of a known
number of plots was assumed to be equal to
the aggregate study area (e.g., an average re-
portedly based on five 0. 1-acre (0.04-ha) plots
was assumed to have arisen from a single 0.5-
acre (0.2-ha) plot). Where information on plot
size was absent, 0.1 acre was assumed.

Stand Density

Changes in stand density may be estimated
by an iterative yearly solution of equation I
(sec Table la). Stands cut in June, July or
August are assumed to be 2 ycars of age at
the end of the next growing scason.

Although outwardly complicated, this model
is but a modification of the well known expon-
ential decay function. The cquation was based
on weighted observations of mortality from 24
permanent plots. Records on more than one
growth period were available for some plots.
In addition to weighting by the square root of
plot size, observations for this model were also
weighted by the number of years in the growth
period.

Volume

Some plot records did not indicate actual
stem-wood volumes (F,), although all of them
did provide average and/or dominant height
and basal area information. Consequently,
some stem-wood volumes for fitting model 3
were derived from estimated form factors.
Form factors were synthesized from height—
diameter relationships given by Kittredge and
Gevorkiantz  (1929) and volume tables by
Gevorkiantz and Olsen (1955). The stand
form factor was F == V_./BIH, where B = stand
basal arca per acre in square feet. Representa-
tive values for I7 were 0.59, 0.44 and 0.40 for
stands with dominant heights of 10, 20 and
30+ 1t (3.0, 6.1 and 9.1+ m) respectively.
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The stem- and branch-wood volume (V)
cquation (4) was fitted by two-stage least
squares, as described in Johnston (1963),%
with ¥, obtained from equation 3. This cqua-
tion indicates that branches comprise 27% of
stand volume for a stand with a 5-ft (1.52-m)
average dominant height and that this percent-
age diminishes asymptotically to 14% as H
increases. Since few of the plots utilized had
actual measurements of V', however, a graph-
ical representation of the Va/Vs — dominant
height relationship was derived by extrapolat-
ing from Kecays (1971). This graph was then
used to obtain missing V., values. A combina-
tion of actual and graphically estimated values
was then used as the data base for fitting
model 4.

The equation (5) for volume with conven-
tional utilization standards (V.) involves two
expressions on the right-hand side. The first is
the V./V, ratio for stands in which Dbh =
5.0 in. (12.8 cm). The second is the corre-
sponding ratio for stands of larger Dbh. These
expressions were first formulated from a gra-
phical analysis of stand volume - average
stand diameter information in yield tables from
Kittredge and Gevorkiantz (1929), Gevor-
kiantz and Duerr (1938), Brown and Gevor-
kiantz (1934), tree size—volume relationships
given by Gevorkiantz and Olsen (1955) and
field data from cooperators. The resulting gra-
phical approximation of the V./V, — average
stand diameter relationship was then used to
derive conventional merchantable volumes from
stem-wood volumes for plots for which the
former data were not available. Model 5 was
then fitted to a combination of actual and gra-
phically estimated observations with predicted
basal areas from equation 6 to determine the
nccessary Dbh. Actual rather than predicted
numbers of trees (N) were used as independent
variables in this fitting process. This was neces-
sitated by the fact that few plots with volume
records also had records of stocking at age 2

‘Two-stage least squares was used here to im-
prove consistency in yield predictions and to ob-
i tain better estimates of true variances in cases where

independent variables may themselves be predictions
rather than measured values. Johnston'’s text covers
only applications involving linear models. The appli-
cation of this methodology to nonlinear models was
based on intuition, since the authors were unable to
locate references on the subject.

on which to base predictions of future N from
equation 1.

Yields

Yield information based on equations 1-6
for a range of sites, ages and initial sucker den-
sitics is presented in Table 3. If merchant-
ability standards should change or more defini-
tive information on top volume becomes avail-
able, it would be a simple matter to alter the
conversion factors applied to stem-wood vol-
ume. Tree-defect deductions, which were ig-
nored here, could also be handled by an altera-
tion of conversion factors. These cquations
can be used for growth projections from any
initial condition or age, since beginning density
(N;-1) and age (A,_,) values in equation 1
are not restricted to values at age 2.

These yields depend to a large extent on the
site-index curves utilized. Their accuracy in
application depends on the degree to which
actual stand-height growth follows these curves.
Because of the variability in height growth of
sucker stands and the narrow site-curve separa-
tion at young ages, yield predictions arc ex-
pected to be less precise in the 1-20 year
range than for more advanced ages.

Reproduction-prediction Methodology

Suckering data were limited, since records
from earlicr studies by Sandberg (1951) and
Stoeckler and Macon (1956) could not be
located. Consequently, 49 of the plots used
were visited in the fall of 1971. Some cutting
dates and treatment of permanent plot records
were obtained from cooperators. Missing data
on parent-stand characteristics or sucker den-
sity were then tallied. Usual plot sizes were 0.1
acre (0.04 ha) for the parent stand and 0.001
acre (0.0004 ha) for suckers. Ten of the latter
were usually located systematically over the
parent-stand plot. Parent-stand basal area was
determined by converting stump diameter to
Dbh using conversion tables from Horn and
Keller (1957). Only 20 of the sucker observa-
tions were actually measured at age 2, but all
were less than 12 years old. Sucker densities
for age 2 for older stands were obtained by
working backwards to age 2, iteratively, with
equation 1. Weighting used in model fitting
was by parent-stand plot size only. Additional
information on the data set is given in Table
2b.
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Tant 4. Aspen-sucker density at age 2 as a function of site quality, parent-stand aspen density and
residual density for date class | (summer) and treatment class 1 (kill parent aspen stand)”

Parent-stand aspen basal area at time of harvest (ft2/acre)

Site Residual -
index basal area (ft*/acre) 10 30 50 70 90 110 130
Trees per acre = 1.0 ft tall

50 0 2449 4953 5566 5254 4555 3754 2991
20 2109 4265 4793 4525 3923 3233 2576
40 1558 3151 3542 3343 2898 2388 1903
70 1083 2191 2462 2324 2015 1660 1323

70 0 3428 6934 7792 7356 6377 5255 4188
20 2952 5971 6711 6335 5492 4526 3606
40 2181 4412 4958 4680 4057 3344 2664
70 1516 3067 3447 3254 2821 2325 1852

90 0 4407 8915 10019 9457 8199 6757 5384
20 3796 7678 8628 8144 7061 5819 4637
40 2804 5673 6375 6018 5217 4299 3426
70 1950 3944 4432 4184 3627 2989 2382

aMetric equivalents: 1 ft2facre = 0.2296 m?/ha; 1 ha = 2.471 acres.

The model developed for aspen-sucker den-
sity at age 2 following parent-stand cutting is
shown in Table 1b. The naturc and magnitude
of the date (D) and sitc treatment (T) effects
are as follows, with harvest and site treatment
assumed to be within the same date class.

Date class Effect multiplier

1. Dormant season cutting
2. Summer (June, July, August)

Treatment class

1. Kill parent aspen stand (e.g. T =1.00
hypohatchet, no timber removal)
2. Harvest cut, no site treatment T =i B 7
3. Harvest cut, residual knocked T=1.62
down with heavy equipment
(e.g., dozer blade, KG blade)
4. Harvest cut, residual felled, burned 7 =3.05
5. Harvest cut, disked T = 3.46

Table 4 gives cqualion results for several
site indices and residual density levels for sum-
mer cutting and trecatment class 1. Results for
other date or treatment classes can be obtained
by applying the class effcct multipliers. For
treatment class 5, for cxample, table values for
number of suckers would be multiplied by 3.46.

The class multipliers werc obtained by
grouping months and treatments into classcs

and assigning tentative multipliers as dummy
variables. These dummy variables were then
adjusted by an cxponential parameter assigned
to them in the model-fitting, process. Multipliers

were revised and the process repeated until no
further improvement was evident. Resulting
treatment ranking appears to be according to
the degree of site disturbance. Sandberg (1951)
indicates a basis for such ordering.

Sucker production was originally thought to
be asymptotic with respect to increasing parent-
stand basal area, but much better fits were ob-
tained with model 7 than with asymptotic ex-
pressions. Equation 7 has a maximum sucker
reproduction  at approximately 50 ft*/acre
(11.5 m*/ha) of parcnt-stand aspen basal
arca, This result may be an age effect, or it
could be a feature of the sample. An age effect
could be explained by diminishing individual
trec sprouting coinciding with decreased basal
arca growth as the stand maturcs. The fact
that the function is relatively flat-topped should
minimize concern for this effect in interpreta-
tion. Attempts o introduce an cxplicit age
term in the model produced fits consistently
inferior to equation 7. This lack of improve-
ment is attributed to the fact that age and basal
arca are correlated and to the apparent almost
overwhelming effect of site treatment.

Economic Analysis
Analysis of the yicld models werc carricd
out for site indices 60, 75 and 90 with initial
densities of 1250, 10 000 and 30 000 suckers
per acre (3 089, 24 710 and 74 132/ha) for
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conventional utilization volume (V) and full-
tree volume (V). The primary analysis con-
sidered a range of rotation lengths and corres-
ponding physical and financial yields. The sen-
sitivity of these yields and soil-expectation
values to site quality, sucker density and
changes in rotation lengths was then examined.
Implications of conversion from current 40-
year rotations to shorter rotations were studied
in a 200-year simulation of operations on a
hypothetical forest.

The financial results tabulated here are based
on roadside values. The latter were derived
from a roadside valuc for aspen of $0.105/1t?
($3.71/m*) with logging costs of $10.00/
acre ($24.71/ha) plus $0.075/ft? ($2.65/m*)
and a site treatment cost of $8.00/acre
($19.77/ha). Results of experiments done
with different cost levels and harvesting costs
variable with volume per acre are also reported
below.

Rotation Lengths

Table 5 indicates optimal rotation lengths
for conventional and full-tree utilization for
various evaluation criteria: current annual in-
crement (CAI), mean annual increment (MAI)
and soil expectation value. Significant points to
note are that (i) optimal rotations for these
criteria are substantially shorter for full tree
utilization than for conventional harvest prac-
tices; (i) rotation lengths decrease as site
quality increases, the greatest effect being noted
for conventional utilization standards; (iii) ro-
tations based on soil-expectation criteria are
much more sensitive to sitc-quality changes
than those based on CAI or MAIL; (iv) initial
sucker density has only a slight effect on rota-
tion lengths (higher densities shortened rota-
tions by 1 or 2 years at most}.

Perala (1973) suggests that full-tree mean

annual increment culminates at 27 or more
years, but this was well beyond the maximum
age in his data base. The present analysis
(Table 5) indicates that it lies around age 36
for good sites and 39 for poorer sites. For
conventional yield, the range for maximum
mean annual increment is 46-58 years.

The apparent negligible cffect of initial
sucker density is understandable upon exami-
nation of "both the mortality equation (1),

which tends to normalize stand density with
increasing age, and the relatively small expon-
ent for N in volume cquation 3.

Physical and Financial Yields

Selected yield and financial variables are
given in Table 6 for site index 90. Significant
results are as follows. (/) Both physical and
financial yields are substantially higher for
full-trec than for conventional utilization, cs-
pecially at younger stand ages. For example,
the maximum MALI in cubic fect on site index
90 for full-tree is 28% greater than that for
conventional utilization. (2) The maximum
soil expectation value for full-trec utilization
occurs carlier and is more than twice as high
as that for conventional harvesting practices.
For site index 60 (not shown), maximum soil-
expectation values (5% ) were $2.61 for full-
tree versus —$3.65 for conventional utilization.
(3) Both soil-expectation and mean annual-
increment curves arc relatively flatter in the
region of culmination for stem- and branch-
wood utilization than for conventional. This
indicates that financial and physical rotations
are less sensitive decisions on the higher utili-
zation standard.

For the site-stocking example of Table 6,
the internal rate of return on a maximum soil-
expectation rotation (5%) of 22 years was
10.4%. TIncrcases in discount rate tend to
reduce optimal rotation length. The usc of an
8% rate reduces rotation in this example from
22 to 19 years. Internal rate of return peaks at
10.975% on a rotation of 17 years. This scts
a lower economic bound on rotation length
and an upper bound on discount rate of
10.975% . This follows from the definition of
the maximum internal rate of return as the
highest discount rate that can be applied and
still yield a non-negative soil expectation. A
discount rate of zero (forest rent) yiclds a
rotation of 40 years.

These results suggest why previous attempts
to cxtrapolate from data gathered only from
younger age classes have underestimated the
culmination point of MAIL Natural aspen
stands have the rapid early growth necessary
for productive short rotations; however, since
this growth rates does not fall off rapidly, fin-
ancial or physical rotations occur at morc
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TaBLE 6. Selected yield and financial variables for full-tree and conventional aspen-utilization standards, site 90,
initial sucker density at age 2, 10 000 stems per acre

k. Soil-
4 Volume Costs Costs expectation Gross harvest
1 Age per acre (ft)" CAI (f3)> MAI (ft®) per ft* ()  per acre (3 value (5%) ($) value (8)¢
3 Full-tree
10 853 140 85 0.10 87.00 4.07 89.56
20 2369 156¢ 118 0.09 208.91 24.10 248.75
22 2681 155 121 0.09 234,52 24.43° 281.56
26 3296 150 126 0.09 285.64 23.65 346.07
34 4448 134 131¢ 0.09 385.63 19.14 467.04
4 46 5915 106 129 0.09 529.07 10.90 621.03
Conventional
10 - 20 — - — —36.62 -
20 776 141 19 0.12 89.39 —4.81 81.43
3 22 1070 164 49 0.11 113.67 —0.67 112.38
3 26 1792 190¢ 69 0.10 172.86 5.99 188.18
b 34 3185 151 93 0.09 290.94 10.24¢ 334.48
b 46 4713 102 102¢ 0.09 438.98 6.63 494.90
bt

: eMetric equivalents: 1 ft3facre = 0.0670 m3/ha; | ha = 2.471 acres.
k. sCAl = current annual increment, MAI = mean annual increment.
o «Comprised of a variable cost of $0.075/ft3 ($2.65/m3), harvesting set-up cost of $10.00/acre ($24.71/ha) and an $8.00facre ($19.71/ha
site-preparation cost compounded to harvest.
4 dEquivalent: $0.105/ft? ($3.71/m?3).
eMaximum in a series.

b e ca

advanced ages than shorter-range studies have
considered. Site 60 produces only 40 ft®/year
conventional yield on an optimal soil-expecta-
tion rotation (5%) of 46 years, whereas the
comparable yield for full-tree is 59 ft* on a
rotation of 29 years.

Cost Sensitivity

Additional studies with cost assumptions
other than the values noted above and in
Table 6 indicate that large increases in set-up
and regencration costs increase full-tree rota-
tion length slightly. A fairly steep reduction in
variable cost related to volume per acre has a
similar slight cffect on full-tree rotation length.
The conclusion was, however, that optimal full-
tree rotation length is relatively insensitive to
these costs over a range of reasonable values.
The soil expectation value itself, however, is
quite sensitive to cost assumptions.

It is possible that advances in harvesting
technology (i.e., cost reductions) may eventu-
ally favor shorter rotations. Table 7 describes
the level to which costs must fall to favor rota-
tions less than that determined by current soil
cxpectation values (22 years for site index 90).
As an example, if costs on an 8-ycar rotation
were to fall from $65.92 to $50.07, the soil-
expectation value on an 8-year rotation would
be equivalent to the current maximum at age

22. For this cost reduction to be strictly mean-
ingful, the new technology that induced the
saving would have to be applicable to only the
shorter rotation. It is apparent from Table 7,
however, that the relative cost reductions neces-
sary to reach the current maximum soil-expec-
tation values are substantial for rotations of
less than 12 years.

Implications for Conversion to Shorter Ro-
tations

Analysis of a real or hypothetically stocked
forest manipulated over a finite-time horizon is
a substantial aid in the formulation of a con-
version strategy. Almost all initial stocking
conditions that include stands over the speci-
fied rotation age will yield higher values of
physical and financial comparison variables in
the early years of analysis on shorter versus
longer rotations. This is due to the larger con-
version-period harvests* with the shorter rota-
tions. Longer rotations begin to catch up with
the shorter rotations after conversion because
of higher equilibrium-period harvests.

The simulated conversion analysis was based

“For a time horizon of T and rotation length 1 in
years, simulation consists of t area-control conver-
sion harvests followed by sustained yield harvests for
the remaining T — ¢ years.
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TaBLE 7. Harvesting costs required to achieve the current maximum soil-
expectation value on shorter rotations, full-tree utilization site 90, initial
sucker density at age 2, 10 000 stems per acre”

Rotation
length Cost required to equal current
(years) maximum soil-expectation value (3) Cost per acre ($)?
2 0.61 21.05
4 11.39 31.62
8 50.07 65.92
12 100.04 109.92
16 154.20 158.25
20 ' 208.36 208.91
22¢ 234.52 234.52

“Equivalent: 1 ha = 2.471 acres.

tConsists of set-up ($10.00/acre ($24.71/ha)), variable harvesting ($0.075/ft3 ($2.65/m?3))
and regencration cost ($8.00/acre ($19.71/ha)) compounded at 5%, to harvest. Price is
$0.105/1t ($3.71/m?).

cMaximum soil-expectation rotation; 5%, discount rate.

TabLE 8. A simulated comparison of selected rotations from 2 years to maximum soil expectation based on conversio
of 1000 acres uniform stocking, ages 1-40, with 200 years conversion and sustained-yield harvest, site 90,
initial sucker density at age 2, 10 000 stems per acre, full-tree utilization®

Cumulated
compounded
Cumulated Cumulated (5%) Compounded
Rotation volume net revenue net revenue Volume Net-revenue net-revenue (5%,
length (200 years) (200 years) (200 years) intersection intersection intersection
(years)y’ (MM ft3)° (MM dollars)® (MMM dollars)? (year)® (year)® (year)®

2 5.49 12 6 11
4 10.50 15 9 18
8 17.30 18.36 18 13 31
12 21.55 0.226 24.53 20 17 48
16 24.34 0.365 26.30 19 18 59
20 26.19 0.443 26.10 17 11 23
22 27.20 0.474 27.08 — e =

°Equivalent: 1 ha = 2.471 acres.

*Maximum soil expectation is at 22 years for 57, interest.

‘Includes terminal growing stock.

dNegative values omitted.

eIntersection indicates the year in which the shorter rotation series falls behind the corresponding maximum soil-expectation series.

on the assumption of 1000 acres uniformly
stocked with age classes 1-40. This forest base
was then converted to a sustained yield basis
and harvested over a 200-year time horizon
for all rotations from maximum soil expectation
to 1 year. Comparison variables were cumula-
tive harvest volume, cumulative net revenue
(cash flow) and compounded net rcvenue.
Results in Table 8 represent only the full
trec comparisons for the previously discussed
sitc index 90, N = 10 000. For the 8- versus
22-year rotation, a superiority in volume and
value for the longer rotation emerged in the
sceond decade (ycar 18 and 13, respectively),
and for compounded value, in the third decade

(31 years). The values at the end of 200 yeai
have the greatest relative difference in
revenue and substantial difference in volum
and compounded net revenue. The 22-ye:
maximum soil-expectation rotation is superic
for all variables by year 59.

These results indicate that only small shor
run gains would be obtained by conversion t
rotations less than 22 years. The relatively lal
emergence of superiority for the 22- versus 1¢
year rotation in terms of compounded ni
revenue is due to the effect of compounding o

A

carly returns from the shorter rotation.
higher interest rates, emergence of superioril
occurs much later or not at all.
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Results and Discussion

The usual approach to a growth and yield
study involves substantial time and field effort
in collecting a “clean™ data sct. Given the pre-
liminary nature of interest in short-rotation
aspen management, however, such effort did
not seem warranted. Further, to suggest that 60
years of research had not already provided the
basis for meaningful economic analyses would
be a gross indictment of past work. Conse-
quently, the authors adapted a somewhat unor-
thodox approach involving a synthesis of data
from numerous sources. Although some cx-
trapolation is evident in the yicld and repro-
duction scction of the paper, it was felt that
cach such step was relatively small and any
resulting cumulative bias is unlikely to be
large and significant in analyses.

Although not exhaustive, the economic an-
alysis suggests that substantial shortening of
aspen rotations for a fiber-production objective
may be brought about by utilization of small
stem and branch wood, i.e., material presently
considered nonmerchantable. Calculated best
rotations are reduced from the 30- to 45-year
range down to the 20- to 30-year range. Fur-
ther, reproduction is not a critical factor here,
since suckering appears substantial under
minimal-treatment  programs  and  rotation
lengths are only slightly affected over a broad
range of initial stand densities.

These shorter rotation lengths are within
the realm of current experience, thus technolo-
gical and policy adjustments would seem to
require only evolutionary change. Management
problems induced by pathological rotations —
carly stand deterioration and breakup —
would also appear to be reduced, since such
conditions usually develop after age 30. Of
course, managers may have other product al-
ternatives available, such as veneer or sawbolt
material. These alternatives would probably
lengthen rotation, but such opportunities are
not expected to be extensive (Hughes and
Brodie 1972).
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National Forests, the Wisconsin Department of Na-
tural Resources Divisions of Forestry and Game Re-
search, Owens-Illinois, Inc., Consolidated Papers, Inc.,

Boise Cascade, the Institute of Paper Chemistry,
University of Minnesota College of Forestry, and the
Michigan State University Dunbar Forest Experiment
Station was invaluable in the synthesis of a data base.
Special thanks are extended to Richard €. Doolittle,
Research  Forester, Consolidated  Papers, Inc., and
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