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ABSTRACT

Methods were developed to model growth and development of seeded
Toblo1ly 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 controi,
thinning, and fertilization. The overall model was programmed in
FORTRAN and initial tests were made with published yields. The initial
stand generation components were calibrated using a comprehensive set
of data from young seeded stands of Joblolly pine, but individual tree
growth and mortality components relied on previocusly published refation-
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 increasingly
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, including 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 methods are 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
refationships 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 locations 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 Toblolly 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 lodge-
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 appltication 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 in 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), independentiy, 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, vw>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, Kk,
of the Pearson type XI distribution may be estimated by the simple func-
tion of Pielou's index of nonrandomness

ke o
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 probability integrai
transformation, values of a Pearson type XI distributed random variable
can 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 = Vw,
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 be 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 location 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 developed 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



Figure 1. Determining tree positions by fixing distances (r) and angles (&) from random points.
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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 = -1 (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 = pumber 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
TobTolly 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 4G 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/
D.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 te 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 locations 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. P MR RN I S
NU L L |JL WCI.‘.) iIIClUC IH LT irlt (.lCll :DL.U.HC L }J U\JCL 2LAA CUEIL T 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.



Table 2. Equations used in generating initial stand in a growth model for seeded loblolly pine.

@/ 2
Equation R Sy-x
b/ -
DAVE = -1.54190 + 1.14324 1n{HDB) + 0.0038993 BAT Q.78 0.117
c/
DAVE = (.47040 + 0.069485 HD - 0.00000083 A-TS 0.84 0.078
+ 5,45478 HD/TS
DMIN = -0.067446 + 0.029395 HD - 0.00000112 A:TS G.75 0.028
+ 6.23266
Tn(H) = 1.44287 + 0.32192 1n(HD) + 0.52118 1n(D) .93 0.023
+ 0.0026328 BAT + 0.07299/D - 1.08825/A
In(CBL) = -1.43430+1.48535 1n(H) - 0.47173 1In(D) (.96 0.043
+ 0.00092034 BAT - 0.10991/D - 3.34385/A
In{TS} = 5.31958 + 0.83535 1n{BAT) + 1.04073 T1In{PPINE) (.85 0.092

-1.60866 Tn{DAVE)

_Ei...

a/

" Where DMIN = minimum d.b.h. (inches), DAVE = average d.b.h. (inches), H = total height (feet),
CBL = clear bole length {feet), TS = number of loblolly pine trees surviving per acre, BAT = total
basal area per acre {ft¢/acre), HD = average height of dominants and codominants {feet), D = d.b.h,
{inches), A = age (years), PPINE = proportion of BAT in pine (pine BA/BAT).

b/
Used for existing stands only.

c/
" Used in initial stand generation.
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The above coefficients were estimated using the data of Harms and
Langdon {1976). Briefly, their study consisted of 20, 0.1-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 veriex 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 + 0.209472

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

(b +b, CL % )

where,

CI = competition index

CL = crown length (feet)

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

£
o
[
A
D

PLIVE =
where,

PLIVE

probability that a tree remains alive

Survival probability is calculated for each tree and used in
Bernouli trials to 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 Tinearly 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 Timit,
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 equations used to obtain
stand yield estimates are from the natural stand work of Burkhart et al.
(1972a). Input variable definitions, flow charts, and a complete program
listing 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 development 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
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Table 3. Summary of stand conditions in 121 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 121 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 limited 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 Tength.

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 close 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 require 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 results
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 in 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 variable definitions for simulation model
Seed~PTAEDA (continued).

Variable e
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
T = 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
TLOW = 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




- 3] -

Appendix II. Flowchart of tree and stand growth simulation program
Seed-PTAEDA.
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Appendix II. Flowchart of tree and stand growth simulation program Seed-PTAEDA (continued).
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Appendix III. 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 kRO kR R R R R R R R RSN SEEQ IOLT

¢ SEE0OC20
[ SEED-PTAEDA SEEDQO3D
C SEEQGCO40
z SEED-PTAEDA IS A SIMULATION MOPEL CF TREE AND STARE GROWTH  SEFO00S0
c IN MANAGED, SEEDED LOBLOLLY PINE {PINUS TAEDA L.} STANDS. SEEDGOSD
c SEEGD070
¢ DEVGLPED BY RICHARD F. DANIELS, VPI&SU, 1978. SE£00080
c _ SEEQO0ID
C#**#*##*#***#*#***##***#k‘t*#**##***t****#**##**#*##***##**#&*********ﬁSEEGO[OO
DIMENSION VOE13):5(2) SEEJDLL0
COMMON /BLOKL/X{L00F.Y(L0O0) L MORT {100 4KMORT{1CCH,DEL0CH, SEEQ0120

I HIL0034CLI{1GOY +CI(100},MIDI100) LEDGE{9), ACRES SEE0D130
COMMON /BLOKIZYCUETI 75,30, YCUFTH{ 75, 3) oBAL T5) 4Kdo Ky NLIVE, SEE0O140

1 NTHINHD, NOLD SEE0O150
COMMGN /BLOK4/TITLE(Z0) (NYEARS, SITE, CEXIST JEXAGE, EXBA, SEEQDi60

1 TS5oTS10,KCUTeKINJKTREE (QJUV,0AGALY SEEOGITC
COMMON /BLOKS/HRDWDHC AF 4 ARL SE » QHDWE 4 TRL SE SEEGO180
COMMON /BLOKG/KFERT 4L MRpLRyRESP y SAF e QFERT SEEDG190
COMMON /BLOKT/KTHINg ITHIN, ILOWy OLOW: TL THe XCORS YLOR 5 XCOR 5, YCORS SEF00200
COMMON /BLOKE/PLOTA, PLOTY s ALPHA SEEQQ21C

REAL YES/PYES'/,NG/*NO®/ SEEQ0220
LOMMON /BLOKD/N SEEGOZ3D

DATA 5/0.77093,0.07729/ SEEIGZ4D

c SEED025D
¢ INPUT INITIAL SIMULATION CRITERLA SEE00260
C SEE00270
1 CALL INPUTS{IxXyNC,NCARDS) SEED0280

¢ SEEQ9290
Z INITIALIZE TREE AND STAND VARIABLES SEEG030D
¢ SEEQCLO
DO 50 K=1,75 SEEDOE2D
BALKI=0. SEE00330

DG 50 L=1,3 SEEOD3240
YCUFT{ KoL }=0. SEE00350

50 YCUFTMIKyL }=0. SEEDD360
BO 60 I=1.N SEEQQ3T0
DLI}=0. SEEQ33BG
HUTI=0. SEE00390
CLITI=0. SEEGU4I0
CILTi=0. SEE0D410
KMORT{TI=NYEARS SEEGD420

60 LMGRT{II=1 SEEQ0430
KTHIN=0 SEEDD44D
KOUT=0 SEEQG450
KTREE=(C SEEQD4AED
QFERT=N0 SEED0470
NOLD=N SEE00480

c SEE00490
c GENERATE INITIAL STAND SEED0500
c SEEQO510
CALL SEED(IX) SEEOOS2ZD

CALL JUVSTIX) SEEOG530

CALL CCMP SEEQ0540

IF{QIUVL.EQ.NO) GO TO 65 SEEQGS50
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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

[ SEEDGS580
[ COMMENCE ANKUAL TREE GROWTH SEECQS90
[ SEEQO8DD
65 KC=KJ+1 SEECQS1D
A=KL SEEQGH20

D0 200 K=KL,NYEARS SEEQ0630

A=K SEEOO640

C SEEQQ6S0
C INPUT MAMAGEMENT CRITERIA SEEDOLED
C SEEQOETO
IF{QHDWD.EQ.YES) CALL HDWD(A!} SEEQOERD
IF(KIN  JEQ.K] CALL INPUTZ2 SEEDQ69D
TFA{KTHINGEQaK} CALL THIN{A} SEEQ0700
IF{QFERTLEQ.YES) CALL FERT{A} SEEQOTIO
SI=SITE SEEQQT20
POTHESI®] 0. % (—6,528%{ 1o/ A~u02]) SEECCT3C
PHIN=POTH~RD SEEGOT4D

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

0 CUR=CLEIFAHITI SEEOGTTO

c SEEQQTREC
[ GETERMINE TREE MORTALITY SEEDQOTIC
C SEECO8DD
PLIVE®= 1o086%CRE*,0TO2826%EXPE—o0Z28L694%{CI{1I*LAF} SEEQOALD

1 **1, 177809} StE00820
P=UlIX? SEEOGERD
TF{P.LT.PLIVEY GO TO 80O . SEECO840
NLIVE=NLIVE-1 SEEQO8B50
LMORT{ 1)=2 SEEQ0860

KMGRY £ 1=K SEEQQ8TD

GG TO S0 SEE00880C

C SEFO0890
< COMPUTE H AND D INCREMENT OGN ALL TREES SEEDQO%0D
C SEEQD9]1Q
B0 HRED=546 31 +CR¥%] . 66254%EXP{4.82T22-1.15083%C1{ [} SEEDO920

i 2LAF—6.66226%(R} SEE00%930
R=STHORM{ 1 X} SEEQO940
HIN=PHINSHRED SEEQO9SD
HINMAX=1.00206%PHIN¢ . 13462026 SEEQDS60
IFIHENGT o HINMAXE HEN=HINMAX SEEQ09TG
POIN=.2B658336%HIN +.20947138 SEEQGS80
HIN=HIN+R®S5(1} SEEQQO99D
IF{HINSLT «Cal HIN = Q. SEEDLOD0
DRED=.086524+.,020178%CLII)** ], 1799862EXP(~1.320610 SEEGICLO

1 *=CIl1=CAFR) SEEQCIOQ2C
DIN#PDIN®DRED*R%5(2) SEEQLG30
IFIDINLLT 0.} DIN=0. SEECLO4D

C SEECIGS0
C CALCULATE PRODUCTS SEEQLO60
C SEE01QT0
DEI=D{EI+DIN SEECEQED
H{Iy=HUI}+HIN SEECLO9C

90 L=LRORT{I) S5EEQI10C
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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{Ke L )=YOUFT (K1 P #DSQFH{ 114, 00253+. 27611 SEEGL1IBO
YOUBTHIK, LI=YCUFTM{K L} +DSQ*H{ I }*.00205~.8421 SEEQT1L4D

100 CONTINUE SEEOLESD
B8A{K)I=BAIK}®. 005454/ ACRES SEEGLI60

DG 150 bL=lse3 SEEQLLITA
YOUFTUK oL b=YCUFTI{K,L1/ACRES : SEECLLIBO
YCUFTHIK LI=YCUFTMIK, L) /ACRES SEEOQLYS0

150 CONTINUE SEEDL200

C SEEQGLIZI0
c DETERMINE CROWN LENGTH SEEQ1220
C SEEQLZ230
T=NLIVE/ACRES SEEDQLI240

OG 101 I=lN SEEQLZSG
LCItk=0. SEECLZ60
IF(LMDRTLE)aNELL1) GG TO 1O1 SEEQLZTO
CBL=H(I|**1-48535*D(13**(‘0-47173}*EXPI*1.4343+.92034E—E*BAIK) 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 Y0} 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.EQ.YESY GO TG 1 SEEO 1460

STOP SEEDLEATD

END SEEQL480

c SEEGLAGO
C*#***####*#tt*t*##t*t#*****t#**vt***#t*t#t***t#t**t*t#t***t*t*tt**tt*#n55501509
< SEEQ1S51D
SUBROUT INE INPUTS{IX,NC, NCARDS) SEEQL52D

c SEED153D
C SUBROUTINE INPUT 1S DIVIDED IATG 3 MAIN SUB-SECTICAKS SEEQLS4D
C DES IGNED TO PROMPT THE USER FOR AND READ INITIAL SIMULATION SEEQLISS0
C CRITER{Ar MANAGEMENT CRITERIA, AND PROGRAM CONT INUAT TGA SEEQLSGC
[ CRITERIA., THIS SUBROUTINE IS THE ONLY ONE wHEICH NEED SEEDLHTD
c BE CHANGED FOR BATCH MODE OPERATION. SEEQLS80
c SEEOLESO
c**##ttt#a##tt##**#tttﬁ#*###t*tt####**x#*tt*t#*w**t#***#*#*##st****t*t*tSEEQ1690
COMMON /BLOK&/TITLEE20) oNYEARS,SITE,QEXISY ,EXAGL +E XBA, SEED161G

i TS,TS10+KOUTsKINoKTREE s QJUV, QAGALIN SEEQ1620
COMMON JBLOKS/HDWDCAF 4 ARLSE s QHOWD s IRLSE SEFGLE3D
COMMDN FBLOKS FKFERT s LMRy LR, RESP,SAF, QFERT SEEGLlE4

COMMON JBLOKT/KTHINg ITHIN 1LOW DLOW TLI# 9 XCLR, YOCR, XCORS »YCORS SEZC1e5D
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Appendix ITI. Source Tisting of tree and stand growth simulation program
Seed-PTAEDA (continued).

COMMDN /BLOKB/PLOTY,PLOTX,ALPHA SFED1660

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

C SEEQ1680
C READ INITIAL SIMULATION CRITERIA SEED16983
[ SEECLTO0
WRITEL{&,6001} SEEOLT10

6001 FORMATU// 13X, 1048%-7) 58Xy SEED-PTAEDA +5X,10{~%)// SEEOLT72D
1 * SIMULATION OF TREE AND STAND GROWTH IN', SEEOLT3D

2 ' SEEDED LOBLOLLY PINE STANDS *// SEED1740

3 ¢ ENTER: TITLE') SEEQ1750
READIS5001) [TETLELL) 4L=1,20) SEEQLTEE

5001 FORMAT{20A41 SEEQLTTO
WRITEL6,6002) SEf0178C

6002 FORMAT{' ENTER: NYEARS,SITE,IX®} SEESLTYD
READ{9,%) NYEARS,SITE,IX SEEQLROO

10 WRETE(&,6003) SEECLELD
6003 FORMAT(® EXISTING STAND ? ENTER: YES CR NGOY) SEEQ1822
READIS 5002 IGEXIST SECOIB3D

5002 FORMAT(A3} ‘ SEEQLI84L
IFIQEXIST.EQ.ND)Y GO TO 20 SEEQL85C
IFLOEXIST.NF.YES) GG TG Lo SECL(1880

GO 15 25 SEED18T0

20 WRITEL&,5005) SEEQLR80
6005 FURMAT(® ENTER SPATIAL PARAMETERS: ALPHA,TSY) SEEO1890
READIG %} ALPHALTS SEEQL900
TS10=75§ SEEQLSLD

GO TO 30 SEEOI9ZD

2% WRITE(6,60051) SEEQLY3D
63051 FORMAT{' ENTER SPATIAL PARAMETERS: ALPHA,BA,AGE®} SEEG1940
READ{S %} ALPHA,EXBA, EXAGE SEFQ1950

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

6006 FORMAT(* HARDWOGD CONTROL 2 0 SEEQIGSEN
READI{9,5002) QHOWD SEED1S%0
IF(CHDWDLECLNG) 6T TG 35 SEEQ2000
IF{QHOWDLNELYESE GU TO 30 SEED2010
WRITE{6,6007) SEEQ2020

6007 FORMAT{Y ENTER HARDWODOD CONTROL PARAMETERSI MOWD, IRLSE,ARLSET} SEEQ2030
READIQ,s%)  HDWD,IRLSE,ARLSE SEEQZ040

35 CAF=HDWD+1 SEEQR205Q
SAF=1. SEF02066
KRITEL6,6008) SEEQ2L70

6006 FORMATI' JUVENILE STAND QUTPUTZY) SEEQ2080
READ (9,5002) QJuv 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 SEEQ2160
c SEEORITO
ENTRY INPUT2 SEEJ2180
IFIKIN.EQLNYEARS) 4O T 39 SEEDZ219D

WRITELG6,6010) KIN SEE02200
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Appendix III. 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
IFLRINGEQ.NYEARSOR.RINLL T 10 &0 TL 60 SEEQ2230

%0 WRITE(G6+60L1} SEEQ2240
601L FORMATLY THIN STAND?*) SEED2250
READI9,5002) QYHIN SEE222430
IF(QTHINGEGQ.ND) GO TO 60 SEEQZ2ZTQ
IF{OTHINSNELYESIGE TGO %0 SEED2280
WRITELE 6012} SEE02250

6012 FORMAT(* ENTER THINNING TYPE, AGE: LTHIN,KTHIN'} SEEQZ330
READ(G#) ITHIN(KTHIN SEEQZILO

GO TO {50,55¢50)0 ITHIN SEEDZ2320

50 WRITEL646013) SEF02330
6013 FORMATIY ENTER CORRIDOR THINNING PARAMETERS: XLORW.YCDRW.', STED2340
L PXCORS,YCORS" Y SEED2350
READ{G,*} XCOR,YCOR,XCORS,YCORS SEEIZ35D
IF{ITHINEGL1} GO TO 60 SEEQZ3TC

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

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

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

6016 FORMATI® ENTER FERT PARAMETERS: RESP.LR,LMR,KFERY*®} SEEQZ245D
READIG, %) RESP,LReLMR ¢KFERT SEEQZ5I0

T KOUT=0 SEEQZH1C
IF{KINJEQ.NYEARSY GO 1O 75 SEE0QZ2520
WRITE{6+6017) SEEQZ53C

6017 FORMAT{* STAND SUMMARY?") SEEQ2540
KEADE9,5002) QSTAND SEEQ2550
1F{QSTANDLEQ.NDOY GO TO 80 SEED255N
IF(QSTANDSNELYESYGD TO 70 SEEQ25T70

T5 KOUT=KIN SEEN2580
60 CONTINUE SEEQ2590
90 IF{KIN.EQ.NYEARS} GG TC 95 SEEDZEN0
WRITE (64601%) SEED2610

6019 FORMATI® ENTER: AGE AT NEXT DECISION PERIGER®) SEEQ2L20
READI9 %) KIN SEEQZ2630

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 ket AF AR E AT HE R RS ERRT R B LR R R A R S F e kR RSk x e s kx X xSEED2TH0
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Appendix III. Source Tisting of tree and stand growth simulation program
Seed-PTAEDA (continued).

C SEEQZ2T60
SUBROUTINE SEED(IX) SEEQZ2TT0

C SEED2T7HY
C SUBROUTINE SEED CONTRCLS ASSIGWMENT DF SEEQ2TS0
C INITIAL SPATIAL PATTERNS. SEEQ2B0O
C . SEEQZELD
C ROUTINE DEVELOPED BY HOWARD B. STAUFFER SEE0282D
G MODIFTIED BY RICHARD F. DANIELS AND GERALD D. SPITTLE SEED2830
C SEEDZB4D
C**B**—******k****t**#*****#****lﬁ**#t#*******I‘ﬁ**#*******&t*ﬁ*ﬁttt*t*k*#tsgg D288H
COMMON JBLOKL/X1EDO) o YELOG) sLMORTELOG) « KHORTLI00) D1 10610, SEEQZ2860

1 H{L00CLII00)oCI(100)4MIDELO0) +LEDGE (9} ,ACRES SFFO2E70
COMMEON /BLOKSG/TITLE(20) JNYEARSySTITE QEXESTEXAGEEXBA, SEEQZBI0

L TSeTS10+KOUT oKINSKTREE 4QJUVLQAGATN SEED289D
COMHMON /BLOKS/HDWD, CAF ARLSE« QHOWD y IRLSE ’ SEEL2900
COMMON /BLOKB/PLOTY, PLOTX ¢ ALPHAL SEED2BLIO
COMMON FBLOKD/K SEEQ29290

REAL YES/UYES®/SNU/INCE/ SEEG2%30
RIBERSION XXL1G0,YY {1001 +RANDL{10G], IREGIAE0Y SEEQZY%40
DISTSQUABeCoDI={A~L IR {A~C )+ {B~DI* (B~D) SEEQ2950
PI=3.14159 SEEO2960

C SEEQZSTO
c EXISTING STANDS SEEDZ2980
< SEED2990
KJd=10 SEEQ3000

b=K.§ SEEG3010
SI=%SITE SEEQID20
TFIQEXIST.NELYES) GO TO 10 SEEQA03D
HD=S51# )0 ¥ (~6,.528%{ 1 . /£—o.02)) SEED3040
ARAT=EXAGE/A SEED3CE0
BAT=EXBA*EARATHEXP - { B 43445 ARAT- 1140267402 { ARAT—1%5T}) SFEG3060C
DAVE=-1.54]19017+1.143242%3%AL0G{HDI+. 0038993 %BAY SEEQHECTO
TS=EXP (5, 319584} #8AT*%,. 835350 TRDAVE®R®(—1 . 6085657 ) /CAF®E] 0407345 SEEQ3080
TS10=T3 SEEQ3LS0

c SEEOALIO
C GENERAYE SPATIAL PATTERN SEEQ3LLD
C SEEL3120
L0 FN=N SEEG3130
ACRES=FN/TS SEED3LI40
PLDTX=SQRTIACRES*435&601 SEEQ318D
PLOTY=PLOTX SEEQ3160

DO 1030 I=1,N SEEQ3170
RNX=4{1X} SEEC3180

XX (I3=PLOTXERNX SEEQ3190
RNY=UILIX) SEEQ3Z200
YY(I)=PLOTY*RNY SETO3210
C=FN*=PI/{PLOTX=PLOTY} SEEQ3220
FK=ALPHAL /(ALPHAL~1} SEE03230

18021 RND=UEIX} SEE03240
IF{RNDLLE.CLD05) 60 TO 1021 SEEQ2250

1030 RADL{II=SQRT{I{FKAC)®{RNOD** [~1,/FKI~Lal)} SEED3260
80 1190 I=14N SEEQ3ZTC

il1teé CONTINUE SEED3280
DO 1040 K=1,.360 SEEDBZ290

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

Seed-PTAEDA {continued).

1050

lGe0

1070

DO L130 Jd=1.N
IF{J.EQ.1} GO TE 1130

IFESORTIDISTSQIXX(T oYY (T e XXU I YYLL) J 3BT {RACI(TI+RADLEJID)

GG TO 1130
CFACE XX T 1%%24 YV { T ¥ 2~ XX { J)HF2~¥Y (J) 5 %2
XFAC=Z X XL =2 XX 1}
YEAL=2.%YY{Jd)-2.%¥Y{1)
IF{XFAC.EQ.D.) GE TO 1050
IF{YFAC.EQLD.] GO TG 1060
YFAC=—YFAL/XFAC
CFAC=—CFAC/XFAC
YSOeYFACH®Z4]
YVAL={CFAC—XX (T )22 o Y FAC~2.2YY (1}
CVAL={CFAC—XX{ I 12 4¥Y L L) #%2—RADL ([} %%
BSQuYWVAL#%2
FOURAC=4.%YS50#CVaL
L#ABSTB5Q-FOURALY
YROOT1=({~YVAL+SQRTIZ)/{ 2.%¥S5Q}
YROOTZ2={~YVAL-SQRT{Z}}/i2.%Y5Q}
XROOTL=YFAC*YRODTL4+CFAC
XRQUT 2= ¥YFAC*YROOT2+LFAC
66 YO love
IF{YFAC.EQ.0.} GU TO 1130
YROOT L=—EFAC/YEAL
YROOT2=YRLOTIL
X50=1.
XVAL==2.%%XX1{1)
CVAL=XXET J%eZ-RADL (I ) ®%2+{YY{I}-YRCOT] ) %x2
BSQ=XVAL#%2
FOURAC®4 , BXSO*CVAL
I=ABS{BSQ~FOURAL)
¥ROUTLI={~XVAL+SQRT{ 2} 3/8 2.%XSQ)
KRODYZ={-XVAL-SCRT{Z}) )/ E2 .*XSQ}
G2 TO 1070
XROOT1=~CFAC/ XFAC
XROBTZ2=XRGOTL
YSG=1la
YVAL=—2.%YY(I}
CYAL=YYT [ JexZ2—RADL (I 1%*2+ { XX{ I} ~XRCOT1 }**2
BSQ=YVAL%%2
FOURAC=4 ,xYSQ¥(VAL
2=ABS{RSO~FOURAL)
YROOTI={=VVAL*SQRYLZ Y}/ 2. %Y5Q)
YROOTZ2=(~YVAL~SOQRT(Z11/{2.%Y5Q)
THETAL=ATANZ{YROOT 1YY { 1) . XROCTI-XX(1))
IFITHETAL LT 0o} THETAI=TRETAL+2,%P]
THETAZ=ATAN2Z IYROOT2-YY L]} . XROOT2-XX (]} )
IFETHETAZLTL0u) THETAZ=THETAZ+2.%P]
THHIN=THE TAl
THMAX=THETA2
FF{THETAZLLTLTHETALY THMIN=THEYAZ
IF(THETAZ.LT.THETALY THMAX=THEYAL
11=360.%THMIN/ {2.%P 1)
22360  THMAX /{2 %P1}
IF{i1.EQ. 12} GO 7O 1130

SEEQ3310
SEEQ3320
SEED33AA0
SEEQ3340
SEED3350
SEE03260
SEECQ33T0
SEEQ3380
SEE03390
SEE03400
SEEQ3a)0
SEEC3420
SEEQ343C
SEE03440
SEFD3450
SEEQAL6D
SEED3LTD
SEE03480
SEEQ3490
SEEQ3%20
SEEQ3512
SEEQASIO
SEEQ353D
SEEQGASLD
SEED3D5D
SEE03560
SEEOABTD
SEEO3580
SEE0A550
SEEQ3600
SEED3L10
SEEG3I62Q
SEED3&3D
SEED2640
SEEG3650
SEE03660
SEFQ36TD
SLEQ3680
SEED3E9D
SEEC3TGD
SEEO3710
SEEJ3T20
SEEJ3T3D
SEEQ3T40
SEEQZTS0
SEE03TE0
SEEQRATTC
SEEQ3TRD
SEEC3T9C
SEECG3800
SE¥03810
SEED3IR2D
SEEQ3830
SEED3B40
SEECABSO
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

THMED=THM IN+ITHMAX-THMIN) / 2. SEEC3B60

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

YYY=YY (1 I+RADI{I}*5IN{THMED) SEEQ3BRO
IFISQRTIDISTSCQIXRAI ) oYY (Jd) e XXX, YYYIILLELRADY(JYY GG TC Lllo SEED3B90

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

DG 1080 K=1,11 SEEC3ISLED

1080 IDEGIK)I=0 SEEN3920
1090 DO 1100 &=I12,360 SEEQ3%30
1100 IDEGIK)=0 SEFQ3540
G TD 1130 SEEQ395S

L1110 IF(]1.EQ.C) IDEGL360)=0D SEED3%60
IFEI1.EQ.QO) Il=1k+1 SEEQ3STD

D0 1120 K=I1.12 SEE03%BC

1120 IDEGIKI=0 SEEC3990
1130 CONTINUE SEEC4000
1140 00 1150 K=14360 SEEU40L0
XXX=XX(1)+RADI{1)#COSIFLOATIKI*Z2.#P1/360.1 SEF04020
YYY=YY{I)+RADL{ RIS IN{FLOATIK %2, 2P/ 36041 SEEQ4GAD

L1580 JF{XXXel V400 DR XXX aGTaPLOTX o DRWYYY LT o 00 e CRAYYYLGT. SEEO4040
L PLOTY } ITOEG{K)I=0 SEEQ40S50

L=C SEE04060

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

L=l+} SEEQ4090
IDEGEL)I=IDEGIK) SEfO4100

1160 CONTINUE SEEG4L1D
1170 ReFLOATCLI*ULIX}+1 SEEO41Z20
IF{M.EQ. {E+1} ] HM=L SEEQ4130
IF{L.NELO) GO TO 1174 SEEQ4140

c XX{[ =PLOTX=ULIX]) SEEQ41L50
C YY{L)=PLOTY*U{IX) SEEQ4 160
C GC TG 1176 SEEO41TO
b= ] SEEO&IB0
INEGEMI=3460.FU1IX] SEEQ4LES0

1174 CONTINUE SEEQ&£200
THETA=2.%P 1% IDEGIM}/ 360, SEEQ4210
XUTIh=XXU1)1+RADLIA{T}*COS{THETA) SEEJ4Z20
YOII=YY({I)+RADM{I}«SIN{THETA} SEEN423D
TF{L.EG.0) A1 =XX{T} SEEQ4Z240
IF{L.EC.CY YU(II=YY(I} SEEQ4250

1190 LONTENUE SEEQ4260
RETURN SEEQ4ZTC

END SEED4280

[ SEF04290
M A g e P s P g L e s e e I L T T T T g g VA Wy 15
SEEC43210

SUBROCUTINE JUVS(IX) SEEGA320

£ JUVE SEEO4330
c SEEQA34D
9 SUBROUTINE JUVS GENERATES A JUVENILE SEEDED SEEC4350
c STAND AT AGE 10 FROM EXISTING STAAD INFORMATION. SEED4360
C SEEQ4370
CRERSF AR R L ERR A AT RS G AD R AR FRARBE R R ERZ SRR TR RRERRER R L fb kR kdkohk e ke K2 AR SEEDG B0
DIMENSION 51(2) SEEQ43%0

COMMON /BEDRLI/XILICO) s YU LOCH sLMORTELOC) dKMORTL100) 4D1I0C SEE04400
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

1 H{100)}eCL{1003,CILE00)4MIDIL0OCI LEDGE(S] 4 ACRES SEED4410
COMMON FBLOK3/YCUFT{T5,3) YCUFTMI 75,30 sBALTS) +KJoKoNLIVE, SEEQ4420
1 NTHIN HD ¢ NOLD SEECG4430
COMMON /BLOK4/TITLELZ2G) o NYEARSeSITEsQEXTIST ¢EXAGEEXBA, SEEQ4440
1 TSs¥S10,KOUTsKINJKTREE,QJIUV,QAGAIN SEEQ4450
COMMON /BLOXS /HDWD,CAF 4 ARLSE,QHDWE, IRLSE SEEO4460
COMMON /BLUKB/PLOTX,PLOTY+ALPHA SEEC44T0
REAL YES/PYES?/NO/INUGT/ SEECa4R0
COMMON /BLOKD/N SEEQ44ST
DIMENS ION DUMMY I 1003 SEED4B00
KJ=10 SEEQ4510
A=K SEEDGSRD
Si=SITE SEEG4530
HD= STl 0¥ e {~6,528% (L. /4~.02]}) SEED4540
A=K SEE(4550

DAVE= 470401+ 06948560~ OBIE—SxAR{ TS®CAF 1 +5.454T0%HD/{TS#LAF)Y  SEED456D
DHRIN=— . 06T446+ 0293952 H0~. L12E—5%A={TS*CAF ) +6 . 23266%HD/ (TS*CAF} SEEQ45TO

IF{IDAVE.LELOFDAVE=,3001 SEEDR4SBC
FF{OMINGLE «OJDRIN=.0001 SEEQ4590
BHAT=ALOGIYS*JL*CAF)/ALOGIDAVE/DMIN) SEEJ4600
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 TO 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} SEEQ&THO
140 IF{CI{J}.GECMINI GO TO 1200 SEED4BDD
JC=4 SEEC481D
CHIN=CI(4} SEED4R20
1200 CONTIRUE SEECAB30
DIJC)I=DMAKX SEEQGB6LD
CIJCI=9.E9 SEEQ4850
QUMMY { JD)=0. SEEQ4ELD
NTREE S=NTREES+1 SEEQ48TO
D5Q=DLJICI#DLICE SEEQ4BRY
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
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

E250 HAV=HAV+HIL) SEE04960
HAV= HAV/ K SEEQ49T0
RAVHAT==~] .62347640.916285%HD SEED4SH0
HRAT=HAVHAT/HAY SEEQ4990

DG 1300 I=14N SEEOSQCO
Ciil)=0. SEEDS%0LC

H{T b=H{ 1] *HRAT SEES5020
CBL=H{ I} #] 485353 D{ [ 13X ~0 4T 173V FEXP [~ 1, 4343+, 92 034E~3%BA{K I} SEEQ503C

i *CAF-0.0099L/D(] }~3.34385/A) SEEQ5040
CL{T}=#{I)~-CBL SEEQ5050
TFICL(T.LTLOICLET)=0 SEEQS5060
DSC=0LTi*D(T) SEEQS0TO
PFIDII)GE 455} YOUFTM{KJ, LI=YCUFTMIKJ 1) —a B421+. G0Z205205Q%H({[) SEEOS08C
YCUFTIKJ L)=YCUFTIKJo 1340 2T6114.00253%0DSQ%HIT} SEEQS50%90

1300 CONTINUE SEEOQ5100
YOUFTM{KJ s LIZYCUFTMIKJ, 1} FJACRES SEEQ5110
YOUFTIKIs 1 }=YCUFT(KJ4 1} /ACRES SEEG5120
RETURN SEEQS 138

END SEEOSE40

C SEEO3L50
R R e e il T 2 L Ay T L BT T
C SEEQSLTC
SUBROUTINE THIN{A} SEEQ51B0

= SEEDS 190
C SUBRGUTINE THIN REMOVES TREES EFTHER BY CORRIDORS CR FROM SEEQS52G0
C BELUW. THINNING FROM BELOW MAY BE ACCOMPLISHED BY REMOVING SEEQBZ1C
c TREES BELOW & SPECIFIED DBH DR 8Y THINNING YO A SPECIFIELD SEEQ5220
C RESIDUAL BASAL AREA. CORRIDOR THINNING MAY BE USED IN ETITHER SEEQ5230
C THE X OR ¥ DIRECTION OR BOTH. SEEQS5240
[ SEEQ5250
Cod ok b H SR A RRARR S ERE IS FEEEEE TG R TE R 2R EFE RSk Skt Dt ER AR & SEENS 260
COMMON /BLDKI/X(IOD)|Yi100)'LHORT(IUU!vKMDRT[lOO]vD{100)1 SEEQ5ZTO

1 HIELOO N ,C{100),LX{100) H#IDI100) ,LEDGELD ) ACRES SEEQ5280
COMMON IBLQK3/YCGFT(75:3)gYCUFTH(TS.S).BA(TS)gKJ-K,NLIVEy SEEQ5290

1 NTHINHD ¢ NGLOD SEEOS300
COMMON /BEOKG/TETLE{20) +NYEARS, SITE QEXIST,EXAGE EXBA, SEE05310

1 TS+TSICKOUTyKINeKTREE ¢ QJUV e GAGAIN SEEQ5320
COMMON /BLOKT/KTHING ITHIN; TLOW ¢ CLOW, TEIM, XCOR, YCOR ¢ XCORS , YCORS SEEQR230
COMMON /BLORB/PLOTX,PLOTY, ALPHA SEEO5340
COMMON /BLCGKD/AN SEEDB3E0
BATHIN=0. SEEDS360

GO YO (ke 24114 ITHIN SEECS3ITY

C SE£05380
c CORREIDCR THINNING SEEQS5390
c SEEQS400
1 IF{YCORSLLE.Q) YCORS=1 SEE05410
IFIXCORS.1LELQ) XLORS=1 SEED5420
NCORY=PLOTY/YCDORS 4.5 SEED5430
NCORX=PLOTX/XCORS+4 5 SEE05440
XSTART=XCORS/2.~XCOR/ 2« SEE0545C
YSTART=YCORS/2.~YCGR/ 2. SEEQ546C

. DG 100 I=1l4N SEEQ5470
IFLMORTI I} WNEL L} GO TO 10O SEEQ5480
IF{YCORLELOY GO YU 97 SEEO5450

DO 96 J4=1,NCORY SEEQ5500
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued}.

Fd=J SEEQS510
YIN=YSTART®F § SEEQS620
YAX=YINSYCOR SEEQS530
IF{YAX.GT.PLOTY} YAX=PLOTY SEENS540
TFCYOLIALTLYINGORGYEL YL GTLYAX) GC TC 96 SEEQS550
NTHIN=NTHIN®] SEEQS565
NLIVE=NLIVE~1 SEEQSSTO
LMORT{I}=3 SEEGS5680

KMORT (I)=KTHIN SEEQB590
BATHIN=BATHINSD{E =D} SEED56D0

GO TQ 00 SEEQS561I0

96 CONTINUE SELD5670

$7 CONTINUE SEEQS43L
IFUXCORLLELD) GO To 99 SEED5640

BO 98 J=1, NCORX SEEQSE5S

Fa=4 SEENS66C
XIN=XSTART #F SEEQSETC
XaX=XIN+X COR SEEQSHBN

1IF{ XAX. 6T« PLOTX) XAX=PLOTX SEE0S5L50
FRIX{IFLT W XENLORLXELVLGTXAX) GO TC 98 SEEQSTOU
NTHIN=NTHIN+] SEEQST1D
WNLIVE=NLIVE~L SEEOSTZO
LMORT(I}=3 SEEQRT30
KMGRT{T)=KTHIN SEEQST40
BATHIN=BATHIN#D{I)®D( T} SEEQST50

60 1o 106 SEEOSTH0

98 CONTINUE SEEQSTTC
96 CONTINUE SEEQ5180
100 CONTINUE SEEQSTIO
IF{ITHINLGEG,LY GO T 3 SEEQSEOC

[« SEEQ5810
c LOW THINNING SEEOS820
C SEEQSB3N
2 TFLILOW.EQL2) GD Tp 22 SEEQS847

C SEEQB850
C DIAMETER LIMIT OPTION SEEGSELC
C SEEDSBT0
B0 200 I=1,.N SEED58A0L
IF(LMORT(I) .NEL1) GO TG 200 SEED5890

IFIOU ) ulTDLOW.ORL.DI1I.GE-TLIK} GC TG 200 SEED5900
HTHIN=NTHIN+L SEEDS591D
NLIVE=NLIVE-1 SEEQS920

LMORT ¢ [ =3 SEE05930

KMORT {1 1=KTHIN SEED5940

200 CONTINUE SEE£Q5950
GO 1D 3 SEEGSY60

C SEEQSGTO
C BA LIMIT OPTION SEE0S5980
C SEED5997
22 BATH=IBA{K~1)~TLIMI*ACRES/.00545% SEEDED00

00 400 IV=1,N SEED&NLD
IF{BATHINLGE.BATH) GO To 3 SEEDGOZO
DMIN=9,.E6 SEED&U30

00 300 I=1,N ' SEEN6040

IFCLMORTI T} WNELL)} GO TO 300 SEEQCSC
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Seed-PTAEDA {continued).

Source listing of tree and stand growth simulation program

TFIOI1.GESDMINGDRSLD (I ) LT.DLOW) GG TU 300 SEEQ6D60
DMIK=D{1} SEED6DTO
IMIN=1 SEE06080

300 CONTINUE SEEC&090
BATHIN =BATHIN+D{IMINI®DLIFIN) SEECE10C
NTHIN=NTHIN+L SEED&ELD
NLIVE=NLIVE—] SEEQ6E20
LMORTEIMINI =3 SEE06130

KMORT L THIN J=KTHIN SEEOGL40

400G CONTINUE SEL06150

3 IFIKTHIN.NE NYEARS-1) GO TG 4 SEEQ6L6T
K=K-1 SEEDe1TO

DU 500 I=l.N SEFQL18B0
IFTKMORT{]}.NE.K#1) GD TQ 500 SEED619¢
DSQ=DL el 1} SEEQ6200
BALK)I=BA(KI-DS0®*.005454/ACRES SEEQ6210
YOFT=DSOeH{{1%.00253 + .27611 SEE06220
YCFTM=DS@#*H{] 1%, 00205-. 8421 SEEQGZ230
YCUFT{Kyl }=YCUFTIK,})~YCFT/ACRES SEES6240
YOUFT{K,3 J=YCUFTIK:3}+YCFT/ACRES SEEQ6250
YCUFTMIKS L }=YOUFTM{K, 1 I~YCFTM/ ACRES SEEQ6260
YCUFTHM{K, 3)=YCUFTMEK ¢ 3)+YCFTH/ACRES SEEOL2TD

306 CONTINUE SEFDH280
CAlLL CuUuT#UY SEF06290

K#i +] SEEUE3DD

4 RETURN SEEQ&31D

ENDG SEEQE320

C SEED&EI30
[*t##*##*wt*#t*ttt##*tt*&w*#t&tvttt#*s#t#*t*n***nxts#u***mt*&*ut#**#t*k*s&EO&}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 ADJUSTHMENT FACTOR {SAF} WHICH ACTS AS A MULTIPLIGR OF SEE06400
< SITE INDEX. SEE06410
C SEEQ6420
C*x*ttxn*x:tmt*x&*tmm**at**xt**t*t**:t**t*ﬂ*tkttt*ta#tx**1&*#****##****#5550643D
COMMON JBLOKRG FTITLE{Z20) e NYEARS SETE sQE XTI ST EXAGE LEXBA, SEEO6440

1 T54TS100KOUTKIN,KTREE ;QJUY s04GATK SEEQB45C
COMMON /BLOK6E/KFERT sL MR, LR ,RESP , SAF, QFERT SEEQB4ED

REAL NOZJENDY/ SEEQ64TS
IF{A-KFERT.LELO} GG TE %0 SEEQ&4ABD
HIA-KFERT.GT.LMR) GO TO 20 SEEDB4RD

[ SEE06500
C AGE LE AGE (F MAX RESPONSE [LMR) SEEG6SLO
C SEED6S20
SAF=RESP#{ L.~ (KFERT+LMR~AF/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 SEEDL58B0
SAFP=RESP®[ 1.+ IKFERT+LMR=A)/{LR~LMR}} SEEGLS59C

30 SAF={SAF+SITE}/SITE SEEJ6600
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Appendix I1I. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

GL TC 50 SEEU661U

40 SAF=L SEEQEE20
QFERT=NG SEED663D

50 RETURN SEED6640
END SEEQHESD

C SEEQBL6D
(e o g Rk Rk ##*tt*###t#*###*#t#*#*#*t#tt*##*##t*:####**#tt**t#######’-# SEE G&EETD
< SEEORESD
SUBROUTINE HOWD(A) SEED&ESD

C SEEDETON
C SUBRGUTINE HDWD SIMULATES THE INCREASEL SEEQS710
C COMPETITION DUE TO HARDWODDS BY CALCULATING & SEEQ&T2D
[ COMPETITION ADJUSTMENT FACTOR {CAF} wHICH IS USED SEFCETED
C TO MULTIPLY ALL COMPETITIVE COMPONENTS CF SEED-PTAEZDA. SEENGT4D
C SEED6TSD
CEgehhiksiry g otn e ok ke e e b ke e o v ok ak IS R o ol e e ke o S ok 3 e o o o e R oo T e o e #******t**t#k*wsgﬁgﬁ“]bo
LOMMON /BLOKS/HRDWDCAF s ARLSE ; QHOWD,, IRL SE SEEDGTTO

REAL NC/'ROY/ SEEQGETRO
IFLA.GE-ARLSE) GO TD 10 SEEJETIN
IF{IRLSEEQe.2} GO TO 20 SEEDGEDD
CAF=HROWD#*{1.~ASARLSE} %] SEEQBB10

GG 10 20 SEEREEZN

10 CAf=l SEE06830
QHOWD=NEG SEEQ&ESD

20 RETURN SEEQLB50
END SEEDLBED

C SEEQ4HRTO
L% ##t##*###&#******&*t*#tt##1!#*#****#tt###ﬁ*#*:*#*#a**#t#***#*#*t*# eEEEERSEEQLERD
C SEEQ&EY0
SUBROUTINE CUTPUT SEEQES O

C SEEGHTL0
% SUSRGUTINE DUTPUT CALCULATES AND DISPLAYS SEEQ4920
o SUMMARY STATISTILS FOR YREE AND STAND CHARACTERISTICS. SFENE93N
¢ SEEDEG4D
CHeatkrRF b bk R A A E R AR R TE R Ehrhhd A wER bk Tkt x F phko kR bk a ey Rk kR R SEE06950
REAL MAIL3) SEE06960
DIMENS ION NDCIL25,3),HBC{25:31+PRODEAD,YINCI3L.PALI(3), SEL 06970

1 BARI4 J¢DMINI4},DMAX{4),301{4) SEEDHGRD
COMMON /BLOKL/XTLOC) Y (1001 LMORT{I00} e KMORT {100}, L1100, SEE06590

1 HUI0O0)+GLEEOO} s CIL100)4MIDILI0D) (HLEDGELQ), ALRES SEEDTOLN
COMMDN ZBLOK3/YCUFTETS 30 YCUFTHMIT5:3)+BAE TS} s KJ o KoNLIVE, SEETQTOLD

1 NKTHENgHD ,NGLD SEEDT020
COMMON FBLOKSG/TITLE{Z20) sNYEARS+SITE, QEXTIST,EXAGE ;L XBA, SEEGTO30

I TSeTS10eKOUT oKINGKTREEQJUV o QAGAIN SEECT040

REAL YES/OYES®/ NO/NGY/ SEEQTOSO
COMMON /BLOKD/N SEEQTOAO
IF{GJIUY.EQoNDY GO TO 1 SEEQTOTO

K=K J SEEQTOBD
QJUV=NC SEEQTO9G

1 INDEX=<] SEEOTR0D

C SEEOTILO
c CALCULATE STAND SUMMARY STATISTICS SEE0TL20
C SEEDTIZD
CALL STATID +NyLMORTBAR{L)sDMINIL)OMAX(1),SDEL}INDEX] SEEOTIAD

CALL STAT{H onN,LMORT,BAR(2),DMIN(2)},0MAX{21,50(21, INDEX]) SEEUTLSO
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Appendix II1I. Source listing of tree and stand growth simulation program
Seed-PTAEDA {continued).

CALL STAT{CLoNsLHORT BAR(3} ,DMIN{3},DMAX{I3}SDI{3}, INDEK] SEEOT 160

CALL STAT{CIsN,LMORT ;BARE4) ,OMIN(4)DMAX{4) 5D (41, INDEX) SEEQTITO
INDEX= 2 SEEQT1BO

CALL STAT(D oNsLMORT ,DUMPL DMINZ,DMAX2, DUMP2, INDEX) SEEOTI90
MAXIC=0MA X 240 45 SEEQT200
MINDC=DMINZ+ .45 SEEQT210
IFUMINDCLLT-1) MINDC=1 SEEOQT220

< SEEQT230
C CALCULATE CURRENT . PERIDIC: AND MEAN ANNUAL INCREMENT SEECT240
C SEEQT250
DC 100 ID=MINDC ,MAXDC SEEQT260

D0 100 L=1.3 SEEQT2TC
NDCUID.L =0 SEEQT28B0

160 HOC(IDsL}=C SEEQTZ290
DO 150 M=1,3 SEEOQT300
YINC{M}=9.EY SEEQ0T310

150 PAI{MI=9.E9 SEEOT320
IFIKJLEQui) 60 TOD 3 SEEQTIZ0
YINCTLiI=BA(KI-BAIK-1} SEEOT340
YINCL{Z2 b=YCUFT{Ky 1 }~VYCUFTLK=ip 1} SEEQT350
YINCL3)=YCUFTHIK LI~YCUFTH{X-1,1) SEEQT360
IFiR-KJ.iT«37 GO 10 3 SEEQT3T0
PAICLI=IBA{K}~BALK~5))/5. SEEOT380
PAL(2)=(YCUFTI{K, 1} -YCUFTEK-5:111/5. SEEQTISD
PALIZI=(YCUFTHER 1) -YLUFTHIK—~5,11) /5. SEEGT4D0

3 MAILL)=BAIKI/K SEEQT4AI0
MAT{2)=YCUFTIK.1)/K SEECT420
MAT(3¥=YCUFTM(K 1} /K SEEDT4A30
PROD{1LI=BAIK) SEEQT44Q
PRODIZI=SYCUFTIK 1) SEEQ7450
PROD{3)=YCUFTMIK,1} SEFEQTALD
TS=NLIVE/ACRES SEFOAT4TO
NMORT=M~NLIVE~NTHIN SEEQT4B0
TH=NMORT/ACRES SEECT49C
TT=NTHIN/ ACRES SEEOTS00

[ SEEQTSIO
C CALCUL ATE DISTRIBUTICN OF SIZES SEEDT520
C SEECT530
DO 200 I=1,KN SEEQTS40
L=LMORTIL) SEEDTSS0
IFIL.EC.0) GO TO 200 SEEDTSL0
ID=001)+.45 SEEOTSTO
IF{IDL4Tal}t (D=1 SEEQTHRO
NOCLIDWLI=NDCLID, LI+ SEE0TS90
HOCUIDsL)=HDLOIDSL J+HIT) SEEGTE00

200 CONTINUE SEEQTHLO
DG 300 L=1,3 SEEQTE20

00 300 IG=HINDC,MAXDC SEEOTE3D
IFINGCUIDL).LELD} GU TG 300 SEEGTEALD
HOC{IBs L¥=HDC (Do L}/NDCLID,L) SEEQTE50

NOCC IO L d=NOC{ID 4L J/ACRES+. 5 SEESTHLD

300 CONTINUE SEEOTHTO

L SEEQOTHE0
c DISPLAY TREE AND STAND CHARACTERISTICS SEEDTE90
C SEEQTTOO
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Appendix III. Source listing of tree and stand growth simulation program
Seed-PTAEDA {continued).

WRITEI6,6 1001 (TITLE(MIoM=1,20) SEEQTTLO

6100 FORMATES /Y *,2084/) S5£FQT720
WRITE(6+6101) K SEECTTAO

6101 FORMATI'OSTAND SUMMARY ~ AGE*,I3//% DIMENSION Ty SEEQTT4D
1 PMEAN ST.DEV. MIN YAXT) SEEGTTISC
WRITE{G G LOZIIBARTHE,SOLHIDMINIM),DMAXIMI, H=i,4} SEE8TT60

6l02 FORMATIY DBH +6X,4(3X,F5.23/% HYY ;5X,413X,F5.1)/ SEEOQITTO
L% QL a5Xe4I3X:F5.10/%  C1%6Xc4{2XFBu4) /) SEFQTTEND
WRITE[646103) ACRESTS10,¥55HD SEEQTTS0

6103 FORMAT(*OACRES SIMULATED "y F10.5/% TREES PER ACRE'®, SEEGTBON
1 ¥ AT AGE LO0'4FLl0.03/° TREES SURVIVING PER ACREY,Fl19.0/ SEEQTRLIG

2 ' HEIGHT OF DOMINANT STANDT,F11.1/} SEEQTE2D
WRITE( G461 043 IPRODIMI S YINCEOMI PAT (M) gMAT (M) (#=1,3) SEEQTE3AS

6104 FORMAT {"OPRDODULCT YEELD TNLREM Pal MAEY/ SEEOTE4O
1 * BASAL AREA® 14X sF6al,302KsF6.2)/% CUBTC FEETY,3X,FEu0, SEELTRED

2 32X, FHo1I/® MERCH VDL ¥ 32X, FTo0430 1% FT.43/) SEEQTELT
IF(NTHINLLELO} GO TG 57 SEEQGTETY
WRITE{G;630L) YOUFTIK3) s YCUFTHIK,3) SEEQTHED

6501 FORMATI' TOTAL CUBIC FEET THINNED ',Fé6. 0/ SEEQTBRS
i ' HMERCH VOLUME THINNED " F6.0/) SEECTGRD

57 CONTEINUE SEEQTHLIN
WRITEL(6+6105) SEEQT920

G145 FORMATIIOD CiASS FLIVE REai #RGRY FMGAN pity S3EROYSL0
1 * #THIN MEAN H') SEECTG4Q

DO 400 ID=MINDC.MAXDC SEEOTGST

400 WAITE(SH+6106) 1D, {NDC{ID L) sHDU{ID,L)sl=1, 3] SEEQT960
6106 FORMAT(® ¥ ,i3,3{4X,15,3X,Fb.21} SEEQTSTO
WRITE(6:6107) TS, TM, TT SEFCTSARS

6107 FORMATUY TOT *,3({4XsF5.0,9%1/} SEEQTORD
RETURN SEECBOON

END SEEQBGLS

c SEEDBO20
o T T T R PPy Ik 10
- SEEQR040
SUBROUTINE LOWMP SEEN8OSG

o SEEQBOAD
[ SUBRGUT INE COMP CALCULATES 4 MUDIFIED SEECBCTU
L HEGY1 COMPEYITION INDEX ON ALL LIVE TREES IN SEEQBORD
C A STAND. COMPETITORS ARE FCUND BY SAMPLING SEECBD9D
[ NEIGHBURS BASED OGN THEIR SIZE AND DISTANCE AWAY SEEQB1ID
C BY ESSENTIALLY TAKING A POINT SAKPLE AT EACH SEEQBILLD
o SUBJECT TREE WITH A BAF10 PRISHM. SFEGBI20
c SEEU8130
R IRk g M MR e S B G F R R IR ARG RS E TR SR H DR S AR SRS R S ARE R ERREER PR RS SEENR 140
DIMENS ION JOIS{9),DIST(9},I0ISt4) SEEQBLISD
COMMON /BLOKI/X(R00) Y {1001 (LMORTL 100 )+ KRORTILO0Y, 01100, SEEQ8160

1 H{100+CLUL00},CILL00 ,MID{10D) sLEDGE(D),ACRES SEECELTO
CORHON /BLOKB/PLOTX PLOYTY  ALPHA SEEQ818D
COMMON /BLOKD/N SEEQEL90

DATA PLOTR/Z2.T5/9P1/ 3014159/ dDIS/1,4G5e8:TybeSst4392/ SEEQBZ00
IDIS{1)=1 SEEQB210

DHA X=0 SEE0B220

DO 100 I=14N SEE0B230

100 IFtO{E}.GT.OMAXY DMAX=DII} SEEQB240

DISHAX=PL GTRXDMAX SEZ08250
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Appendix III. Source 1isting of tree and stand growth simulation program
Seed-PTAEDA (continued).

DISMAY=PLOTR#%DMAX SEF08260
DO 200 I=LsN SEEOBZTO
MIDEI =2 SEEO82BC
200 TFR{X{T}aGT.DISMAXLANDLXET L LT EPLOTX-DISMAX Y LAND. SEEQB29D
1 YUl aGToDISHMAY cANDY{I)a LT {PLOTY-DISMAY)}) MID{I}=1 SEE08300
NLESS1=N~1 SEEQE31G
DO 500 1=1,NLESS) SEE08320
IFILMORT(IJWNELLY GO TO 500 SEEQ8330
IPLUSI=I+1 SEEQA340
OG 400 J=FPLUSEsN SEEGB35D
IFILEMORTLJ) .NELLY GO TO 400 SEEDBASG
INTIOR=MIDIL}+HID(J} SEEQ83TG
XGIST=X1J)-X{1} SEEDA3O0
YOIST=Y(Jdi-¥i{I) SEEQE390
GIST(L)=SQRY{XDISTHXDIST+YDRIST#YDIST SEEOB40G
IFLINTIOR.LTL3) GG TO L SEEQB41D
IFIX0ISTY 65,5 SEEGB42D

5 DISTUSI=SCORTUEXDIST-PLOYX I = (XDIST-PLOTX }+ SEEGB43D
1 {YDIST 1% (YDIST L] SEF Q8440
IDIS{2)=5 SEEQBASC
GO 70 10 SEEDE4GO

6 DIST{HI=S0RTUIXDIST+PLOTX}={XDIST+PLOTX1+ SEEQH4TO
1 I¥yDIsT IE{YDIST 1} SEEG3480
IDIsi2)=6 SEEQB4GD
10 IFLYDEST) 3,8.8 SEEQBS00
3 DISY{3)=SQRTU{XDISTY Y= {XDIST I+ SEEGESLQ
1 LYDISY+PLOTY ) #{YDIST+PLOTY }} SEEDQBL20
IDIS{3}=3 SEEQRS3D
ICODE=IDIS(2}+IDISL3)-T7 SEECBSAC
GD TO {2544114500411,749),1CEOE SEEC8550

& DIST{8)=SQRT{{XDIST J*{XDISY 1R 4 SEEQRSE0
i IYDESY-PLOTY ¥x{YDIST—PLOTY } SEECESTO
I0IS{3)=8 SEEDE580
1CODE=XGISI2M+IDIS{3}-~7 SEEQRBS0
GO TO (2v4+13410s3)s7,5),ICEDF SEEQBEDC

2 DIST{Z2I=SQRT{{XDIST~PLOTX)*{XDIST-PLOTX)+ SFEQ86LD
1 (YOIST+PLOTY )= {YOIST+PLOTY)} SEEQA&20
IDIS(4I=2 SEEG8630
GO T0 1 SEFEQ 8640

4 DISTO4 I=SORTLUXDISTHPLOTRI*{XDIST+PLOTX )+ SEFOE65DO
1 LYRISTHPLGTY 3*IYDISY+PLGTY ) SEEQ8GLC
IDIST4)=4 SEFOEST0
GO 7O X SEE0BEBD

7 DIST{TI=SORTE{XDIST-PLOTX)*{XDIST-PLOTX }+ SEE0B690
1 CYDIST-PLOTY I {YDIST-PLOTY }) SEEOBTOO
I0I5{4)=7 SECQRTLIO
GO 10 L SEE08720

9 DISTL{9I=SQRTU(XDIST+PLOTXI*®{XDIST+PLCTX}+ SEEQ8T30
H EYDIST~PLOTY}®{YDBEST-PLOTY )} SEEQBTA0
1L G0 T0 1 SEEQBTED
1L RJIF=DLHI/DLTD) SEEQBTSC
RIJ=1/RJI SEEQ8TTO
DG 300 L=1+4 SEEQ8TEO
LE=1DIS4L } SEED8TSRD

LCC=JDISiLC) SEEGRRGO
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Appendix 111, Source 1isting of tree and stand growth simulation program
Seed-PTAEDA (continued}.

LEDGELLL)I=0 SEEO8E1O
LEOGE(LLCI=0 SEECEBIC
IF(DISTILC) GELD{IIRPLOTRY GO T 20 SEEQ6830
IF{LEDGE{LLC ) EQ.O) CI{D)=CIlI)+RJII/DISTILCY SEEOHB840

20 IF{DIST{LCILGE.DII=*PLOTR) GO TO 3C SEECH4B50
IF{LEDGEILCC) ECLCY CI{SI=CI{J+RES/DISTLLC) SEEQBRLC

30 1F{INTIORWLLELIY GO TGO 400 SEEGRETD
300 CONTINUE SEE0888C
400 CONTVINUE SEEORESC
S30 CONTINUE SEECBQOD
RETURN SEEGR910

END SEEGRQ2U

C SEEORBG30
(a2 Dok g o 0 MR ok o ok o e g e b o o A SR o Rk e gl R R ek bk R b R A R K R S EE OB G4 D
C SEE0BI50
SUBRCGUTINE STATIXsNyFLAGyXBAR,MIh,MAX,S, INDEX) SEECE9s8C

C SEEQBTTO
L SUBRCUTINE STAT CALCULATES THE MEAN, STANDAFRD SEECHSEL
C DEVIATION AND RANGE OF INPUT VECTOR. SEE089%0
c SEEO09C0D
T o s e ey e e AL I Bt
REAL X{NJ ,MIN,MAX SEEQSC20
INTEGER FLAG{N] SEF0S030

MO SEEOBR40
SUMX=0. SEEGSCS0
SUMKS50=0. SEEQ9060
MAX=0. SEEQQUTD
MIN=1.ELO SEE09CEN

DO 0D I=1.N SEECSO92
IF{FLAG(I}.EQ.Q} G TD 100 SEEC910D
TFIFLAGII)ANE.LLAKDLINDEXL.ECLLY GC TC LOO SEEOGLLO
IFIX(EbaGT oMAXT MAX=X(1) SEEC9120
TR{X(IV L ToMIND MIN=X{I) SEEQSL3G
TFLFLAG{INNELL) GG TC 1040 SE£EQ9140

Ma#tl SEEQ915D
SUMX=SUMX+X (L} SEEQRI6D
SUMXSO=SUMXSQ+X (I =X (1} SEEQ9ITO

100 CONTINUE SEEOQ9QLRE
VAR={ SUMKSO—SUMX#SUMX /M) fin-11} SEEQ9LST
5=SGRT{VAR) SEEQG200
XBAR=SUMX /M SEEQQZ)U
RETURN SEEDS220

END SEFQ9230

o SEL09240
C e 2t e ook ok o s RO SR R R R R R A R R R R R Rk R R R ek sk a SEEDG25D
C SEF09260
FUNCTLON U{1X) SEECYZTU

L SEEDGZBC
C GENERATES A UNIFORM{O,1) RANDOM VARIATE SEEQG290
C SEEO9300
(R ERERA TR R ERUE KR RERE RS ERRE S C R RS SRR R RE R B EE K2 SR E AR SRR RERSESEENGALD
IX=IX%65539 . SEEQ93ZD

U= B+ X%, 2328306E~9 SEF09330
RETURN SEEDS 340

END SFEQSI50
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Appendix ITI. Source listing of tree and stand growth simulation program
Seed-PTAEDA (continued).

c SEE09360
C***###*ttl#***#*##**t#**t**ttt*#*#***##t*t*#*#****t**t& Ehphnrrerhk ke SEEOG2TO
o SEE0938C
FUNCTIEN STNORM{IX) E SEEQS35C
C SEEB9400
C GENERATES & STANDARD NORMAL RANDOM VARIZTE SEED9410
C SEENG4HZD
{rErdt&®s FHE e YRk Rtk kR ok d Rk i o Aok o ek ek kR kR kXX F SE L0943 0
STNORM={—2 ¢ALOSIUTIN} PI¥* . 53C0S{6.283%ULIX}) SEEOG4a0
RETURN SEEDRLG0
£ND SEE0G45C
o SEEQNS4TC
Cherrppt b sdhd krbdpbpagkhrakdr kg hfrmf R RS0t FRRErEERE ek X SEEG94HD
C SEED9490
BLOCK DATA SEEOSS00
i : SEEQ9SL0
E#*!###a##**###*##*#***t*#****###ﬂt**#*##t#ﬁ##*#*##*#t** AAFE AR ARG R REEREE SEEE}QSZ G
COMMON /BLOKDZ N SEECY530
INTEGER N/100/ SEEDOS54D

END SEEQ95S0




