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ABSTRACT

Methods were developed to model growth and development of seeded
loblo1ly pine (Pinus taeda L.) stands, using individual trees as the
basic growth units. Aggregated spatial patterns and individual tree
sizes are generated at age 10. Tree diameters and heights are then
incremented annually as a function of their size, site quality,
competition from neighbors, and stochastic components representing
genetic and microsite variability. Individual tree mortality is
determined stochastically through Bernouli trials. Subroutines were
developed to simulate the effects of hardwood competition and control,
thinning, and fertilization. The overall model was programmed in
FORTRAN and initial tests were made with published vields. The initial
stand generation components were calibrated using a comprehensive set
of data from young seeded stands of loblolly pine, but individual tree
growth and mortality components relied on previocusly pubTished relation-
ships developed for pTantations. Results indicated that, in order to
accurately model stand structure, the growth and mortality relationships
must be calibrated for seeded stands. Data collection procedures, cali-
bration methods, and recommendations for further work are discussed.
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COVER

The cover design is a computer-generated spatial pattern for a
seeded Toblolly pine stand. '
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INTRODUCTION

Loblolly pine {Pinus taeda L.} is one of the most commercially
important species in the South, with a natural range extending from
Maryland through the southeastern and southern states to east Texas.
Although recent emphasis has been on plantation management, there
exist millions of acres in natural and direct-seeded iobliolly pine
stands. Increasing loblolly production to meet future demands will
require thorough regeneration of all cutover pine sites (Boyce 1975)
and natural and direct-seeding should become 1increasingly
attractive regeneration alternatives.

Most recent studies of loblolly pine growth and yield have
considered only plantations and those that have considered seeded
stands have worked only with natural stands. However, intensive
management has reached the point where the forest manager is faced
with a number of regeneration alternatives as well as intermediate
cultural treatments. Flexible models capable of providing detailed
growth and yield information for the range of available management
options have been developed for some species, inciuding planted
Toblolly pine (Daniels and Burkhart 1975}, but are badly needed for
seeded Toblolly pine.

The objectives of this study were to identify, formulate, and
where possible quantify individual tree and stand level relation-
ships in natural and direct-seeded ioblolly pine stands for the
purpose of constructing a flexible tree and stand growth model.

In this paper methodsare presented for the development and calibra-
tion of an individual-tree-based model of stand development for

seeded lobloily pine.

The modeling approach taken is drawn from that of Daniels and
Burkhart (1975) in their model for managed loblolly pine plantations.
Stand development is modeled as the growth and competitive inter-
action of individual trees. This offers flexibility since it allows
use of both tree- and stand-level information and may be closely
tied to biological growth processes. Spatial and competitive
relationships can be incorporated directly in such a model. Thus,
it lends itself to study of intensive management practices such as
thinning and fertilization. Because individual tree Jocations are
known, this type of model is naturally suited to the study of stand
development in seeded stands where irregular spatial patterns may
affect growth.




RELATED WORK

Growth and Yield/Stand Modeling

Stand Level Models

Yield prediction in natural loblolly pine stands began with
classical normal yield tables constructed using graphical techniques
from data collected in natural stands of "normal" density (Anon.
1929). Modern quantitative study of growth and yield got its start
with MacKinney and Chaiken's (1939) application of multiple re-
gression analysis in constructing a variable density yield eguation
for loblolly pine. Since that time a number of studies have used
muitiple regression analysis to construct yield equations for
natural and planted southern pine stands (Bennett, et al. 1959, Clutter,
1963, Goebel and Shipman 1964, Burkhart, et al. 1972a, 1972b, and
others). Schumacher and Coile (1960) presented a comprehensive
study of the growth and yield of natural stands of southern pines
which relied on both graphical and regression technigues.

A number of studies have used a diameter distribution analysis
procedure for yield prediction in southern pine plantations
(Bennett and Clutter 1968, Lenhart and Clutter 1971, Lenhart 1972,
Burkhart and Strub 1974, Smalley and Bailey 1974a, 1974b). [In this
approach a probability density function is used to model the diameter
distribution. The number of trees in each diameter class is
estimated, total heights are predicted, and volume is calculated
by substituting into tree volume equations. Unit area estimates
are made by summing over diameter classes of interest. This technique
has had very limited application in seeded southern pine stands.

Individual Tree Models

Stand models which use the individual tree as the basic growth
unit will be denoted individual tree models. Munro (1974) further
segregated this class of models into distance dependent and distance
independent categories depending on whether or not individual tree
locations are required in the 1ist of tree attributes. Distance
independent models may simulate tree growth either individualiy or
by size classes, usually as a function of present size and stand
level attributes. No general form has been followed in the con-
struction of individual tree distance independent models so it is
difficult to make general statements about their structure. Examples
of distance independent models are found in the work of Goulding
(1972), Stage (1973), Dale (1975), and Botkin, et al. (1970).
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Distance dependent models that have been developed, although
varying in detail, have, in general, shared a common structure.
Initial tree and stand attributes are input or generated and each
tree is assigned a coordinate location. The growth of each tree
is simulated as a function of its size, the site quality, and a
measure of competition from neighbors. The competition index
varies from model to model (see e.g., Bella 1971, Gerrard 1969,
Keister 1971, Moore, et al. 1973, Daniels 1976, Alemdag 1978)
but in general is a function of the tree's size in relation to
the size of and distance to competitors {hence, the need for indi-
vidual tree locations). ' Mortality may be controiled either
probabilistically or deterministically as a function of competition
and/or other individual tree attributes.

Individual tree distance dependant models provide very detailed
records of stand structure and development and are well suited for
inclusion of routines to simulate cultural treatments. Since
Newnham and Smith's (1964} original model for Douglas-fir and Todge-
pole pine a number of advancements have been made which have allowed
evaluation of the effects of various management regimes. By varying
initial spatial patterns of trees in a stand, the effects of different
regeneration alternatives may be evaluated. The ability to generate
regular, random, and aggregated patterns was included in Bella's (1970)
aspen model, Hatch's (1971) red pine model, and others. Arney (1974)
modeied growih along the entire boie of the tree which alliowed
examination of tree taper and volume relationships. A flexible model
capable of simulating development of uneven-aged mixed-species
stands was introduced by Fk and Monserud {1974). Thinnings have
been studied using distance-dependant models since it is generally
felt that response follows directly from the competition relationships
included. Response to fertilizer has also been studied (Ek and
Monserud 1974, Heygi 1974).

Daniels and Burkhart (1975) developed a model for Toblolly pine
plantations which includes routines to simulate the effects of site
preparation levels, thinning regimes, and fertilizer applications.

To date their work represents the only published application of indi-
vidual tree distance dependent modeling techniques to southern pine
species; the model is finding utility in both research and practical
industrial applications.

Spatial Patterns

Interest in quantitative descriptions of forest spatial patterns
has increased with the development of distance dependant stand models,
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especially when considering the irregular patterns found in seeded
stands. Quadrat and distance sampling methods have both been used
to quantify departures from random spatial arrangements (see

Pielou 1969). Both methods have numerous variations, but almost

all published studies involve comparisons of observed spatial
characteristics (e.g., plot stem counts in quadrat sampling and
distances from random points to nearest plants in distance sampling)
with those expected in random populations of the same density,
providing both an index and a test for the degree of nonrandomness.

Quadrat sampling is generally easy to apply in the field and
can be quite reliable, but estimates of nonrandomness may vary
with plot size (Pielou 1969). Distance sampling has been suggested
to avoid dependence on plot size, but usually requires an indepen-
dent density estimate for inferences on spatial patterns. Distances
from random points to nearest plants (point-to-plant) and distances
from random plants to nearest plants (nearest neighbor) have both
been used to quantify spatial patterns. Point-to-plant distances
are often preferred since it is difficult to choose plants at
random 1in nonrandom stands {Pielou 1969). After comparing several
techniques Payandeh {1970) recommended point-to-plant distance
sampling and Pielou's index of nonrandomness for quantifying
spatial patterns in natural and computer-generated forest populations.

A number of theoretical frequency distributions have been used
in spatial studies. The number of individuals per unit area has
been described by the Poisson distribution in random populations
and by the negative binomial distribution, the Neyman type A
distribution and others in clumped populations {Pielou 1969,
Southwood 1966). Ker (1954) demonstrated the utility of the negative
hinomial distribution in examining spatial patterns in young
naturally seeded pine stands. The negative binomial distribution
has properties that make it desirable for clumped pattern description.
For example, it may be derived as the distribution resulting from
any of a number of causal mechanisms which produce clumping (Pielou
1969, Southwood 1966) and its two parameters may be directly
interpreted as an overall density parameter and a heterogeneity
parameter (loosely, a "clumping factor"). The distribution tends
to the Poisson distribution as the heterogeneity parameter tends to
infinity. A direct correspondence exists between the discrete
quadrat sampling distributions discussed above and continuous distri-
butions of point-to-plant distances. Eberhardt (1967) and others
have derived distance distributions for populations in which quadrat
sampling would yield Poisson and negative binomial distributions of
plot densities.
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Daniels (1978) used point-to-plant distance methods and Pielou's
(1959, 1969) index of nonrandomness to quantify spatial patterns in
40 5-to-12-year-old loblolly pine stands of seed origin. His work
indicated that aggregated, or clumped, patterns were prevalent in
all seeding methods studied, inciuding natural {(old field), seed
tree, broadcast, and aerial methods. Further, nonrandomness index
values were not found to be related to seeding method or stand
attributes such as age, site index, or stand density.

Distance frequencies were further described by Daniels (1978)
using distribution methods. By using squared distance as the variate
he derived a form of the Pearson type XI distribution from the
aggregated distribution proposed by Eberhardt (1967). The Pearson
type XI distribution fit observed vaiues well and was proposed as a
general spatial model for seeded stands. Because of its relation-
ship to the negative binomial distribution, its parameters were also
interpreted in terms of stand density and heterogeneity. A direct rela-
tionship was shown between the heterogeneity parameter and Pielou's
index of nonrandomness,

A number of computerized algorithms have been developed to generate
spatial arrangements of points. Regular patterns are simple to generate
by placing points on a grid. Random patterns may be produced by gener-
ating coordinates from a uniform distribution. Aggregated patterns have
been generated by concentrating points around clump centers and by
establishing density gradients for the placement of points (Newnham 1968,
Newnham and Maloley 1970). Wensel {1975} used a method invelving a
probability matrix which was altered to increase or decrease the proba-
bility of future points being located within a certain distance of the
point just located.

Although realistic aggregated patterns resulted from the above
algorithms, none are related to field measures of spatial pattern men-
tioned earlier. This prompted Daniels and Spittle (1977) and Stauffer
(1978), independently, to develop methods of generating spatial patterns
with known spatial parameters (e.g., Pielou's index) by using distribu-
tions of point-to-plant distances. This work will be discussed Tater.




METHODS

The basic modeling philosophy and framewcrk used by Daniels and
Burkhart {1975) for Toblolly pine plantations was adopted in construct-
ing model components for seeded loblolly pine stands. In this approach,
stand development is divided into two stages. The first stage involves
the generation of an initial stand of trees at the onset of competition.
The second deals with the annual growth and development of that stand by
simulating the growth, mortality, and competitive interaction of indi-
vidual trees. Added to this structure are routines to simulate intensive
management practices such as thinning and fertilization.

This section provides detailed descriptions for model components
in the initial stand generation and stand development stages and for the
management routines. Special emphasis has been placed on identifying
and quantifying components unique to seeded stands.

Initial Stand Generation

The initial stand generation stage involves the complete specifi-
cation of the stand spatial pattern and size distributions including the
assignment of individual tree coordinate Tocations, dbh, height, and
crown length, Realistic specification of early stand structure is
crucial to subseguent simulation of stand dynamics. The aggregated spa-
tial patterns found in seeded stands are much more complex to model than
the simple rectangular patterns of plantations. Size distributions are
also more varied. Daniels and Burkhart (1975) employed a prediction of
the age at which intraspecific competition begins to determine the age
to generate tree sizes and to begin annual growth computations. This
approach was questioned for seeded stands due to the higher degree of
variability in size and spatial relationships and even in age itself for
some seeding types. These considerations prompted intensive investiga-
tions into methods for realistically generating size and spatial rela-
tionships in young seeded stands.

Spatial Patterns

A spatial pattern generator for seeded stands must be capable of
generating patterns with varying degrees of aggregation at different
levels of stand density. An algorithm was desired which would produce
patterns of known aggregation, as measured by an index such as Pielou's.
Such an algorithm, which works by essentially inverting the sampling
procedures used in point-to-plant distance sampling, was developed.

The Pearson type XI distribution was suggested by Daniels (1978)
as a general model for describing squared point-to-plant distances in
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seeded stands. This distribution, used here as the basis for gener-
?ting spatial patterns, may be written with cumulative density function
c.d.f.)

Fw(w) =1 - {1+ E w)"k, v>0
where,
w = squared point-to-plant distance
k = heterogeneity parameter
¢ = density parameter {number of trees per circle of

radius = 1 {foot))

Daniels (1978} further noted that the heterogeneity parameter, k,
of the Pearson type XI distribution may be estimated by the simple func-
tion of Pielou's index of nonrandomness

om0
kmaﬁ

where,

~

k

estimated value of k

i

a = Pielou's index of nonrandomness

Thus, input to a spatial pattern generator based on this distribu-
tion requires only knowledge of the stand density, c, and the nonrandom-
ness value, o, desired. Such a generator would be applicable to all
types of seeded stands including seed tree, natural, aerial, and broad-
cast seeding.

By inverting the distribution function via the probabiiity integral
transformation, values of a Pearson type XI distributed random variable
cah be generated stochastically. Specifically, squared distances from
random points to nearest trees are generated from the following equation:

S CENRANE

WE e

where,
k = heterogeneity parameter
¢ = density parameter
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u = a random number from the uniform (0,1) distribution

The distance from a random point to the nearest tree, r = /w,
defines a circle of radius r, centered at the random point, within
which no trees are located, but with one tree located on the perimeter.
A set of such distances then describes a set of c¢ircular open areas.
Circles of open area with radius r, are generated and then allocated to
random points distributed throughout a given area. Actual coordinates
of the trees are determined by fixing their positions on the circum-
ference of the generated circies, i.e., by fixing the angies o,

{Figure 1). !

In programming this algorithm, steps had to be taken to ensure that
no tree bhe positioned within the open area associated with another tree,
This required detailed accounting and mapping of available space on the
plot to check, as trees were positioned sequentially, that 1) no new
tree Jocation was fixed within the open area of a tree previously posi-
tioned, and 2) open areas of new trees contained no previously posi-
tioned trees.

Experience with the algorithm indicated that it provided a flexible
tool for generating aggregated patterns over a wide range of conditions.
However, because of the constant checking for the two conditions men-
tioned above, computer time and storage demands were judged too high for

nractiral inclugion in a foarect ctand arowth model
practical TnCciUsion 1n & vorest stand growin mode:.,

Independently, Stauffer (1978} developed a set of algorithms for
aggregating points to fit Pielou’s index which was also based on
inverting distance sampling methods. He reported biases in his approach;
generated aggregation was considerably less than that specified by the
input value of Pielou's index. His observed bias is explained by the use
of inappropriate squared-distance distributions (e.g., the exponential
distribution) and the relaxation of condition 2) above {i.e., no check
was made on new tree open areas). -

A "hybrid" spatial pattern generator was then develeped which used
the Pearson type XI distribution to generate squared distances, but in
which condition 2) was relaxed. The result provided a generator capable
of producing aggregated stands in seconds {rather than minutes) with
considerably less aggregation bias than reported by Stauffer (1978).
This modified Stauffer algorithm was thus adopted for generating seeded
stand spatial patterns.

Size Distributions

After generating the initial stand spatial pattern and assigning
tree coordinates, tree sizes are assigned. A two parameter Weibull
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function was chosen to model the diameter distribution of the initial
stand. This function can be written with cumulative distribution
function {c.d.f.)

b

Fly) =1 - e oeyca

Specifically, diameter at breast height is generated from the function

D = [-Dn(1-w)3'/P
where,
D =d.b.h.
u = a random number from the uniform (0,1) distribution
a,b = Weibull parameters

Estimators for parameters a and b are

L - In{N}
TnDAVE - 1nDMIN

DAVE
where,
DMIN = minimum d.b.h.
DAVE = average d.b.h.
N = number of trees measured for DAVE, DMIN

In conjunction with Daniels' {1978) work, data were collected on
size distributions in young seeded stands. Forty 5-to 12-year-old seeded
Toblolly pine stands were selected from industrial and state ownerships
over a wide range of stand conditions in Eastern Virginia and North
carolina (Table 1)}, to obtain approximately equal numbers in each of the
following regeneration categories: 1) seed tree/shelterwood, 2) natural
old field, 3) aerial seeded, and 4) broadcast seeded. In each stand, 10
trees were selected for detailed measurements, inciuding d.b.h. total
height, crown length, and age. In addition, d.b.h. was determined for
all trees in each of three temporary .05-.10 acre plots.
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Table 1. Summary of conditions in 40 seeded loblolly pine stands
used to derive size relationships for initial stand

generation.
Variable Mean Range
Age (years) 9 5 - 12
Density (stems/acre) 2067 400 - 6350
a/
Height (feet) 14.9 7.1 - 30.2
b/
0.B.H. (inches) 1.4 0.1 - 19.1
a/
Average heignt of dominants and codominants
b/

" Overstory tree,
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Prediction equations were developed to determine DMIN and DAVE in
terms of total basal area per acre (BAT) and average height of dominants
and codominants {HD) (Table 2). Total height (H) is assigned for each
tree using a prediction equation based on d.b.h. (D), HD, surviving
number of loblolly pine trees per acre (TS), and age (A) (Table 2).
Crown length is determined as total height minus clear bole Tength (CBL)
where CBL is predicted as a function of H, D, TS, and A {Table 2).
Coefficients for the equations in Table Z were solved for using the data
suymmarized in Table 1.

Because of the difficulties involved with determining an age when
intraspecific competition begins, a fixed age 10 was chosen for gener-
ating the initial stand. It was thought that competition already has
begun to affect growth at age 10 in typical seeded stands. To refiect
this influence initial diameters are assigned as a function of competi-
tion at age 10. For each tree in the stand, d.b.h. is temporarily set
equal to DAVE and the competition index is evaluated to provide an index
of tree growing space. Actual diameters are then generated, sorted
largest to smallest, and assigned to tree Tocations so that the largest
d.b.h. is associated with the smallest competition value, etc. Correla-
tions between tree sizes and spatial measures in young seeded stands
were shown by Daniels {1978) to be negligible, but these methods should
ensure lTogical spatial-size relationships.

|\|,-, -,4--;.,\.,“.—,4- ~da i amd A Al adama s ey .-”..-\....c. e R R I I -,
NU L L |JL WCI.‘.) iIIClUC IH LT irlt (.lCll :DL.U.HC L }J U\JCL 2LAA CUEIIT L ITUTID
to age 10 from some earlier point in time. %pput to this stage requires

stand information at age 10. Somers, et al.—, derived survivorship
curves based on one minus the cumulative density function of the two-
parameter Weibull distribution:

F(x) = e”(x/b)C

where,
F(x) = percent survival
X = age
c = 2.9561
b = EXP [4.9023-0.2030 Log Na]
Na = initial number of trees at age 3

Then F{x) times Na gives the number surviving at any age x.

' Somers, 6. L., R. G. Oderwald, W. R. Harms, 0. G. Langdon. Predict-
ing mortality with a Weibull distribution. Manuscript submitted to
Forest Science.
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The above coefficients were estimated using the data of Harms and
Langdon {1976). Briefly, their study consisted of 20, O.l-acre plots
Tocated in the Lower Coastal Plain of South Carolina, all with site
index of 105 feet (base age 50). The twenty plots were thinned at age
3 to b densities: 1, 2, 4, 8, and 16 thousand trees per acre, with
four plots at each density level., Potential users who feel these data
are applicable fo their stands may wish to use the function above to
project stand density at age 3 to that at age 10.

The capacity for simulating existing stands of ages older than 10
years was included. This requires that basal area per acre at the
existing age be provided. Basal area is projected back to age 10 using
the basal area growth equation of Sullivan and Clutter (1972), average
d.b.h. is estimated (Table 2), the number of trees per acre is deter-
mined (Table 2}, and a stand at age 10 is generated.

Stand Growth and Development

Competition Index

A number of competition indices were evaluated and compared for
nlanted loblolly pine by Daniels (1976). The modified Hegyi index
suggested there and used by Daniels and Burkhart (1975) was adopted for
seeded Toblolly pine stands. It is caiculated

n
CL, = ji](Dj/Di)/DISTij
where,
D =d.b.h.
DIST = distance between subject tree i and competitor j
CIi = Competition Index of the tree i
n = the number of neighbors included in a 10 BAF angle gauge

sweep with vertex at the subject tree

Competitive stress on border trees is calculated through a transla-
tion of plot borders so that border trees compete with border trees on
the opposite side of the plot. This technique was suggested by Monserud
and Ek (1974} to control plot edge bias.
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Growth Relationships

After generation of the juvenile 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 vreduction factor is appiied to this poten-
tial 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 frees,
obtained as the first difference with respect to age of the following
expression, transformed from the site index equation presented by
Schumacher and Coile (1960):

-6.528(1/A - 1/50)

HD = ST 10
where,
HD = average height of dominant stand {feet)
SI = site index base 50 (feet}
A = stand age (years)

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

Experience in Toblolly pine plantations (Daniels and Burkhart 1975)
suggested the inclusion of competition index and crown ratio in the
height growth adjustment factor with the form

(b1 . bZCRb3e-b4CI—bSCR)
where,

CR = crown ratio

CI = competition index

b, =

constants to be estimated from data
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The maximum d.b.h. 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 open-grown tree data
(Daniels and Burkhart 1975) and is shown below:

DO = -2.422297 + 0.286583 H + 0.209472 A

where,

DQ = open-grown tree d.b.h. (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 + 0.208472

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

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

b, -b,CI

(by + by CL 3o 4T

where,

H

Cl = competition index

CL = crown length (feet)

Hi

The inclusion of measures of photosynthetic potential in the above
models plays 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.
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Crown length is incremented 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, d.b.h., age, and basal area
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. The probability of survival
equation took the form

b

4
b, -b,CI
bTCR 2e 3

il

PLIVE
where,

PLIVE

it

probability that a tree remains alive

Survival probability is calculated for each tree and used in
Bernouli trials fto stochastically determine annual mortality. The cal-
culated PLIVE is compared to a uniform random variate between zero and
one. If PLIVE is less than this generated threshold, the tree is consid-
ered to have died.

Management Routines

Hardwood Control

Daniels and Burkhart (1975) simulated the effects of competing
vegetation and site preparation by including a competition adjustment
factor. This factor modified all stand density and competition rela-
tionships by, essentially, increasing the number of competing stems.
Additional competition was described in terms of "loblolly-equivalent"
stems and decreased linearly to a specified age of release.

A similar approach was taken for seeded stands. Three parameters
are specified, HDWD, IRLSE, and ARLSE, which determine the proportion of
additional competing (loblolly equivalent) stems, the type of release,
and the age of release, respectively. If HDWD is set equal to one the
number of additional competing stems (in Toblolly equivalents) is equal
to the number of Toblolly stems at age 10. The parameter ARLSE deter-
mines the age at which the stand will be released to a pure Tobiolly
stand and IRLSE determines whether the release will be a gradual 1inear
release or a sudden release. The competition adjustment factor (CAF) is
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calculated annually from these parameters to obtain the multiplier for
competitive relationships.

Fertilization

The methods used by Daniels and Burkhart {1975) to simulate fertil-
ization were adopted. Fertilizer application was viewed as an adjust-
ment of site guality as measured by site index. A site adjustment factor
{SAF) was included which modifies site index for the duration of the
fertilizer response. The value of SAF is calculated from three param-
eters, RESP, LMR, and LR, which specify, respectively, the maximum
response in site index, the length of time in years to attain maximum
response, and the total length of the response. SAF increases linearly
from the time of application until RESP is attained LMR years later, and
then decreases Tinearly until LR.

Thinning

A thinning routine was constructed which allows thinning from
below, by corridors, or in combination. Thinning from below removes
trees one at a time, from smallest to largest, until the thinning limit,
TLIM is met. The thinning 1imit may be specified either in terms of
residual stand basal area per acre or an upper diameter Timit, In
either case, a lower diameter 1imit, DLOW, may be specified below which
trees will not be removed. Corridor thinning involves removing a swath
of trees. Swaths may be removed in either the x or y direction, or
both. Swath widths are controlled by the parameters XCORW and YCORW and
swath spacing is controlled by XCORS and YCORS. When used in combina-
tion, the corridor thinnings are performed first and the residual stand
is then thinned from below to TLIM.



INITIAL TESTS

A preliminary model, Seed-PTAEDA, based on Daniels and Burkhart's
(1975) plantation mode! was programmed in FORTRAN IV to include the
seeded stand components discussed earlier. The initial stand generation
stage was constructed and calibrated using seeded-stand data collected
by Daniels (1978) (Table 1). Mapped-stand growth data necessary for
calibrating the stand growth and development stage were not available
for seeded stands. The individual tree diameter and height growth
adjustment factors and the survival probability equation presented by
Daniels and Burkhart (1975} for loblolly pine plantations were used for
these initial tests of Seed-PTAEDA. The volume equaticns used to obtain
stand yield estimates are from the natural stand work of Burkhart et al.
(1972a}. Input variable definitions, flow charts, and a compiete program
1isting are included in the Appendices.

The natural stand plot data of Burkhart et al. (1972a) were available
for comparisons with simulated yields generated by Seed-PTAEDA. These
data consist of stand summary information from 121 temporary plots
measured in natural loblolly pine stands located in Virginia and North
Carolina (Table 3).

Seed-PTAEDA was used to estimate stand characteristics for each of
the 121 observed plots by using the existing stand option mentioned
earlier. That is, basal area per acre was projected back in time from
the observed age to age 10, when an initial stand is generated. Observed
site index was used at age 10. The hardwood control parameter was esti-
mated from observed ratios of basal area in pine to that in hardwood.
Growth to the observed age was then simulated.

Early simulations indicated that simulated height and diameter
growth were far exceeding observed patterns resulting in large over pre-
dictions in total cubic-foot yield and basal area. Moderate over pre-
dictions in the number of trees per acre accentuated this bias. Further
analysis indicated that bias decreased with decreasing stand age and for
young stands close to age 10 bias was negligible. It was concluded that
the plantation-derived growth and survival relationships were not well
suited for simulating the developmenit of seeded stands. The initial stand
generation stage of the model seemed to be working well.

[t was thought that perhaps the relative growth patterns of individual
trees, once scaled to known average growth curves, could be modeled using
the plantation relationships, even if absolute growth predictions were
biased. An equation to estimate average height as a function of average
dominant height (from the site index curve) was developed from the natural
stand data of Burkhart et al. (1972a) and took the form

- 19 -
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Table 3. Summary of stand conditions in 127 natural loblolly pine stands
used for testing initial version of seeded stand simulator.

Variable Mean Range
Age 29 13 - 77
Density {stems/acre) 476 80 - 1220
a/
Height (feet) 61.0 39.5 - 90.0
Total basal area (ftz/acre) 143.4 35.5 - 269.2

a/

“Average height of dominants and codominants.



- 21 -

HAVE = a + b HD
where,
HAVE = average height of all trees
HD = average height of dominant and codominant trees

This relationship was used to scale predicted tree heights, after each
growth period, so that average height conformed to that expected. Only
relative growth allocations for individual trees were then obtained from
the plantation equations.

Results from this refinement of the original model were more logical.
Height growth was reduced to observed levels and diameter growth, deter-
mined from height growth, was also reduced. Over all 1271 plots average
predicted cubic-foot volume was only 4% greater than the observed average.
Basal area per acre was under predicted by 6% on the average.

However, while stand aggregate measures such as total volume and
basal area appeared to agree with observed values, predicted stand
structure did not agree with that observed. The average predicted num-
ber of trees per acre was 27% greater than that observed, whereas
average diameter was 12% less than that observed. This indicated that
probiems still existed in using the plantation-derived survival relation-
ships,

It was again thought that the plantation equations provided accurate
relative ratings of survival probabilities. By scaling the predicted
survival probabilities downward, numbers of trees were reduced and
diameter growth was increased due to decreased competition. Total stand
cubic-foot yield and basal area were not greatly affected.

Data were not availabie to develop a prediction equation for scaling
survival probabilities; the above trial was based solely on trial and error
simulations. Without quantifying the scaling factor for survival relation-
ships the model, as presented, is somewhat incomplete. Further tests were
considered to be of 1imited usefulness without first calibrating the model.




CALIBRATION PROCEDURES

Deficiencies in preliminary tests of Seed-PTAEDA indicated the need
for detailed calibration of growth and survival relationships after the
generation of the initial stand. Calibration will require further data
collection specific to growth and survival of individual trees in seeded
stands. Data requirements and model fitting technigues for calibration
will be discussed,

Complete calibration of Seed-PTAEDA will require refitting three
equations: 1) the individual tree height growth adjustment factor, 2)
the diameter growth adjustment factor, and 3) the survival probability
equation. All three expressions involve competition index and either
crown ratio or corwn length.

To fit these expressions requires a set of data from remeasured,
stem mapped plots. Site index and age must be known. Individual tree
measurements must include d.b.h., height, crown length, and a code indi-
cating whether a tree is alive or dead, for at least 2 measurement years.
Remeasurements should be c¢lose together in time, say one to three years,
to avoid insensitivity due to averaging growth over a long period. If
possible, the exact year of tree mortality should be known. Plots must
be mapped to allow calculation of the competition index, and should be

1 1 SR O R PR o o o
sufficiently large [say greater than .25 acre) to permit a buffer of

trees around the interior trees for which the competition index will be
caiculated.

With these data one may derive the necessary variables for fitting
the three equations. The model forms for the eguations, as described
earlier, should perform well with coefficients specific to seeded stands.
The models may be fitted using any non-linear regression routine. How-
ever, the availability of new data may offer the potential user an oppor-
tunity to investigate new functional relationships, as well. OGther
competition indices may also be investigated for their applicability to
seeded stands, once new data are avaiiable. Such modifications from the
original model forms may reguire additional variables to be measured.
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CONCLUSIONS AND RECOMMENDATIONS

Methods have been described for constructing a detailed, flexible
model of tree growth and stand development for seeded loblolly pine.
The initial stand generation stage was developed and fitted specifically
for seeded stands over a wide range of conditions. Preliminary resuits
indicated that this stage of the model described young stand structure
quite well. However, subsequent stand development in seeded stands was
not well described when plantation-derived growth and survival relation-
ships were used, This is not surprising since stand conditions in the
data used for fitting the plantation relationships must be considered a
very small subset of conditions found in seeded stands--not just in terms
of spatial pattern, but also in age, stand density, site quality, and
competition.

Initial attempts to improve predictive ability of the model were
moderately successful, but also somewhat inadequate. Methods were used
to scale the individual plantation predictions to fit average values for
seeded stands. Although this technique was useful 1in improving predic-
tions, and may be of further interest to some potential users as a means
of calibrating the model, it suffers two main drawbacks. First, it serves
to fit the model to one specific data set--in this case the test data set.
Continued refinement of this type may provide a model that fits the test
data set extremely well, but does not ensure flexibility elsewhere.
Second, by scaling to stand averages, the model loses its appeal as an
individual-tree-based growth model. In effect, after scaling factors were
introduced, the model became a series of stand average prediction equations,
with the individual tree growth components serving only to allocate stand
variability. The computer time and expense incurred by these calculations
could not be justified in this context.

As interest grows in seeded stands of Toblolly, and as new data be-
come available, it is hoped that complete calibration of the model des-
cribed here will follow. The development of flexible models, which can pro-
vide information for intensive management decisions, is important. The
methods described here should help in developing these models for seeded
loblolly pine stands.
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Appendix I. Input variable definitions for simulation model
Seed-PTAEDA.

Variable

Name Definition
TITLE A descriptive title up to 80 characters
long
NYEARS Length of simulation in years
SITE Site index (base age 50)
IX Random number seed, any odd integer
ALPHA Pielou's index of nonrandomness
TS Loblolly pine trees surviving per acre at age 10
AGE Age of existing stands
BA Total basal area per acre for existing stands
HDWD Additional proportion of (loblolly equivalent)
competing stems per acre to simulate hardwood
competition
IRLSE Type of release from. hardwood competition
1 = gradual release until ARLSE
2 = sudden release at ARLSE
ARLSE Age at which site will be released from
additional competing hardwoods
KIN Age at next decision period or age of
next input
ITHIN Thinning type:
1 = corridor thinning
2 = low thinning
3 = combination of 1 and 2
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Appendix 1. Input variablie definitions for simulation model
Seed-PTAEDA (continued).

Variable o
Name Definition

KTHIN Age of growing season immediately after
thinning

XCORW Swath width in x direction

YCORW Swath width in y direction

XCORS Swath spacing in x direction

YCORS Swath spacing in y direction

ILCW Low thinning type
1 = diameter limit
2 = residual basal area limit

DLOW Lower diameter limit below which trees will
not be removed (low thinning option only)

TLIM Thinning timit: 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

LMR Length of time (years) to attain RESP
after initially fertilizing

LR Total tength of fertilization response

QAGAIN To simulate another stand QAGAIN = YES
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Appendix II. Flowchart of tree and stand growth simulation program
Seed-PTAEDA.
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Appendix ITI. Source listing of tree and stand growth simulation program
Seed-PTAEDA.

(ot e o o R o ok o ok B o o e Bk R A SR RO R kR OR kk R R R R R R R RN SEEQ IOLT

c SETOOC20
% SEED-PTALDA SEEDOO30
C SEEQGU4D
< SEED-PTAEDA |5 A SIMULATION HMODEL CF TREE AND STAND GROWTH SEFO0050
< IN MANAGEDs SEEDED LOBLOLLY PINE {PINUS TAEDA L. STANDS, SEEDOQ60
C SEEQQ0O70
[ DEVOLPED BY RICHARD F. DANIELS, VPI&ESU, 1978, . SEE00C080
[ SEEDO09D
CEBEERFBERFEERRL R IEEFECRERE IR SRR R R R RS RSB Rk w kR sk Rk R R RS ek E kR SEE 0L 0D
DEMENSION VOL13).5(2) SEEJD11C
COMMON /BLOKLI/X{L001e Y{LOO0) sLMORT 10O o KMORTILCCHDILCC, SEFGOE20

I H{L00 CLILOD)CE{1G0»HID(L00}LEDGE{9)y ACRES SEEDOLIZ0
COMMON /BLOKI/YCLUFTI TS 3) s YOUFTHME 75,30 oBALTE) s Kdo Ko NLIVE y SEEQO14D

1 NTHINgHD, NOLD SEEOUL50
COMMON FBELOKA/TITLE(Z20) JNYEARSSITE,CEXISY s EXAGEEXBA, SEEQOL&D

1 TSeTS10¢KCUT+KINGKTREE ¢QUUVQAGALN SEEQQITR
COMMON /BLOKS/HRDWD, L AF 4 ARLSE» OHDWD, JRL SE SEECO13B0
COMMON /BLOKG6/KFERTyLMReLR+RESPSAFyQFERT SEE00190
COMMON /BLOKT/KTHIN: ITHIN, KLOW,; DLOW. TL IM: XCOR,YLOR 2 XCORS,YLORS SEEQ0203
COMMON /BLOKS/PLOTXPLOTY JALPHA SEEQQZLC

REAL YES/TYEST/NG/'NOY/ SEEQC220
LOMMON /BLOKD/N SEES0233

DATA S/0.TT093,0.077297 SEEQGEGD

C SEEQ0293
C INPUT INITIAL SIMULATYIDON CRITERLA SEEQQ260
c 3EEoQ2vn
1 CALL INPUTS{iXyNC,NCARDS} SEED0280

C SEEJ3290
s INITIALIZE TREE AND STAND VARIABLES SEE30200
C SEEQDALD
DO B0 K=1,75 SEEDQEZO
BA{KI=0. SEFEQ0330

DG 50 L=1,3 SEED(D340Q
YCUFTI{ KoL k=0. SEFGQISD

50 YCUFTMIKyL }=0. SEEDQD3HD
DG 60 I=14N SEEDO3TO
D{I}=0. SEEQABCG
HiTl=0. SEEQO3R]
CLiLi=0. SEELQ4U0
CilIi=0. SEEQO410
KMORTLII=NYEARS SEEGQ420

60 LMGRT{II=1 SEEQ0430D
KTHIN=O STE3044D
ROUT=0 SEEDG45Q
KTREE=( SEEQN460
QFERT=ND SEEQO4TD
NOLD=N SEE0048O

[ SEEQO490
C GENERATE INITIAL STAND SEEDQ500
C S5EEQGS5:0
CALL SEED(IX) SEEOCS2D

CALL JuUVvS(IX) SEEQCS30

CALL Comp SEEQOL4AL

IF{QIUVL.EQ.NTO) GO TO 65 SEEQDS50
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA {continued).

CALL OUTPUT SEE0Q560
KIN=KJ+1 SEECGSTO

C SEECCS580
o COMMENCE ANKUAL TREE GROWTH SEECQSDO
c STEGOEND
65 KC=KJ+1 SEECOE1D
A=K SEL00620

bo 200 K=KC,NYEARS SEEQ0630

A=K SEE0D64 U

C SEEQQGSO
C INPUT MANAGEMENT CRITERIA SEEDOLED
C SEEQDETO
IF¢UHDWD.EQ.YES) CALL RDWD{A} StE00680
IF(KIN FQ.K] CALL INPUTZ SEEQQ6GD
TF{RKTHINL.EQaK]} CALL THIN{A} SEEQO700
IF{QFERTLEQ.YES}) CALL FERT{A} SEEQOTLO
SI=SITE SEEQQT20
POTH=ESI®] 0. % (—6,528%{ 1o/ A~u02]) SEECCT3C
PHIN=POTH~RD SEEGOTLD

DD 100 I=1+N SEEQQTSD
IFILHMORY(EI~L) 100410490 SEE0DT60

0 CUR=CLEIFAHITI SEEOGTTO

c SEEQQGTEC
[ GETERMINE TREE MORTALITY SEEDQOTSC
C SEECO8DD
PLIVE®= 1.086%CRE*,0TO2826%EXPE—o0Z28L694%{CI{1I*LAF} SEEQOALO

1 **1, 177809} StE00820
P=UlIX? SEEOGERD
TF{P.LT.PLIVEY GO TO 80O . SEECOB40
NLIVE=NLIVE-1 SEEQO8B50
LMORT{ 1)=2 SEEQ0860

KMGRY £ 1=K SEEQQ8TD

GG TO S0 SEE00880

C SEFO08Y0
< COMPUTE H AND D INCREMENT OGN ALL TREES SEEDQO90D
C SEEQD91Q
B0 HREDS 5463 1 #CR%*1.66254FEXP (4. 82722 1. 150B3%C1 ¢} SEEQQT2D

i 2CAF-6.66226%0R 1 SEE00%30
Re=STRORML LX) SEEQO940
HIN=PHIN®HRED SEEDOSBL
HINMAX=L.00206%PHING . 13462026 SEEQC960
IFIHINSGT  HINMAXE HIN=HINMAX SEEDORTO
POIN=L.2B65B336%HIN +.2094718 SEEQG98O
HIN=HIN+R®S5(1} SEEQQO99D
IF{HINSLT «Cal HIN = Q. SEEDL000
DRED=.086524+.,020178%CLII)** ], 1799862EXP(~1.320610 SEEGIOLO

1 *=CIl1=CAFR) SEEQCIQ2C
DIN#PDIN®DRED*R%5(2) SEEQLG30
IFIDINLLT 0.} DIN=0. SEECLO40

C SEECIOS0
C CALCULATE PRODUCTS SEEQLO60
C SEE01QT0
DEI=D{EI+DIN SEECEQBD
H{Iy=HUI}+HIN SEECLO9C

90 L=LRORT{I) S5EEQI10C



- 35 -

Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

DSQ=0011*D{1) SEEQLLLO
IF{L.EQ.1) BA{KI=BA{K}+DSQ SEEQCLIZ0
YOUFT{K L )=YOUFT (K1 } #DSQ¥H{ 114, 00253+. 27611 SEEGL1IBO
YOUBTHIK, LI=YCUFTM{K L) +DSQ*H{ I }*.00205~.8421 SEEQT1L4D

100 CONTINUE SEEOLESD
B8A{K)I=BAIK}®. 005454/ ACRES SEEGLI6D

DG 150 L=1+3 SEFQLLITO
YOUFT{Kel b YCUFT{K,L1/ACRES : SLtEQLLBC
YCUFTM{Ke Li=YCUFTHMIK,L)/ACRES SEECLYISO

150 CUNTINUE SEECL200

C SEEDGLIZIO
L DEYERMINE CROWN LENGTH SEEQL220
c SEEDLZ30
T=NLIVEFALRES SEEQ1240

OO 101 I=1N SEEGL250
LItLk=0. SEECL260
IF(LMORTEI)aNELL) GO TO 101 SEEQLZTO
CBL=Hl T}¥%1.48535%D{1 } ¥ {—~0.4T1TBI*EXPI~144245+ ., 52034~ 2%BALK) SEEQL280

1 #LAF-0.10991/D{1}~3.34385/A1 SEEQL290
IE(HIE I =CBL-CLI 1) oGT oHIN) CBL=HLII-CL{I}-HIN SEEDL3O0
CL{T}=HI1)—-CBL SEEQ13L0
IFECLEI}aL Y08 CLLEI=0. SEEDL320

101 CONTINUE SEEO1330
HO= POV H SEEGL34D

CALL COwp SEEQL3A5D

L SEEQL360
c OUTPUT STAND SUMMARY SEEQL3TO
C SEEQ1380
IF{KOUT.EQ.K) CALL CUTPUT SEEQL390

200 CONTINUE SEEQ1400

L SEED141D
C HOUSE KEEPING SEEQL420
L SEEQL430
CALL INPUT3 SEEQ L4
N=NGLD SEEQ1450
IF{QAGAIN.EG.YESY GO TG 1 SEEO 1460

sToP SEEQLEATO

END SEEQL480

C SEEGLAGO
C*#******#*t*t#**#t#*#*****#*#***t#**#**t#l*#*tt**##**#t***t*#*#ﬁ#*t**#ﬂSEEDlﬁOQ
< SEEQLS1Q
SUBROUT INE INPUTS{IX,NC.NCARDS) SEEQLIEZED

C SEED1S3D
C SUBRDUTINE INPUT 1S DIVIDED IATC 3 MAIN SUB-SECTICNS SEEGI54D
o DES IGNED TO PROMPT THE USER FOR AND READ INITIAL STMULATION SEEQ1550
C CRITERIAr MANAGEMENT CRITERIA, AND PROGRAM CONTINUATIGA SEEQL56O
[ CRITERIA., THIS SUBROUTINE IS THE ONLY ONE wHEICH NEED SEEDLHTD
c BE CHANGED FOR BATCH MODE OPERATION. SEEQLS80
c SEEOLESO
c**##ttt#w##tt##**#tttﬁ#*###t*tt####**x#*tt*t#*w**t#***#*#*##*t****t*t*tSEEQ1690
COMMON /BLOK&/TITLEG20) oNYEARS,SITE,QEXISY ,EXAGL +E XBA, SEED1610

i TS,TS10+KOUTsKINoKTREE s QJUV, QAGALIN SEEQ1620
COMMON JBLOKS/HDWDCAF 4 ARLSE s QHOWD s IRLSE SEFGLE3D
COMMDN FBLOKS FKFERT o LMRy LR, RESP,SAF, QFERT SEEGLlEa

COMMON JBLOKT/KTHINg ITHIN 1LOW DLOW TLI 9 XCLRy YOGR, XCORS » YCORS SEZC1e50
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

COMMDN /BLOKB/PLOTY,PLOTX,ALPHA SFED1660

REAL YES/*YES*/ NO/TRDY/ SEEOLETO

C SEEQI6BO
C READ INITIAL SIMULATION CRITERIA SEEDL698G
[ SEEQLTO0
WRITE(6,6001} SEFOLT10

HO0L FORMATL//13X)100%=%) 45X,  SEED-PTAEDA ' 45X, 10{ 1) // SEE01T72D
L ' SIMULATION OF YREE AND STAND GROWTH INY, SEEOLT30

2 ' SEEDED LOBLOLLY PINE STANDS s// SEEQ1740

3 ENTER: TITLE') SEEQLTS0
READIS,5001) (TITLE(L) yL=1,20} SEEQLT60

5001 FORMAT (20A41 SEEOLTTO
WRITEL6,60G2) SEED1TBC

6002 FORMAT{' ENTER: NYEARS,SITE,IX%} SEECLYYD
PEAD{G,%) NYEARS,SITE,1x SEEOLROO

10 WREYE(&,6003) SEECLELD
6003 FORMAT (Y EXISTING STAND ? ENTER: YES CR NGOY) SEEQ1822
READIS 5002 IGEXIST SEEOIBAD

5002 FORMAT(A3} ‘ SEECLIBL4E
IFIQEXIST.EQ.ND)Y GO TO 20 SEEQL85C
IFLOEXIST.NF.YES) GG TG Lo SEL(1880

GO 15 25 SEED1870

20 WRITEL&,5005) SEEQLE80
6005 FURMAT(® ENTER SPATIAL PARAMETERS: ALPHA,TSY) SEEO1890
READIG ¥} ALPHALTS SEEQL9O0
TS10=75§ SEEQLSLD

GO TO 30 SEEOI®ZD

2% WRITE(6,60051) SEEQL93D
63051 FORMAT{' ENTER SPATIAL PARAMETERS: ALPHA,BA,AGE®} SEEG1G40
READ{S %} ALPHA,EXBA, EXAGE SEFQ1950

30 HDWD=0. SEEDL94D
WRITE(6,6006) SEEQLSTO

6006 FORMAT(* HARDWOUGD CONTROL 2 0 SEEQIGSEN
READI{9,5002) QHOWD SEED1S%0
IF{QHDWDLECLNG) GC TG 35 SEEQ2000
IF{QHOKDLNELYESE GU TO 30 SEED2010
WRITE{6,6007) SEEQ2020

6007 FLRMAT(' ENTER HARDWOOD CONTROL PARAMETERS: HOWD,IRLSE,ARLSE®) SEEQ2030
READ[G,%) HDWD,IRLSE yARLSE SEEDZ040

35 CAF=RDWO+1 SEEQ2050
SAF=1. SEFO02060
RRITEL6+6008) SEEGZ2C70

6008 FORMAT(' JUVENILE STAND QUTPUT?ZY) SEEO2680
READ (9,50021 QJuy SEEG20%0

IF{ QJUV.EQ.YES) GC TOD 38 SEEQZ2100
WRITE(6,6009) SEEQ2ELD

6009 FORMAT(! ENTER: AGE AT NEXYT DECISION PERICDT) SEE0Z2120
READLG 4%*) KIN SEED2130

33 RETURN SEEQ2140

C SEED2150
¢ READ MANAGEMENT CRITERIA SEEQ21&0
c SEEORITO
ENTRY INPUT2 SEEJ2180
IFIKIN.EQLNYEARS) 4O T 39 SEEDZ219D

WRITELG6,6010) KIN SEE02200
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Appendix I1I. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

6010 FORMAT(//, ¢ INPUT BEFORE ?,12,% T+ GRUOWING SEASDNY®I SEESZ2210
39 KTHIN=O SEEQ2220
IFERINCEQeNYEARS.ORLKINLLTL 10} GU TO 60O SEEQ2230

%0 WRITE(G6+60L1} SEEQ2240
6011 FORMATUIY THIN STAND?Y) SEEO2250
READIS,.5002) Q¥HIN SEED22480
IF{QTHINGEQ.NG) GO TC 60 SEEQZZTQ
IF{OTHINLNELYESIGE TO 40 S£ER2250
WRITE(646012) SEEDZ2250

6012 FORMAT (' ENTER THINNING TYPE, AGE: ITHIN,KTHIN®} SEEQZ23230
READ(G %) ITHIN,KTHEIN SEEOZBLO

GO TQ (50,55,50), ITHIN SEEDZ2320

50 WRITEL6,0013) SEED2330
6013 FORMAT{Y ENTER CORRIDOR THINNING PARAMETERS: XLORWYCORW. ', SEED2340
1 PRCORS,YCORSY SEED2350
READ{9,%} XCOR,VCOR,XCORS,YCURS SEEJ2357
IF{ITHINEGL1} GG TO &0 SEEQZ3TC

55 WRITE{6:6014) SEE0Z2280
6014 FORMATI" ENTER LOW THIN PARAMETERS:E ILCw,DLGh,FLIM") SEE02350
READ{9s*) ILOWsDLOW,TLIM SEEQZ240C

60 TFIKINEQ.NYEARS.ORLKINLLTLI5.0RQFERT L EQLYESH GU TO 70 SEEQZ410
GFERT=ND SEE0Z92C
WRITEIG560151 SEEQZ24TD

6015 FORMAT(' FERTILIZE STAND?') SEEQZ440
REARI9,5002} IFERT SEEJ2450
TF{QFERTLEQ.NG) GC TEL Y0 SEED2440
IF{OFERT.NELYESIGD TO 60 SEEQ247C
WRITE(646016]) SEEQ2480

6016 FORMATIL® ENTER FERT PARAMETERS: RESP.LR.LMR,KFERT*: SEEQZ2450
READIG, %) RESP,LReLMR ¢KFERT SEEQZ520

T KOUT=0 SEEQZ51C
IF{KINJEQ.NYEARSY GO 7O 75 SEE0QZ2520
WRITE{6+6017) SEEQZ53C

6017 FORMAT{* STAND SUMMARY?") SEEQ2540
KEADE9,5002) QUSTAND S5E£02558
1F{QSTANDLEQ.NDOY GO TO 80 SEED255N
TF(QSTANDSNELYESYGD TO 70 SEEC25T0

75 KOUT=KIN SEEQ2580
80 CONTINUE SEED2990
90 IF{KINLEQ.NYEARSY GU TC 9% SEEDZEQ0
WRITE (6,6019) SEED2610

6019 FORMATI® ENTER: AGE AT NEXT DECISION PERICD®) SEEQ2820
READES %) KIN SEEQ2630

95 RETURN SEEQ2&40

C SEE02650
c TRY AGAIN? SEED2660
C SEEQ26TO
ENTRY INPUT3 SEED26R0
WARITEL 646020} SEEQZeSD

6020 FORMAT {2DANOTHER STANG 7%) SEEQ2700
READI9,5002) QAGAIN SEEQ271D
RETURN SEEQZTZN

END SEECZTAC

c SEENZ2T740

[ dd o E e ket AF AR F AT HE R E RS ERRT R B LR R A R S F ek bR R oS hx e s kxxxSEED2TH0
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA {continued).

c SEEC2T60
SUBROUTINE SEED(IX} SEEC2770

C SEEQ2T80
o SUBROUTINE SEED CONTRCLS ASSIGNMENT DF SEEQ2790
C INITIAL SPATIAL PATTERNS. SEED2800
o . SEEQ2E10
[ ROUTINE DEVELOPED BY HOWARD B. STAUFFER SEEQZB20C
c MODIFIED BY RICHARD F. DANIELS AND GERALD [. SPITTLE SEE02830
o SEED2840
C**F*#******t***tt****#t*t#*#**#*#*#*****#**lﬁ**t**t****g****m*tuw:&****tsgg Q288D
COMMON /BLOKL/X{E0D}+YEL100) LMORTLLOO) 4KMORTL100),D(10613, SEEQ2860

L HU100H,CL{100),CI{100)MIDEI00) LEDGE (9} ,ACRES SEEQZETO
COMMON /BLOKA/TITLE(20) sNYEARS; SITE, QEXISToEXAGE,EXBA, SEEQ2BED

L TSeTS10+KOUToKIN,KTREE »QJUVYGAGATN SEED2BOD
COMMON /BLOKS/HDWDs CAF s ARLSE(QHOWD ¢ IRLSE SEED2900
COMMON /BLOKB/PLOTY, PLOTX s ALPHAL SEED2910
COMMON /BLOKD/N SEEC2920

REAL YES/TYESY/4NU/INDS/ SEEG2930
DIMENSION XXLL100),YY{100)4RAD1(10C), IDEG{360) SEEN24940
DISTSQUABCoDI={1A=C )2 (A~C )+ {B=D)% (B~D) SEEG2Y950
PI=3.14L59 SEE2960

C SEED2ST0
c EXISTING STANDS SEE02980
< SEEQ2990
KJ=10 SEE03000

A=K SEEQ301D
SI=SITE SEEQI020
IFIQEXIST<NELYES) GO TO 10 SEEQA0N3D
HD=S1# )0 %% (~6.528%{1./8—.02)) SEE03060
ARAT=EXAGE/A SEEO3ICSA
BAT=EXBA*¥ARATHEXP (~{ 3. 4344%( ARAT- 114026 T4B%{ARAT—1 %51} ) SEEG3060T
DAVE=~1.5419017+1.1432425%AL06G(HDI+.0038993%BAY SEEQ30T0
TS5=EXP{5.319584)}¢BAT*%* . 835350 7xDAVES® (~1.608657) /L AF®E] 0407345 SEX03080
TS10=T§ SEEQ3090

c SEE0ALIO
o GENERAYE SPATIAL PATTERN SEEQ31L0
[ SEEDN3120
10 FN=N SEEC313D
ACRES=FN/TS SEE03140
PLDYX=SQRT{ ACRES* 435601 SEEG3150
PLOTY=PLOTX SEEO3160

D0 1030 I=1,N SEEC3170
RNX=U(1X) SEE03180

XX (11=PLOTX&RNX SEEQ3190
RNY=ULIX) SEE03200
¥YY(I)=PLOTY®RNY SEED3210
C=FN*PI/ {PLOTX*PLOTY } SEEQ3220
FK=ALPHAL /(ALPHAL~L} SEE03230

1021  RND=ULIX}] SEE03240
IF{RND.E.0.005} GG TO 1021 SEEQ2250

1030 RADLLII=SORTUIFKACI®(RND®*{—1,/FK}=La)) SEED3260
580 1190 I=1,N SEEQ3ZTC

1176 CONTINUE SEEQ3280
DO 1040 ¥=1,360 SEED3290

1040 IDEG{KI=K SEEQ3300
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Source listing of tree and stand growth simulation program

Seed-PTAEDA (continued).

1050

1060

1070

DO L130 J=1,N
IFLJ.EQ.1} GO TC 1130

IE(SORTI{DISTSOIXXCT I oYY T o XXUIFoYYLU) FJ6T {RACT(TI+RADELIII)

GO TO 1130

CRAC= XL T 1B 24 YV { J I %% 2= XKL Ji®®2-VY (JI¥%2
XFAC= 24 XX{d d=~2.*XXL T

YRAL=2.%¥YY (J)-2.%YY (1)

IF{XFAC.EQ.D.) GL TO 1050
IF{YFAC.EQ.D.] GG TGO 106C
YFAC=—YFAL/XFAC

CFAC=~CFAC/XFAC

YSQuYFACEHZ2+]

YVAL={ CRAC—XX (1} )2 #VFAL~2.%YY (1]
CVAL={CFAC—XX{I 1 IH%2eYY{ FI®=2~RADI (] }%=2
BSQ=YVAL**%2

FOURAC=4 . *Y50%CVAL

1=ABS1B5Q-FOURALY
YROOTL=(~YVAL+SQRTIZ )1 /{2.%¥Y5Q)
YROOTV2=(~YVAL-SQRT{Z}}/{2.%Y5Q}

XROGT L=YFAC*YRODT1+{FAC

XROQOT 2=YFAC*YROOT2+LFAC

GG TG 3070

IF{¥YFAC.EQ.O.} GO 70 1130
VEOOT 1=~ CRAC/YFAC

YROOTZ2=YRUGTL

X50¢=1.

KV AL=—2,%XX11)

CVAL=XX[ I )®#Z=~RADLII ¥ %2 4+{YY{]}~YRCOT1 )%%2
BSO=XVAL**2

FOGURAC=L . 2XSQ*CVAL

1=ABS(BSQ-FOURAL)
XROCTL=1~XVAL+SQRTEZ) 1/ 4 2. ¥X5Q}

XROOT2=[~XVAL-SORT{Z) I/ 12 .%X5Q}

GO TO 1070
XRODT1=~CFAC/XFAL

XROBT =X RGOTL

YSC=1.

YVAL==2.¥YY (1}

CYAL=YY{ T p#%2—RADL (T J%#2+ { XA {1 }~XROOT 1 1**2
BSQ=YVAL®* 2

FOURAC=4 . ¥ YSQ*CVAL

2=ABS{BSQ~-FOURAC)
YROOTI=(~YYAL+SQRTILZ} M/ L 2.#Y5Q}
YROOT2=~YVAL~SORT{Z} 1/ {2.%Y5L)
THETAL=ATANZ{ YROOT1-YY {1} ,XROGT1I-XX¢1})
IF(THETALLLT O 8 THETAI=THETAL+2.%P]
THETAZ=ATANZ IYRODT2~YY LI ) XROOF2~XX (31 )
IFETHETAZLLT.0.) THETAZ=THETAR+2.%P]
THHIN=THE TAl

THMAX=THET A2

IF{THETAZ.LT.THETALY THMIN=THETAZ
IF{THETAZ.LT.THETAL) THMAX=THETAL
11=360.%THMIN/{2.%P 1)
[2=360. 6 THMAXS {2 ¥P [}
IF{11.EQ. 12 GO 7O 1130

SEEN33L0
SEED3Z20
SEED3330
SEEQ3340
SEEL33GD
SEEN3260
SEEQ3370
SEFQ3380
SEEGAAND
SETO34C0
SEEQ4LD
SEEQ3IL20
SEEQ343D
SEC 03442
SEF03450
SEED3460
SEED34TR
SEEQ3480
SEEQ3490
SEEQASQD
SEED35ES
SEEG3ECO
SEEQ353D
SEEQASLD
SEEDADSD
SEEQRSG0
SEED3STO
SEE0358D
SEEQASSD
SEEQ03600
SFFC3610
SEESR62C
SEEDIEED
SEED3640
SEEC3ELSD
SEEQ3660
SEED3ILTD
SLEQ3ESBD
SEEQ3&YD
SEEQ3TCD
SEEO3TIO0
SEEJ3T20
SEEQ3T30
SEEQ3T40
SEEDATSO
SEEOITEC
SEEQITTC
SEEC3TRD
SEEQ3TOC
SEEQ3B0C
SEED3BI0
SEFO3IBR20
SEF03834
SEEO3B40
SEE03850
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Appendix III. Source 1isting of tree and stand growth simulation program
Seed~PTAEDA (continued).

THMED=THM IN+ITHMAX-THMIN) / 2. SEEC3BSGD

XA X=XX{T}+RADI{ T V*#COS{THHED] SEEQ387T0

YYY=YY (1 I+RADI{I}*5IN{THMED) SEEQ3BRO
IFISQRTIDISTSQUIXXAI ) oYY (J) o XXX, YYYIILLELRADYLJIY GG TL Lile SEEQ3B90

IFL{T1 LEQ.C) GO TO 1880 SEE Q290D

DO 1080 K=1,11 SEECAISED

1080 IDEG(K)=D SEEN3920
L0%0 DO 1100 x=]2,360 SEEQ3930
1100 IDEGIK)=Q SEFQ3940
GU TD 1130 SELQ3950

L1110 1F(I1l.EQ.O) TDEG{360)}=0 SEED3960
IFEIlaEQ.0) 11=11+1 SEE£33%TO

DO 1120 K=I1.12 SEEQ398B0

1120 IDEGIKI=( SEEQ3990
1130 CONTINUE SEFCA000
1140 D0 1150 K=14360 SEEU4GIO
XXX=XX(I)+RADI{I)#COSIFLOATIKI*Z.2P1/360.1 SEFO4020
YYY=YY{I)+RADL{ RIS IN{FLOATIK %2, 2P/ 36041 SEEQLGAO

L1580 JF{XXXel V400 DR aXXXaGTaPLOTX o DRWYYY LT o000 e CRAYYYLGT. SEEO4Q40
L PLOTY} ITOEG{K)I=C SEEQ4QS50

L=C SEE04060

DO 1160 K=14360 SEED&4OTO
IF{IDEGIK}ILEQ.0) GO TO Llie0 SEEQ&DRD

L=l+} SEEO4090
IDEGEL)I=IDEGIK) SEfO4100

1160 CONTINUE SEEG4110
1170 ReFLOATCLI*ULIX}+1 SEEO41Z20
IF{M.EQ. {E+1} ] HM=L SEEQ4130
IF{L.NELD) GO TO 1174 SEEQ4140

c XX{[ =PLOTX=ULIX]) SEEQ4 150
C YY{L)=PLOTY*U{IX) SEEQ&4160
C GC TG 1176 SEEO04L1TO
b= ] SEEO&LB0
INEGEMI=3460.FU1IX] SEEQ4LE50

1174 CONTINUE SEEQ4200
THETA=2.%P 1% IDEG{M}/ 360, SEEQ&2I0
XUTIh=XXU1)1+RADLIA{T}*COS{THETA) SEED4Z20
YOII=YY({I)+RADM{I}«SIN{THETA} SEEN423D
IF(LLEQ.Q) XU1h=XX{I} SEEQ4240
IF{LLEC. O Y{II=YYI(I} SEEQ4250

1190 LONFTINUE SEED4 260
RETURN SEEQLZTC

END SEEQ4280

C SEF04290
CHRRbRr s tb R bR b kb TR AR A R A B AR RREDT R R SRR I EF R RE TR Sk RN nE R eR** SEE 04300
SEEC%3210

SUBROCUTINE JUVS(IX) SEEG4320

£ JUVE SEEO4330
c SEEQ434D
9 SUBROUTINE JUVS GENERATES A JUVENILE SEEDED SEEC4350
c STAND AT AGE 10 FROM EXISTING STAAD INFORMATION. SEEDA360
C SEEQ4370
CRERSF AR R L ERR A AE RS G AD R AR FRARBE R R ERZ SRR TR RRERRER L pb kR kddohk e ke K2 XA SEEDSL3E0
DIMENSION 51(2) SEEQ43%0

COMMON /BEDRLI/XILICO) s YU LOCH sLMORTELOC) dKMORTL100) 4D1I0C SEE0H400
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Appendix III. Source 1isting of tree and stand growth simulation program
Seed-PTAEDA (continued).

1 HE100}eCL{10D)CILEOD)MIDILOCE LEDGE(SEACRES SEED44E0
COMMON FBLOK3/YCUFT{T5+3) YCUFTM{ 75,301 sBALTS) +KJ+KoNLIVE, SEEQ4LZE
1 NTHINHD ¢ NOLD SEEQ4430
COMMON /BLOKG/TITLEL20) NYEARS:SITESQEXTIST (EXAGELEXBA, SEEQ4440
1 TSsTS10. KOGUTKINJKTREE»QUUV,QAGATN SEEO4450
COMMON /BLOKS/HDWD,CAF s ARLSE,QMDWD, IRLSE SEEO4460
COMMON /BLOUKB/PLOTX . PLOTYALPHA SEEC44T0
REAL YESZIYESH/NO/INUY/ SEEO%480
COMMON /BLOKD/N SEEQL4ST
DIMENS ION DUMMY [ 1003 SEED450C
Kd=10 SEEC4LS1C
A=K J SEEDGLZU
Si=51TE SEEG4530
HD=S1*10%e{~6.528%({,/A~-.02}]) SEEQ4540
A=K SEED4SS0

DAVE® 4704014 .06948506HD~, 083E—5%Ax{ TS®CAF}+5.454TO¥HD/{T5%CAF]  SEEOQ4360
DHINE— 06 To4b+ 029395 2H0~. 112E—5%A* {TS*CAF) +6.23266%HD/ [TS*CAF} SEEQ45TO

IFIDAVE.LELQFDAVE=.3001 SEED45BC
FF{DMINSLE «QOIDMIN=.000L SEEQ4590
BHAT=ALOG{TS*L*CAF)/ALOGIDAVE/DMIN) SEE(4600
AHAT={ GAMMA{ L.+ 1. /BHAT}/DAVE 1 #+BHAT SEED4LED
ACRES=100./7S SEEJ4620
NLI¥E=N SEER4GRD
NMORT= O SEEQLE4T
NTHEN=O SEEQ4650
1238 00 L1100 I=1M SEEDABHD
C{II=DAVE SEED4ETD
LI(IY=0. SEED468E
LMORTLIN=1 SEEDH650
1100 DUMMY { 1)=f—ALOGIUIIX ) }/AHAT bk 1, /BHAT) SEEC4TOD
CALL CCMP SEEG4T10
NTREES=0 SEEDA4TZ0
130 IF(NTREES<EQ.NY GO TQ 145 SEEJ4T30
DMA =D . SEEQ4TAD
CMIN=Y.EY SEED4T50
DO 1200 J=14N SEEQ4TOO
IFIDUMMYL J1 LELDMAX) GG TG 140 SEEC4TTD
J0=3 SEEQ4TEC
DMAX=DUMMY (J] SEEQ6TH0
140 IF{CI{J}.GECMINI GO TO 1200 SEED4BDD
JC=4 SEEC481D
CMIN=CI(d} SEEN4820
1200 CONVINUE SEECAB30
DEJCI=DMAX SEE04840
CI{JCI=9.E9 SEED4850
QUMMY { 3D =0 . SEEQ4ELD
NTREE S=NTREES+1 SEEQ48TO
DSQ=DLJCI=DIIC) SEEQGERD
BA{KJ)=BAIKJI+DSQ SEEQ4BSH
Go TG 3o SEEC4900
145 BALKJI=RBA{KJII*.005454/ALRES SEEQ4S10
HAY=0. SEEDAG2D
GO 1250 I=1l+N SEEQ493D

H{T J=HD#*%0 . 3210280 I} ¥%0. 5211 B%EXP( 1. 4428 T+, 263276E-2¢BA(KII*CAF  SEED4540
1 +0.07299/D(1)-1.08825/4) SEE04550




- 42 -

Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

1250 HAV=HAV+H(I) SEE04960
HAVS HAY/ N SEE049T0
HAVHAT=—1 .6234 76404916 285%HD SEE04980
HRAT=HAVHAT /HAY SEE04990

DO 1300 [=1sK SEE0SCOQ
CI{I}=0. SEED5CL0
HEI beH( 1] *HRAT SEEQ5020
CBL=HI I1##] 4853530 [} %3{m0 4TI T3V FEXP(— L. 4343+, 92034E~348A{KJ}  SEF05230
i *CAF-0,10991/D(] }—~3.34385/A) SEED5040
CL{TI=H{I )~CBL SEE05050
IFICL{TE.LY0ICLET)=D SEEN5060
DSQ=DII DT} SEEDSQTO
EFIDIT).GE~9.55) YOUFTM{KJs 11=YCUF TMIKJ ¢ 1)—0 B421+. GO2054050%H (1) SEEFO5080
YCUFT Ky L )=YCUFT (K e 11 4.276114.00253%DSG%HTT) SEEQ5090
1300 CONTINUE SEEQS5 100
YLUFTM{KJI ¢ LIZYCUFTM{K ), E}FACRES SEEQR110
YCUFTUKds 1 b=YCUFT (KJ 11 /ACRES SEE05120
RETURN SEEQRS5138
END SEE0S 140

c SEE03LS0

CHFTRAF B S # T RA T ERERT DT RAEE S 0 Ao Fe ke Bl o ok s g ok ol ok ek Bk ek Rk R R g AR R R S EEDS L &5

c SEEQ517C

SUBROSUTINE THIN{A} SEEQ5180

" SEEDS190

€ SUBROUTINE THIN REMOVES TREES EITHER BY CORRICORS CR FROM SEEQ5280

c BELOW, THINNING FROM BELOW MAY BE ACCOMPLISHED BY REMOVING SEE05210

c TREES BELOW A& SPECIFIED DBH OR 8Y THINNING FC A SPECIFIED SEEQ5229

c RESIDUAL BASAL AREA. CORRIDDR THINNING MAY BE USED IN EITHER SEEQ5230

c THE X OR ¥ DIRECTION OR BOTH. SEEQ5240

C SEE05250

Cowdak fee *#**********##*t****#****#**##*kﬁ***#**********t*# FERR bRk ERERESEEIS 260

COMMON /BLOKL/X{LOCG) sY {100 L MORT (100, KMORT (1001 40{10C ), SEE052T0
1 HI1061,CLI100),CI(E00) (HIDL100) ,LEDGE(S ), ACRES SEEQ528D
COMMON /BLOK3/YCUFTLTS¢3] s YCUFTM{T59 31 4BACTS) oK oK oNLIVEy SEEQ5290
L NTHIN HD ¢ NGLD SEE0S300
COMMON /BLOK4/TITLE(20) +NYEARS, SITE QEXIST, EXAGE o£ XBA, SEEQ5310
1 TS4TS10.KOUTyKINoKTREE ¢QJUV s GAGAIN SEE05320
COMMON /BEOKT/KTHIN, ETHIN, ILEW ¢ DLOR, TE 1M, XCOR, YCOR ¢ XCORS s YEORS SEEQ5230
COMMON /BLOKB/PLOTX, PLOTY o ALPHA SEEQ5340
COMMON /8 LOKOFN SEEG5350
BATHIN=D. _ SEED5360
GO YO (ly2eLdy ITHIN SEEGS370

C SEED5380

c CORRIDOR THINNING SEE05390

c SEEQ5400

1 IF{YCORS.LE.0) YCORS=1 SEED5410
IFLXCORS.LEW0) XCORS=1 SEED5420
NCORY=PLOTY/YCORS+a5. SEE05430
NCORX= PLOTX/XCORS+. 5 SEE 05440
XSTART=XCORS/ 2.~XCOR/ 2. SEED545C
YSTART=YC ORS/2.~YCOR/ 2. SEE 05460

DG 100 I=1,N SEE054TD
IF(LMORT{ I} NEL L} GO TO 16O SEE05480
IFUYCORLLELOY GO TOU 97 SEED5490

DO 96 J4=1,NCORY SEEQ5500
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Appendix II1I. Source listing of tree and stand growth simulation program
Seed-PTAEDA {continued).

FJd=J SEE 08510
YIN=YSTART*FJ SEEDSH2D
YAX=YIN+YLOR SEEGS530
TFEYAXGTPLOTY) YAX=PLOTY SEEQ5540
TRLY(LILT-YINSORLYEI}LGTLYAX) GC YO 90 SEEQ555LD
NTHIN=NTH IN+] SEECSSE0
NLIVE=NLIVE~-1 SEEGHEID
LMORT{I}=3 SEEOSER0
KMORT(1)=KTHIN SEf0ss90
BATHIN=BATHIN+D{TI*D(]} SEEO05600

GO TO 10O SEEQSELD

96 CONTIRNUE SELO5620

97 LONTINUE SEEGD63E
IFUXCORLLELC) GO TO 99 SEED5640

DG 98 J=1,NCORX SEEQS65L

FJa=J SEEQLE6L
XIN=XSTART*FJ SELQS6TC
XaX=XIN+XLDR SEEQBLHN
IFEXAXGT. PLOTX) XAX=PLOTX SELQS£30

IFIXE I3 LTXINLORJX{IVWGTFXAXY GU T 98 SEEDQSTAU
NTHIN=NTHIN+]L SEECS5TLD
NLIVE=RNLIVE-1 SEEQSTZO
LMORT(I)=3 SEEQET3E

KMGRT LT )I=KTHIN SEEOST40
BATHIN=BATHIND(II*D{I} SEEQSTS0

60 1o 100 SEEQSTAD

98 CONTINUE SEEQSTTC

29 CONTINWE SEEQSTBC
100 CONTINUE SEE0STH)
IF{ETHINGEQ.LY GO TO 3 SEEQSE0C

C SEEQB81U
c LOW THINNING SEEOS82D
C SELQSEAC
2 TFUILOW.EQ.2) GO Th 22 SEEQ5847

C SEEQSE50
C DIAMETER LIMIT OPTION SEEO0SE6Q
c SEEO5870
DO 200 iI=1.N SEEQS8BD
IF{LMORTOI)-NELL) GO TU 200 SEEO58%0
IFIOUE) WLT.DLOWLOR.DILJ.GE-TLIM} GC TG 200 SEEQS900
NTHEN=NTHIN+L SEEQS9L0
NLIVE=NLIVE-] SEEQSG20

LMORT (I }=3 SEE05%30

KHORT (I Y=KTHEN SEEL5940

200 CONTINUE SEEGS5950
Ga TO 3 SEEQS96D

C SEEQSSTO
c BA LIMIY DPTION SEEQ5980
C SEEQS599%
22 BATH= (BAIK—1)-TLIM}%ATRES/.005454 SEEDEDOD
DO 400 {T=L.N SEEDAOLD
JF{BATHIN ZGELBATH) GO YC 3 SEEQG6OZ0
BMIN=F.EO SEED6030

DO 300 I=1,N ' SEEQ6040

IF(LMORTIT}LNELL)Y GO TO 300 SEEQ6CSC
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Seed-PTAEDA {continued).

Source Tisting of tree and stand growth simulation program

TFIOI1.GESDMINCDORSLD (I ) LT.DLOW) GG TU 300 SEEQ 6060
DMIK=D{1} SEED60TO
IMIN=1 SEEQH080

300 CONTINUE SEE0&090
BATHIN =RBATHIN+DLIHINI®D{ IKIN) SEECH10G
KTHIN=NTHIN+ L SEEDGLLED
NELIVE=NLIVE—] SEEQ6120
LMORT{IMIN}=3 SEEQ6130

KMGRT L IMEN J=KTHIN SEEO6140

400 CONTINUE SEL06150

3 IF{KTHINJNE.NYEARS-1) GO TG 4 SEEQ&6 163
K=K~1 SEEQB1TO

DU 500 I=1.N SEEQ6180
IF{KMORT{I}.NELK+L) GO TQ 500 SEED619C
DSQ=DLE)EDL T} SEF06200
BALK)=BA(KI-DS0%*,005454/ACRES SEEQ6210
YOFT=DSOeH{{1%.00253 + .27611 SEE06220
YCFTHM=DS@#*H{] 1%, 00205-. 8421 SEEQGZ30
YCUFT{Kyl }=YCUFTIK,E)=~YCFT/ACRES SEEC6240
YOUFTIK,3 J=YCUFTIK:3}+YCFT/ACRES SEE06Z250
YCUFTMUIKS L }=YOUFTM{K, 1 I~YCFTM/ ACRES SEEQ6260
YCUFTHM{K, 31=YCUFTMEK ¢ 3)+YCFTH/ACRES SEEOLETD

306 CONTINUE SEFDHZ280
CAlLL CuUuT#UY SEF06290

K#i +] SEEUE3DD

4 RETURN SEEQ&31D

ENDG SEEQE320

C SEEDET30
[*tt#*##*wt**t**tt#t*t**vw*#t&tv:tt#*s#t#***n***nxts#n****t*&*ut#**#v*k*s&Eos}qo
[ SEE06350
SUBROUTINE FERTLA) SEEDL36D

C SEEQ63T0
C SUBROQUTINE FERT SIMULATES THE EFFECTS OF SEEC6380
L FERTILIZATION ON SETE QUALITY BY CALCULATING A SITE SEEV6390
L AUDJUSTHMENT FACTOR (SAF} WRICH ACTS AS A MULTIPLIER OF SEE06400
< SITE INDEX. SEE06410
C SEEQ6420
C***#*za*mt*t*#t&*w*t*#a**t*v***t##*sm*w**sttttwa*m*&s***utt#&tt*#w**t*#s5205433
COMMON /BLOKG/TITLE{20) eNYEARS SETE s OE XTI ST EXAGE +E XBA, SEEOGALT

1 T5+TS10eKOUTKIN,KTREE s QJUV +QAGATK SEEQ6450
COMMON /BLOKG/KFERT ,LMR,LR 4 RESP , SAF 4 QFERT SEEQH4LD

REAL NO/ZPNDY/ - SEEQ64T3
IFEA=-KFERTLLELOF GG YO S0 SEEDG48D
HUA-KFERT.GT.LMRY GO TO 20 SEFDE64TD

[ SEE06500
C AGE LE AGE (F MAX RESPONSE [LMR) SEEG6TLC
C SEED6S520
SAF=RESP#{ L.~ (KFERT+LMR~AL/LMR} SE£D6530

GO TO 30 SEED6540

20 IF(A-KFERTLGE.LR) 60 TD 49 SEED6550

o8 SEE06560
C AGE T AGE OF MAX RESPONSE {LMR} SEEQ65T0
C SEEDL580
SAFP=RESP®[ 1.+ IKFERT+LMR=A)/{LR~LMR}} SEEGL59C

30 SAF={SAF+SITE}/SITE SEEJ6600
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Seed-PTAEDA (continued).

GL TC 50 SEE0Q6610

40 SAF=L SEEQEE2C
QFERT=NOD SEE0663D

50 RETURN SEE06640
END SEEQ&ES50

C SEEQBE60
(3w ##*#t*‘*****#1@6*&****l"!‘**#*#*##**#*#*t##ﬂ****##***##*’}***t#*t**##**#* SEEDGETD
“ SEEQAGED
SUBROUTINE HOWOLA) SEED6HSD

" SEED6TOAN
[ SUBROCUTINE HDWD SIMULATES THE INCREASETD SEEO&TIO
c COMPET ITIOGN OUE TO HARDWODDS BY CALCULATING A SEEQETZQ
c COMPETITION ADJUSTMENT FACTOR {(CAF} WHICH IS USED SEE08TRD
C TG MULTIPLY ALL CGHPETITIVE COMPONENTS CF SEED-PTAEDA. SEENGTHD
= SEESETSD
C*&*#***t#*********#t*t##*t#****#**!ﬁ*t#tt#**#**t*tw*tm*k##***#*****ﬁ**##gEEG(J“]OO
LOMMGN /BLGKB/HRDWD,CAFoARLSE,QHQHD;IRLSE SEEJGTTO

REAL NC/*ROT/ SEEQE6TRD
IFLA.GE-ARLSE) GO ¥O 10 SEEQETIN
1FLIRLSE.EQe2) GO TO 20 SE£06ETD
CAF=HROWD* [ L. ~AFARLSE)+1 SEEO6B10

GG TG 20 SEEDEEIN

10 CAfF=l SEE06A3C
QHDHD=NL SEEQ&ELD

20 RETURN SEEQ6E50
END : SEED6BED

C SEEOAETO
L% *t$$#*#*$#$*****&*$**$t##$**#Iﬁ***#**###ﬁ*#*t##**#***##***#*#*t** wERseSEEO0LE850D
C SEEQ&RY0
SUBRGUTINE OUTPUT SEEQESCL

c SEEG6SLD
" SUBRGUTINE GUTPUT CALCULATES AND DISPLAYS SEEQ6S20
L SUMMARY STATISYICS FOR TREE AND STAND CHARACTERISTICS. SEENETIN
< SEED6940
C#*ﬁ*#t**‘##ﬁ##*#*******###****tt*********#‘*****#ﬁ#**t####**t**‘v*###****SE ECH9SE
REAL MAI(3) ’ SEE Q6960
DIMENS TON NDC(ZSoBF-HCCKZSya}gPRDD(3lVYINC(3¥|PAI(3Io SEEQE9TD

1 BARLG § s DMIN(4}sOMAX {4} ,5014) SEEOHYBO

G OMMON iBLCKIIX(100).?(100!.LMGRT([OOFtKMORTtlﬂolsDI1303. SEEQ6SS0

1 H(100);CL(IDD}sCI(lﬂﬁi.MIDlIOGI.LEDGEIQI,ACRES SEEDTODNG
COMMON /BLOK3/YCUFT{TS.3).YCUFTM(?SqB)qBA(75)1KJ;K-NLIVE' SEEQTOLO

1 KTHINyHD ,NOLD SEEQTO20
COMMON IBLUK#/?ITLE(ZOJsNYEARS,SITE.QEXIST:EXAGE;&KBA, SEEQTO30

i TS.TSlOrKGUToKiNoKTREE«QJUVoQAGAIN SEEQT040

REAL YESS®YES®/ ND/*NG'/ SEEQTOSD
COMMON /BLOKD/N SEEQTORC
1IF(QJUY.EQuND} GO TG 1 SEEQT0T0

K=KJ SEECTOBO
QUUV=NT SEEQTO90

1 INDEX=L SEEDTINO

C SEEOTLLO
C CALCULATE STAND SUMMARY STATISTICS SEE0T120
c SEEQT1I3C
Catl STATID vaLMﬁRTgBARill|DHiNlll,DHAx(1)gSD(i!leDEX] SEEOTI4T

CALL STATHH oN.LMORT.BAQ(ZI.DHIN(Z)-DHAK{EH.SD(ZlqiNDEX) SEEUTLISS

Source 1isting of tree and stand growth simulation program
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA {continued).

CALL STATI{CLoNsLMORT (BAR(3),DMIN{33,DMAXIB} 503}, INDEXS SEEATI60
CALL STAT{CIyNyLMORT,BARL4) (OHIN(% ) DMAX{%) S0 (41, INDEX) SEE0TITD
INDEXs 2 SEEGTLBO
CALL STAT(D oNeLMORT,DUMP I, DMINZ,DMAX2, DUMPZ, INDEX) SEE0TI90
MAXDIC=DMAX 24 . 45 SEEQTZ200
MINDC=DMINZ+ .45 SEEOT210
IF(MINDCLLT.1) MINDC=1 SE£07220

g SEFOT230

c CALCULATE CURRENT, PERIGIC, AND MEAN ANNUAL INCREMENT SEEQT240

c SEEOT250
DO 100 iD=MINDC , MAXDC SEEQT26D
DO 100 L=1,3 SEEQT2T0
NDC{IDsLI=0 SEE0T280

100 HOC(IDsL}=0 : SEEDT290
D0 150 M=1,3 SEE07300
YINC{M)I=9.E9 SEE0T310

150 PAI{M)=Y.ES SEEDT320
IF{KJLEQ.K} GO TO 3 SEEOT330
YINCTLI=BA (KI-BAIK-1} SEEQT340
YINCL2 b=¥YCUFT(Ky 1)=YCUFTL K= ],y 1} SEE0T350
YINCE3)=YCUFTHIK s LE=YCUFTH{K-141) SEEQT360
IFi K—KyeiTe57 GO 3G 3 SEEOTITO
PALLL)={BA{KI-BALK~5))/5. SEEDT380
PAL(2)=EYCUFT{Ky LI-YCUFTIK~5,111/5., SEELT390
PAI{3I=(YCUFTM{K, 1)~-YCUFTHIK=5,111/5. SEEOT400

3 MALLII=BA(KI/K SEEQT410
MAT {2 )=YCUFTIK,1}/K SEEDT420
HAT(3)=YCUFTAIK $ 13 /K SEEOT430
PROG{LI=BALK} SEEQT440
PRODIZ}=YCUFTIK, 1} SEEQT450
PROD{3I=YCUFTMIK 1} SEEQT46D
TS=NLIVE/ACRES SEEAT4T0
NMORT =N=NLT VE=~NTHIN SEEQT4E0
TM=NMORT/ ACRES SEEGT49C
TY=NTHIN/ ACRES SEEQTS00

¢ SEEQTSLO

c CALCULATE DISTRIBUTION OF SIZES SEEQTS0

c SEEQT530
DO 200 I=1K SEEQT540
L=LMORTE1) SEEDT550
IF(L.EC.0) GO TOQ 200 SEEDTS60
ID=0(1)+.45 SEEDTSTO
IELIDLLTL1d ID=1 SEEQTSBO
NDCUIDSLI=NDCOID,L3+1 SEEOTSSD
HDCUIDsLI=HDCEIDot 14HIT ) SEEGTBOG

200 CONTINUE SEEQTELO
DG 300 L=1,3 SEEDT620
00 300 IB=MINDCMAXDC SEE0T63D
IF{NDC{ID,L).LELD} GO TG 300 SEEQTELO
HDOCUIDsL}=HDC (§De L }/NDCILD, L) SEEQTES0
NDECIDsL}=NOCL ID gL }/ACRES+. 5 SEE0T660

300 CONTINUE SEECTETD

z SEEDT680

" DISPLAY TREE AND STAND CHARACTERISTICS SEE07690

¢ SEEQTTO0
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA {continued).

WRITE{6,6100V(TITLE(MIoM=1,20} SEEQTTLL

6L00 FORMATE//Y *,2084/) SEFQTT20
WRITE(64610%) K SEECTTAO

6101 FORMATU'OSTAND SUMMARY ~ AGE®,[3//' DIMENSION . SEEQTT4D
1 'MEAN STL.DEV. ®IN VAN SEEQTTHO
WRITE{G 6 L02) (BARIH} ,SO{MIo DHINIH), DMAX{M)y M=1,4] SEELTTC

6102 FORMATI' OBH® s6Xsal3X,F5.28/° HT'35X,413X.F5.1)/ SEEQITTO
T 5 CL"o5Xe4l3XeF5.00/"  CITbXe4al2K,Fbual/) SEEQTTRO
WRITE[6461037 ACRES.TS10.,¥5,HMD SEEQTTSO

6103 FORMAT{®CACRES SIMULATED ¢y F10.5/% TREES PER ALRE®, SEEQTEDD
1 * AT AGE 10'4F1D.0/° TREES SURVIVING PER ACRE',F19.0/ SEEQTRLIC

2 ' HEIGHT OF DOMINANT STARD®,Fll.1/} SEEQTRZO
WRITEL 616 104 IPRODIMI s YINCIMI (PATIHIoMAL(M) (#=k,2) SEEDTH3G

6134 FORMAT ("OPRODUCT YIELD INCREM PAT MALY/ SEECTR4T
1 * BASAL AREA" 4X,Fbal,3L2KF6.2)/7% CUBTC FEET® 13X ,Fealy SEEDTBSD

2 B2 Fha 114 MERCH VDL €3 2XyFTa0s3{1X,F 711/} SEEQT860
IFINTHINJLELOY GO TD 57 SEEQTETD
WRITE{G;6501) YCUFTUK3)  YCUFTH{K,3) SEEQTHED

6501 FORMATIY TOTAL CUBIC FEET THINNED '.Fé&.0f SEEQTBSG
i ' MERCH VOLUME THINNED "+ F6L0/) SEECTGRU

5T CONTINUE SEEQTELN
WRITEL6456105) SEEQTIZ20

H1L05 FORMATIGD CLASS HLIVE FEAN H FRURT AN £ty SEEOTS30
1 ¢ #EIHIN MEAN HT} SEECTI40Q

OO 400 ID=MINDC.MAXDC SEEDTSSD

400 WRITE(6+6106F D, ANGC{ID L) oHDU{IDoL Yol =1,31 SEEOT960
6106 FORMATI® ¥, J3,314Xel5:3X,Fbe2)1} SEEQTSTO
WREITE(G6610T) TSaTM.TT SEECTRAS

6107 FORMAT (' TOT *,3(4XsF5.0,9Xi/} SEEQT950
RETURN SELCEDON

END SEEOQBGLO

c SEECBL20
CRERE T FECERFEEEQREEEEER RS ECERE T S LR E SRR E KRR E R F L LT L oI b S oo bbb ook s SFEOA030
- SEEQRQ4D
SUBROUYINE COHMP SEEQ8OSD

L SFEDBOALD
L SUBROUTINE COMP CALCULATES 4 MUDIFIED SEEQRCTU
o HEGYI COMPETITION INDEX ON ALL LIVE TREES IN SEEQ80RD
C A STAND. COMPETITORS ARE FUUND BY SAMPLING SEECBO9D
[ NEIGHBURS BASED ON THEIR SIZE AND DISTANCE ARAY SEEQR1ID
" BY ESSENTIALLY TAKING A POINT SAMPLE AT EACH SEEQBL1D
C SUBJEECT TREE WITH A BAF10 PRISHM. SEECBEZS
C SEEU813C
CREERRE Rk Rk ek kR S AEBRE R LR AR DESRE S SR E SRS TR E S EEIRFEEIREX R XA RN SRR RCSEEDB 140
DIMENS ION JDIS{9)eDISTIO)10ISE4) SEEJBIOD
COMMON /BLOKL/X{100) Y1100} ,LMORT{100)¢KHORTELIO0), 011001, SEEC8LI80

1 HiL001:CL{100},CI{1005,MID{100),LEDGE{9) ACRES SEEDQELTVO
CORHON /BLOKB/PLOTX.PLOTYALPHA SEEQ8180
COMMON /BLOKD/N SEEGELGO

DATA PLOTR/Z2.7T5/4P1/3.14159/ D15/ 14508+ T4658944342/ SEEQBZOU
IDIS{1)=1 SEEQRZ10
GHAX=0 SEEQB220

DU 100 I=1sN SEEQB230

160 IF{D{1).GT.DMAXY DMAX=0{1} SEEQR240

DISMAX=PLOTR*DMAX SEL08250
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

DISMAY=PLOTR&#DMAX SEEGA260
DO 200 I=LsN SEEOBZTO
MIDEI }=2 SEE082BC
200 TF{X{T}aGT . DISMAXLANDLXIT L LT EPLOTX-D1SMAX Y LAND. SEEQB29D
i YUl BaGTDISHAY cANDY{I) W LT {PLOTY-DISMAY)) PIDIT)}=1 SEE08300
NLESS1=N~1 SEEQR310
DO 500 I1=1,NLESSY SEEQ8320
IF{LMORT(I J.NELL} GO TO SO0 SEEQE330
IPLUS]=I+1] SEE0R340
DG 400 J=IPLUSL.N SEEQHE350
IFILMORTLJ) «NEW1} GO TO 400G SEEQBIS0
ENTIOR=MIDI[}+HIDTLJ} SEEQR3RTO
XGIST=X1J—=X{1) SEEDA380
YDIST=Y(Ji~¥YiI) SEEDHA9C
CIST(L)=SQRT{XDISTEXDIST+YRIST*YDISTI SEEQ8400
IF(INTIOR.LT.3} GG TO T SEEO8410
IFIXDIST) &4¢5.5 SEEDB42D

5 BISTUS )=SORTUEIXDISTPLOYX I *(XDIST-PLOTX I+ SEEGBG30
1 {YDIST 1= (¥YDIST Vi SEFO8440
IDIS{2)=5 SEEQB4SC
GO 70 10 SEEQB46D

6 DIST{&6&)I=SART{{XDIST+PLOTIX}*={XDIST+PLOTXI+ SEEOH4TO
1 tYDIsT YTELYDIST 1} SEELB4R0
IDISE2)=6 SEFO84GH
10 IFLYDEST) 3,848 SEEOBS0C
3 DISYU{3}=5QRT({X0IST y={XDIST I+ SEECES10
1 LYDISY+PLOTY b+ 4YDIST+PLOTY )} SEEDBL2D
IDIS{3}=3 SEEDB530
ICODE=IQIS(2)+IDIS{3)-T7 SEEOBSAC
GD TO [(2+44114015114749),41CCDE SEEO08550

B DIST{8)I=SQRT{{XDIST J={XDIST b+ SEEQ8S60
i IYDISY-PLOTY ¥ {YDIST-PLOTY }) SEEQ85TO
IDI5({3 =8 SEEDB5H0
1CODE=XDISI2I+IDIS{3)~7 SEEQ8530
GO TO (2vavdllelliellsT29),ICEDE SEEQBEGC

2 DIST{Z2)=SQRT{{XOIST-PLOTX)I*(XDIST-PLOTX)+ SEEDE6LE
1 (YOIST+PLOTY)I*x{YDIST+PLOTY)} SEEQA&20
IDIS(4)=2 SEEGRGID
G0 TO 1 SEFCBE4D

o DISTEA=SQRTL(XDISTHPLOTXI®{XDIST+PLOTX]+ SEEQBESD
1 LYDIST+PLGTY I *IYRESY¢PLOGTY )} SEEORG6C
IDISU4)=4 SEFQHEETO
G8 TO i SEEOBLBD

T OESTIT =SORTLIXDIST-PLOTX ) #{XDIST-PLOTX 1+ SEEQR69(
1 fYDIST-PLOTY I {YDIST-PLOTY}) SEEOBYOO
ID15{4)}=7 SEEO8TLIO
GO YO 1 SEEQ8720

S DIST{9I=SQRTLEXDIST+PLOTXI*{XDIST+PLCTX}+ SE£08730
i (YDIST~PLOTY }*{YDEST-PLOTY }} SEEQB 40
11 G0 101 SEEOQBTSD
L RJI=DLSY/DIE) SEEOBTOHC
RIJ=L/RJI SEEQ8T7TQ
DC 300 L=1+% SEEQBTED
LLC=1DIS4{L} SEEDSTSRD

LCC=JDISiLC) SEEGRRGO
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Appendix II1. Source listing of tree and stand growth simulation program
Seed-PTAEDA {continued}.

LEDGE(LC)=0 SEE08E1D
LEDGE(LCCI=0 SEECGEBZO
IFLDISTILCIGELDL{II2PLOTR) GO TQ 20 SEEQ8830
IF{LEDGE(LC J.EQ.O) CI{II=CI{I)+RJII/DISTILCY SEEOB840

20 IF(DISTILCILGE.DI1)®PLOTR) GO TD 3C SEEQ8B50
IFLLEDGEILCL) JEQCLOY CILMI=CH{JI+RES/DISTELL) SEEOQBR&0

30 IF{INTIOR.LE.3) GO TG 400 SEEQ88TO
300 CONTINUE SEEDBBEO
400 CONTINUE SEEORBSU
S30 CONTINUE SEEQB90OD
RETURN SEE08910

END SEEGRRZU

C SEEDBS30
CrEesdrd kit ki iokdok g okt ok ook Rtk ik ok gk dok R ded gk Sk gk Rk R ok ke e et bRk k£ S EE QBG40
C SEE08950
SUBROUTINE STATIXoN(FLAG,XBAR,MIN,MAXGS, INDEX) SEECB96C

C SEE089T0
L SUBRCUTINE STAT EALCULATES THE MEAN, STANDAFRD SEECHI8L
C DEVIATION AND RANGE OF INPUT VELTOR. SEEOBSS0
c SEED9COD
[ e g g L L LI SN LT i)
REAL X{NJ ,MIN,MAX SEEQSC20
INTEGER FLAGIN) SEFGS030

M= SEED9040
SUMX=0. SEECS90S0
SUMXSQ=0. SEEQ906D
MAX=0. SEEOQUTO
MIN=1.E10 SEEQ%CED

DO I0D I=1.N SEEQH09T
IF{FLAGII¥.EQ.0Q) GU TD 100 SEEC910D
TF{FLAGII)aNE L JARDLINDEXL.EC.L)Y GO TC 10O SEF0G1L1D
IFIX{E)a6TaMAX] MAX=X(I} SEEQ9I20
TFEXCIVal TaMIND MIN=X{I) SEEQGL13G
TELFLAG{IIANEL L)L GO TC 108 SELQG 140

MM+l SEEQ9152
SUMX=SUMX+X (T} SEEQ9160
SUMXSO=SUMXSQ+X (T X (1) SEEQTITO

100 CONTINUE SEEO9LRE
VAR={ SUMXSU-SUMXRSUMX /M) /{M=-1} SEEQ9:90
5=SQRTIVAR) SEED9200
XBAR=SUMX /M SEEUQZIC
RETURN SEEQS22Q

END SEE09230

" SEEQG240
Tt o AN ok ek o 2 ook o ok ol o e Sk ok Kok B R R ok h e ek Sk bk ok B Rk X GEL G250
C SEF0926&
FUNCTION U{1X) SEEG9ZTO

c SEEDS2ZBC
C GENERATES A UNIFORMIO,L1) RANDOM VARIATE SEEQG290
[ SEEQ9300
€ ke e o sk o e o ol o At AR R e et R b KRR N o R R ARk Nk R s e SEEDG LD
Ix=[X%£5539 ) SEEQ93ZD

U= B+ Xx, 2328306E~9 SEF09330
RETURN SEED9340

END SFEQSIB0
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Appendix ITI. Source Tisting of tree and stand growth simulation program
Seed-PTAEDA (continued).

C SEEO9360
e e e o o 0 e oo e ol Rt o e R K R Bk Ok Rk RO R R R Rk kR R r ok Rk xx X SEEQGRTO
C SEE0QS28C
FUNCTIEN STNORM{IX) ) SEEQ9390
C SEEQ9400
C GENERATES A STANDARD NORMAL RANDOM VARIRATE SEE(9410
C SEE09420
CEERREEREFHE REFEE IR B SR EF R A E A AR B RETE TR ER kD kR R Dk A s F R TR b Er e SEL09430
STRORMe{~2¢AL0GIUTIX I ¥ S*COS{6.2834U{IXY) SEEQG440
RETURN SELOG450
END SEEO%4560
C SEEO94TQ
ottt 3ok Bl o o ook o o 2K R oK o el A B o A R R R A AR Rk kR kTR X GEEO94BD
c ' SEEQ9490
BLOCK DATA SEFOSS00
s SEEQI51L0
Ckr b d o n S bk kAR R S R pork kdk R Ak ok wb R R ARk R R Rk ek FREER SEEDO520
COMMON /BLOKD/ N SEE0C9530
INTEGER N/100/ SEEGSS540

END SEREQ95S0




