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PURPOSE AND SCOPE

The objective of the work described here was to
develop a computer programing System that would simulate
the development and treatment of an even-aged northern
hardwood stand, beginning with a sapling stand and con-
tinuing through the harvest cut--a period of 100 years
or more. Three considerations governed the approach to
this task:

1. The biological and mensurational aspects of the
problem incorporated as much of the available data as
possible and attempted to avoid assumptions not fully
daocumented by available data.

2. Through the use of Monte Carlo technique, I tried
to include as much as possible of the unexplained variation
that might affect the course of the process.

3. User options were programed as often as possible
to include environmental conditions and silvicultural
treatments.

The logic and data used to develop the simulation
model are described elsewhere (Sclomon 1974), but additional
program information and comparisons of some examples are
included here.

OVERALL MODEL

The overall model has two maln phases: sapling stand
development, and poletimber-sawtinmber harvest. TLach phase
uses different variables and, most important, is controlled
by a different analytical framewcork. To provide a basis
for understanding the detailed descriptions in subsequent
sections, a general overview of the purpose, logic, and
makeup of each phase will be given.

SAPLING~STAND DEVELOPMENT PHASE

The development of sapling northern hardwoods has been
described as a compound exponential process {Leak 196%a),
where numbers of trees decrease rapidly and average diameter
increases according to an inverted J-shaped (exponential)
curve. Thic compound exponentizl process provides the
basis for determining changes in numbers of stems by species
groups during the sapling stage.



Available data on potential quality classes are
inserted during this stage. When a weeding treatment is
applied, the rate of mortality will change the shape of
the exponential curve. Pruning will change the quality
distribution of the stems in the residual stand.

The sapling stage ends at a mean stand diameter of
3.0 inches. At this point, understory trees are removed
by 1l-inch classes from consideration until the mean stand
diameter is approximately 4.5 inches. The main overstory
of the stand is then defined in terms of numbers of stems,
by species and potential qualities. The model is then
ready for the poletimber-sawtimber-harvest phase.

The primary sources of variability at this stage are
initial numbers of stems, quality distribution of stems,
species, and diameter distribution. Variation is expressed
acre by acre as far as possible.

Poletimber-Sawtimber-Harvest Phase

The development of even-aged northern hardwood stands
has been represented by stocking guides (Fig. 1) based on
average stand diameter, numbers of trees, and basal area
per acre (Solomon and Leak 1969). These guides apply to
trees in the main crown canopy. A time span for this
stocking chart is provided by available yield tables for
northern hardwoods that provide estimates of the time
required to reach a given mean stand diameter, by site
class under both managed and unmanaged regimes,.

Growth simulation begins with a program-supplied
estimate of gross basal-area growth, dependent upon site
index and age. Annual mortality at full stocking (A line)
is determined from the stocking chart and yield-table data.
Then, actual stand mortality is computed, based on the
position of the stand between minimum stocking (B line)
and full stocking, coupled with a random element. Given
a mortality estimate, net basal-area increase is projected,
and numbers of trees are reduced; then a new average stand
diameter is computed.

The simulator maintains a record of numbers of trees,
basal area, mean diameter, and percentage of stems by
species and three quality classes.

Any of three thinning strategies can be emploved by
the user: thinning whenever the stand reaches the A line
or 1/2 or 3/4 of the way between the A line and B line.
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The user can specify the order of removal of species and
quality classes and delay the first thinning until a chosen
mean diameter is reached. Under all strategies, thinning
lowers the stocking +o the B line.

Rotation can be specified by either stand diameter or
age. At rotation, the stand is harvested and final yields
are given, by species and qualities.

SAPLING~STAND COMPONENTS

The sapling-stand phase consists of five subroutines,
two random-number generators, an input routine, and a
main program. These combine into four steps: (1)
determination of initial stem numbers and qualities, (2)
computation of mortality patterns, (3) application of an
optional cleaning treatment, and (4) determination of
diameter distributien and elimination of understory trees.

Stem Numbers and Quality

The starting subroutine SAPST of the sapling-stand
phase determines the number of stems in the stand at a
mean diameter of 1.0 inches, as well as the proportion of
stems by species with veneer, sawlog, and bulk-product
potential.

Marquis (1967) gave evidence that species composition
of hardwood stands is determined at an early age.
Therefore data expressed as percentages will remain
egsentially constant for this phase of the simulator.
Input for this subroutine comes from unpublished information?
that indicates that a stand of 1.0 inch mean diameter
averages 4,922 trees per acre, with a standard deviation
of 779 trees. Subroutine SAPST draws an initial observation
at random out of a normal distribution with this mean and
standard deviation.

L,eak, William B. TFinal report. Estimation of the
exponential rate of tree dropout in young even-aged northern
rardwoods. USDA For. Serv. Northeast. For. Exp. Stn.,
Durham, N. H., 10 pp., 1967.



A summary and evaluation of quality data in both
young (Blum 1966, Gilbert 1965)? and old?® stands provide
the basis for estimating a range in potential stem gualities
by specieg (Table 1). The subroutine picks rectangularly
distributed numbers within the indicated ranges and sets
these equal to the proportions of veneer, sawlog, and
bulk quality stems.

Table 1.--Ranges in the percentage of stems in various
potential product classes, by species

Species Veneer Sawlog Bulk
Beech 5 8 87
Yellow birch b - 10 11 - 18 71 - 85
Sugar maple 3 -~ 5 12 - 27 68 - 85
Red maple 1u 18 58
Paper birch 7 - 38 25 - 28 34 -~ 68
White ash 30 16 54
Mortality

Past work (Leak 1969%a and 1969b) has shown that
numbers of stems in a sapling northern hardwood stand
decrease as stand diameter increases according to a negative
exponential probability distribution, which has the form:

f(x)=re %

Subroutine RPAR provides estimates of the negative
exponential parameter "r" for commercial stems alone, and
for all species together, and subroutine DROP applies
mortality losses from an initial diameter of 1.0 inch to
gither the diameter at which weeding is applied or to the
3.0-inch mean diameter that marks the end of the sapling
stage.

*Marquis, David A. Progress report. Response of a
25-year-old northern hardwood stand to early thinning.
USDA For. Serv. Northeast. For. Exp. Stn., Durham, N. H.,
84 pp., 1967.

!pistribution of cubic-foct volume in old-growth stands
by butt-log section and total tree volume. USDA For. Serv.
Northeast. For. Exp. Stn., Durham, N. H., 1 p.., 19&6.
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From the desired number of crop trees and species
priorities, subroutine CLEAN computes the actual number of
crop trees. Only stems with grade 1 and 2 potential are
considered as crop trees. Also, the number of stems to
be removed is computed by multiplying the number of crop
trees by the number to be removed per tree. It is assumed
that the cut is pProportional across all species and
product classes, excluding those stems selected as Crop
Irees.

The next step is to project the numbers of trees to
the end of the sapling stage, by estimating the exponential
number. This is done bty comparing numbers of stems left
after cleaning with the average numbers in an undisturbed
stand. According to the stocking guide (Fig. 1), no
mortality is expected if the number of stems is 100 or less
Therefore the exponential to apply after cleaning to
project the final number of trees would be:

R = 0.4428 (residual remaining -400.0)/(XN-400.0)

where XN = average number in an untouched stand for a give:
stand diameter and

Log.,_0 XN = 4.016316 - 0.2273 {mean diameter)

In projecting numbers of trees, no mortality losses
are applied to crop trees. The negative ewponential losse
are applied only to those residual stems not classed as
crop trees.

The final result from subroutine CLEAN is numbers of
stems by species and quality classes at a mean stand dbh
of 3.0 inches.

Diameter Distribution

In managing even-aged northern hardwoods beyond the
sapling stage, silvicultural work is applied primarily to
trees that make up the main orown canopy. Thus the sub-
routine DIAMD assigns trees to diameter classes and
eliminates the understory trees. This step results in a
loss in number of stemsg, an increase in average stand
diameter, and changes in speciles composition.

Based on plot data from young stands of northern
hardwoods about 3 inches in mean diameter,® observed range
in the percentage of trees by diameter classes have been
defined for three species groups: beech and sugar maple,

*Leak, William B., op. cit.
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yellow birch-red maple-white ash, and paper birch and
others (Table 2). Assuming about equal representation of
each speciles group, the expected average diameter reflected
by Table 2 is about 3.0 inches.

Table 2.--Range in percentage of trees in each diameter
class for stands with 2.5~ to 3.0-inch average

diameter
Species
Diameter
class Yellow birch,
(inches) Beech and red maple, and Paper birch
sugar maple white ash and others
1 3 - 71 0 - 54 0 - 20
2 20 - 34 0 - 34 0 - 30
3 6 -~ 14 3 - 27 0 - 25
L 1 - 10 10 - 37 0 - 25
5 0 - 8 0 - 34 12 - 50
6 0 - 3 0 - 25 0 - 50
7 remainder 0 - 20 0 - 50
8 0 - 20 0 - 1y
remainder remainder

Subroutine DIAMD shows a random observation within
each range, and determines numbers of trees by diameter
class and species. Then, the 1~, 2-, or 3-inch (cumulative)
class is dropped so as to reduce the stand to 760 trees
per acre or less; this procedure brings the stand into the
lower end of the northern hardwood stocking guide (Fig. 1)
at an average diameter of 5 to 6 inches. Many of the under-
story trees eliminated are beech and sugar maple. However,
any beech or sugar maple designated as crop trees, and
released by weeding, are not eliminated as understory.

Finally, the subroutine determines numbers of re-
maining trees by species and product class, as well as the
final average diameter and basal area per acre. This
information serves as input into the poletimber-sawtimber
phase of the simulator.

The user is required to supply initial stand inform-
ation and select silvicultural operations to be performed
during the sapling phase.



The number of independent stands to be considered,
stand titles, and the number of revolutions desired for
each stand are required in the control program (UPTAKE).
Also a random integer must be provided as an input into
the rectangular (RANREP) and normal (GRASS) randon number
generators.

The initial stand information needed is the site
index and species composition. The site index is defined
as height of sugar maple at base age 50, while species
composition is expressed as a percentage of the initial
stand at 1 inch dbh.

The possible silvicultural treatments are weeding
and pruning operations. If weeding is desired, the user
must supply beginning average stand diameter; upper and
lower bounds or number of good stems, within which limits
weeding will not be canceled; number of crop trees to be
released; average number of competitors to remove per
crop tree; and the crop tree priorities of beech, vellow
birch, sugar maple, red maple, paper birch, and white ash.

The pruning option, if specified, will prune all
yellow birch and sugar maple crop trees less than veneer
grade to one log length.

Sapling MAIN Program

The sapling phase is monitored by a MAIN program,
whose logic is illustrated in Figure 2. The program can be
obtained from the National Technical Information Service.®
The input consists of the six control cards for each stand
as UPTAKE,

In addition to calling subroutines in the seguence
shown, the MAIN program provides estimates of numbers of
years required to reach the end of the sapling stage.
These time estimates are based on site index and the
application or nonapplication of weeding; computations are
made by simple interpolation between the site index values
tabulated below (Leak et al. 1969):

SWrite U.S. Department of Commerce, National Technical
Information Service, 5285 Port Royval Road, Springfield,
Virginia 22161 and reqguest National Technical Information
Service (NTIS) Accession No. PB 288364 A/S; report number
NEFES/77-5. NTIS magnetic tape price is $250.00. FYor
further price information contact NTIS Input Branch,
703-557~4690.

g
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Unweeded

—{years y

o . T R
Site Ind

iy

. y 59
50 Ly

&80 38 50
70 33 b
80 20 40

SAPLIHNG-STAND QUTRPUT

An abbreviated example of the output from the sapling
rhase is shown in Figure 3, certain <~f~>mp1€’*10ﬂ messages
are not showr. If more than a sincle resoliution for the
stand is made, the output bepins at the point of "WEEDING
WAS APPLIED.," or a C)defdbl@ mossage . Flach new §tand
starts at the head of a new page with the appropriate
title,

The final output consists of: percent composition
and number of stems for ecach specles and quallty class
(for the important commercial ¢ .mﬁxs), & summary of total
numbers of stems, basal area, and mean stand diameter; and
an estimate of the vears *ﬂqxnr@" t’@ react: the end of the
sapling phase. At this point or after sewveral revolutions
the stand information may bLe dvarug;ed an<d tThen used as
input to the poletimber-sawtimber phase.

PLING PHASE EVALUATTOWN

A al output fzwm Fiwve runs of the
bdpliﬁb Table 2. Fach »un reflects the
average ns.  Two runs  Lncorporated a
weeding 0D trees per acrie, two runs were
without weeding, and the fifth included +the pruning option.
Both the weeding and no-weeding options svere tested under
disturted and undisturbed site conditions. The disturbed
site reflects the effect of a l@;ng Operation with the
mineral soil ol 853 of +he area. The

-

undisturbed
stems for a
birch, which

1y gr eater numbers of
classe s except for paper
disturbed sites.

As might Dbe ewxpected, stocking in basasl area is A line
or above for the unweeded conditions, and sgomewhere between
the A and B lines for the weeded (Fig. 1 3 .

Numbers of good ,‘ie"ﬂ”k—-qucxl“*" 1 ar 2—-range from
about - 2Te In lidne with published
informa “1 Crop  trees in sapling




UNDISTURBED WITH WEEDIHG SITE S0 KO PRUNING

SPECIES COMP FOR BE Y8 S RN PE Wa PC STHAP ASP OTH RMSPT
0.07 0.10 6.08 0.05 0.17 0.01 0.23 0.02 0.061 0.13 0.13

SITE INDEX = 30.0
HEEDING DESIRED AT DEBH 2.300

WEEDIHG WaS APPLIED

CROP TREES OF BEECH YEL B SUG M REDM PAP B N ASH ALL
0.0 117.3 0.0 0.0 3z2.1 0.0 200.0

HUMBER CUT IN WEEDING= 8006.0 HUMBER LEFT= 12735.5
2-INCH CLASS DROPPED

SPECIES HUMBERS AFTER SAFLING STAGE
BEECH YEL 8 SUG M RED M PAP B W ASH

aualITy 1 0.2 33.5 0.2 4.6 2.9 2.0
0.0% 3.4% 0.0% g.742 10.1% 0.3%
QuUaLITY 2 0.4 15.1 1.0 5.9 65.8 1.0
0.1% 2. 4% a.2% 0.9% (0.6% 0.2%
guaLITY 3 4.1 37.9 4.2 22.2 136.8 3.3
0.7%  6.1% 0.7% 3.6% 22.0% D.6%
RUEPRTS ASPEN THER STR Map PIN C
179 4 11.3 7.2 22.6 0.0
28.8% 1.8% i.2% 3.6% 0.0%
HUMBERS, B4TAL ARER, AND AY DBH AT END OF S4PLING STAGE
621.814 fez. 127 9.488
YEARS TO EHD OF SAPLINHG STAGE= 44 .00

LEEES FASEREFEEESIEFE RIS E LRSS LEEEEEEAEREELE LT S S

Figure 3.--Ixample of the output produced at the end of the
sapling phase.
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northern hardwoods may range from 50 to 100 or up to 7
ar (Blum and Filip 1962; Marquis 1967).

Total numbers of good stems are not consistently
greater with weeding than with no weeding, althot}gh the
trend is in that direction. Weeding favors quality class
1 at the expense of both other classes, but the numbers
of good yellow birch and quality class 1 paper birch are

sistently higher with weeding, primarily because these
pecies were favored as crop trees.

.

¥
[N

The numbers of good stems of the fast-growing paper
birch and white ash are high in comparison with the per-
centage representation of these species in the initial
regeneration. However, this is well in line with actual
practice. Marquis (1867), for example, showed that paper
birch and white ash accounted for 44 and 8 percent,
respectively, of selected crop trees, but accounted for
only about 12 and 3 percent, respectively, of the total
number of commercial stems. The characteristic high
gquality and uniformly rapid growth rate (few understory
stems) are the primary reasons for this phenomenon.

Weeding resulted in slightly smaller average diameter
and basal area than no weeding at the end of the sapling
stage. This reflects the higher proportion of tolerant
and intermediate species brought about by the weeding
treatments, ac well as the somewhat smaller number of
suppressed oy understory trees that had to be eliminated
‘rom the stand. Estimated vears to reach the end of the
ing stage ware 44 with weeding and 5% years without

uning has no effect on diameter growth, basal area,
d compositicn. The gquality class ? vellow birch
ees were advanced to quality class 1 through pruning.

Because of the variability in the Monte Carlo technique,
a range of responses will result over a series of runs.
Therefore any one run may not follow the average evaluation
described here.

POLETIMBER-SAWTIMBER-HARVEST COMPONENTS

The poletimber-sawtimber-harvest phase of the simulator
grows the stand from the end of the sapling phase,
approximately 4.5 inches average diameter, +to harvest
tiameter or rotaticn age. The program covers fourp main

£
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steps: (1) growth projection, (2) thinning operaticns,
(3) paper birch-aspen mortality, and (4) harvesting-

Growth Projection

The stand growth projection begins with gross growt
as related to site index and age. Based on existing plc
data and available yield tables (Leak et al. 1969), this
relationship can be expressed as:

Annual gross basal-area growth =
. 2
0.06128+0.04333(site)~0.00062(age)-0.00002Cage™ )

This equation is applicable for site indexes between 40
80 (for sugar maple, base age 50) and does not apply to
young sapling-sized stands. Otherwise it maintains a
relatively constant gross growth rate until the stand re
the higher age classes.

Annual mortality is based on the northern hardwood
stocking chart and yield table (Scolomon and Leak 1969)
expressed by:

3tocking chart:

A-line number of trees = 2111.07373 - L09.31309(M8]
+ 28.65013(MSD)? - 0.67564(MSD)°

+ 16.883u5{SIN(§(M59~1>))

B-line number of trees = 1111.720%8% ~ 210.42010(MS
+14.68u26(MSD)° - .34898(MSD)”

+9.05404 (SIN(F(M5D-1)))
Where MSD is the mean stand diameter.

Yield Table:

t

Years, Site 50 = 54.56725 - 7.011110 (D) + 1.e5473

~2.80710 + B.385088 (D) + 0.29a23 (

1

Years, Site 60

It

Years, Site 70 5.48904 + 5.98422 (D) + 0O.26806 (

Where yvears is the years to reach a given mean stand
diameter D.



For a given mean stand diameter, net annual basal area
growth at the A line can be computed, and mortality at the
A line is estimated by subtracting net growth from gross
growth.

Our estimate of actual stand mortality is based on
the assumption that mortality at minimum stocking (the
B line) is zero, and that mortality of a stand above the
B line is in some way proportional to its position between
the A line and B line.

Stand mortality =  BA - BAB  %.(GG - BAGA)
BAA + 5 -~ BAB
Where BA = basal area of stand
BAB = basal area of B line

BAA = basal area at A line
GG = gross growth
BAGA

1t

annual net basal area growth at A line

it

X a random exponent between 1 and 1.5

When X = 1, mortality is computed in direct proportion
to the position of the stand between the A line and B line.
When X>1, the mortality rate increases as the A line is
approached and passed--a phenomenon in line with general
experience.

Unpublished data for mixed species of northern hard-
woods have confirmed that the average diameter of trees
that die equals the average stand diameter. After computing
and subtracting the number of trees that die and projecting
the net bhasal-area growth, the new average stand diameter
for that year is calculated.

Growth is projected each year as described above until
a thinning or harvest operation interrupts the process.
After thinning, annual growth projections are resumed once
again. Species and gquality-class percentages are held
constant throughout the growth-projection process, except
for the accelerated mortality of paper birch and aspen
described later. Experience has shown that although the
species do not grow at exactly the same rate, species changes
in the overstory of even-aged northern hardwoods preceed
quite slowly (Leak 1961, Marquis 1967).

=
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Thinning and Harvest Yields

In subroutine THIN the user may specify no thinning
or the diameter at which to begin thinning. The stand wil
be reduced to the B line whenever the stand reaches the
specified stocking A line, 3/4 of the way from B line to
A line, or 1/2 of the way from B line to A line.

Tree removal is specified by the user according to
species and quality class. Since mortality of paper birch
and aspen increases sharply from age 80 on, the program
uses PBMORT to simulate the mortality unless the user
specifies removal prior to age 70. Paper birch and aspen
are the first species removed in the first thinning called
after age 70.

The final harvest is specified by rotation age or
mean stand diameter. Intermediate and harvest yields are
readily converted to local volume standards since the
output is presented as a percentage of the trees of each
species and quality class at the specified mean stand
diameter.

Paper Birch-Aspen Mortality

When the stand reaches 80 years of age, simulated
mortality of any remaining paper birch and aspen is
accelerated by subroutine PBMORT to represent the short
life span of these two species. TFive percent of the initi
amount of each species is removed per year, resulting in
complete removal of both species between 80 and 100 years
of age. Mortality losses are applied proportionally acros
all quality classes. Percentages of the remaining species
are adjusted so that they continue to sum to 100 percent.

As mentioned earlier, the user has the ogpo?tunity to
circumvent this accelerated mortality by specifying that
paper birch and aspen be removed in the first thinning
after age 70.

CONTROL PROGRAMS

Poletimber - Sawtimber - Harvest Input Requirements

The user specifies the starting parameters for each
stand (output from the sapling phase) and his options for
controlling the treatments during this phase of the
simulation. The logic for this phase is illustrated in Fig

17
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Basic stand data to start the program are needed.
The site index, age, and stand density {(basal area, number
of stems/acre, and average stand diameter) must be included.
The species composition is listed by percentages iIn three
quality classes and eight species groups: beech, yellow
birch, sugar maple, red maple, paper birch-aspen, white
ash, conifers, and others.

As each stand matures, treatment decisions are reguired.
To simulate silvicultural practices, the density level used
to initiate thinning, thinning intensities, paper birch
salvage operations, and species priorities for removal must
be specified by the user.

Harvest information is needed for stand rotation in
the form of desired stand diameter and/or age limits.

Poletimber-Sawtimber-Harvest Output

A condensed version of the output for the poletimber-
sawtimber-harvest phase is shown in Figure 5. Some of the
error or completion messages are not shown.

More than one set of stand conditions may be entered
with each run, but it is necessary to supply a complete set
of control cards for each stand. The first set of output
is for the first control set, and sc on until all control
sets are used. No further data are needed.

The first block of output lists all the input
conditions for this numbered stand. Thege include site,
number of trees per acre, basal area, mean stand diameter,
age of the stand, species composition by quality class,
the order of priority removal for these classes, diameter
at which to start thinning, user of machine remocval of
paper birch-aspen, when to thin the stand, and the rotation
age or harvest diameter. These provide a check on the
control cards for this stand.

Annual information is printed so that the growth of
the stand can be traced. This infermation includesg the
age of the stand, the mean stand diameter, number of trees
and basal area per acre. Also given are the number of trees
and basal area for the A and B lines. The annual printout
continues until the mean stand diameter at which to start
thinning--if any--has been reached. The number of trees
to be thinned is printed. For each thinning, the number
. of treesg and the percentage by species of the total stand
thinned are listed by species and quality class.



POLETIKBER SaWTIKBER SINULATOR
STAKD NUMBER 1 STARTED WITH

SITE = 50.
HNUHBER OF TREES/ACRE = 665,
BGSAL AREAZACRE = 91.67
DIAMETER = .0
AGE OF STAND = §9.

QUALITY SPECTES
CLASS 8E YEB s R PBA WA COH OTHER
H 0.1% 3.i% 0.1% 0.8% 8.2% 0.4% (. 0% 0.0%
0.7 20.6 0.7 9.3 545 2.7 .0 9.0
2 0.2% 1.éx 0.6k 1.0% 10 0% 0.2% 0 6% 0.08%
1.3 106 4.0 6.6 66.9 1.3 g0 0.0
3 2.8% 6.7% 2,57 3.9% z1.3%x 08.6x 0.0% 36.2%
16.6 44.¢ 16 6 2%.9 1416 4.0 0.0 240.7

ORDER OF SPECIE CLASE REMOVAL BY PRIORITY
23 22 21 20 19 18 17 12 13 14 iS5
14 10 g { 4 6 8 ? 3 2

IYHIN = {,THIN UHEN STAHD REACHES A-LINE
GPERATER CORTROLS PAPER BIRCH RENOVAL PRIORITY
DIAKETER AT UH!LH THINNING STARTED = .
ROTATION AGE = 150

HARVESY DINMETER = 14.0

HEAH DIAMETER FOR AGE 6. = 5.086

HUMBER DF TREES [N STAHD = 600.34
a-LINE HUNBER DF TREES  PRESENT = 679 .8 HEKT YR, = 661.6
B~LINE HUMBER QF TREES  PRESENT = 374 .9 NEXT YR, = 365.9

BRSAL ARDA OF STAND = 33 .16
8a AT A~LINE = 95.91

B8A AT B-LIKNE = 52.89

THINHIHG HO, i
NUMBER OF TREES THINMED= 246 731

AYERAGE STAND DIAHETER = 6. 01
auaLITY SPECIES
CLASS BE T8 $h R PBa Wy CON  DTHER
{ g.9% 8 0x 6.0% 0.0% ¢.0% 0.0% 0% 0.90%
G.n 00 0.3 0.0 a.¢ 0.8 o 6.0
2 80% 0.8% 0.0% 0.0x C.0% 0.0% €.0% 0.0%
0.0 .o 0.0 9.0 g.6 0.0 9.0 0.9
3 8.06% 0.6% 0.0 0.0% 8 4% 0 4% 0.0% 364.2%
6.0 0.0 0.0 0.0 46,00 3.27 0.0 197,48
STHID NUMBER AT HARVEST DIANETER 14.0 OR ROTATIOR AGE {50.0
SITE INDEX = 50,
HURBER OF TREES/QCRE = 119.4
Basal wlkEa = 94
MEAH 5TAMD DIQHETER 2.4
HGE OF STRND = t
THINKING BEGAN AT DIAMETER = 6.0
HRRYEST YIELD IN PERCENY
WAL ITY SPECIES
CLASS 8E Ya ki RM  PBA a4 COH OTHER
1 0.7% 20.8% 0.7% S.4% 0.0% 2.7% 0.0% 0.0%
0.8 z4.8 0.8 6.4 00 3.2 0.0 @9.6¢
2 1.3%2 10.7% 4.0% 6.7% €. 0% t.3% 0.0% 0.0%
t.6 12.8 4.8 g0 g.0 1.6 0.0 0.0
3 16.7% 29.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
200 34.7 0.0 0.0 g0 8.0 g0 8.0

Figure 5.--Example of output at the end of the poletimber-
sawtimber-harvest phase.



The stand continues to be thinned at the specified
interval, when 1t reaches either 1/2 the distance between
the A and B lines, 3/4 of the distance between the A and
B lines, or the A line. The final listing of all stand
conditions plus the species numbers and percentages by
quality classes is the last printout at rotation age or
harvest diameter.

POLETIMBER-SAWTIMBER-HARVEST PHASE EVALUATION

Using the test runs outlined in the sapling phase
as input for the poletimber phase, various management
intensities, sites, and silvicultural practices were chosen
and the results compared. This evaluation will show the
range of information obtained from the model and give an
indication of the simulated response to a variety of
management options. Table 4 outlines the options used and
the resulting yields, age, and mean stand diameter.
Stand composition is detailed in Table §, while Table 6
summarizes harvest volumes by species and quality classes
of: (1) veneer, (2) sawlogs, and (3) pulpwecod.

Management intensities were selected by thinning at
the A line (less intense) or at 1/2 A line (very intense).
By increasing the level of management on the same site
the mean annual yield was increased by 25 percent as the
thinnings were able to utilize a greater percentage of the
mortality and increase growth on the remaining trees
{Table 4). As a result of this increased diameter growth,
the yield of quality class 1 was increased approximately
80 percent with increased management regardless of weeding
treatment from sapling phase {(Table 6).

However the percentage increase was greater on the
better sites, reflecting the superior response to
silvicultural treatment by these sites. Comparing the
growth of two stands on the same site (Fig. 6) shows the
increased yields and final size that can be achieved when
intensive management (thinning at 1/2 A line) is selected.

The effect of site index was studied at sites with
indexes of 50 and 70 (sugar maple, base age 50). The )
difference in site index had no consistent effect on species
composition (Table 5); or quality class (Table 8); however
the mean annual yield was approximately 100 percent greater
on the better sites, with the less intensely managed stands
showing the greatest effect (Table 4).
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The better site alsc required L0 years less to reach
the same mean stand diameter (Tig. 7).

The model indicates that stands on better sites respond
more rapidly to silvicultural treatment through early
mortality, crown differentiation, and increased volume
growth {(Leak et al. 1969).

Weeding or not weeding in the sapling phase was also
evaluated through the poletimber-sawtimber-harvest phase.
Weeding had a minimal positive effect over not weeding.

Only a few years separated the stands at harvest age

(Fig. &), and the mean annual yield increased slightly
(Table 4). The most significant effect was the improvement
in quality by 50 percent, which occurred on the poorer sites
(Table 6). There was very little effect on the percentage
of primary crop species (yellow birch and sugar maple) on
the less intensely managed stands. On more intensely
managed stands the primary crop specles were greatly favored
at the expense of nearly all others.

Therefore weeding in sapling-size stands offers very
little improvement in yield or length of stand rotation,
regardless of site, but weeding in young stands will improve
the quality and quantity of desired species,

Returning the stocking to the B line by harvesting the
paper birch in the first thinning after age 70 instead of
letting it die increased the yield of paper birch of quality
classes 1 and 2 at the second thinning, but it was removed
instead of yellow birch in quality class 3 (Table 7).

(Both could not be removed without lowering the stocking
below the B line.) This resulted in an increase of 40
percent in class 3 yellow birch, reducing the yield at
harvest of the upper classes of yellow birch by 13 percent
ecach, and the yields of all other quality classes and
species by an average of 12 percent. Harvesting paper birch
increased by 35 percent the total paper birch obtained.
Knowing this, the managey can weligh the trade-offs of
increased paper birch, and class 3 yellow birch, versus a
decrease in all other classes and species.

The pruning option was also tested; its only effect

was to move quality class 2 of the pruned species into
class 1 with no effect on growth or final yield.
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Table 7.~-Volumes removed in thinning and at harvest, by species and guality

class, with and without removal of paper birch at first thinning

after age 70 (Site index 70, A-line stocking, with weeding) (in

cubic feet per acre)

Paper birch not removed Paper birch removed

Species Quality
class .
Harvest Thin Harvest

Beech 1 36 - 33
54 —-— 147
3 675 - 583
Yellow 1030 - 894
birch 2 562 - ugg
- 367 627 - - 1039
Sugar 1 - - 36 - - 33
maple 2 - - 167 - —— 145
- 432 0 -- yus 14
Red 1 —-— - 149 - - 130
maple 2 - - 189 - g 163
- s - - T .
Paper 1 - —— - - 208 -
birch 2 - - - — 159 -
3 258 130 -~ 258 130 --
White 1 - -— Sy - -— §7
ash 2 - - 36 - -— 33
3 16 - — 18 —_— —
Other 1 —— - — _— _— —
2 — — —_— — —_— -
3 850 - — 850 - -
Total 1 0 0 1305 8 208 1137
2 0 0 1008 0 159 877
3 1124 1374 1302 1124 1020 16386
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Headquarters of the Northeastern Forest Experiment Statior
are in Upper Darby, Pa. Pield laboratories and research units
are maintained at:

@ Amherst, Massachusetts, in cooperation with the LUniversity
of Massachusetts.

® Beltsville, Maryland.

@ Berea, Kentucky, in cooperation with Berea College.

@ Burlington, Vermont, in cooperation with the University of
Vermont.

@ Delaware, Obio.

® Durbam, New Hampshire, in cooperation with the University
of New Hampshire.

® Hamden, Connecticut, in cooperation with Yale University,
@ Kingston, Pennsylvania.

Morgantown, West Virginia, in cooperation with West Vir-
ginia University, Morgantown.

® Orono, Maine, in cooperation with the University of Maine,
Orono.

Parsons, West Virginia.

Pennington, New Jersey,

Princeton, West Virginia.

Syracuse, New York, in cooperation with the State University
of New York College of Environmental Sciences and Forest-
ry at Svracuse University, Syracuse,
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