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ABSTRACT

A FORIRAN based simulator, PTAEDA, was developed to model growth in
managed loblolly pine (Pinus taeda L.) plantationms, using individual trees
as the basic growth units. In PTAEDA, trees are assigned coordinate
locations in a stand and "grown'" annually as a function of their size,
the site quality, and the competition from neighbors. Growth increments
are adjusted by stochastic elements representing genetic and microsite
variability. Mortality is generated stochastically through Bernouli
trials. Subroutines were developed to simulate the effects of site
preparation, thinning, and fertilization on tree and stand development.
Comparisons with published yields showed close agreement for thinmed
and unthinned old-field plantations. Results indicated that, compared
to stand-level models used in the past, the simulator is more flexible
in terms of growth and yield estimation and evaluation of alternatives
under a wide range of management regimes.
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SIMULATION OF INDIVIDUAL TREE GROWIH AND STAND DEVELOPMENT
IN MANAGED LOBLOLLY PINE PLANTATIGN% o
Richard F. Daniels and Harold E. Bufkhért.l/

INTRODUCTION

Loblolly pine (Pinus taeda L.) is a fast growing species especially
suited to intensive management and is considered among the most important
commercial tree species throughout the Southeastern U.S. As demand for
forest products increases and acreage available for timber growth decreases,
the need for efficient management of this valuable resource becomes acute.
Thus, the ability to accurately predict growth and vield under various
management alternatives is important.

The objectives of this study were 1) to develop a computer simulation
model of tree and stand growth in managed loblolly pine plantations for
use in growth and yield estimation and 2) to adapt the model to conver-
sational mode for use as a teaching tool in forestry education.

Most yield data in the Southeast were obtained from pure, even—aged
stands having no intermediate cultural treatments. Yield tables for
plantations are almost exclusively for old-field conditions. But
Southern pine management has reached a point of intensity where the
manager is likely to select from among several site preparation alter-
natives, plant genetically fmproved stock, and empley thinnings and
fertilizer applications during the life of the stand. Today, there
exists no method of accurately predicting yield under such intensive

management systems.

A yield prediction system incorporating flexibility from the
standpoint of land management and utilization alternatives is badly needed
in the Southeast. These considerations prompted the development of
PTAEDA, a computer simulation model with individual trees as the basic
growth units. An individual-tree-based model should offer this flexibility
in growth and yield prediction in managed loblolly pine plantationms.

Since the unit of biological growth in the forest system is the tree,
a model based on individual trees has obvious advantages. Growth in the
individual tree model can be more directly related to the biological
processes of growth and development than is possible in stand-level models.
The tree-level approach allows incorporation of knowledge from tree and
plot studies of genetics, nutrient requirements, physiology, water
relations, biomass, and other factors.

l%he authors are Research Associate and Associate Professor, respec-
tively, din the Division of Forestry and Wildlife Resources, VPI & SU,
Blacksburg, Va. 24061.



Stand dynamics and unit area yield can be viewed in the simulation
system, as they are in the underlying biological system, by the response
and interactions of individual trees. Such a simulation model is more
adaptable to predictions for treated stands. Silvicultural treatments
can be represented in the simulation program as subroutines which adiust
growth parameters and probabilities according to individual tree
responses. Lf logically constructed, a simulation model which predicts
well for stands for which there is information can be used with some
confidence for predictions under circumstances for which no data are
available.

A computer simulation model of tree growth offers the further
advantage that it may be probabilistic in nature. That is, it reflects
the variability in natural systems by representing major growth
functions as stochastic processes. Thus, variability due to umexplainable
factors 1s dealt with in a logical and natural fashion rather than
ignored as in deterministic models.

Besides its practical use in growth and yield estimation, an
individual tree simulation model has particular application to forestry
education and training. A simulation model can be used to demonstrate
the effects of silvicultural treatments as they relate to forest
management objectives. Other uses would be in studying sampling and
inventory systems and in ecoleglcal studies.

Although not a primary iustification for this endeavor, a logically
developed simulation model would be useful in studying many biclogical
problems where exact spatial distributions, size, and vigor of individual
trees must be known. Also, such models indicate where there are voids
in knowledge of biological response and, in so doing, help in ordering
research priorities.

In short, a well constructed individual tree growth simulation
model for loblolly pine should play an important role im 1) growth

and yield determinations, 2) evaluation of management alternatives,
3) forestry education, and 4) further research.

LITERATURE REVIEW .

Stand Level Models

Yield predictions in the Southeast began with the same methodology
as in other parts of the country. Temporary sample plots were
established in natural stands of "normal density" and classical normal
yield tables were constructed using graphical techniques (Anon. 1929}).
Yield tables constructed in this manner are still being applied to a
limited extent in the Southeast.



A multiple regression approach to variable~density yield estimation
was suggested by MacKinney, Schumacher, and Chaiken (1937) and sub-
sequently used to construct a yield prediction equation for loblolly
pine stands (MacKinney and Chaiken 1939). Since that time, several
studies have utilized multiple regression to predict yield (Bennet,
McGee and Clutter 1959, Goebel and Shipman 1964, Dierauf and Marler
1965, Burkhart et al. 1972, and others).

In several recent studies, yields per acre for even-aged stands
have been predicted by using a diameter distribution analysis procedure
{Bennett and Clutter 1968, Lenhart and Clutter 1971, Lenhart 1972,
Smalley and Bailey 1974a, Smalley and Bailey 1974b). In this approach,
the number of trees in each l-inch diameter class is estimated, total
heights are predicted for trees of given diameters and stand conditions,
and volume is calculated by substituting into tree volume equations.
Unit area estimates are made by summing over diameter classes of
interest.

Individual Tree Models

An alternative method of growth and yield prediction which is
receiving considerable attention today is the use of individual tree
computer simulation models. In these models, "individual trees" in a
"stand" are assigned certain initial size and spatial distributions. The
trees are then "grown' according to some function of their size, the site,
their competitive status, and a random component representing microsite
and/or genetic variability. Competitive status for each tree is quantified
in terms of a competition index which is a function of the tree's size
and the size of and distance to its neighbors. Mortality is regulated
as a function of competition index and/or growth. Volume estimates can
be made periodically by applying known volume equations to the dimensions
of the trees (Curtis 1972).

Newnham {(1964) presented what appears to be the first stand model
based on individual tree simulation. He considered diameter increment
for trees in plantations of Douglas-fir to be equal to open-grown
diameter growth as reduced by a measure of competition. <Competition was
described for each tree by the sum of the "angles of intersection of
crowns of neighboring trees. Height growth was not considered. In his
model, growth was incremented and stand statistics were tabulated every
five years from age 10 to 100. Mortality was assigned both as a function
of diameter increment and as specified in initial parameters to simulate
thinnings and infection centers of mortality. Total heights were obtained
through a regression equation in terms of DBH, DBHZ, and stand basal area,
The model was tested and refined and was found to produce reasonable
diameter distributions for all but the most dense initial spacings
(3.3 X 3.3 ft.). Newnham and Smith (1964) reported on the model's
behavior for Douglas—-fir and lodgepole pine. Thelr study included
predictions of height and volume per acre throughout the simulation.
Later, Lee (1967) improved the model for lodgepole pine.



Since Newnham's work a number of other individual tree models have
been developed. Mitchell (1969) developed a simulator for white spruce
in which he based growth on branch elongation and crown expansion of
individual trees. His model allowed for unequal crown expansion in
different directions depending on growing space available for each tree.
Bole $ize was then predicted from regression relationships to crown
size and height. Subsequent models have been more similar to Newnham's
model, however.

Because of a desire to simulate natural and direct seeded stands,
the ability to create variable spatial patterns in simulation studies
was explored by Newnham (1968) and Newnham and Maloley (1970). The
facility for generating random, uniform, and clumped spatial patterns
was included in Bella's (1970) aspen model and Hatch's (1971) red pine
model. Also included in these models was the capacity to stochastically
generate height growth and to carry heights and other tree dimensions
throughout the duration of simulation. These advancements resulted in
more realistic tree growth and improved volume estimates.

As discussed by Clutter (1963) and reiterated by Curtis (1972),
a well developed growth and yield prediction system should have the
relationship that yield is the integral of growth. In practice this
may turn out to be a sum of periodic growth. This compatibility of
growth and yield is demonstrated in most individual tree simulation
models, not only by stand, but on an individual tree basis as well.
However, there are difficulties in approximating the continuous growth
of trees with discrete growth intervals. This consideration prompted
Arney (1972), in his Douglas-fir model, to adopt a growth interval of
one year rather than the five years used in previous models.

Arney also included an extension of growth-competition relationships
previously developed. He calculated competitive stress for each
crown layer and used this to estimate diameter increment at each
whorl down the bole and to determine crown layer mortality. This led
to considerable control over form and size of simulated trees. He
suggested that volume could then be computed directly for each section
of the tree.

Other developments have included the ability to simulate even- or
uneven—-aged stands of mixed species composition (Botkin et al. 1972a,
Ek and Monserud 1974). Thinnings were studied with all models discussed
thus far, since the authors felt that response followed directly
from the competition relationships developed. Response to fertilizer
applications was also included in the simulation studies of Hegyi (1974)
and Fk and Monserud (1974).

Applications of individual tree simulation models have been varied.
Such models are currently being used by industry in the Northwest to aid
in decision making (Honer 1972). Mitchell (1975) described a highly
detailed management system in which data from low-level aerial photos
are used as input to a tree growth simulator. Projections of growth
and yield from the simulator are then used in management planning which
ultimately influences field applicatiomns.



Because of theilr detail and flexibility, individual tree models
have promise in analyzing and perhaps optimizing silvicultural alterna-
tives (Adams and Ek 1974). Other researchers have indicated that they
are most useful in studying ecological interactions (Botkin et al. 1972b,
Hatch, Gerrard and Tappeiner 1975).

Central to all individual tree models is a competition index which
is used in determining growth and mortality during the simulation.
This index quantifies competitive stress (or competitive ability, depend-
ing on the author)experienced by individual trees, and in most cases
is assumed to represent the total effect of competition for scarce
resources (e.g. light, water, nutrients, and physical growing space).
Stand density measures such as stems per acre, basal area per acre, and
crown competition factor have been thought to reflect competition.
However, these do not apply to individual trees and cannot be used to
reflect variable effects on individual trees in a simulation model.

Probably the first measure of individual tree competitive stress
was Staebler's competition index, developed around 1950 (Gerrard 1969).
Staebler assumed that total competitive ability for all resources can
be represented by an influence or competition circle around each tree
with radius r = a + b (DBH). He reasoned that the competition
exerted on a tree is directly proportional to the area overlap of its
competition circle by those of its neighbors. However, since at the
time manual calculation of area overlap was difficult, he settled for
linear overlap and applied a set of weighting factors. Most subsequent
indices have been based almost entirely on Staebler's work with changes
in definition of the competition radius and the measure of overlap.

Newnham (1964) based competition radiug on crown radius and considered
the subtended angles of overlapping crowns for construction of his index.
Gerrard (1969) considered area overlap but divided the sum of overlapped
areas by the competition area of the subject tree for an index he called
Competition Quotient (CQ) so that 0 < CQ < 1. Keister (1971) used the
same methodology as Gerrard but defined his competition radius as
crown radius X (total height/height to base of live crown). Bella (1971),
in his Competitive Influence-zone Overlap (CI0), defined competition
radius as crown radius times a species dependent multiplier. He also
weighted the overlap by the ratio between the diameters of the subject
and competltor trees, raised to an exponent. Both the crown width
multiplier and the exponent were determined through an iterative search
based on the model's ability to predict diameter growth.

Some attempts to quantify individual tree competition have been
adapted from stand density measures. Spurr's (1962) point density
is an extension of point sampling methodology to apply a stand measure,
basal area per acre, to indivudal trees. Opie (1968) also concerned
himself with "competing basal area." Brown (1965) introduced an index
called Area Potentially Available (APA) which is essentially the inverse



of trees per acre. He calculated APA by bisecting inter—tree distances
to form a polygon of available growth area., This index was modified
by Moore and Budelsky (1973) who weighted division of distance between
trees by a ratio of their sizes. Mitchell (1969) used a similar
technique for unequal crown expansion in his model.

An interesting index is the Growing Space Index (GSI) developed
by Lin (1969). He based his calculations on the largest angle
extended by a stem in each quadrant surrounding a subject tree. These
angles were weighted and summed by quadrant to produce GSI, distributed
from 0 to 100 for each tree.

Hatch's (1971) index considers competitive ability as a function of
competition for light only and is based on the proportion of live crown
surface area exposed to direct sunlight per unit of height. Thus,
input to his simulation must include solar altitudes for each simulated
stand of trees. Recently Hatch, Gerrard, and Tappeiner (1975) described
a modification of this index in which competitive ability is weighted
by the ratio of basal areas of the subject and competitor trees. They
reported that the index compared favorably with Bella's CIO in
accounting for wvariation in 5~year DBH growth in red pine.

In an effort to avoid the complex calculations (and thus excessive
computer time) involved in calculation of previously mentioned indices,
Hegyl (1974) developed a more compact index. He calculated competition
between trees as the ratio of their diameters divided by their separation
distance. Although strictly an empirical model, Hegyi's index performed
well in his jack pine simulator.

The use of competition indices in growth prediction has followed
at least three paths. Diameter increment was considered by some authors
to be a function of open-grown tree dlameter growth as reduced by
competition (Newnham 1964, Lee 1967, Arney 1972). Others have used the
competition index in regressionm equations, along with other independent
variables, to predict diameter increment (Bella 1971, Gerrard 1969,
Keister 1971, Moore and Budelsky 1973). This method provides reliability
estimates (e.g. RZ2 and standard errors) which are useful in assessing
predictions, determining the nature of unexplained variability, and
applying a random component to growth predictions. However, failure of
an index to predict growth of individual trees may be more a function
of the regression model chosen than the competition model itself.

A third method, employed by Hatch (1971), was to stochastically
generate diameter increment from a theoretical distribution. He used
the Von Bertalanffy distribution for generating diameter increment with
parameters expressed as a function of DBH, competition index, and site
index.



Modeling Considerations

Other considerations in individual tree simulation deal mainly with
problems related to sampling and model logic. For example, the question
of simulated plot size has not been directly answered; Newnham (1964)
used a plot containing 225 trees while Arney (1972) simulated only 30.

Related to this is the problem of edge bias in simulated plots
due to the lack of competitors for border trees. Monserud and Ek
{1974) suggested that this problem needs attention since, even where
buffer strips of "non-measured" trees surrounded the plot, the effect of
this bias will, in time, creep into the main plot through indirect
effects of competition. The inclusion of buffer strips also involwves
a large number of calculations {(for data which will be discarded) on a
geometrically increasing number of trees as buffer gize increases.
They suggested either a "reflection” of plot edges so that border trees
compete with mirror images of the plot or a "translation"” so that
border trees compete with opposite sides of the plot. Even with these
apparent solutions there is the problem that spatial periodicities which
are considered rare in forest stands may be created.

TECHNIQUES AND PROCEDURES

Participants in a recent tree growth simulation workshop agreed
that individual tree simulation models will play an essential role in
estimating vield and evaluating intensive management alternatives (Honer
1972). They suggested that, at least for now, individual tree modeling
efforts should be aimed at highly productive species in areas where
intensive management will be practiced.

Because of its importance in the intensively managed Southeastern
forests, an individual tree simulation model, PTAEDA, was developed
for loblelly pine in managed plantations. The simulator was written
in FORTRAN for use in both conversational and batch mode on the IBM/370
system at the Virginia Tech Computing Center.

Preliminary Considerations

The initial step in constructing a simulation model is to identify
all relevant entities of the system and to define their attributes and
logical relationships. At the same time one should keep in mind that
the simulator need not be as complicated as the real world system for
adequate description (Fishman 1973). After relevant entities of the
loblolly pine growth system were identified, a schematic diagram
(Fig. 1) was developed showing logical and functional paths for a
simulation model.

The two main subsystems in PTAEDA deal with the generation of an
initial, pre-competitive stand (subroutine PLANT, subroutine JUV) and
the growth and dynamics of that stand (MAIN, subroutine COMP). Management
subroutines were added to this framework to adjust program parameters
for simulation of treated stands (PREP, THIN, FERT). The input and
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output routines add flexibility to the practical use of the simulator
(INPUT, OUTPUT, TREES). Additional subprograms (not shown) generate
umiform, standard normal, and Weibull distributed random variates. A
flowchart showing the logic structure and sequence of operations of the
model is presented in the appendix.

Data Collection

Plot data were available from the yield studies of Burkhart et al.
(1972). These data consisted of 240, one~tenth acre plots randomly
chosen from selected loblolly pine plantations in piedmont and coastal
plain Virginia and from coastal plain Delaware, Maryland, and North
Carolina. One hundred and elghty-nine of these plots were from old-
field origin, while 51 were from site-prepared cutover lands. Data
from 81 open grown loblolly pine trees from the same geographic range
were also available.

In addition to these tree and plot data, a limited amount of
individual tree growth data for mapped stands was needed to initially
calibrate the size/distance dependent competition index. Growth data
were obtained from annually remeasured experimental check plots main-
tained by the Westvaco Company, the Continental Can Company, and the
Chesapeake Corporation. These plots, located in piedmont and coastal
plain Virginia, are part of the North Carolina State Forest Fertilization
Cooperative Study. Inter—tree distances were then measured in the

Westvaco and Chesapeake plots and stand maps were generated. A SUMIALY
of all three data sets is shown in Table 1.

Model Construction

PTAEDA was initially comstructed, debugged, and executed using
the interactive WATFIV compiler under CMS (Conversational Monitoring
System). The conversational mode was chosen for model development
because of its convenience mnd the excellent interactive debugging
facilities offered by this version of WATFIV. After refinement
of the interactive model, a second version was adapted for use in
batch mode., The two versions of the model are identical except for
subroutines INPUT and OUTPUT which handle all input and output functions.

Initial Stand Generation

Rectangular spatial patterns in PTAEDA are controlled by subroutine
PLANT in which a number of planting options were incorporated. A user
may specify the distance between trees and between rows in a conven-
tional manner (e.g. 6' X 8', 6' X 12') allowing the program to compute
the planted number of trees. Alternatively, the number of trees may be
specified along with the ratio of planting distance to row width
(e.g. 3:4, 1:2). If this ratio is omitted, square spacing is assumed.
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Table 1. Summary of data used in constructing the leblolly
pine tree and stand growth simulater PTAEDA.

Dimension " Mean Range

DBH. (inches)

Plantation 6.0 2.5 - 16.7
Open-grown 10.2 1.1 - 37.0
Mapped stand 6.3 1.7 - 11.7
Height*(feet)

Plantation 43.0 20.7 - 87.5
Open-grown 30.2 8.0 - 74.0
Mapped stand 47.7 27.7 - 59.0
Age (years)

Plantation 15 8 - 35
Open—grown 19 4 - 60
Mapped stand 17 11 - 19
Density (trees/acre)

Plantation 144 300 - 2900
Mapped stand 873 430 - 1590

*

Average height of the dominant and codominant
trees for plantation and mapped stand data.
Total height for open-grown trees.
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In addition, a provision was included which computes initial
planting parameters from the surviving number of trees, age, and spacing
ratios of existing stands. This was accomplished by solving for trees
planted in the loblolly pine survival function described by Smalley and
Bailey (1974a).

From this information a plot of 100 trees is generated with ten
rows of ten trees each. A fixed number of trees was chosen rather than
a fixed plot size so that, in effect, plot size would increase with

decreasing density.

Computational efficiency may have been gained for rectangular
spatial patterns by tabulating tree attributes in a 10 by 10 matrizx.
However, considerations for future inclusioms of variable spatial patterns
‘precluded this option and trees were placed in a 100 X 1 vector, numbered
from I to 100 in a serpentine fashion, and assigned X and Y coordinates.

From this point, subroutine JUV advances the juvenile stands to an
age where intraspecific competition begins. It was desired to bypass
annual growth calculations in this juvenile period since 1) there are
little data available with which to model growth in young stands;

2} intraspecific competition in such young stands was believed to be
negligible; and 3) added calculations and computer time could not
be justified by more reliable estimates.

The problem of determining an age where intraspecific competition
starts to affect growth has recently been confronted by Strub et al.
{(in press). They found that, over a wide range of sites and planting
densities, the age at which average diameter in plantations first
differs from that of open~grown trees is consistently one year after

Crown Competition Factor (CCF) (Krajicek et al. 1961) reaches 100.

This relationship is used in subroutine JUV to compute the end
of the pre-~competitive growth stage. CCF is predicted as a function
of surviving number of trees per acre (TS}, height of the dominant
stand (HD) (average height of dominant and codominant trees), and age
using the equation developed by Strub et al. (in press). This equation
is evaluated each yvear after age five until CCF is greater than or
equal to 100. HD is predicted using the site index curves of Burkhart
et al. (1972) while TS is estimated from the survival function of
Smalley and Bailey (1974a).

At this point the predicted juvenile mortality is assigned at
random. Individual tree dimensions are then generated for the
residual stand.

Diameter at breast height is generated from a two parameter
Weibull distribution with a cumulative distribution function (CDF)
as follows:
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Fly) =1 ~e & 0 <y <=

The inversion technique was used for generating random variates from
this distribution. Parameters a and b are estimated from minimum and
average DBH as follows {(Strub and Burkhart 1974):

b = 1n(1s/10)
in DAVE - ln DMIN
o= [LLF 1/1:)}h

DAVE

where DMIN = minimum DBH {(inches)
DAVE = average DBH (dnches)
TS = surviving number of trees per acre

DMIN and DAVE are predicted from stand age, HD, and TS.

Height is generated for each tree based on a prediction equation
involving DBH, HD, TS5, and age. Crown length is then calculated as
total height minus clear bole length, where clear bole length is a
function of total height, DBH, TS, and age.

Table 2 provides a summary of all equations used in generating the
initial stand.

The Competition Index

As previously stated, the competition index plays a key role in
determining mortality and annual height and diameter growth. Thus, it
was considered important to develop an index which demonstrated high
correlations with growth. This criterion, coupled with computational
efficiency, was used as the basis for selection of a competition index
for use in PTAEDA. A number of different indices were calculated
and analyzed using the mapped stand data described earlier.

Of the overlap-type indices, the weighted area overlap index used
by Ek and Monserud (1974) seemed to be the most desirable because of its
logical construction and its successful use in their FOREST model.
Competition radius was defined by Ek and Monserud as open—grown crown
radius while influence zone overlap was weighted by the ratio of total
height times crown radius for competing trees.



Table 2. Equations used in the juvenile growth subroutine (JUV) of PTAEDA, a tree
and stand growth simulator of loblolly pine.

*
Equation R2 5 Source
yox
CCF = 180.89 — 1012.6/A + 0.00347 HD-TS 0.8393 23.22 Strub et al. in press
log, .HD = log, .51 -~ 5.86537 (1/A ~ 1/25) ——— e Burkhart et al.
10 10 - et al
_ 1972
log ((TP/15) = A(0.0130 log, TP + 0.0009HD - 0.0109 VED) 0.8400 0.0042 Smalley and Bailey
: 1974a
DMIN = 0.13291 + 0.04465HD ~ 0.00001876 A.TS + 17.2761 HD/TS 0.7662 0.5645 Plantation Data
DAVE =~ 2.95995 + 0.05406HD - 0.00005217 A-TS + 18.4654 HD/TS 0.9206 0.3470 Plantation Data
1n B = 1.51205 + 0.7057 1n HD + (0.26231/D) 1n TS - 2.44501/A - _
3.70999/D + 2.95155/(D-A) 0.9514 0.0697 Plantation Data
in CBL = -2.68768 + 1.61229 1n H + (0.45740/D) 1n TS -
0.9142 0.1576 Plantation Data

(B.95807/A) la D+ 12.74273/A - 1.84638/D - 21.74093/(D-A}

% . )
Where, CCF = crown competition factor, HD = height of dominant stand (feet), TP = trees planted per acre,
T3 = trees surviving per acre, SI = gite {ndex (feet at base age 25), DMIN = minimum DBH (inches), DAVE =

average DBH (inches), H = total tree height (feet)}, CBL = ¢lear. bele length (feer), A

age (years).

£T
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Hegyi (1974) showed that in jack pine a much less complicated index
was more desirable in terms of both computational efficiency and correla-
tion with growth than a similar weighted area overlap index. The competi-
tive effect of neighboring trees was calculated

n
I, = .z (D}./Di)/DISTij
i=1
where D = DBH th
DIST = distance between subject tree i and j competitor
CIi = Competition Index of the ith tree
n~ = the number of neighbors within a 10 ft. competition radius

In the original application of Hegyi's index, a fixed 10 ft. search
radius for competitiors was used. Logically, a tree's competitive
influence zone will increase as its size increases, causing the competi-
tive stress on neighboring trees to increase over time. On the other
hand, some competitors die, causing a decreasing effect on competitive
stress. Thus, an index should have roughly the same magnitude for a
given tree over time (Hatch 1971). Area overlap indices have these
properties built in while Hegyi's index will, in general, decrease over
time.

Hegyi's index was modified to account for the above mentioned

considerations by choosing competitors based on both their size and
distance. Point sampling methodology wag employed by multiplying

a potential competitor's DBH by a constant to obtain a radius of
influence. 1If this radius intersected the subject tree, then it (the
potential competitor) was included as a competitor. Plot radius
factors for both 10 and 20 basal area factor (BAF) angle gauges were

tried.

Further modifications of Hegyi's index were investigated by express-
ing competitive effect as the ratio of basal areas of competing trees.
Another trial involved weighting the ratio of tree diameters inversely
proportional to the square of the distance between the trees rather than
simply distance.

From the summary of these trials (Table 3), it is clear that Hegyi's
original index modified by using a 10 BAF angle gauge to find competitors
is as highly correlated with DBH growth as the area overlap index. In
addition, the more simplified calculation of competitive effect employed
by Hegyi is considerably more efficient computationally than area overlap
calculations which necessitate the use of LOG and ARCSIN functions in
computer calculations, both of which are rather costly.

This modified Hegyi index was incorporated into subroutine COMP
which evaluates competitive stress for each tree. COMP and HOWFAR, which
calculates inter-tree distances, were adapted from similar routines
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Table 3. Correlation of wvarious competition indices with annual
growth of loblelly pine.

Competition Competition Correlation Coefficient
Index Search {r)
Technique DIN HIN*
Weighted Area all overlapping
Overlap »influence zones ~0.424 -0.432

(Ek and Monserud 1974)

Weighted Size

Ratio
(D./Di)/DISTi. 10 foot radius
] J (Hegyi 1974) -0.236 -0.276
BAF 20 -0.401 ~0.447
BAF 10 -0.415 -0.456
2.2
(D5 /DY /DIST, , BAF 20 ~0.240 -0.286
i1 ij
BAF 10 ~0.258 -0.339
. . 2 _ _
(pj/ni)/DLSTij BAF 20 0.207 0.258
BAF 10 -0.219 -0.313

*
Where DIN = observed DBH increment, HIN = observed

total height increment, D = DBH, DIST = distance between
trees i and j.
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developed by Tk and Monserud {(1974) and together represent a very
efficient means of evaluating competition. Competitive stress on

border trees is calculated through a translation of plot borders so that,
in effect, border trees compete with border trees on the opposite

side of the plot.

Growth Relationships

After generation of the pre—competitive stand, competition is
evaluated and trees are grown individually on an annual basis. In
general, growth in height and diameter is assumed to follow some
theoretical growth potential. An adjustment or reduction factor is
applied to this potential increment based on a tree's competitive status
and vigor, and a random component is then added representing microsite
and/or genetic variability.

The potential height increment for each tree is considered to
be the change in average height of the dominant and codominant trees,
obtained as the first difference with respect to age of the following
expression, transformed from the site index equation presented
by Burkhart et al. (1972) (Table 2):

-5.86537(1/A -~ 1/25)

ED = S1I 10
where HD = average height of dominant stand {faet)
SI = site index base 23 {feet)
A = stand age (years)

A tree may grow more or less than this potential, depending on its
individual attributes.

Past work has shown that, except in extreme cases, average stand
height is influenced very little by density. However, on an individual
tree basis, competition from neighboring trees seems to affect a tree's
realization of potential height increment. 'The competition index
showed a significant correlation with observed height increment (r =
~0.46) using the mapped stand data, and so was included in the adjustment
factor for height growth. :

Hatch (1971) pointed out the desirability of an index which

" reflects a tree's vigor as opposed to its competitive disadvantage.
Crown ratio was considered to be a natural expression of a tree's
photosynthetic potential and was used in the adjustment factor as an
attribute positively related to realization of potential growth. But
in construction of the adjustment factor it was found that crown ratio
was alsc negatively related to tree growth in cases where it approached
that of open grown trees. This is presumeably related to the fairly
well established phenomenon that on comparable sites height growth is
generally somewhat less for open grown trees than for stand grown trees
(Spurr 1952). Thus, the final form chosen for the height growth
adjustment was
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b, -b,CI-b.CR

3 4 5
(bl + bZCR =) )
where CR = crown ratio
Cl = competition index
bi = constants to be estimated from data

Using the mapped stand data, an equation relating actual and
potential height increment by this factor was fitted by non-linear
least squares (Table 4). It can be seen that as competition increases,
the realization of potential height growth decreases. Holding competition
index constant, the adjustment factor has a maximum value when crown ratio
is roughly 0.25. It gradually decreases with increasing crown ratio,
but decreases rapidly as crown ratio approaches zero. It should be
noted that the height growth adjustment factor may attdin values greater
than one so that, under favorable conditions, individual tree height
growth may be greater than the change in average dominant stand height.
Assuming residual variability in height growth is normally distributed,
a random component is added to the final growth determinations with
variance equal to the tresidual mean square from the fitted regression.

The maximum DBH attainable for an individual tree of given
height and age was considered to be equal to that when open-grown.
An equation describing this relationship was developed from the open-
grown tree data described earlier and is shown below:

D —-2.422297 + 0.286583 H + 0.209472 A

0

R2

s

0.9197 s = 2.14023
y X

where DO = gpen—grown tree DBH (inches)
H total tree height (feet)
A = age from seed {(years)

The first difference of this equation with respect to age was
thought to represent a maximum potential diameter increment:

PDIN = 0.286583 HIN + 0.209472

where  PDIN = potential diameter increment (inches)
HIN = observed height increment (feet)

1

This potential diameter increment is reduced by a reduction factor of
the form

b, -b,CI
(bl + bZCL 3e 4 )

where CI represents competitive effects and CL (crown length in feet)
is a measure of photosynthetic potential. The multiplier decreases with



Table 4. Growth and mortality equations used in the tree and stand growth
simulation program PTAEDA.

*
Equation R Sy-x
HIN = PHIN (0.54631 + 124.8635 cr 1-66234, ~1.15083 C1 -6.66226 CR, 0. 3406 0.7709
DIN = PDIN (0.08652 + 0.20178 c1, 1+77998 , ~1.32061 C1, 0.2968 0.0850

1.17781
PLIVE = 1.08635 CR €.07028 e -0.02817 CI

* Where, PHIN = potentia]l height increment, HIN = actual helght increment,
PDIK = potential DBH increment, DIN = actual DBH increment,
€I = competition index, CR = crown ratic, CL = crown length,
PLIVE = survival probability.

81
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increasing competition and increases with increasing crown length.

An equation relating actual and potential diameter growth by this factor
was developed using non-linear least squares (Table 4). A normally
distributed random component is added to growth determinations with
variance equal to the residual mean square from the fitted regression.

The inclusion of measures of photosynthetic potential in the
above models play a key role in determining thinning response. Others
have included only competitive effects in such adjustment factors.
However, when a tree is released by removing neighboring trees its
response will depend not only on the reduction in competition for
resources, but the potential it has for using those resources. Both
crown length and crown ratio reflect this potential.

Crown length is iIncremented each year as the difference between
height increment and change in clear bole length. Clear bole length
is predicted annually as a function of height, DBH, age, and number
of trees per acre {(Table 2).

Mortality

The probability that a tree remains alive in a given year was assumed
to be a function of its competitive stress and individual vigor as
measured by photosynthetic potential. An equation describing that
probability was developed using non-linear least squares and methodology
proposed by Hamilton (1974) for fitting probabilities to dichotomous
(0, 1) data (Table 4). The probability of survival equation took the
form

b
b, =b,CT 4
PLIVE = b CR e

where PLIVE = probability that a tree remains alive

PLIVE increases with increasing crown ratio and decreases with
increasing competition. When crown ratio is one and competition
index is zero, PLIVE takes on its maximum value, b (1.08635). That
this "probability" is greater than one is of no pratical concern in
predicting PLIVE under stand conditions.

In PTAEDA, survival probability is calculated for each tree and
used in Bernouli trials to stochastically determine annual mortality.
The calculated PLIVE is compared to a uniform random variate between
zero and one. If PLIVE is less than this generated threshold, the
tree is considered to have died.
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Management Routines

After PTAEDA was initially developed for old-field, unmanaged
plantations, management subroutines were added to simulate the effects
of site preparation, fertilization, and thinning.

Site preparation. The efficiency of a site preparation program was
considered to be the degree to which a cutover site approaches old-field
conditions. Growth reductions on cutover land were assumed to be due
solely to competing vegetation since degradation in site quality caused
by past management practices could be described by initially specifying
a lower site index. Under these assumptions, subroutine PREP was
developed including a competition adjustment factor (CAF) which is
multiplied times both competition index and trees per acre to reflect
the increased number of stems on cutover land.

Initial attempts were made to relate CAF values to actual site
preparation treatments on cutover sites. However, a lack of quantita-
tive data and the high variability in site preparation treatments and
treatment response precluded this option. Instead, two parameters,
SPREP and ARLSE, are specified in the initial input list which
dictate the original proportion of competing stems and the age at
which the stand will be released to old-field conditions, respectively.
Thus, if SPREP is set equal to one the number of additional {(loblolly
equivalent) competing stems is equal to the planted number of stems.
These additional competitors are reduced in number linearly until
ARLSE, where it is assumed that only loblolly stems remain. CAF is
calculated annually from SPREF and ARLSE, when the cutover option is
specified, to obtain a multiplier for competitive relationships.

A manager in close contact with a specific area should have a feel
for proper values of the above parameters.

Fertilization. From past simulation work (Ek and Monserud 1974,
Hegyi 1974) and personal communications 2/ it was concluded that
response to fertilizer treatments could be described by increases in
site quality. Therefore, subroutine FERT was developed with a site
adjustment factor (SAF) which acts as a multiplier on site index
for fertilized stands.

Of course, the true nature of fertilizer response depends on many
factors such as the element applied, the application rate, mode of
application, time of year of application, physiographic province, seil
texture, soil origin, soil fertility, and drainage. Sufficient data

;/Primarily with Dr. Wayne Haynes, Director of the N.C. State
Forest Fertilization Cooperative Study, Raleigh, N.C.
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were not available to aggregate these effects and others and their
interactions into a reliable model of fertilization response. Thus,

it was not possible to calibrate SAF values with actual fertilizer
Ereatments. Instead, three parameters, RESP, LMR, and LR, were included
which specify, respectively, the maximum response in site quality, the
length of time (from application) in years to attain this maximum
response, and the total length of time of the response. SAF increases
linearly from the age of fertilization (KFERT) until RESP is reached at
age KFERT + LMR. From that time, SAF decreases linearly until site
quality at age KFERT + LR is the same as the original site quality prior
to fertilization. Linear functions were chosen as initial approximations
in the absence of actual data. In fertilizing at planting time, LMR

is assumed to be zero and only RESP and LR are specified. As with site
preparation, it was thought that managers in close contact with
fertilized stands would have a knowledge of proper values for these
parameters.

It has recently been suggested that tree form improves as a result
of fertilizer treatment. It should be pointed out that volume estimates
in PTAEDA for fertilized stands do not reflect this form change, but are
made using the same volume equations used for untreated stands. Thus,
fertilizer yields estimated by the model may be conservative.

Thinning. Due to the nature of the competition relationships
developed in a model such as PTAEDA, response to thinning should
follow directly from the decrease in competition due to removal of
neighbors. As pointed out earlier, this response is moderated
somewhat by a tree's own potential for growth as measured in PTAEDA
by some function of crown size.

A user may thin by rows, from below, or by a combination of
these methods by specifying the thinning type in parameter ITHIN.
Thinning from below includes two options specified by parameter ILOW;
thinning to an upper diameter limit or thinning to a specified basal area.
Depending on the value of ILOW, the upper diameter or basal area limit
is specified in parameter TLIM. In either case, a lower diameter limit
may be specified, DLOW, below which trees will not be removed. If the row
thinning option is chosen the ith row to be thinned is specified by parameter
IROW. When a combination of thinning types is used, the row thinning
occurs first and the residual stand is then thinned from below as specified.
Output includes the size distribution of thinned trees and an estimate of
total cubic-foot volume removed for thinned stands. As with fertilization,
nc attempt was made to account for changes in form due to thinning treat-
ments.

Yield Estimates

Estimates of production in PTAEDA are restricted to basal area per
acre, trees per acre, total stem cubic—-foot volume (outside bark), and
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total above ground biomass. Total stem cubic-foot volume for each tree
is determined by the following equation developed by Burkhart et al.
(1972):

V = 0.34864 + 0.00232 D°H

= total stem cubic-foot volume (o.b.)
DBH {inches)
total height (feet)

where

H

v
D
H

An equation for tetal above ground dry weight per tree was developed
from the published data of Metz and Wells (1965) who determined biomass
by component for 10 plantation-grown loblolly pine trees. This equation
took the form

W = 4.798337 + 0.043286 D

r? = 0.98998 5. = 6.2186
Y‘K

where W = total above ground dry weight per tree (pounds)

These equations are applied to tree dimensions (DBH and total
height) and estimates are summed over all trees and expanded for
per acre values. Tn addition to these estimates, the current annual
increment, five-year periodic annual increment, and mean annual increment
are caleulated and displayed to characterize stand growth.

Growth and yield estimates were limited to these few products for
simplicity. Users may apply conversion factors and ratios to obtain
other products of interest to them (Burkhart 1974). To facilitate
conversions and to further describe stand conditions, the mean,
standard deviation and range of relevant tree dimensions, and the stand
diameter distribution and average height of each diameter class for
live trees, trees removed in thinning, and trees lost due to mortality
are included in the output summary.

Random Number Generation

Pseudo-random numbers from various distributions were needed for
the stochastic components of PTAEDA. Uniform random variates on the
interval (0, 1) are generated by function U which employs the multipli-
cative congruential technique and is based on the simple one line
generator described by Marsaglia and Bray (1968). In all of a series
of tests for uniformity and randomness, this function performed at
least as well as the IBM supplied RANDY.

The uniform generator provides the basis for generating pseudo-
random numbers from other distributions. Standard normal variates
are generated by function STNORM which employs the log~sin transformatiom
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of uniform variates described by Fishman (1973). Weibull random
variates are generated in line by inverting the Weibull CI¥ and sub-
stituting uniform variates for values of the cumulative probabilities.

Testing and Validation Procedures

Validation of a simulation model is a difficult problem due to the
many practical, theoretical, and even philosophical complexities involved
(Naylor et al. 1966). Indeed, many hold the view that simulation
models can never be validated, but only invalidated over time. Such
models do not lend themselves to statistical tests of precision. Thus,
testing and validation of PTAEDA was restricted to empirical comparisons
and analysis of residuals with published and historical data.

From the 240 yield plots of Burkhart et al. (Table 1) a subset of
187 plots of old-field origin was selected for testing the predictive
ability of PTAEDA. Although not an independent data set, these plots
were included only in determining functional relationships used in
initial stand generation (Table 2); growth functions including competi-
tive effects were based on the mapped stand data.

Each of the 187 old-field plots was simulated by one stochastic
run of PTAEDA using the existing stand feature described earlier.
Deviation of observed minus predicted values, and percent deviation
from observed values of trees, basal area, and total cubic-foot volume
per acre were analyzed for trends with age, site, density, and their
interactions. In addition, differences between mean values of these
products were tested for significance.

Data were not available for either calibration or testing of the
site preparation and fertilization routines. Thinning comparisons were
conducted by simulating initial stands and thinning schedules described
by Coile and Schumacher (1964) and Goebel et al. (1974) for stands
similar to those used in model construction.

A well-known concept in ecology is that a given site will maintain
a fixed amount of total biomass. The behavior of the model with respect
to biomass predictions was another area of testing and validation
that was examined.

RESULTS AND DISCUSSION

Preliminary trials with PTAEDA demonstrated its versatility and
reliability as a prediction tool for loblolly pine growth and yield.
The model proved to be moderate in terms of computer costs, requiring
roughly one minute of execution time to simulate a 30-year rotation.
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However, costs accumulated rapidly when making multiple runs. A complete
description of input variables, example runs, and a source listing of the
program for the interactive version can be found in the appendix. Card
format for the batch mode wversion is also presented.

Initial Tests and Refinements

PTAEDA was used to generate and grow stands over a wide range of
stand conditions and silvicultural treatments. These trials indicated
that the model produced results which were not improbable, suggesting
that logical and functional relationships were generally in good order.

One area of refinement became obvious when testing the thinning
options. Past work has shown that there is little, if any, height
response due to thinning (Goebel et al. 1974)-~a phenomenon related to
height-density independence. However, due to the construction of
height growth components, the model did not behave in this way.

Height growth increased rapidly due to the decreased competition resulting
from thinning. Since potential diameter growth is based on attained
height growth, diameter, too, increased much more rapidly than would

be expected.

To correct for the above flaws, a prediction equation for maximum
height, pgiven average height of the dominant stand and age, was
developed using the plantation data. This equation

HMAX = bO + blHD + bzA

where  HMAX = maximum height (feet)

was differenced with respect to age to obtain an expression for maximum
attainable height growth. Thus, a check on "runaway' height growth was
included in the model. Subsequent thinning trials produced much wmore
reasonable height and diameter response.

The above refinement was the only change made to the basic model
as originally developed. The practice of fitting dimensional relation-
ships and growth equations by least squares has been overlooked by many
researchers in tree simulation, but clearly minimizes the amount of
"fine tuning" necessary in subsequent calibration (Fk and Monserud
1974).

Unmanaged 01ld-Field Plantations

In general, plot yields predicted by PTAEDA were in close
agreement with those observed by Burkhart et al. (1972) (Table 5).
However, it can be seen that mean basal area and mean cubic-foot volume
per acre were underestimated by the model and in fact differences
between means of observed and predicted values were significant using a
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Table 5. Mean, standard deviation, and range of predicted

and observed yields on 187 old-field loblolly

pine sample plots.

Product Mean Std. Dev. Low High
Trees 729.9 211.5 228 2028
(number/acre) (742.2) (234.7) (300) (2410)
Basal Area 143.2% 31.3 70.7 200.5
(£t%/acre) (150.7)  (32.7) (72.0)  (217.2)
Cubic~foot Volume 2902, 7% 1003.7 1036 5615
(££3/acre) (3139.7)  (1123.7) (941)  (6275)

() indicates observed yields

% dindicates significant difference (a =0.05)
between observed and predicted means
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two-tailed t~test (e = 0.05). Observed and predicted number of trees
were much closer. The summary of deviations and percent deviations of
predicted from observed values (Table 6) helps to quantify the relative
agreement for various stand components.

Even considering the 5 percent under-prediction observed for total
cubic-foot volume, this level of bias is comparable to that found im
studies utilizing the diameter distribution approach to loblolly pine
yield estimation. Smalley and Bailey (1974a) reported a 4 percent over-
prediction while Lenhart and Clutter (1971) showed a 6 percent over-
prediction.

The precision of PTAEDA also compared favorably with that shown by

- diameter distribution models. For cubic-foot volume, 25 percent of
predicted values were within + 5 percent of the observed, 50 percent were
within + 10 percent, and over two-thirds were within *+ 15 percent. The
distribution of percent deviation of predicted from observed cubic-foot
yields is shown in Table 7. It can be seen that positive and negative
deviations are fairly well balanced, at least about the mean deviation
of 5 percent. Both Burkhart (1971) and Smalley and Bailey (1974a)
reported broader distributions of percent deviation.

Percent deviation of predicted from observed values of trees,
basal area, and cubic-foot volume per acre were plotted over age, site,
density and all two-way interactioms. In addition, percent deviations
were regressed on these stand variables and interactions using multiple
linear regression. Frowm these analyses it was found that percent
deviation of trees per acre increased with increasing age and decreased
with increasing values of the age x site interaction. Cubic-foot volume
per acre tended to be under-predicted at high values of the age x
density interaction. No trends were observed in percent deviation

of basal area per acre.

It should be remembered that the data set used in the above tests
was not independent of all components of PTAEDA. Thus, comparisons with
previous yield estimation efforts using totally independent data are
somewhat inconclusive, but do aid in evaluating the model's limitations.

Thinning Trials

Considering the variability in published thinning yields, compari-
sons of observed and predicted thinning response showed close agreement.
Coile and Schumacher (1964} presented a seriles of thinning schedules
which would result in residual stands at age 30 having roughly the same
volume as unthinned stands. In simulating these stands with PTAEDA
(Table 8), this phenomenon could not be reproduced. However, using their



Table &. Absolute deviation and percent deviation of

simulated from observed yields on 187 old-field
loblolly pine sampie plots.

Product Mean Std. Dev. Low High
Absolute Deviation
Trees
(number/acre) 12.4 51.5 ~84 382
BasalkArea
(£t%/acre) 7.6 27.4 ~56.6 96.3
Cubic-foot Volume
(ft°/acre) 236.9 567.3 ~1215 2473
Percent Deviation
Trees
(number/acre) 1.16 5,98 -12.35 26.67
Basal Area
(£t%/acre) 3.32 17.16 ~49.35  57.66
Cubic-foot Volume
(£t3/acre) 5.45 15.22 ~46.12  48.37
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Distribution of percent deviation of
predicted from observed cubic-foot yields.

Percent deviation

Number of plots

25.1
35.1

45.1

to

to

to

to

to

to

to

to

to

to

to

-55.0

~45.0

-35.0

-25.0

-15.0

5-0

15.0

25.0

35.0

45.0

55.0

total

17

26

46

53

26

10

187




Table 8. Comparison of yield values simulated by program PTAEDA and those of Coile and
Schumacher (1964) for thinned and unthinned loblolly pine plantations at age 30.

*
Site Trees at

Ages Amount of Thinnings Residua)l Stand at Age 30
Index age 5 when Source Basal Volume Average Trees Basal Volume Total
(feet) (number) Thinned area 2 (corda)** DEH per acre area {cords} Production
{years) (feet”) (inches} {number) {feetz) {cords)
60 600 17, 22 C&8 45, 36 7. 7 13.6(8.8) 168(365) 170{153) 43.7(42.9) 57.7
PTAEDA 10, 9 13.4(9.6) 152(370) 151(204)  43.2(57.3) 62.3
800 17, 22 C&S 58, 47 9, 9 14.6¢8.3)  159(448) 185(169) 47.1(47.2) 65.1
PTAEDA 10, 12 13.6(8.6) 142(427) 147(1853)  41.3(50.6) 63.7
70 600 15, 20 C&S 37, 37, 6, 8, 10 15.1(9.8) 158(365) 196(191) 60.6(63.4) B4.6
25 39
PTAEDA 8, 10, 13 14.9(9.7) 139¢370) 171(204) 58.9(63.6) 89.9
800 15, 20 C&s 43, 47, 7, 10, 13 14.7(9.3) 189(448)  222(211) 68.2(70.0) 98.2
25 51
PTAEDA g, 13, 16 14.0(9.0) 140(418) 157(208) 56.4(71.4) 4.4

*
Site index at base age 25,

woh
Cord-wood volume to a 4-inch top. Values for PTAEDA were comverted using ratios calculated from Burkhart, et al

1972,

()Indicates data for unthinned stands.

67
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guidelines for basal area removal, a greater volume of pulpwood was
harvested in thinnings by PTAEDA, resulting in roughly equivalent
estimates of total production. Coile and Schumacher reported much
greater diameter response than was reproduced by PTAEDA, while diameter
estimates for unthinned stands were comparable. A striking trend is that
volume was consistently over—predicted at low densities and under-—
predicted for higher densities. This was true for a number of other site
index values and densities not shown in Table 8. Conceivably, this may
be related to the trend found for unmanaged stands in which the age and
density interaction was found significant in explaining volume predic-
tion bias. Low densities resulting from thinning accenturate this effect.

Goebel et al. (1974), working with loblolly pine, reported very
1ittle increase in total production due to thinning, and observed marked
decreases in residual stand volume on thinned pleots. Simulation of their
thinning schedules produced similar results, although somewhat higher
total production was found at more intense thinnings. Again, volume
was over—-predicted at lower densities (Table 9).

Average DBH on unthinned plots was comparable, although Goebel et al.
(1974) observed extremely high survival (80 to 100 percent at the age
of first thinning). This high survival explains the somewhat higher
yields observed on unthinned plots. DBH response was much greater
in the simulated plots than the observed. Again, this was probably due
to the high density in the observed plots caused by the high survival
rate.

In general, the thinning trials with PTAEDA demonstrated a number
of concepts which are well established in the literature (Andrulot,
Blackwell, and Burns 1972, Coile and Schumacher 1964, Goebel et al. 1974,
Wakeley 1969). First, it was shown that no gain in residual stand
volume can be expected due to thinning. Second, gains in total volume
are possible, especially with frequent light to moderate thinnings, due
to the anticipation of mortality. Finally, response to thinning is
concentrated in diameter growth with little, if any, height growth
increase.

Biomass Relations

The concept that a stand will maintain a fixed amount of total
biomass was not generally reflected in PTAEDA. There was a definite
tendency for stands to ""break up" both in terms of volume and total
biomass after age 35. Considering that both mortality and growth
relationships were estimated from data for mapped stands no older than
20 years, this should not be surprising. The implicit assumption that
the effects of competition and, particularly, crown ratio on growth
and mortality remain the same over time is not justified. Apparently,
crown ratio may become relatively small for old plantation-grown
trees and vet they will remain vigorous.



Table 9. Comparison of simulated yields from PTAEDA and observed vields of Goebel
et al. (1974) at age 34.

Cubic~foot Volume/Acre

Site* Original Thinning Bazal
Index Spacing Schedule Area Residual Thinned Total
(EEEE) {feer} {years) %;2§§) Predicted Observed Predicted Observed Predicted Observed
51 6 X7 13,18,20 80 2100 2065 3164 2261 5264 4326
25,34 .
90 2311 2436 316l 2431 5472 4867
100 2623 2934 2878 2707 5501 5641
unthinned 4195 4726 - - 4195 4726
55 6 X6 23,20,24 85 2854 2107 3096 2401 5950 4508
110 3603 2854 2454 2192 6057 5046
i35 4141 3232 1403 1896 5544 5128
unthinned 4245 4525 - - 4245 4525

¢

*
Site index at base age 25
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CONCLUSTIONS AND RECOMMENDATIONS

Despite a limited data base and the difficulty in realistically
quantifying biological relationships, PTAEDA produced reasonable values
in simulating unmanaged and thinned old-field plantations of loblolly
pine. However, tests and comparisons indicated a number of areas where
further refinement and testing are needed.

The bias observed in cubic foot yield and basal area prediction
is of primary concern. Since number of trees per acre is predicted
fairly closely, the bias in basal area may be attributed to an under-
prediction of diameter growth. This, too, would explain bias in cubic-
foot volume. A clue to the rvoot of this bias was provided by the
importance of the age x density interaction in comparisons of percent
deviation from observed yields. This comparison indicated that perhaps
competitive relationships over time are ill-defined, especially in relation
to diameter growth. Although thinning trials were inconclusive in valida-
ting the model's diameter response, the consistent tendency to over-—
predict volume in heavily thinned stands is further evidence of the need
for model refinement in diameter growth prediction at extreme (high and
low) densities.

Mortality relationships also need to be better defined. The
apparent, however slight, under-prediction of trees per acre, the
premature "break-up" of older stands, and the importance of age and
the age x site interaction in explaining variability of deviations from
observed values of trees per acre all point to the need for
refinement in this area.

It is suggested that a broader base of mapped stand data coupled
with judicious comstruction of biologically rational growth and mortality
models would considerably diminish the aforementioned limitatiomns.
Attempts to simulate unfamiliar stand conditions may be futile until
these spatially dependent components are at least bracketed by data from
existing stands.

It is hoped that data will become available for calibration
and testing of the fertilization and site preparation routines. Only
then will it be possible to test the ideas hypothesized for their
effect on tree and stand growth. Trials of these management routines,
along with trials of unmanaged stands, thinned stands and their combina-
tions are tabulated in the appendix. In addition, estimates of the
standard deviation and range for 10 replications of each treatment .
combination are presented.

Although the major justification for this study was growth
and yield estimation in loblolly pine plantations, there are many other
possible uses for PTAEDA. Such a model may serve to increase knowledge
of growth and yield response surfaces which can later be satisfactorily
described by using a more simplistic approach.

Expansion of the model to different southern pine species is a
distinct possibility, as is the inclusion of variable spatial patterns
for natural and direct seeded stands.
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Finally, because the size and location of individual trees are
known, the model lends itself directly to many tree and stand studies
where spatial input is important. Understory relationships and energy
flows could be reproduced by adding a solar componment. Also of interest
is the possibility of studying various spatial patterns of insect and
disease attack and the effectiveness of various control programs.
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Appendix I. Input variable definitions for both interactive
and batch modes of simulation model PTAEDA.

Variable Definition
Name

TITLE A descriptive title up to 80
characters long

NYEARS Length of simulation in vears

SITE Site index (base age 25)

X Random number seed, any odd integer

PX X parameter for planting

PY Y parameter for planting

TP Trees planted per acre
If TP is given, PX and PY are the
ratio of planting distance between
trees to row width, respectively.
If PX and PY are omitted, square
spacing is assumed.
If TP is omitted, PX and PY are the
actual distances in feet between trees
and between rows, respectively.

TS Trees surviving per acre

AGE Age of TS5 for existing stands

SPREP Additional number of (loblolly
equivalent) competing stems per acre
for cutover sites

ARLSE Age at which a cutover site will be
released from additional competing
stems

KIN Age at next decision period or age of

next input
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Appendix I. TInput wvariable definitions for both interactive
and batch modes of simulation model PTAEDA
(continued).

Variable Definition
Name
ITHIN Thinning type:
1 = row thinning
2 = low thinning
3 = combination of 1 and 2
KTHIN Age of growing season immediately after
thinning
th ,
IROW T row to be thinned
ILOW Low thinning type
1l = diameter 1imit
2 = residual basal area limit
DLOW Lower diameter limit below which trees will
not be removed (low thinning optiom only)
TLIM Thinning limit: If
ILOW = 1, upper diameter limit above
which trees will not be removed
ILOW = 2, residual basal to be left
after thinning
KFERT Age of growing season immediately after
treatment
RESP Maximum site index increase (feet) due to
fertilization
MR Length of time (years) to attain RESP
after initially fertilizing
LR Total length of fertilization response

QAGAIN

To simulate another stand QAGAIN = YES
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Appendix II. Example run of the interactive version of
simulation model PTAEDA.

ptaeda
CMD:
ren

---------- PTAEDA mm e
SIMULATION OF TREE AND STAND GROWTH IN LORLOLLY PINE PLANTATIONS
ENTER: TITLE

trial run showing the use of all management routines
ENTER: HYEARS,SITE, X

30,60,571

EXISTENG STAHND ? ENTER: YES DR NO
no

ENTER PLANTING PARAMETERS: PX,PY,TP
1,1,800

CUTOVER SITE 7

yes

ENTER SITE PREP PARAMETERS: SPREP,ARLSE
1,10

FERTILIZE AT PLANTING TIME ?

ves

ENTER FERT PARAMETERS : RESP, LR
10,10

JUVENTLE STAND OUTPUT?

ves

TRIAL RUN SHOWING THE USE OF ALL MANAGEMENT ROUTINES
STAND SUMMARY -~ AGE 7

DIMENS]ON MEAN ST.DEV. MiN MAX
OBH 3.83 1.07 1.7 5.80
HY 16.2 2,1 9.3 18.9
CL 11.6 2.2 5.8 15.0
ct 0.7051 0.3570 0,207 2.5303
ACRES SIMULATED 0.12500
TREES PLANTED PER ACRE 800,
TREES SURVIVING PER ACRE 664,
HEIGHT OF DOMINANT STAND 17.5
PRODUCT YIELD HCREM PAL MA |
BASAL AREA 57.3 wxwakn  kwkwakk g.18
cysiC FEET 651, swrstww wkwwwe 92.9
B 1 OMASS 11005, wwwswww wawswxsr 15722
D CLASS #LIVE MEAN H FHMORT MEAN H FTHIN MEAN H
1 16 9,32 ¢ 0.00 0 0.00
2 72 12.87 0 6.00 ¢ 6.00
3 168 15,1k 0 0,00 0 6,00
) 246 17,02 0 6.00 8 0.00
5 112 18,07 0 .00 0 0,00
6 56 18.81 ] 0.00 0 0.00
T07 G6h. 136. 0.
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Appendix II. Example run of the interactive version of
simulation model PTAEDA (continued).

INPUT BEFORE & TH GROWING SEASON
STAND SUMMARY?

no
ENTER: AGE AT NEXT DECISION PERIOD
15

INPUT BEFORE 15 TH GROWING SEASON

THIN STAND?

no

FERTILIZE STAND?

no

STAND SUMMARY?

yes

ENTER: AGE AT NEXT DECISION PERIOD
16

TRIAL RUN SHOWING THE USE OF ALL MANAGEMENT ROUTINES

STAND SUMMARY -~ AGE 15

DIMENS | ON MEAN ST.DEV, MIN MAX

DBH 6,36 1.85 2.18 9,86

HT 43.0 .ot 28.5 51.1
CL 2G.3 4.8 7.8 27,7
Cl 1.45739 0.6816 0.6756 4.2570

ACRES SIHULATED 0.12500

TREES PLAHTED PER ACRE 800.

TREES SURVIVING PER ACRE 632.

HE FGHT OF DOMINANT STAND 48.8

PRODUCT YIELD INCREM PAL MA |

BASAL ARIA 152.3 10,98 12.38 10.15

CUBIC FEET 3124, 382.5 358.,4% 208.3

BIOMASS 57214, 7164.6 B697.7 3814,3

L CLASS #LIVE MEAN H #1M0RT MEAN H FTHIN MEAN H
2 16 28.54 8 22.63 ] G.G0
3 24 34,92 16 32.55 0 G.00
L 88 38.51 8 35,86 ] 0.00
5 104 42,64 o 0.00 0 .00
& B8 42.36 0 g.00 g 0.00
7 128 45.06 o 0,00 0 0.00
8 80 45,52 0 0.00 0 0.00
9 6k k7.00 o 0.00 ] 0.00
10 4o 47.12 0 ¢.00 0 0.00

0T 632. 168, 0.
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Appendix II. Example run of the interactive version of
simulation model PTAEDA (continued).

INPUT BEFORE 16 Til GROWING SEASON

THIN STAND?
yes

ENTER THINNING TYPE, AGE: ITHIN,KTHIN
2,16

ENTER LOW THIN PARAMETERS: ILOW,DLOW,TLIM
2,0,100

FERTILIZE STAND?

no

STAND SUMMARY?

no

ENTER: AGE AT NEXT DECIS!ION PERIOD

20

INPUT BEFORE 20 TH GROWING SEASON

THIN STAND?

no

FERTILIZE STAND?

no

STAND SUMMARY?

yes

ENTER: AGE AT NEXT DECISION PER!OD
21

TRIAL RUN SHOWIMG THE USE OF ALL MANAGEMENT ROUTINES

STAND SUMMARY - AGE 20

DIMENS{ON MEAN 5T.DEV. MIN MAX
DBH 10,23 1.36 8.32 13.1%
HT 58.7 2.9 53.5 65.4
cL 26.9 1.9 23,9 30.8
Cli 0.8759 0.1536 0.4553 11,1984
ACRES SIMULATED 0.12500
TREES PLANTED PER ACRE 800,
TREES SURVIVING PER ACRE 264,
HEIGHT OF DOMINANT STAND 61.2
PRODWCT YIELD INCREM PAT MAT
BASAL AREA 153,13 10,58 G.19 7.66
CUBIC FEET 3937. 398.6 162.5 196,.8
B1OMASS 72998, 7Fu37.0 3157.1 3650,0

VOLUME THINNED 1085,
D CLASS FLIVE MEAN H #MORT MEAN H #FTHIN MEAN H

2 ] 0.00 8 22.863 16 28.54
3 0 0.00 18 32.586 2L 34,92
& 0 .00 8 35.86 88 38,51
5 0 0.00 o 0.00 104 42.6%
6 o 0,00 ] 0.00 88 42,38
7 0 0.00 ¢ g.00 L8 43.97
& 24 56.42 0 ¢.00 0 0.00
9 72 58,70 0 0.00 0 0.00
10 6h 58.5% 0 0.00 0 8,00
11 48 58.51 ¢ 0.00 8 0.00
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Appendix II. Example run of the interactive version of
gimulation model PTAEDA {(continued).

12 40 60.19 0 0,00 0 0.00
13 16 60.23% 0 0.00 ] 0.00
T0T 264, 168. 368,

INPUT BEFORE 21 TH GROWING SFASON

THIN STAKD?

ves

ENTER THINNING TYPE, AGE: FTHIN, KTHIN
2,21

ENTER LOW THIN PARAMETERS: TLOW, DLOW, TL M
2,0,100

FERTILIZE STAND?

ves

ENTER FERT PARAMETERS: RESP,LR,LMR, KFERT
5,7,2,21

STAND SUMMARY?

no

ENTER: AGE AT NEXT DECISION PERIOD

25

INPUT BEFORE 25 TH GROWING SEASON

THIN STAND?

no

STAND SUMMARY?

yes

ENTER: AGE AT NEXT DECISIiON PERIOD

30

TRIAL RUN SHOWING THE USE OF ALL MANAGEMENT ROUTINES

STAND SUMMARY -~ AGE 25

DIMENS]ON MEAN ST,DEV, MIN MAX
GBH 12,88 1.18 11.190 15,15
HT 67.0 3.2 60.3 72,4
CL 27.8 1.3 25.8 30.1
Cl 0.6333 0.1012 0.4826 0.8600
ACRES SIMULATED 0.12500
TREES PLANTED PER ACRE 400,
TREES SURVIVING PER ACRE 144,
HEGHT OF DOMINANT STAND 63.0
PRODICT YIELD INCREM PA L MA T
BASAL AREA 131.3 k.81 -4, 39 5.25
CUBIC FEET 3803, 196.1 ~26.8 152.1
BT OMASS TO708. 3659.3 -458,3 2828,3

VOLUME THINNED 2446,

D CLASS #LiVE MEAN H #MORT MEAN H #THIN  MEAN H
o 0.00 8 22.63 1s 28.54
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Appendix II. Example run of the interactive version of
gimulation model PTAEDA (continued).

3 0 0.00 16 32.56 2h 34,92
L 0 G.00 g8 35.86 88 38,51
5 0 0.00 G .00 104 E2.64
6 0 0.00 0 .00 88 42,36
7 1] 0.00 0 .00 k8 43.97
g 0 0.00 0 ¢.00 24 56.52
) 0 0.00 0 0.00 72 5R.70
1¢ ¢ 0.00 0 6.00 2h 57.81
11 2k 65,70 0 0.00 0 6.00
12 Lo 65.86 0 0.00 0 0.00
i3 Lo 67.61 0 0.00 0 0,00
14 24 69,07 i 0.00 ] 0.00
15 16 67.54 0 G.,00 0 .00
TOT 1ng, 1568. 588

TREAL RUN SHOWING THE USE OF ALL MANAGEMENT ROUTINES

STAND SUMMARY - AGE 30

DIMENSEON MEAN ST.DEV. MIN MA X
DBH 13.79 1.39 11.63 16.58
HT 70,4 3.8 6L .4 76,2
CcL 5.4 1.3 23.4 27.8
Ct 0,.6886 0,1218 0.4924 0.909L
ACRES SIMULATED 0.12500
TREES PLANTED PER ACRE 800.
TREES SURVIVING PER ACRE 144,
HETGHT OF DOMINANT STAND 65.7
PRODUCT YIELD INCREM PAIL MA 1
BASAL AREA 15C.8 5.40 3.90 5.03
CUBIC FEET 4583, 2353.0 156.0 152.8
BIOMASS 85265. L4348.1 2911.3 28L2.2

VOLUME THINNED 24uG,

D CLASS #LIVE MEAN H #MORT MEAN H #THIN MEAN H

2 0 0.00 8 22.63 16 2B.5k
3 0 0.00 16 32.56 24 34.92
4 0 G.00 8 35.86 88 38.51
5 0 ¢.00 o .00 104 L2.64
& ¢ 0.00 0 0.00 88 42,36
7 0 0.06¢ ¢ 0.00 kg 43,97
g 0 . 0.00 0 0.00 24 56.42
g 0 0.00 ] 0.00 72 58.70
10 0 0.00 0 0,00 2k 57.81
11 0 0,00 ) 0.00 0 0.00
12 24 68.84 o 0.00 0 0.00
13 56 65.80 0 6.60 ] 0.00
14 16 70,68 ] 0.00 0 0,00
15 32 72,73 0 0,00 ¢ 0.00
16 8 73,26 0 0.006 o 0.00
17 8 72.75 o 0,00 ¢ 0.00
TOT 14k, 168, WRE,

ANOTHER STAND ?
no
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Card formats and additional variable des~-
criptions for the batch version of
simulation model PTAEDA.

Card Columns Variable Format
type

i i~ 80 TITLE A
2 1 -3 RUN -
b -5 CODE A

6 - 10 NYEARS I

i1 - 15 SITE F

16 - 20 IX T

21 —- 25 PX F

26 - 30 PY F

31 - 35 TS F

36 - 40 AGE F

41 = 45 SPREP F

46 - 50 ARLSE F

51 - 53 RESP F

56 - 60 LR 1

61 ~ 65 QJuv A

66 - 70 KIN I

71 ~ 75 KFREQ I

76 - 77 NCARDS I

78 - B0 QAGAIN A

*

Where, A = alpha-numeric, I =
point, and -- indicates a name to be punched on

card.

integer, F = floating~
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Appendix III. Card formats and additional variable des-
criptions for the batech wversion of
gimulation model PTAEDA {continued).

Card Columns Variable Format
type

3 - NCARDS 1 - 5 MANAG _—
6 - 10 KTHIN I
11 - 15 ITHIN I
16 ~ 20 ILOW I
21 - 25 DLOW F
26 - 30 TLIM F
31 - 35 IROW I
36 - 40 KFERT I
41 - 45 RESP ¥
46 ~ 50 LMR 1
51 - 55 LR I
56 - 58 QOUT A
61 ~ 63 QIREE A

66 - 70 KIN I
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Appendix TIT. Card formats and additional variable des~
criptions for the batch version of
simulation model PTAEDA (continued).

Variable £inics
Name Definition

RUN Card 2 identification, to be punched
on card

CODE User supplied 2-digit code or name

QJuv If output describing the juvenile stand
is desired QJUV = YES

KFREQ Frequency of output summaries after
KIN (years)

NCARDS Number of management cards (MANAG)

MANAG Card 3 - NCARDS identification, to be
punched on ecard

QouT If stand output is desired after this
growing season QOUT = YES

QTREE If individual tree output is desired

after this growing season QTREE = YES




Appendix IV,

Total cubic~foot volume of loblolly pine under various management regimes,
estimated by 10 stochastic runs of tree and stand growth simulator PTAEDA.

Cublce~foor Volume per Acre

' 8ite index 60 (base age 25}, 800 trees planted per acre

2/

élKTHIN = 15.

4/

— Mean + standard deviation

Low to Eigh

KFERT = 20, RESP = 5, IMR = 3, LR = 7

2
20: low thinning to 20 ft° of basal area per acre; DLOW = O

(yﬁgis) Unmanaged Fertilizea? Thinned?’ Fertilized and Thinned
Reaidual Thinned Residual Thinned
(total) (total)
Old-field _ 1219 + 53 &/
i0
1130 to 1307
2536 + 64
15
2410 to 2641
3902 + 38 3792 + 86 2992 + 40 940 + 33 2995 + 47 907 + 69
20
3844 to 3952 3644 to 3878 2927 to 3064 873 to 1023 2901 to 3058 869 to 1022
4884 + 123 5320 + 141 3215 + 54 940 + 68 3794 + 79 1893 + 64
25
4723 to 5076 5064 to 5512 3040 to 3278 1870 to 2058 3692 to 3903 1771 to 1981
5355 + 204 5368 + 245 4462 + 130 4524 + 202
30
4912 to 5539 4884 to 5662 4219 to 4631 4281 to 4668
1/

0¢S



Appendix IV. Total cubic~foot volume of loblolly pine under various management regimes,
estimated by 10 stochastie runs of tree and stand growth simulator PTAEDA
{continued).

Cubic—foot Volume per Acre

~'SPREP = 1., ARISE = 20.

(y:g:s) Unmanaged Fertilizedgl Thinned;‘/ Fertilized and Thimned
Resgidual Thinned Residual Thinned
{total) (total)
cutover 2/ 920 + 26
10
883 to 957
1960 + 39
15
1883 to 2018
3222 + 65 3198 + 75 2970 + 87 340 + 66 2970 + 87 340 + 65
20
3111 to 3209 3040 to 3282 2780 to 3083 245 to 428 2780 to 3083 245 to 428
4300 + 152 4826 + 134 3320 + 59 1302 + 176 3301 + 69 1274 + 111
25
4047 ro 4621 4649 to 5131 3242 to 3411 1040 to 1420 3810 to 4031 1040 to 1420
5020 + 190 4867 + 189 4489 + 184 4536 + 176
30
4769 to 5350 4636 to 5115 4118 to 4748 4197 to 4804
5/

15
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Appendix V. TFlowchart of tree and stand growth simulation program

PTAEDA.
MAIN
e
CARDS
Initialize
Tree and
Stand
Variahles ,
Increment
H, DBH, CL
| Determine
Mortality

Another
Stand?




Appendix V. Flowchart of tree and stand growth simulation program PTAEDA
{continued).

HOWFAR

Calculate - 1
CI(I)
f Return g
/
Calculate Calculate
Competition Return Site
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Factor Factor

Assign Determine Calculate
Initial age of Distances
Spatial Competition Between
Characteristibs (KC) i Trees
Return Advance f Return
Stand R
Pimensions l 1 cmove
to Age KC Trees
PREP l
Return ;
L

Return Return

129
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PTAEDA.

Source listing of tree and stand growth simulation program

OO OO0 e

[N el

e Ealal

[N e Nal

SGad

50

60

WATFIV

PTAEDA

PTAECA IS5 A SIMULATIUN MONEE OF TREE AND STAND GRORITH
TN HMANAGED LODLOLLY PIRE (PINUS TALDA Le) PLANTATIUNS.

DEVOLPED BY RICHARD F. DANIELY, VPILSU, 1976,

DIMENSEGN VOLIE3)},502})

COMMON FBLOKL/X1100) o Y{100) LHORT{ LOO} +KMORT(10Gi+D{ 100},
1 HULGO0) 4CLEL00):CTLL0W) ,MIDIL0C) »LEDGEL! 9} s ACRES

CUMMON JBLUKZ/1018{4),DISTLS)e XDISTYDIST

COMMON /BLOK3/YCUFTIS0,3 s YDRNTI50:3)4BA(50) sKIoKsNLIVE,
1 NTHIN,HD

COMMON /BLUKS/TITLE(20) NYEARS ,SITEsQEXESY o EXAGE JEXTS,

P PXPY+TPaROUT oKINKTREE yWJUV s GAGAIN

COMMON /BLUKS/SPREP,CAFARLSE,GLUTO

COMMON /BLOKAG/KFERT JLMRyLRyRESP,SAFUFERT

COMMUN ZBEUKT/ETHIN G FTHINERUW 2 TLUNDLUWTLEM

CUMMUN Z7BLOKB/ZPLUTX e PLOTY DFLXDELY e NROX ,NRCY s YRCW(LGD)
REAL YES/'YEST/NL/TNUY/ '
CUMMON /BLUKD/N

DATA S/C.TI093.0.02724/7

INPUT INITIAL SIMULATION CRITERIA
CALL INPUT{IX)
INITIALIZE TREE AND STAND VARIABLES

DO 50 K=1¢50
BA{K )=,

DO 50 L=1,3
YOUFTIK,L)=0.
YOR®TEK L I=0.
DO 60 I=]l,N
DLlI=0.
HUE)1=0.
CLill=0.
CI{I)=0.
KMORT{{ }=NYEARS
LMORT{I =1
KTHIN=0
KOUT=0
KTREE=0
QFEXT=NU

GENERATE INITIAL STAND

CALL PLANT

CALL JUVLIX)

CALL COMp
FF(QUUV.Ed.NO) GO TO 645

PTADOCLO
PTACOQ2G
PT 400030
£TADDO&KO
PTAGOOSO
PTAQOORD
PTAOUOEO
PTAQQOSBD
PTAQOOG0
PTAOOLOO
PTAQOL10D
PTADOL20
PTAQO130
PTAQOL4Q
PTAQOLS50
PTAQOLS0
PTAGDLITO
PTAQOLBO
PTAQOL90
PTAQD200
PYAQO210
PTAG0O220
PTAO0230
PTADD240
PTADD250
PYAGDZ60
PTAGD270
#TAC0Z80
PTAOC290
PTADO300
PTAQO310
PYADO320
FTAQQ330
PTAUO340
PYAOQ38D
PTAQ034D
PTAQOATS
PYACD380
PTAGO390
PT AC0400
PTAOD410
PTADD420
PTAD0430
PTAOO440
PTAQD450
PTADDAS0
PYAQC4TO
PTADDS4B0
PTAGG490
FTADO500
PTAGUS L0
PTACOSZ0
RTAQQ530
PTAGD540
PTAQO550
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PTAEDA (continued).

Source listing of tree and stand growth simulation program

o O

(SR %]

OO

aXalel

[z Eal gl

&5

10

&9

90

CALL OUTPUT
KIK=KJ+1

CUMMENCE ANNUAL TREE GROWTH

KC=KJ+]l

A=K{

DU 200 K=KL+NYEARS
A=K

ENPUT MANAGEMENT CRITERIA

IFLQCUTOLEQL.YES)Y (ALL PREP(A)

IF{KIN LEQ.K) CALL INPUTZ

TF{KTHINLEQWK) CALL THIN{A)

IF{QFERTLEQ.YES) CALL FERT(A}
POTH={SITE*SAF}* 1 0% {~5,856537%{1l./A~1a/25,))
PHIN=POTH~HD

BU 100 I=14N

TEOLMORY (1)~1) 10U,10.90

CR=CLII)/HLLY

DETERMINE THEE MORTALITY

PLIVE=1,086%CH*&, (102026%EXP{~.02081694%{CI{]}*CAF)
1 **1.177809}

P=U{IX}

IF{P.LY.PLIVE]) GU TU 80

NLIVE=NLIVE-|

LHMORT{I)=2

KMORT (1=K

GO TG 90

COMPUTE H AND O INCREMENT ON ALL [REES

HRED= u54631 +CABY] 662 54%EXP (4.82722~1.15083%C1(1)
1 BCAF~(.6622€%CR )

R=STNORM{IX )

HIN=PHIN®HRED

HINMAX=1.00206%PHIN® . 13462028

[FIHIN.GT HINMAX) HIN=HINMAX

POIN=.28658336%HIN +.2094718

HIN=HIN#R®5{ 1)

[E{HIN.LT.0.} HIN = O.
DRED=.086524+.020178CL{I1%*], L T9986%EXP(~1,320610
1 *C1(1)%CAF)

DIN=PDIN®DRED+R#S (2)

IF{DINLLT.0.} DIN=0.

CALCULATE PRODUCTS

D{1=CLT)eDIN
HEE)=H{ 1) +HIN
L=LMOGRY (1)

D5Q=0LE*Ci L}

PTADOS60
PTAOOSTO
PTA00580
PTAGGS S0
PTAOOGO0
PTADOSLO
PTADD620
PTADCSGIG
PTADOS 4O
PTYAOGE %0
PYAGOG 0
PTAGD&TO
PTADOGSA
PYROOE90
PTAQGTO0
PTAOGT1O
PYADOZ20
PTAGOT30
PTAGOT40
PTAOOTS50
PTAOOTHO
PTAGOTT0O
PTAGOTSO
PTADOTY0
PTA0DE00
PTAOOB10
PYAQOB20
PTAGOS30D
PTAGGB40
PTAGOBS50
PTACOBS0
PTAQOBTO
PTAOO8ED
PTACCESD
PTADOSG0
PTAQO910
PTAD0920
PYA0O0930
PTACOSAO
PTAGO9SO
PTAGO96D
PTAGOYTO
PTAQO980
PTAGO990
PYAQLOGO
PTAOLOLO
PTAQLO20
PTAGLIO30
PTAOLO40
PTAOLQ50
PTAOL1060
PTAQLOTO
PTAQLUBO
PTAGL090
PTAO1100
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Appendix VI. Source listing of tree and stand growth simulation program
PTAEDA (continued).

[hilatdal) BA{KIr ALK #DS5Q PTAOLLLO

YOUFT (K, Lh=YOUFT (KoL D #DSUSH{L 1%, 002324, 34864 PTAGLL20

YORBT (KoL )= YORWT (Kol D6DSQSH {11 %, 043286544, 198331 PTAOLL30

160 CONTINGF PTAOLL40
BA(K)=BALK)*.U05454/ACRES PTAOLLSO

DD 150 L=1,3 PTADLLI60
YCUFTUK, L)=YCUFT{K,L ) /ACRES PTACLLTO

YORWT (K L}=YDRWT{KyL ) /ACRES PTAQL1I80

150 CONTINUE PTAGLL90

¢ PTAG1200
¢ DETERMINE CKUWN LENGTH PTAGLZ10
c PTAQL220
T=NLIVE/ALRES PTAGL230

00 10 I=1,N PTACL240
CIti)=o. PTAD1250
IF(LHURT (1}.NEL D) GO TO 101 PTAD1260
CBL=F(1198 1 65228 1%(THCAF IS #(, 457396/D( 1)) %0{1 }ne PTACL270

1 (-8.95806T/A) ¥EXP (=2, 687682+12.T4273/A PTAGL2 80

2 -21.74093/(A%L(1))-1.646384/D(1)} PYAOL1290
TFAH{TI=CBL-CL{I) JGTHIN) CBU=HIT}~CLU1I—HIN PTAC1300
CLOL)=H{ [)~CBL PTACL310
TFICLIT).LT.0) CL(T)=0. PTAGL320

101 CONTINUE PTAGL330
HD=POTH PTAO1340

CALL COMP PTAQL350

C PTAQ1360
C JUTPUT STARD SUMMARY PTAQLATD
c FYAQ3380
TF{RUUTLEQLK) LaLL uulPuY PTAQ1390
IF{KTRED LE0.K) CALL TREE PTAO1400

200 CUNTINUE PTACL410

¢ PTAGL420
c MOLSE KEEPING PTAGL430
c PTAQ1440
CALL INPUT3 PTAO1450
IFIJAGAIN.EU.YES] Gu TO 1 PTAOL460

STOP PTAOL470

END PTA01480
PTAQ1490

SUBROUTINE INPUT{ IX} PTAC1500

c PTACL510
c SUBRUUTINE IAPUT 1S DIVIDED INTO 3 MAIN SUB-SECTIGNS PTAOLS20
c DESIGNED TC PRUKPT THE USER FOR AND READ INITIAL SIMULATION PYA01530
¢ CRITERIA, MANAGEMENT CRITERIA; AND PRGGRAM CONTINUATION PTAO1540
c CRITERIA. THIS SUBRUUTINE IS THE ONLY ONE WHICH NEED PTAOLS50
c BE CHANGED FOR BATCH MUDE OPERATION. PTAGLS560
c PTAGLSTO
COMMON /BLOK4/TITLE(20) sNYEARS,STTE,QEXIST yEXAGE 4EXTS, PTAO1580

L PXsPYeTPyKOUTKIKKTREE,QJUV,QAGAIN PTA01590
COMMEN /BLOKS/SPREP CAF ¢ ARLSE QLUTD PTAO1600
COMMCN /BLOKG/KFERY yLMRy LRy RESP, SAF  QFERT PTAOLOLOD
COMMCN /BLOKT/KTHIA, ITHINy IROM ¢ [LOWsDEOK, TLIM PTAG1620

REAL YES/'YES'/,NC/VNG'/ PTACL630

¢ PTAQLE40

C READ INIVIAL STHULATICN CRITERIA PYAOLG50
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Appendix VI. Source listing of tree and stand growth simulation program
PTAEDA (continued).

C PTAGLG60
WRITE{GL+6UOLY PTACLGTO

0001 FORMATU/ /13X L0 ~*) 55Xy *PTAEDA 45X, 1015~} // PTAQLGBO
1 * SIMULATICN UF TREE AND STAND GROWTH IN%,. PTAQLL90

2 vV LUBLULLY PINE PLANTAVILNS V// PYAQLTOO

3 ¢ ENTER: TITLE?Y) PTROLTLIO
REAL{9:5001) (TITLE(L)sL=le20) PTAOLTZ20

5001 FORMATULZ20A4) PTADLITIO
HRITELE,6002) PTAQLT40

GO0Z FORMAT{Y ENTERS NYLARSeSTTE¢1X*) PTAQLT S0
READIG, %=} NYFARS,LITE,IX PTAQLT60

1) WRITELH,6003) PTAGLTTO
H003 FUKMAT{' EXISTING STAND ? ENTER: YES OR Ngv) pPYAOLTEO
READI9,5002106XIST PTAQLTSO

5002 FORMAT{A3) PYAOL800
IF(QEXISTLEQLNG) GO 1O 20 PTAQEELD
IF{QEXISTL.NE,YESE GO T2 10 PYAQLB20
HWRITE(G,6004} PTAQGLB30

6004 FORMATL{® ENTER SPATIAL PARAMETERS: PXsPYTSe¢AGE?) PYAQGLB4AD
REAC{9.%) PX+PY+EXTSyEXAGE PTAOL850

60 TG 30 PTAQLBGC

20 HRITE(bs60US) PTACGLBYD
6005 FORMATE® ENTER PLANTING PARAMETERS: PXoPY;TP®} ] PTAQLBBO
READLGo%) PXPY4TF PTAQL890

30 SPREP=Q. PTACL900
WRITE(G64+6006) PTAQL91O

6006 FORMATEY CUTDVER SITE 7 1) PTAQL1920
READ(9,5002) QCUTC PTAOLS30
TFLQCLTULEGWNUY CU TO 35 PTAQLIY40
IF{QLCUTONEL.YES)Y LU TO 30 PTAQL950
WRITELG6,6CCT) PTAQL950

6007 FUAMATIY ENTER SITE PREP PARAMETERS: SPREP,ARLSE®) PTAQ1970
REAC{Ge*) SPREP+ARLSE PTAQL980

35 CAF=SPREP+1 PTAQL9%0
SAF=], PTA02000
WRITE{S,6106) PTAD2010

6l06 FURMATI® FERTILIZE AT PLANTING TIMF 7¢} PTAOZQ20
READ{9,5002) QFERT PYAC2030
IFIGFERTLEGQ.NIY 6C Ta 36 PYAQ2040
IF{GFERT.NELYES) CO TO 35 PYACZ050
WRITE(6,61CT} PTAQ2060

6107 FORMAT(® ENTER FERY PARAMETERS : RESPs LR'I pYAQ20TO
REAC{94%) RESPHLR ’ PTAQ2080
KFERT=( PTAC2090
LMR=Q PTAQZ100
SAF={SITE#RESPI/SITF PTAOZ110

36 MRITE(656008) ) PTAQ2120
6008 FORMAT{® JUVENILE STAND QUTPUT?4) PTADZ2130
READ {9,5002) cQJuv ) : PTAQ2140
IFICQJUV.EQ.YES) GC TQ 33 PYAQZ150
WRITEL6.560CS} PTAQ2140

6009 FORMAT(® ENTER: ACE AT NEXT DECISION PERIODY) PTAOZ21T70
READ(S,%) KIN PTAQ2180

38 RETURN PTAGZL1S0

¢ PTA02200
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Appenéix VI. Source listing of tree and stand growth simulation program
PTAEDA (continued).

c READ MANAGEMENT CRITERIA PTADZ2210
¢ PTAO2220
ENTRY INPUT2 PTAG2230
IF{KINLEQ.NYEARS} GU TO 39 PTADZZ40
HRITE(GL+60L0) KIN PTAQR250

6010 FURMATE/ /v INPUT BEFURF 9, 024" TH GRUWING SEASCN®) PTAQ2240
39 KTH[N=D PTAD2ZTO
IF{KINLFULNYEARS.OR.KINJLT L0} GO TU 60 PYA02280

40 WRITE(6,6011) PTADZZ90
6011 FORMAT{' THIN STAAD?') PTAGZ30D
READ(9+5Q02) QTHIN PTADR3L0D
IF{QTHINLEQ.NO} 6L TU &0 PTAQ2320
IF(UTHINLJNE.YES)GL TO 40 PTADZ2330
WRITE(&.6012) PTADZ340

6012 FORMAT{* ENTER THINNING TYPE, AGEI ITHIN,KTHIN'} PTAD2350
READI9y %) ITHIN,KTHIN PTAG2360

GO TGO (50455¢5C), ITHIN PTAO2370

50 WRITE(6,60L3} PTAQ2380
6013 FURMAT({® ENTER ROW THIN PARAMETER: [ROW?!} PTAD2390
READ(9.%) IROW PTAO2400
IF{ITHINGEQLLY GO TU 60 PTAQZ2410

55 WRITE(6s6014) PTADZ&20
6014 FORMAT(' ENTER LOWw THIN PARAMETERS: {LCWeDLOW,TLIM?) PTAQ2430
READ(G ¥} 1LOWOLOW,TLIM PTADZ440

60 IFIKINCEQLNYEARSSCRKINLLT.15.0ROFERTLEQ.YES) GL 7O 70 PTAG2450
QFERT=NO PTAO2460
WRITE(6,6015) PTACZ4T0

6015 FORMAT(® FERTILIZE STAND?Y} PTADZ4RD
REAC({9450021 GFERT PTAGZ2490
[F(QFERT.EQ.NU) GC TO 70 PTAD2500
IF{UFERTJNELYESIGC TR 60 PTAD2510
WRITE(6,6016) PTAD2520

6016 FORMATI' ENTER FERY PARAMETEFRS: RESP LR LMR,KFERT®) PTAD2530
READ{Gy#) RESP¢LR,LMR,KFERT PTAO2540

76 KOUT=C PTAO2550
IF{KIN.EQ.NYEARS) GU TO 75 PTAQ25560
WRITE(6,60L7) PYAG25T0

6017 FURMAT(' STAND SUMMARY?!') _ PTAD2580
READI9,5002) QSTAND PTAO2590
IF(QSTAND.EL.NO) &0 TO 80 PTAG2600
IF{QSTAND.NEL.YESIGD TG TO PTAQ2610

15 KOUT=KIN PTAQ2620
80 KTREE=zC PTAQ2630
IF(KTREELEW.0} GO TO 990 PTAO2640
WRETE(646C18} PTAOZ650

6018 FORMAT{® TREE SUMMARY?'} PTAGZ660
READI{9.,5G02) QTREE PTAD26T0
IF{QTREE.EQ.NO) GO TO 90 PTAOQ2680
IF{UTREE.NE.YES) GO TG 80 PTAO26%0
KTREE=K [N : PYAQ2700

9y IF{KIN.EG.NYEARS) GU FuU 9% PTAG2T10
WRITE (6:6019) PTAQ2T20

6019 FORMAT(* ENTER: AGE AT NEXT DECISION PERIODY) PYAQ2730
READ{9,%) KIN PTAGZT40

95 RETURN PTAD2750
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PTAEDA (continued).

Source listing of tree and stand growth simulation program

sl Xel [l aNaNalalsl [z EaEal

[N ala]

[zNaNal

62y

1yu
14

24

200

FNTRY INPUT3
WRETELO,6020)

FURMAT( " QANUTHER STAND 7'}
HKEAL(955002) QAGAIN

RETURN

END

SUBROUTINE JuviIx]

SUBROUTINE JLV DETERMINES THE AGE AT WHICH
CUMPETITION BEGINS AND ADVANCES THE JUVENILE STAMND
TO THAT PUINY IN TIME.

CUMMUN ZBLUKIZX{100) 4 Y{100) +LMORT{L00) »KRORT (100} ,BLLOCH,
1 Hi1003CLILOUISCILLO0)4MIDLLOO) ¢ LEDGELS ) ACRES

COMMEN ZBLUKIZYCUFTISU+3 )2 YORNTIS50,3)¢BA{50) +KJeKoNLIVE,
1 NTHIN,HOD

COMMON /BLOK4/TITLELZO)oNYEARSSITE2QEXIST-EXAGE 2EXTSy

I PXoPY TPy KOUT KINKTREE+QJUV : QAGAIN

COMMON /BLUKS/SPREP,CAF, ARLSE, QCUTO

COMMUN /BLUKG/KFERT 4LMRy LRy RESPs SAF,QFERT

COMMON FBLOKD/N

REAL YES/ZIYES'/4NC/INLY/

DETERMINE COMPETITION AGE

DO 100 KJ=5,15

A=KJ
HO={SITE*SAF ) 0% % (~5,.86537%(L./A~L./25.))
SPROP={TP*CAF el ~A®, )13} %1 0%% {-A%{ , GUO9¥HD~ . 0109%SART{HD)} )
TS=SPROPeTP

CCF = 18%,89-1012.6/A¢.0034TeHD#*TS*LAF
IE(LLCF,GT.L00.0 G TO 1O

CONTINUE

NELIVESTS#ACRES+.5

NMORT=N-NL IVE

NTHiN=0

DISTRIBUTE MORTALITY AMONG TREES AT RANDOM

1 200 EM=1.NMGRT
IMORT=(UTIX))*N+1.
IFILMURT{IMORT} NELL) GO TO 20
LMORTIIMCRT) = ¢
KMORT{IMORY =0

CONTINUE

ADVANCE STAND DIMENSIGNS

OHMIN=.134.0644€649%F0—, 18T64E~4% A% (T5%(AF)
13 +17.2T008%HD/{TS#*LAF)

PTAQ2760
PTAQ2TTO
PTAGZT8Q
PTAQ2790C
PTA02600
PTAG2810
PTAG2820
PTA02830
PTAQ2840
PTAQZBS50
PTAG2860C
PTAG28BTO
PTAQZ2880
PTAO2B89C
PTA02900
PTAQ2910
PTAG2Z920
PTAQ2930
PTAGZ940
PTAD29%0
PTAD2960
PTAOZ9TO
PYAG2980
PTAD2990
PTAQ3000
PTAD3010
FTA03020
PTAQ303D
PTAG3040
PTAQ3050
PTAQ3060
PTAG3OTO
#TAQ3080
PTAQ3090
PTAQ3100
PTAQ31LO
PYAQ3L20
PYTAO3130
PTAO3140
PTAQ3150
PTAO3L&0
PTAQ3LTO
PTAQ3180
PTAQ3190
PTAQ3200
PTAQ3210
PTAQ3220
PTA03230
PTAQ3240
PTAQ3250
PTAG3260
PTAO32TO
PTAQ3280
PTAQ3290
PTAD3I300
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PTAEDA (continued).

Source listing of tree and stand growth simulation program

[z Nulal

oD

[aBal4l

[aRalel

E1Y

300

5

DAVES2,559949+,054063 14HD=a 52L6BE-4*A%( TS¥CAF)
1 +18.4€54%HD/ [TS*CAF)

BHAT=ALGG{TS®=ACRES*CAF) /ALOG(DAVE/DHIN)
AHAT=(GAMMA(L+1/BHAT ) /DAVE) 8¢ BHAT

DO 300 I=].N

IF{LMORT(E)~1) 30Ce30, 300

Reyl IX)

D{T)=(~ALOG(R) /AH2T) %% ([ /BHAT)

MET )=KD* %, T705702% (TSRCAF I #% (J26230T/D( 1) )%EXP{1.512047

i ~2.,4450CT/0+42 551552/ (A0 1)} 1-3.709999/70(1)}
CBL=r{I)¥%1.61228 T {TS=CAF)®¥{ . 45TAG6/D(T}}*D( 1) %%

i {-8.95B06T/A)EXP1-2,5687682+12.T4273/A

2 -21.74093/{A®C{1)}-1.646384/DL1)}

CL{E)=H{T)-CBL
FRECLETY.LT.O) CLIE}=0.

CALCULATE PRODUCTS

D5Q=0(1)*G(I}

dAIKJI=BA(KJ)+DSQ

YORWT{KI v LI=YDRUT{KJy L)1 +4.7983374.0432865«DSQ*HI(T)
YOUFTIKS» L) =YCUFTIKJI 2L+ .348644.00232%05Q%K1 1)
CONT INUE

BA(KJ)=BALK])*. 005454/ ACRES
YORMI(KS ¢ LI=YDRWT {KJy L) FACRES
YOUFT{KJ ol )}=YCUFT (KJ,y1)/ACRES

RETURN

END

SUBROUTINE PLANTY

SUBRUUTINE PLANT CUNTRCOLS ASSIGNMENT OF
INITIAL RECTANGULAR SPALING.

COMMON /7BLOKL/XEL00) o YELO00) LAORT(1GO) oKMORTL10G)+D(100),
1 H{100),CL100),CI{10G)+MIDIL00}+LEDGE(G Iy ACRES

COMMUN /BLCKZ/IDIS{4),0I87(9ka XDIST YDIST

COMMON /BLOK4/TITLELZ2O0) o NYEARS ¢ SITE 2 QEXIST2EXAGE+EXTS,
L PXsPY TP KOUT +KTh+KTREE Y QSUV+DAGAIN

COMMON /BLOKB/ZPLOIX+PLOTYDELX DELYSNRCX,NROY,YRO®{10}
COKMON FBLOKD/N

REAL YES/PYES'/ NC/'NCY/

IF{QEXIST.NELYES) GO Tu 5

EXTSTING STAND
HO=SITE®lUu*e{~5, 8¢t53T78({le /EXAGE-)./250))
TP=10%*{{1lo/{1la=es CI3*EXAGE} )*{ALOGIOIEXTS)
1 EXAGE*( +0CCI*HD~ ,ULO098SQART(HD) 1))

GIVEN ONLY SPACING IN FEET

IF{TP.GT3C0} GO 10 10

DELX=PX
DELY=PY

PTAO3310
PTAO03320
PTAQ333G
PTAG3340
PTA03350
PYAO33060
PTAO33T0
PTA03380
PTAD3390
PTA03400
PTAO3410
PTAO3420
PTA03430
PYA03440
PTAD3450
PTAO03460
PTAQ3470
PTAQ3480
PT 403490
PTAC3500
PTAG3510
PTAD3520
PTA03530
PYAQ3540
PTAC3550
PTAC3560
PTAQ35T0
PTA03580
PTA03590
PTAC3600
PTA03610
PTAG3620
PTA03630
PY2G3640
PTAC3650
PTA03660
PT2036T0
PTA03680
PTAG3690
PTAQ3700
PTAO3710
PTAQ3720
PTA03730
PTAO3740
PTAC3T50
PTAQ3760
PTAC3TTO
PTAQ3780
PTAQ3790
PTAC3800
PTAO3810
PTA03820
PTA03830
PTAO3840
PYAO3050
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PTAEDA (comtinued).

Source listing of tree and stand growth simulation program

-~
Iy

e R aN el

o0o0

12X N sl uEalal

14

20

30

160

200

APT=DELX®DELY
TP=43560./APT
60 T0 30

GEVEN UNLY PLANTET THLGS PER ACKL

TFIPXNELOL) GU TC 20
PX=1,.
PyY=1,

GIVEN PLANTED TREES PER ACRE AND SPACING RATIO

APT=43560./TP
DEL=SQRY(APT/IPX®PY))
DEL X=DEL #PX

DELY=DEL*PY

ACRES=N/TP
NROWS=SQRT{FLUATEN} ) +.5
PLOTX=NROWS®DEL X
PLOTY=NRORS*DELY

ASSIGN TREE COOKDINATES

X{1)=DELX/2.
YUll=DELY/2.
YROW(L)=YI(L}

QOX=1l.

QY=0.,

RO 200 I=Z24N

BC 100 J=NROWS.Ny;NROWS
IF{I.NE.J+1) GC TC 100
Qr=Qxei{-1.}

QY=Qv+},

XLE)=x(1~1}

JI=JINRLKS

TFIJJLGT 1) YROWIJJIoYRON(J I~ I +0ELY
GO YU 200

CONTINUE
XCLb=X1i~-1)+QX*DELX
YEI)=Y{ L) +QY*DELY
NEOX=NRUWS

NROY=NRO®S

RETURN

END

SUBRCUTINE THIN({A)

SUBRUUTINE THIN REMOVES TREES EITHER BY ROWS OR FROM
BELJh. THIMNING FRUM BELOW MAY BE ACCOGMPL ISHED 8Y REMOVING
TREES BELUW A SPECIFIED DBH OR BY THINNING 1O A SPECIFIED
RESICUAL BASAL AREA,

COMMEN IBLOKI/X{ICO)-V(IOO).LHURI(IOO].KMORT(IDG’:D(IOOls
1 HL100),CL{100),CEL100} ¢ HIDL100) +LEDGEL{S ), ACRES
COMMON IBLUKBIYCUFT(SOQ3)’YQRH¥!50’31'BAISB)-KJ;K.NLIVE.

PY&03860
PTAQ38TO
PYAC3E8Q
#TAC3ESG
FTAQG3900Q
PTAQ3910
PTAQ39 20
PTACID3O
PTAQ3940
PTAO3950Q
PYAQI960
PTAQ3970
PTAC3980
PTAQ3990
PTAC4QOD
PTAQ4Q1C

PTADGO20

PTAQ4030
FTAQ4040
PTAG4050
PYAQ4&060
PYAQ4QTO
PTAO4080
PT AG%090
PTAG4100
PTAO4110G
PTAO4120
PYAC%13C
PTAG4140
PTAQ4150
PTAO4160
PTAQ4LTO
PTAQ4180
PYAC4190
PTAG4200
PTA04210
PTA04220
PTAQ&230
PTAD4240
PTAD4250
PTAQA260
PTAO42TY
PTAG4280
PTAC4290
PTAQ4300
PTAQ4310
PTAQ4320
PTAR4330
PTAO4340
PTAQ4350
PTAD4360
PTAO437T0
PTAG43B0
PTAG4390
PTAO&40C
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PTAEDA (continued).

Source listing of tree and stand growth simulation program

[N o o

IzNekal

[N aN el

e,

Il

99
160

200

N
M

1 ATHIN;HD

COMMUNS/BLEK4/TITLEL20) ¢NYEARSySITEQEXISToEXAGELEXT S
L PXoPYeTPyKUUToKIMKTREE yGJUV s QAGATIN

CUOBMON /BLUKT/KTHIN  TTHINTROW, ILOKDLORW,TLIR

COMMUN /BLOKS/PLUTXsPLUTY(DELX+DELY  NRUX,NRCOY, YROWL{ 1O}

CUMMON /BLOKD/N
GO TO (1e2s1)o ITHIN

ROW THINNING

NRDUHP=MUGD{NRCY, I FOK]
[F(NROUMP.LE. O} GL TO 11
N=N-NRODUKPENROX
NROY=NROY-~-NRDUMP
PLOTY=PLOTY-NRDUMPRDELY
ACRES=PLOTX#PLGTY/43560.
CONTINUE

DG LO0 I=ieN
IF(LAORTIT)LNELL) GO YU 100
DO 99 IR=1.NROY.IERUW
IF(Y(I}.NE.YROWEIRY)Y GO TO 99
NTHIN=NTHIN+1

NLIVE=NL IVE~-]

LMORT (I )=3

KMORTLI)=KTHIN

CUNTINUE

CONTINUE

IF{TTHINGEG.E) GO TU 3

LOW THINKING
IFLILCW.EQ.2) GO TO 22
DIAMETER LIRIT OPTICN

DU 200 I=1.N
IF{LMORT(I.NE.L} GO TO 200

TF{DEL)alT.OLUWLORD(IYGELTLIM) GU 10 200

NTHIN=NTHIN+1
NLIVE=NL IVE~-]
LMORT{L}=3
KMORF (1 )=KTHIN
CONTINUE

GO TC 3

BA LIMIT GPTICN

BATH=(BA(K~1)=TL IF)¥ACRES/. 005454
BATHIN=0.

DO 400 I¥=14N

[F{AATHIN.GE.BATHY G4 TO 3
DMIN=9.EG

D0 300 I=]l.N

IF{LMORT(I)LNELL) GU TO 300

IFID(I}aGEDHINORDUT}LTDLUKY GO TO 300

PTAG4410
PTAD4420
PTAG4430
PTAQS4440
ATAG4450
PTACKAGO
FTA044T0
PTAD44 80
PTADA4R0
PTAQAS00
PTAO4S10
PTAD®520
PTAG4530
PTACKS40
PTAQRS50
PTAO4560
PTADS5TC
PTAU4500
FYAG4S5%0
PTAC4600
PTAD4S10
PTAO4620
PTAL4G30
PTACAL40
PTAQ46S50
PTAG4660
PIAG46TO
PTAOL6 80
PTAQ4690
PTAO4TOO
PTACAT1O
PTAO4T20
PTAG4T30
PTAD4T4O
PTAC4T50
PTAD4T60
PTAQ4TTO
PTAQ4T8O
PTAQ4730
PTAC4800
PTAG4810
PTAGSB2D
PTAQ4830
PTAC4E40
PTAQ4850
PTAQ4860
PTAG&ETO
PTAO4880
PTAQ4890
PTAQ&9C0
PTAO4910
PTAQ4920
PTAG493G
PTAD4940
PTAQ4950
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PTAEDA (continued).

Source listing of tree and stand growth simulation program

[aNalaNaalal

aNalal

e N el al

330

400

500

Y

30
40

S0

DBIN=E{T1)

IMIA=1

CONT INUE

QATHIN =BATHIN«D{ IMIN)#D{IMIN])
NTHINaNTHIN+]

NLIVE=NLIVE~L

LAOKT (IMIN) =3

KMURKTLIMINI=KTHIN

CUNTINUE

IFIKTHINJRELNYEARS-1) GO TC 4
K=K~1

DO 500 1=i.N

IF(KMORT (I} .NEK+1} GG TO 500
DSQ=CGIT)*D{1)
BALKI=BALK)I-DSU*.CL54 547/ ACRES
YCFT=0SG¥H(112.00232 + 34864
YOWT=DSU¥FH{ 1) #,043287+4, 75834
YCUFT(K, 1)=YCUFT(K, 1)-YCFT/ACRES
YCUFT{K3)=YCUFTLK,3)¢YCF T/ ACRES
YDRAT(Ks 1 )}=YDRWT{K, 1 }-YDHT/ACRES
YORWT{Ks3)}=YORWT{K+3)+YDHT/ACRES
CONTINUE

CAtL GUTPUT

K=K+1

RETURN

END

SUBRCUTENE FERTLA)

SUBROUTINE FERT SIMULATES THE EFFECTS QF
FERTILIZATICN ON SITE QUALITY BY CALCULATING A SITE
ADJUSTMENT FACTOR {CAF) WHICH ACTS AS A MULTIPLIER OF
SITE INDEX.

COMMON /BLOKG/TITLE{ZG) o NYEARS ySITEQEXIST EXAGEJEXTS
I PXsPY TP KUUT +KI Mo KTREE s QJUV yQAGAIN

COMMON /BLUKG/KFERT LHRy LRsRESF4+5AF +QFERT

REAL NO/'NUSYY/

IFLA-KFERT.LE.Q) CO TG 50

IF{A-KFERT.GT.LMR ) GO TO 20

AGE LE AGE OF HMAX RESPONSE (LMR)

SAF=RESP#[ } o~ {KFERT+LMR~A)/LMR}
BG 7C 30
IFLA-KFERTGELLR) GO TO 40

AGE GT AGE OF MAX RESPONSE (LMR}

SAF=RESPR{L .+ (KFERT+LMR~A}/ LLR=LHR])
SAF={ SAF«SITE)/SITE

GO TG 50

SAF=1

QFERT=NU

RETURN

PTAQ4950
PTAO4910
PTAQ4980
PTAGA9S0
PTALS0Q0
PYAGSOLO
PTAQS020
PTACS5030
PTAQS040
PTAQS050
PTAOS060
PTAQ5QT0
PTAOS5080
PTAQ50%0
PTA05100
PTALSLLG
PTAQS120
PTAQS5130
PTAQS140
PTAGS5150
PTAQS160
PTAGS1TO
PTAQS1 80
PTAO5190
PYAQ5200
PTAQS5210
PTADS220
PTROB23C
PTAQS240
PTAGS5250
PTAQS260
PTAQS270
PTAQSZ280
PTAQS290
PTAC5300
PTADS3LD
PTADS320
PTAGS5330
PTADS5340
PTAQ5250
PTAGS5360
PTAQ5370
PTADS380
PTAO5390
PTAOQ5400
PTAQS410
PTAQS5420
PTACS430
PTACS5440
PTAOS450.
PTAGS460
PTAOS4TC
PYAGS5480
PTAOS5490
PTAOS500



64

Appendix VI. Source listing of tree and stand growth simulation program

PTAEDA {(continued).

C
c
C
¢
C
c
10
20
C
G
c
£
i
C
C
C
c
<
c

END
SUBRUUTINE PREP{A)

SUBROUTINE PREP SIMULATES THE INCREASED
COMPETITION ON CUTOVER LAND BY CALCULATING A
COMPETITION ADJUSTMERT FACTOR (CAF) WHICH I$ USED
TO MULTIPLY ALL CEMPETIVIVE COMPONENTS CF PYAEDA.

COMMON /BLUOKS/SPREP,CAF, ARLSE , GCUTO
REAL NQ/P°NUY'/

[F{A.CEL.ARLSE} GO TO joO
CAF=5PREP® {1, ~A/ARLSE}+]

GO 7O 20

CAF=]

QLUTO=NUO

RETURN

EnD

SUBROUTINE QUTPUT

SUBRUUTENE GLTPUT CALCULAYES AND DISPLAYS
SUMMARY STATISTICS FOR YREE ANU STAND CHARACTERISTICS.

REAL MATE3)

DIMENSION NDC!Zﬁ.Bl:HDC(25'31’PRDD(3IrYlNC(ﬁ):PAI(3l,
1 BAR{4),DMIN(4)DFAX(4},5D(4)

CLMMON iBLGKl/X(lCO?c?EiGGi:LHCRIi1005.KHU§Y(100)|9(100)1
L HE1000,CL1100),CILL0D) MIDIL0G) LEDGE(9ACRES

CGMMON FBLGKI/YCUFTI5043) o YERWTIS0:3),BA(50) +KJy X, NLIVE,
1 NTHINKD

COMMON IBLUK4ITITLE(20]gNVEARSoSlTEoQEXISTnEXAGﬁvEXTSt
1L PXePYo TPy KUUT yKIMoKTREE QJUV s GAGAIN

REAL YES/OYES'/ hC/ONOY/

COMMUN /BLUKD/N

IF{UJUV.EQ.ND) GO T 1

K=K .}

IJUV=NG

INDEX=1

CALLULATE STAND SLMMARY STATISTICS

CALL STAT(D tNoLMERT s BARLLY 2OMINI L), DMAXEL) 5001} INDEX)
CALL STAT(H N LMCRT BARUZY o DMINI2) 4 DMAX(2),5012) 5 INDEX)
CALL STAT(CL.N:LHCR?:BAR(S)uﬂKIN(SJcDHﬁX(B)'SD(3)o!NDEXi
CALL STAT(Cqu'LKERT.BARIQ}uDHIN(#’:DHAXI4}oSD(ﬁlleDEXI
INDEX=2

CALL STaT(OD yNoLHURT, DUMP Ly DMINZDHAXZ, DUKP 2, INDEX)
KAXO(=DMAXZ2+.45

MINDC=DMINZ+ .45

IFEMINDC.LT.L) MINDC=]

CALCULATE CURRENT, PEHEQIC, AND MEAN ANNUAL INCREMENT

DO 100 ID=MINDC HMAXDC

PYA0S510
PTAOS520
PTADS530
PTACS548
PYAOSS50
PYA05560
PTAQS55T0
PTAO5580
PTAO5590
PTAC5600
PTACS610
PTAGC5620
PTAG5630
PTAG5640
PYAO5650
PTA05660
PYA05670
PTADS680
PTAOS690
PTAGST00
PYAOS710
PTAUST2G
PTAO5730
PTAG5740
PTAQ5TS0
PTAQ5760
PTAOS770
PTA05780
PTAOST9C
PTAQ5800
PYA0S8L0
PTA05820
PTA05830
PTACSE&0
PTAO5850
PYAQ5860
PYAQS58T0
PTAUSE80
PTAGS890
PYAG5900
PTA05910
PTA05920
PTAC5930
PTAOS940
PT 405950
PTAQ5980
PTAQS970
PTAQ5980
PTA05990
PT406000
PTAO6C10
PTAC6020
PTAG6030
PYAC6040
PTAQ6050
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PTAEDA (continued).

Source listing of tree and stand growth simulation program

(2N aNal

[a X aKa

DO 100 L=1,3
NCC{IDsL)=0

100 HOCL IDsL ¥=0
DO 150 M=1,3
YINCIM)=9.E9

150 PATIMI=9.E9
IF{KJ.EQ.K) GU TO 3
YINC{L)=BA(K)~BALK~L}
YINCE2)=YCUFT{Ks 1 )-YLUFT{K~1,1}
YINCO3I=YORAWT (K Li-YORHT (K~141)
[F{K=KJ.LT.5) GO 10 3
PAT{l)={BA(K)~BA(K~5}])/5.
PAL{2)m { YCUFTIK, 1 }-YCUFTIK-5,1}11/5.
PAT(3)=( YORWTE{K 1 ) -YDRKYT(K=5,10}/5.

3 MATLL)=BAIK)I/K

MAL{21=YLUFTIK,1}/K
MATL3)=YDRRTI{K+1}/K
PROC(1}=BALK)
PROD(ZY=YCUFT(K,1)
PROD{II=YORKBT{Ky1}
TS=NLIVE/ACRES
NMORT=N-NL IVE-NTHIN
TH=NMORT /ACRES
TT=NTHIN/ACRES

CALCULATE DISTRIBUTION JF SIZES

DU 200 I=L4N
L=LMCRT L)
IFILEQ.0Q) GO TC zu0
F0=0D{1)+.45
IF{IDLLT.1) I[D=}
NDCLIDWLISNECLID L) #1
HDCUIN, L)=hDC{ 1D, LI4HILL)
200 CONTINUE
DO 300 L=l
DO 300 [D=MINDC.MAXDC
IFINDCUIC,L)LLELO)} GO YO 300
HOC(ID+LISHECLID, LI/NBCE IR, L}
NDC{IDsLI=NDC IO, LI/ACRES+. 5
300 CONTINUE

DISPLAY THREE AND STANE CHARACTEREISTVICS

WRITE{G.ELO0M{TITLE(H) #4=1,20)

6100 FURMATL//* +,20A4/)
WRITE[6+610L) K

6101 FORMAT{® OSTAND SURMARY «~ AGE",{3//% DIMENSION fo
1 °HMEAN ST.DEV. MIN BAX*)
WELITE(O26L02FLBAR (M) (SDIM) DHIN(M),OMAXEM), M=1,4)

6102 FURMAT(® DBHY j6Xa4l3XyF5.2) /% HT',5Xe4{3X,F5.1}/
L v CLto5X 043K FELLISY Cl'etXe&2%sF60uh)/)
HRITE(6.6103) ACRES.TP,T5,HD

6103 FORMAT{*QACRES STMULATED t,F10.5/" TREES PLANTEDY,
1 * PER ACRE ®¢F1€.0/* TREES SURVIVING PER ACREY,F10.0/

PTADOOG0
PTA060TO
PTAGS080
PTAGEOSO
PTAQ6100
PTAQ6110
PTAC6120
PTAO6130
PTA06140
PTAQ6150
PTAO6160
PTAGELTO
PTAOLLE0Q
PTAC6150
PTA04200
PTA06210
PTAQ6220
PYAGH230
PTAC6240
PTA06250
PTA06260
PTAC62TO
PTAQ6280
PTA06290
PTA06300
PTA06310
PTAC6320
PTAG6330
PTACE340
PTAD6350
PTA06360
FTAG63T0
PTAG6380
PTAG6390
PTAQ6400
PTAG6410
PTA06420
PTAD6430
PTADG440
PTAD6450
PTAO6460
PTACG4T0
PTA06480
PTACH490
PTAQ6500
PTA06510
PTAD6520
PTAD6530
PTA06540
PTA06550
PTAQ6560
PTAQ6570
PTAQ6580
PYA06590
PTA06500
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PTAEDA (continued).

Source listing of tree and stand growth simulation program

[aEaEzNalaEsReN ol

2 ¢ HEIGHT (F DOMIMANT SYAND®.F11.1/)
WRITE({O6+61043 (PROC{M) s YINCIH) ;PAT(H] HATL{M) 4¥=1,3)
6104 FORMATI'GPRODUCT YIELD INCREM PAI MALY/
L * BASAL AREA' 44X sF6.1le3(2XsF6.2177 CUBIC FEET®+3XeF 6.0,
2 312X,F6a1)/% BIOFASS Yo2XsFTa0s3(1XFTol}/)
IF(NTHIN.LE.O) GO TO 57
WRITE{6+6501) YCUFT(K,3)
6501 FURMAT(® VOLUME THINNED ?,F6.0/}
ST CONTINUE
WRITE(6+61051}
6105 FURMAT{'0D CLASS #LIVE MEAN H BMORY MEAN H°®,
1 #THIN MEAN HY')
00 4C0 10=MINDC MAXDC
400 WRITE(&+6106) 1D, INDCLID L} HDCEID L) ,L=1,3)
6106 FORMATLY ' 13,3(4%015:3X4F6.211)
HRITE(64+6107) TS, TH,TT
6107 FORMAT(® TOT *,3(4XsFS5.0,5X)7/)
RETURN
END

SUBRUUTINE COMP

SUBRUUTINE CCMP CALCULATES A MODIFIED
HEGY] COMPETITION INDEX ON ALL LIVE TREES IN
A STAND. COMPETITORS ARE FOUND BY SAMPLING
NEITGHBURS BASED CM THEIR SIZE AND DISTANCE AwWAY
BY ESSENTIALLY TAKING A POINT SAMPLE AT EACH
SUBJECY TREE WITH A BAF-10 PRISM.

OIMENSICON JEISIS)
COMMON /7BLOKL/XLECO) »¥YE100)} L MORT( 100} KMORT{L00),0(100},
1L HULOO) o CLUXOO)oCELL00) MIDILOOY ,LEDGE(9) ,ACRES
COMMON /BLOK2/1D1S{4),D1ST{9),uDIST,YDIST
CUMMUN /BLOKB/PLOTIX, PLOTYLDELX+DFLY +NROX:NRCY, YROKI LO)
CUMMUN /BLOKD/N
DATA PLOTR/Z2415/74FP1/3014159/3dDIS/ Lo FsboT0605:%9342/
INistli=1
DHAX=(
0BG LU0 I=1,N

100 IFIC{T)LGT . .OMAX) LCMAX=D(I}
DISHAX=PLOTR*DMAX~DELX/2.
DISHAY=PLOTR*DMAX-DEL Y/ 2.
DO 200 I=l+h
Hig{I)=2

200 TF{X{I)eGT OISMAX JAND X{ 1)l Yo (PLOTX~DTISHAX) JAND.
1 YUI3aGT o DISHAY AND YT ot T (PLUTY-DISHAY)Y MIDLILE=]
NLESS1=N-1}
DO 500 I=1yNLESSE
IF{LMORT(I}.NE.1) GO TO SQO
IPLUSI=]+1 ‘
U0 400 J=I1PLUSI,N
IF{EMORT(J).NE.1) GO TO 4060
INTIOR=HID{LI)+HIDLJ)
XDIST=X{J}~X(1}
YOIsST=Y{J)=Y{I}

PTAOGG10
PTAQ6620
PTAQG430
PTAQG6O40
PTAOGLES50
PTAQLESLD
PTAQG6TO
PTAQLGSE0
PTAO669G
PTAO&TOO
PTAQGTLO
PTAQGTR0Q
PTAGSTIO
PTADGT&O
PTAOSTSQ
PTAOST#0
PTAOGTTO
PTAGLTED
PTAQLT90
PTAQGE00
PTACGELO
PTAQEB20
PTAOGE30
PTACGE40
PTAGE850
PTAOGEGO
PTAOGE8TO
PVAQLBED
PTALGBS0
PTADS9QO
PTADS69 10
PTAO5920
PTAD6930
PTAQ6940
PTROS9 S0
PTA06960
PTAQS9TO
PTACLS80
PTADG990
PYAGTO0Q
PTAOTOLO
PTAQTO20
PYAQT030
PTAQTO40
PTAQT0S50
PTAOTOSD
PTAQTOTO
PYAQTO08D
PTAQT090
PTACTLOO
PTACTLLIO
PTAOTI20
PTAOTL3O
PTAQT 140
PTAOT150
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Appendix VI. Source listing of tree and stand growth simulation program
PTAEDA (continued).

DISTLI)=SQRTEIXCISTEXDIST+YDIST#YDIST) PTAOT1S0
IFCINTTUORLLTL3)Y GL TO L PTACTLTO
CALL HOWFAR PTAO7180

1 RJII=ODLO /80 1) PYAOY190
RIJ=1/RJT PTACT200

D0 300 L=ls4 PTACTZIG
LC=IDIS(L]) PT&O?Z!@
LCC=JdDIS(LEY PTAQT230
LEDGE{LC}=0 PTAQOTZ40
LEDGELLCL =0 PTACTRS0
FFEOISTILE) JGELNLJI#PLOTRY 60 TO 20 PTAGT260
FFULLEDGELLE 1.8Q.0) CH{I)=CI{T}+RILSDISTLLC) PTAQT270

20 IF{JISTILLYLGELDL1=PLAOTRY GO YO 30 PTAQT280
TF{LEDGE(LCCI<EQa L) CIUIISCELYI#RII/DISTILL) PTAQT2%0

30 IF{INTIGR.LEL3) GO TO 400 PTAQT3GO
300 CONTINUE PTAQTALO
400 CONTINUE PTAGT320
500 CONTINUE PTADTII0
RETURN PTAOTI4Q

END PTAGTIS0
PTAQT360

SUBROUT INE PUWFAR PTACGT3TQ

C PTAUTIE0
[ SURPUUTINE HCWFAR CALCULATES DISTANCES BETKEEN PTAQT390
C TREES ON MAIN AND '"BORDER® PLOTS FOR USE TN CALCULATING PTAD7400
C COMPETITILN FUR NULN-INTERIOR TREES. PTAQTA 10
C : PTADT420
COMMON /BLUK2/IDT1S{41,BEST(9)XDIST¥DISY PTAOT43C
COMMUN /BLOKB/PLETXePLOTY sDELK +DELY s NRCX ¢ NRCY ,YRCW (10} PTAOTA&D
FFEXDIST) 64545 PTAQTAS0

5 CISTIS)=SYRT{{XDIST=PLOTXI*{XDIST-PLOTX )+ PTADT460

1 {(YDIST 1*(YDIST | PTAOT470
I0ISL2)=9% PYADT4A80

GO TO 1O PTAQT490

6 DESTIGO=SORTIAXOIST+PLOTX)I®{XOTIST+PLOTX)+ PTALTIS 00

i {YOIST YE{YDIST 1} PTAQTS510
IDISt2)=6 PTADTS20

LJ IF(YDIST) 3+48,¢& PTAQ7530
3 NDISTI3)=SuRTL{XUTET yE(XDBIST )+ PTAQT540

1 (YDIST#PLOTYIR{YDIST+PLOTY} ) PTADT550
IBIS123)=3 PYAQTS560
ICORE=IDIS{2I+INISCa0~1 PTAQISTOD

GO TGO {2+4+11slly 11,79}, ICLDE PTADTS580

d Dis>T{8}=SORT{IXDIST JR{XBIST I+ PTAQT590

1 (YOLST=PLOTY)*(YDIST-PLOYY) ) PTAQT&00
[015{3)=8 PTAQTELO
ICODE=INISI21+IDIS{3)-7 PTAQT620

GO TO (244611911 11s7¢9)ICODE PTADT630

2 DIST{23=SQRT({XOIST-PLUTX}#(XDIST-PLOTX) ¢ FTAQT6H40

1 (YDIST+PLUTY}®{YDIST+PLUTY)) PYACT6S50D
(DE5{a)=¢ PTAQOTOHO
AETURN PTAQTETO

G DISTUAI=SURTL{XDIST+PLOTX)*{XDIST+PLOTX)+ PYALT6E0

i (YDEST+PLOTYI®{YDIST+PLOTY)) PTAGTE2O

IBIS{4)=4 PTACTTOO
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PTAEDA (continued).

Source listing of tree and stand growth simulation program

XN ulal

[a Rl el

[alaNsl

7

9
11

100

RETURN
DISH(T)=SURTI{XDISY-PLOTX}*{XOIS5T-PLOTX}+
1 (YDIST-PLOTY)®(YDIST-PLOTY))
IDIS{4)=7
RETURN
DISTUGI=SURTULRDIST+PLOTXIC{XDIST+PEOTX)+
1 (YOUST-PLUTY)*{YRIST-PLOTY})
RETURN
END

SUBRGUTINE STATUX NoFLAGo XBARyMIK KAX 5S¢ IHDEX)

SUBROUTINE STAT CALCULATES THE MEAKRs STANDARD
DEVIATION AND RANGE OF IKPUT VELTOR.

REAL X{N)yMINHAX

INTEGER FLAGIN}

M=0

SUMX=0.

SUMX5Q=0.

MAX=0.

MIN=1.E10

0O 100 I=1,N
IF(FLAG{ 1) .EQ.C) GU YO 100
IF(FLAG{ I} NE, 1. ANDLENDEXLEQ. L) GO TO 100
IFIXCI)CTMAXE MAX=X{T])
FFIX{TJLLTLHMINE BIN=XL11)
IFEFLAGIII.NELL1) O TU 100
M=+ L

SUMX=SUMX+X{T)
SURXSQ=SUMXSQ¢X {1 )%xX({ 1}
CONTINUE

VAR= { SUMXSQ~SUMX® SUMX /M /{M~1)
S=SGRTIVAR)

XBAR=SUMX/H

RETURN

END

FUNCTION ULIX)

GENERATES A UNIFORMID, 1) RANDUM VARIATF
IX=1X*£553%

U=,5+4[X%.23283C6FE~9

RETURN

END

FUNCTION STNURMIIX}

GENERATES A STANDARD NURMAL RANDOM VARIATE
STNURH=(~2%ALGGIU(IX )} )9 . 5%C0S(6,283%U{1X)}

RETURN
END

PYAGTTLO
PTACTT20
PYROTIIO
PTAQTTAD
PTACTTS0
PTAQTY&D
PTAQTTTO
PYAOTTEO
PTAOTT90
PYALTE00
PTACTELRD
PTAOTA20
PTAQT830
PYAOTS40
PYACTESG
PTACTBGO
PYACTBTO
PTAQTEB0
PTAQT890
PTAQTS00D
PTAQTS 1O
PTAGCTI20
PTAQTS30
PTAGT940
FTAQTI5D
PTACTI60
PTAQTITO
PTADTIBO
PTAQT990
PTAOBCOD
PTAGBO10
PTALB020
PTACBO30
PTAQBO4C
PYAQ8050
PTAGBOS0
#TAQBOTO
PTAQ8080
PTAQBOSO
PYA0BLQO
PTACS110
PTACHL20
PYAQH130
PTAO8L40
PTAQ8150
PTAOQBLS0
PTADBLTO
PTAGQBL1 80O
PTAGEL190
PTACR200
PTAQB210
PTAQB220
PTAgB230
PTACB240
PTAGCB250
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Appendix VI. Source listing of tree and stand growth simulation program
PTAEDA {continued).

SUBHRUUTINE TREE PTAQB260
AETURN . PTACB2T0
END PTAQB280

PTAQB290
4L0CK DaTaA PTA08300
ClMMEN /BLOKD/ N PTAGE3 1O
INTEGER N/LOO/ PTALB320
END PTROB330

PTAOB340

$ENTRY PTAQBZ5G






