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ABSTRACT 

Methods were developed to model growth and development of seeded 
loblolly 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 yields. 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 previously published relation­
ships developed for plantations. 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 loblolly 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 loblolly 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 
loblolly pine (Daniels and Burkhart 1975), but are badly needed for 
seeded loblolly 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 1ob1o1ly 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 loblolly 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 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 equation 
for loblolly pine. Since that time a number of studies have used 
multiple 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 techniques. 

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 list of tree attributes. Distance 
independent models may simulate tree growth either individually 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). 

- 2 -
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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 controlled 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) 
modeled growth along the entire bole of the tree which allowed 
examination of tree taper and volume relationships. A flexible model 
capable of 'simulating development of uneven-aged mixed-species 
stands was introduced by Ek 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 loblolly 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 riodels, 
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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 
samp 1 i ng and Pie 1 ou' 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 
binomial 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. 



- 5 -

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, including 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 values 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 involving 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 later. 



METHODS 

The basic modeling philosophy and framework used by Daniels and 
Burkhart (1975) for loblolly 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 locations, dbh, height, and 
crown length. Realistic specification of early stand structure is 
rY-11r;;il +n c::11hc:or,11ont c:im11l;d-irm r.-f c:+::i.nrl rhn,;:-imirc Tho :::annv-on:i+orf c-n:::i_ -.,, .,,..,, .... , vv .., .... ...,_..._'1._....__.,.., _,..,.,,..,,.,,...,,....,,, v, ...,..,,...,.'-' '-'J""""'''-'--'• '"'-' u::,::,• '-'::1..,_...,..__.._. '"'I-""' 
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 

- 6 -
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seeded stands. 
ating spatial 
(c.d.f.) 

This distribution, used here as the basis for gener­
patterns, may be written with cumulative density function 

where, 

c )-k F w ( w) = l - ( l + k w , w>O 

w = squared point-to-plant distance 

k = heterogeneity parameter 

c = density parameter (number of trees per circle of 
radius= l (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 

whe.re, 

-k - a 
- a-1 

k = estimated value of k 

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, a, 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 integral 
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: 

where, 

k -1 /k w = -[(1-u) -1] 
C 

k = heterogeneity parameter 

c = 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 circular open areas. 
Circles of open area with radius r. are generated and then allocated to 
random points distributed througho0t a given area. Actual coordinates 
of the trees are determined by fixing their positions on the circum­
ference of the generated circles, i.e., by fixing the angles 0. 
(Figure 1). 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 
practical inclusion in a forest stand growth model. 

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 
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Figure l. Determining tree positions by fixing distances (r) and angles (e) 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.) 

Specifically, diameter at breast height is generated from the function 

where, 

l l /b D = [--ln(l-u)J a 

D = d.b.h. 

u = a random number from the uniform (0,l) distribution 

a,b = Weibull parameters 

Estimators for parameters a and bare 

where, 

b = ln(N) 
l nDAVE - l nDMIN 

a = 

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 
loblolly pine stands were selected from industrial and state ownerships 
over a wide range of stand conditions in Eastern Virginia and North 
Carolina (Table l), to obtain approximately equal numbers in each of the 
following regeneration categories: l) seed tree/shelterwood, 2) natural 
old field, 3) aerial seeded, and 4) broadcast seeded. In each stand, 10 
trees were selected for detailed measurements, including 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 
genera ti on. 

Variable Mean Range 

Age (years) 9 5 - 12 

Density (stems/acre) 2067 400 - 6350 

a/ 
Height (feet)- 14. 9 7. l - 30. 2 

D.B.H. (inches) 1. 4 0.1 - 19. l 

a/ 
Average height of dominants and L.udu111 i 11ar1t:::i. 

bl 
- 0verstory tree. 

!2/ 
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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 length (CBL) 
where CBL is predicted as a function of H, D, TS, and A (Table 2). 
Coefficients for the equations in Table 2 were solved for using the data 
summarized in Table l. 

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 reflect 
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 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 logical spatial-size relationships. 

No attempt was made in the initial stage to project stand conditions 
to age 10 from some earlier point in time. \?put 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. 

l! Somers, G. 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. 

a/ 
Equation-

DAVE 
~/ 

DAVE 
';:I 

DMIN 

l n( H) 

ln(CBL) 

l n(TS) 

a/ 

= 

= 

= 

= 

= 

= 

-l.54190 + 1. 14324 ln(HD) + 0.0038993 BAT 

0.47040 + 0.069485 HD - 0.00000083 A•TS 
+ 5.45478 HD/TS 

-0.067446 + 0.029395 HD - 0.00000112 A-TS 
+ 6.23266 

l.44287 + 0.32192 ln(HD) + 0.52118 ln(D) 
+ 0.0026328 BAT+ 0.07299/D - l.08825/A 

- 1 . 43430 + 1 . 48535 ln(H) - 0.47173 l n( D) 
+ 0.00092034 BAT - 0.10991/D - 3.34385/A 

5.31958 + 0.83535 l n( BAT) + l . O,W73 1 n(PPINE) 
-1. 60866 ln(DAVE) 

R2 

0.78 

0.84 

0.75 

0.93 

0. 96 

0.85 

s 
Y•X 

0. 117 

0.078 

0.028 

0.023 

0.043 

0.092 

- 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 (ft2/acre), HD= average h,eight of dominants and codominants (feet), D = d.b.h. 
(inches), A= age (years), PPINE = proportion of BAT in pine (pine BA/BAT). 

!!I 
Used for existing stands only. 

cl 
Used in initial stand generation. 

~ 

w 
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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 
located 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 5 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 to 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 
planted loblolly pine by Daniels (1976). The modified Hegyi index 
suggested there and used by Daniels and Burkhart (1975) was adopted for 
seeded loblolly pine stands. It is calculated 

where, 

CI. = 
l 

n 
E (D./D.)/DIST .. 

j=l J l lJ 

D = d.b.h. 

DIST= distance between subject tree 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 reduction factor is applied 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 trees, 
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): 

where, 

HD= SI 10-6.528(1/A - 1/50) 

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

where, 

CR= crown ratio 

CI= competition index 

bi = 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: 

D0 = -2.422297 + 0.286583 H + 0.209472 A 

where, 

D
0 

= 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: 

where, 

PDIN = 0.286583 HIN+ 0.209472 

PDIN = potential diameter increment (inches) 

HIN= observed height increment (feet) 

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

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 

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 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 loblolly equivalents) is equal 
to the number of loblolly stems at age 10. The parameter ARLSE deter­
mines the age at which the stand will be released to a pure loblolly 
stand and IRLSE determines whether the release will be a gradual linear 
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 quality 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 linearly 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 limit may be specified either in terms of 
residual stand basal area per acre or an upper diameter limit. In 
either case, a lower diameter limit, 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 model 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 agP. 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. 

It 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 f 61. 0 39.5 - 90.0 

Total basal area 2 (ft /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 
problems still existed 'ir1 us,ing 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 available 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 techniques for calibration 
will be discussed. 

Complete calibration of Seed-PTAEDA will require refitting three 
equations: l) 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 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 
c:-11-F-F;,-.;nY'l-i-111 l,:,v,nr, (,,..,.." rn,,,-,,"C>+r..,.,. +,I,.,.-,.., ')t:. .,,..,.,...,..\ +,.,, ...,,..,,,...,.,...;-1,. - L. .. .C.C~,- -.C 
.• HAI 1 ,,.__t.._,llVIJ IUl'j~ \.:>0..J ':::JIC:0.L,CI l,IIUJI .L.J U\...IC/ L,V fJClll!ll, a UUI It:! U! 

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

With these data one may derive the necessary variables for fitting 
the three equations. The model forms for the equations, 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. Other 
competition indices may also be investigated for their applicability to 
seeded stands, once new data are available. 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 densHy, 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 pro vi de a model that fits the test 
data set extreme1y 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 loblolly, 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. 

Variable 
Name 

TITLE 

NY EARS 

SITE 

IX 

ALPHA 

TS 

AGE 

BA 

HDWD 

IRLSE 

ARLSE 

KIN 

!THIN 
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Input variable definitions for simulation model 
Seed-PTAEDA. 

Definition 

A descriptive title up to 80 characters 
1 ong 

Length of simulation in years 

Site index (base age 50) 

Random number seed, any odd integer 

Pielou's index of nonrandomness 

Loblolly pine trees surviving per acre at age 10 

Age of existing stands 

Total basal area per acre for existing stands 

Additional proportion of (loblolly equivalent) 
competing stems per acre to simulate hardwood 
competition 

Type of release from hardwood competition 

1 = gradual release until ARLSE 
2 = sudden release at ARLSE 

Age at which site will be released from 
additional competing hardwoods 

Age at next decision period or age of 
next input 

Thinning type: 

1 = corridor thinning 
2 = low thinning 
3 = combination of 1 and 2 



Appendix I. 

Variable 
Name 

KTHIN 

XCORW 

YCORW 

XCORS 

YCORS 

ILOW 

DLOW 

TLIM 

KFERT 

RESP 

LMR 

LR 

QAGAIN 
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Input variable definitions for simulation model 
Seed-PTAEDA (continued). 

Definition 

Age of growing season immediately after 
thinning 

Swath width in x direction 

Swath width in y direction 

Swath spacing in X direction 

Swath spacing in y direction 

Low thinning type 

l - diameter 1 -im-i+ 
' I 11111 <,, 

2 = residual basal area limit 

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

Thinning limit: If 

ILOW = l, upper diameter limit above 
which trees will not be removed 
ILOW = 2, residual basal to be left 
after thinning 

Age of growing season immediately after 
treatment 

Maximum site index increase (feet) due to 
fertilization 

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

Total length of fertilization response 

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

MAIN 

r:::7 l or 

[ CARDS 

Initialize 
Tree and 

Stand 
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r--
1 
I 
I 
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I 
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Determine 

Mortality 

STOP 



Appendix II. Flowchart of tree and stand growth simulation program Seed-PTAEDA (continued). 

SEED 
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Appendix III. Source listing of tree and stand growth simulation program 
Seed-PTA EDA. 

C******************************************._.*********~*****************SEEO)Ol~ 
C SEEOOC20 
C SEED-PTAEOA SEE00030 
C SEE00040 
C SEEO-PTAEDA IS A SlMUlATION MODEL CF TREE AND STAI\C GP:Oi,TH SEF.00050 
C IN MANAGED, SEEDED LOBLOLLY PINE (PlNUS TAEDA L .. I STANDS~ SEE00060 
C SH0J070 
C DEVOLPED BY RICHARD F. DANIELS, VPllSU1 1978. 5Ef00C80 
C SEEOJOg:J 
C***********************************************************************SEE:00100 

DIMENSION V•Ll3l.S(2l SEEJOllO 
CO~MON /BLOKl/X{lOOJ,Y(l001,LMOR1!100l,KMOPT{lCCl,D(lOCJ, SEE00120 

1 H(lOOJ,CL(100l,CillOOl,MID(l001,LEDGE(9J,ACRES SEE00130 
COMMON /BLOK3/YCUFT { 75, 3), YCUFTMI 75, 3 l ,BA( 751, KJ. K ,NU \IE, SEE0014:) 

1 NTHIN,HO,NOlD SEE00150 
COMMON /BLOK4/TITLEl201,NYEARS,SITE,CEXIST,EXAGE,EXBA, SEEOOl60 

l TS,TSlO,KCUT,KlN,KTREE,QJU~,QAGAlN SEE00170 
COMMOt,; /BLOK5/ HROl-iD, C AF, ARL SE, QHDWO, I RL SE <;EE 00 180 
COMMON /BLOK6/KFERT,LMR,LR,RESP,SAF,QFERT 5ECOOl90 
CO~MON /SLOK7/KTHIN,ITHIN,ILO~,DLOW,TLIH,XCOR,YCOR,XCORS,YCORS SEE00200 
COMMON /BLOK8/PLOTX,PLOTY,ALPHA SEE0021C 
REAL VES/'YES'/,N0/ 1 N0 1 / S!:E00220 
COMMON /BLOKD/N SEEJ023J 
DATA S/0.77093,0.07729/ SEEJJ24J 

C SEE0025J 
C INPUT INITIAL SIMULATION CRITERIA SH-00260 
C 

CALL INPUTS(IX,NC,NCAROSJ 
C 
C INITIALIZE TREE AND STAND VARIABLES 
C 

C 

DO 50 K='l,75 
dA(KJ==O. 
DC 50 L=l,3 
YCUFT{ K,L )=O .. 

50 YCUFTMIK,L•=o. 
oa 60 1==1,N 
D( I l==O. 
HI 11=0,. 
Cllll=O .. 
CHil=O .. 
K.MORT ( I J::NVEA!-:S 

60 LMGRT(IJ=l 
KTHIN:Q 
KOUT=O 
KTREE=O 
QFERT=NO 
NOLD=:N 

C GENERATE INITIAL STANO 
C 

CALL SEEO{IXI 
CALL JUVS( IXJ 
CALL CCMP 
IF(QJUV.EQ.NOI GD TO 65 

5Ef0027'.: 
SEEJ028'.:l 
SEf0J290 
Sff 00308 
S!:E003l0 
SEE00320 
SEF0033::J 
SEE00340 
SEf0035G 
SEE0036·'.l 
SEE00370 
SEEOJ3AC 
SEEJ0390 
SH OJ4JC 
SEE00410 
SEE00420 
SEE00430 
SEEJ0440 
SEE00450 
SEE00460 
SHQ0,,70 
SEE00480 
SH004'rn 
SEE00500 
SEE00510 
SEEOC520 
SEE00530 
SEE0054C 
SEE00550 
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Appendix III. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

C 

CALL OUTPUT 
KI N=KJ+ l 

C COMMENCE ANNUAL TREE GROWTH 
C 

C 

65 KC=KJ+l 
A=KC 
DO 200 K=KC,NYEARS 
A•K 

C INPUT MANAGEMENT CRITERIA 
C 

C 

If(QHDWD.EQ .. YESJ CALL HOWD(AI 
IF(KIN .EQ.KI CALL INPUT2 
IFlKTHIN.EQ,.K) CALL THIN{AI 
IFIOFERT.EQ.YESI CALL FERT(A) 
$!=SITE 
POTH=Sl*lD.**l-6,.528*( 1../A- .. 02) I 
PHI N-=POTH-HD 
DO 100 I=l,N 
IFILMORT(l)-1) 100,lO,qo 

C DETERMINE TREE MORTALITY 
C 

C 

PLIVE=l.086*CR**•0702826*EXP£-.0281694*1Cilll*CAFl 
1 ••l,.177809} 

P=UIIXJ 
IF!P.LT .. PLIVEI GO TO 80 
NU VE::NLI VE-1 
LMORTf Il=2 
KMORT I I l=K 
GO TO 90 

C COMPUTE H ANO D I/1.CREMENT ON ALL TREES 
C 

C 

80 HR ED= .. 5463 l +CR** 1 .. 662 54*E XP { 4,. 8 27 22-1 .. 15083*C I ( l l 
l *CAF-6.66226*CR) 

R=STNORMl IX I 
HIN=PHI~HREO 
HJNMAX=l.00206*PHIN'+-.l3462026 
IFIHIN.GT.HINMAXI HIN=HINMAX 
PDIN== .. 28658336*HIN +.2094718 
HIN=HIN+R*S(ll 
IF(HIN.LT.0.1 HIN= O. 
DRED=.086524+.020178*CL(l)**l.179986*EXPC-l.320610 

l *CHI>*CAFJ 
OIN=PD IN*DREO+R*S C 2) 
IFIDlNoLToOoJ DIN=O. 

C CALCULATE PRODUCTS 
C 

0{1 l=O( Il+OIN 
HlI)=Hlll+HIN 

90 L=LMORT(J) 

SEE00560 
SEE00570 
SEE00580 
SEE00590 
SH00600 
SH00610 
SEE00620 
SEE00630 
SEE00640 
SH00650 
SEE006,60 
SHOD670 
SEE006BO 
SEE0069:) 
SEE00700 
SEE007l0 
SEE0072J 
SEE00730 
SfE00740 
SEE0075-J 
SEED0760 
SEEOD770 
SH00780 
SEE0019D 
SEE00800 
SEEOOSlO 
SEf00820 
SH0083J 
SEE:00840 
SEEC0850 
SEE00860 
SEE00870 
SEEOOBBO 
SEE00890 
SEE 00900 
SE-f-00910 
5£E00920 
5EE00930 
SH00940 
SEEOO<JSO 
SE'E00960 
SEE00970 
SEE00980 
SEE00'990 
SEEO 1000 
SEE0I0l0 
SEE01020 
SEEO 1030 
SEE01040 
SEE01050 
SEE01060 
SEE O 1070 
SEE01080 
SEE01090 
SEEO 1100 
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Appendix III. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

G 

DSQ=DII)*Dlll 
lf(L4EQ .. ll BA(K)=BA(K}+OSQ 
VCUFT(K,Ll=YCUFT(K,Ll+OSO*H{Il*.00253+.27611 
YCUFTM ( K, L) :YCUFTM ( K, ll +DSO*H I l l * .00205- ... 8421 

100 CONTINUE 
BA(Kl=BA(Kl*.005454/ACRES 
DO 150 L=l,3 
YCUFTIK,LJ=YCUFT(K,Ll/ACRES 
YCUfTM{K,Ll=YCUFTMIK,LJ/ACRES 

150 CONTINUE 

C DETERMINE CROWN LENGTH 

SEEOlllO 
SEE01120 
SEEOl 130 
SEEOl 140 
SEEOl l?O 
SE:EOl 160 
SEE01170 
SHOllBC 
SEEOl 190 
SEE01200 
SEE01210 
SH:01220 
SEE01230 
SEE0124'..l 
SEE01250 
SEE-C 1260 
SEE0127J 
SEf-01280 
SEE0129Q 
SEE01300 
SH01310 
SEEO l320 
SEE:01330 
SEE:01340 
SEEO l.350 
SEE01360 
SEt01J70 
SEE'Ol 380 
SEE01390 
SEEO 1400 
SEf-01410 
SEf-01420 
SEf-01430 
SEE01440 
SEE01450 
SEE01460 
SE:£01410 
SHOl480 
S!:'[01490 

G 
T=NLIVE/ACRES 
DO 101 J:1,N 
C ll 1)-=Q .. 
IF(LMDRT{ll.NE~LJ GO TO 101 
CBL=HII)**l.48535*D(I l**{-0.47173l*EXPl-l.4343+~92034E-3*~AtKl 

l •CAF-0 .. 10991/D{l}-3 .. 34385/Al 
1 F ( HI I )-CBL-CL I I I .. GT ,.HIN) CBL=Ht I }-CL I I )-HIN 
CU I l=HI 1 J-CBL 
If(CL(IJ.LT .. O} CUll=O. 

101 CONTINUE 

CALL COMP 
G 
C OUTPUT STAND SUMMARY 
G 

G 

IF{KOUT.EQ.KI CALL OUTPUT 
200 CONTINUE 

C HOUSE KEEPING 
G 

CALL INPUT3 
N=NCLD 
IF(QAGAIN.EQ.YES) GO TO l 
STOP 
END 

G 
C*** ** ********** ******~********* '$:t:******* ************** ***************'Ir-SEE: 0 15 0 

1
) 

C SE'E01510 
SUBROUTINE INPUTS{IX,NC,NCARDS) SEE0152'..l 

SEE 01530 
SEE01540 
S£E01550 
5Ef015{;0 
SEE01570 
SEEO 1580 
SEE01590 

SUBROUTINE INPUT IS DIVIDED IhTG 3 MAIN sue-sECTIC~S 
DESIGNED TO PROMPT THE USER FOR AND READ INITIAL SI~ULATION 
CRl TERI A. MANAGEMENT CR IT ER IA, ANO PROGRAM CONl lNUAl IOI\ 
CRITERIA .. THIS SUBROUTlNE IS THE ONLY ONE ;.HJCli NEED 
BE CHANGED FOR BATCH MODE OPERATION. 

G 
G 
G 
G 
C 
G 
G 
C***********************************************************************SEE016~~ 

COMMON /BLOK4/TITLEi20),NYEARS,SITE,OEXIST,EXAGE,EX3A, SEF0161J 
l TS,TSlO,KOUT.KIN,KTREE,QJU~,QAGAll\ SEEOl62C 

COMMON /BLOK5/HDWD, CAF, AR LSE, OHO ,m, lRLSE 5 E fO 1630 
COMMON /BLDKb/KFERT,lMR,LR,RESP,SAF.QFERT SEEG164C 
COMMON /BLOK7 /KTHI N, I THIN, l LOl>i ,DLCJW, TLI I", XCCR, YCCR, XCDRS, YCORS SEt:O 1650 
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Appendix III. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

C 

COMMON /BLOKB/PLOTY,PLOTX,ALPHA 
REAL YES/ 1 YE5 1 /,N0/'N0 1 / 

C READ [NIT[Al SIMULATION CR[TERIA 
C 

WRITE(6,o001 J 
6001 FORMAT I// l 3X, 10 (•-•I, 5X, • SEED-PT AEDA •, 5 X, 10 ( 1 - 1 ) I I 

l I SIMULATION OF TREE AhD STANO GROWTH IN', 
2 ' SEEDED LOBLDLLY PINE STANDS 'II 
3 ' ENTER: TITLE' J 

READ(9,S0011 (TITLEIL) ,L=l,20} 
5001 FORMAT(20A41 

WRITEl6,6002) 
60J2 FORMAT(• ENTER: NYEARS,SITE,IX•J 

READ!9,*J NYEARS,SITE,IX 
10 WRITE!t:,60031 

6003 FORMAT(' EXISTING STANO? ENTER: YES CR NO') 
REA0(9 1 5002lQEXIST 

5002 F0RMAT{A3) 
lF(OEXIST.EQ.NOI GO TO 20 
IFIOEXISToNf.YESJ GU TG 10 
GO TO 25 

6005 FGRMAT ( • ENTER SPATI Al PARAMETERS: ALPHA, TS I J 
READ19,*I ALPHA,TS 
TSl0=TS 
GO TO 30 

25 hRITEl6,60051) 
6J051 FOR~AT{' ENTER SPATIAL PARAMETERS: ALPHA,8A,AGE 1 J 

READ19,*)ALPHA,EXBA,EXAGE 

C 
C 
C 

30 HOWO=O., 
WRITE 16,6006 l 

6006 FORMAT(• HARDWOOD CONTROL ? 1 ) 

READ{9, 50021 QHDWO 

6007 

35 

6008 

6009 

38 

lFCOHDWD .. EC.NOl GC TC 35 
lF(QHOWO.NE .. YESJ GQ TO 30 
WRITEf6,6007l 
FCR~AT£1 ENTER HARDWOOD CO~TROL PARAMETERS: HDkD,IRLSE,ARLSE'l 
READl9,*l H0WD,IRLSE,ARLSE 
CAF=HO~D+l 
SAF=l .. 
riR ITEi 6,6008 l 
FOR~ATI • JUVENILE STAND OUTPUT?'} 
READ (9,50021 QJUV 
lFI QJUV .. EO .. YESJ GC TO 38 
WRITEl6,6009l 
FOR"IATC• ENTER: AGE AT NEXT DECISION PERIOD'! 
READ( 9 ,*l KIN 
RETURN 

READ ~A~AGEMENT CRITERIA 

ENTRY INPUT2 
lFIKIN .. EQ.NYEARS) GO TC 39 
WRITE!6,6010l KIN 

SE'E01660 
SEE01670 
SEE01680 
SfEOl690 
SEEOl 700 
SH01710 
SE£0172,) 
SHOl 730 
SEE01740 
SEE01750 
SfE01760 
SH0l 77D 
SEF017BC 
SEE.01748 
St:EOlROO 
Si;:f01810 
SEE01820 
SEE018J0 
SE'f0l84C 
SEE01850 
SH.01860 
SEE01870 
SH:01880 
SH01890 
SH019::JO 
SEE0lC/10 
SEE01920 
SH01930 
SEE01940 
SEF0!<'i50 
SH01%0 
SEEOl',70 
SH0196') 
Sff01990 
SH-02000 
SH02010 
SfE02CZ0 
SfE02030 
SEE'0204J 
SEE02050 
SEE02060 
SEE02G70 
SEf02080 
SEE02090 
SEE0ZI00 
SEE02 t 10 
SEE02120 
SEE02110 
SEE02140 
SH02150 
S£E02160 
SEE02l70 
SEEJ2130 
SEED2190 
SEE02200 
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Appendi X II I. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

6010 FORMAT(//,' INPUT BEFORE 1 ,12,• TH GROWING SEASON' l 
39 KTHIN=O 

IFIKIN~EQ.NYEARS .. OR.KlN.LT~lOI GU TC 60 
'1-0 "RrTE16,60lll 

6011 FORMAT(' THIN STANO?•) 
READl9,5002) OTHIN 
IF(QTHIN .. EC.NO) GO TO 60 
IF(QTHIN.NE.YESIGC TO 40 
WRI TE(6,6Dl2l 

6012 FORMAT!' ENTER THINNING TYPE, AGE: lTHIN,KTHlN 1 ) 

REA0{9,*J ITHIN,KTHIN 
GO TO (50,55,501, !THIN 

50 ~RITE(6,60131 
6013 FORMAT(' ENTER CORRIDOR THlr-.NING PARAMETERS: XCOR\-1,YCORW,', 

1 1 XCORS, YCORS • I 
READ{9,*l XCOR,YCOR,XCORS,YCORS 
!F(ITHIN.E,.11 GO TO 60 

55 WRITE(b.,60141 
6014 FORMAT{' ENTER LOh THIN PARAMETERS: lLO~,DLO~,TLIM') 

REAOl91*l ILOW,DLOW,TLIM 
60 IFIKih.EQ.NYEARS.OR .. KIN.,LT.15.0R .. QFERT .. EQ.YESt Gt; TO 70 

..,,-r;:r.,-i~u 
WRITE16,60151 

6015 FOR~ATf 1 FERTILIZE STAND?') 
READ{9,5002) QfERT 
If(QFERToEO~NOl GC TG 70 
IFIQFERT.NE.YES)GO TO 60 
WRITEl6,6016J 

6016 

70 

6017 

75 
80 
90 

6019 

95 

FORMAT(• ENTER FERT PARAMETERS: RESP,LR,U4R,KfEF:T' l 
READ(9, *l RESP, LR,LMR,KFERT 
KOUT=O 
1F(KJN.EQ.NYEARS1 GO TO 75 
WRITE16,6017l 
FORMAT{' STAND SU~MARY?1 l 
kEADl9,5002l OSTAND 
IF(QSTANO.EQ.NOI GO TO 80 
IF(QSTAND.Nf.YESlGO TC 70 
KOUT=K IN 
CONTINUE 
IF(KJN.EQ.NYEARS) GG TC 95 
WRITE 16,60191 
FORMAT(' ENTER: AGE AT NEXT DECISION PERIOD') 
READ(<:l ,*l KIN 
RETURN 

C 
C 
C 

C 

TRY AGAIN? 

ENTRY INPUT3 
WR1TEl6,6020l 

6020 FORMAT( 1 0ANOTHER STAND ? 1 l 
READl9,5002l QAGAIN 
RETURN 
END 

SEE02210 
S FE022?.0 
SEE02230 
SEE02240 
SEE02250 
SEE J2260 
$Ff02270 
SEE02250 
SEE022SO 
SH023JJ 
SEE02310 
SEE02320 
SH02310 
S!:E02340 
SEE02150 
SHJ236':J 
SEE 02370 
SEE02380 
SH023'-H) 
SEE02400 
SH024l..0 
SECG2420 
SEE02410 
SEE02440 
SEE:J2450 
SH0241:.0 
SEE024'7C 
SE-E0248J 
SEE oz-4qo 
SEE025-J:J 
SEE0251C 
SEE 02 520 
SEE0253C 
SEE02540 
SE!::02550 
SH0256'7 
SH 02'57C; 
SEE025i30 
SH02590 
SEE02&00 
S£E0261 O 
SEE0262C 
SEE0263iJ 
SFF-02640 
SEE02650 
SEE02660 
SH02670 
SEE 02680 
SEE02690 
SH02700 
SEE0271:l 
SHOZ720 
SEEC2730 
SEE02740 

C****************************************************~******************SEE02750 
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Appendix II I. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

C 

C 
C 
C 
C 
C 
C 
C 

SUBROUTINE SEED(IX) 

SUBROUTINE SEED CONTRCLS ASSIG~MENT OF 
INITIAL SPATIAL PATTERNS~ 

ROUTINE DEVELOPED BY HOWARD B. STAUFFER 
MODIFIED BY RICHARD Fe DAI\IELS AND GERALD 0 ... SPITTLE 

SEE02760 
SH02770 
SEE02780 
SEE021"10 
SEE02800 
SEE0281J 
SEE02820 
SEE02830 
SEE02840 

C**•********************************************************************SEE02B50 
COMMON /BLOKl/ X ! 100), Yf 100) ,LMDRT { 100), KMOIH (100), 01100 l, S EE:02860 

1 H( 100 I ,Cl t 100 l ,CI '1001,M ID( 1001 ,LEDGE I 9 l ,ACRES SH-02B70 
COMMON /6 LOK4/TI T LE ( 2 0} , NYE ARS, SITE, QEX IS T, EX AGE, fXBA, SEE O 288 0 

1 TS,TSlO,KOUT,KIN,KTREE,QJUV,OAGAIN SEE02890 
COM HON /BLOK 5 / HDWD, CA F, ARL SE, QHOWO, IRL SE SEE 02 900 
COMMON /BLOK8/PLOTY,PlOTX,AlPHAl SEE02910 
COMMON /BLOKD/N SEE02920 
REAL YES/'YES 1 /,N0/ 1 N0 1 / SEE02930 

OI~ENSION XX(l00),YYl100l,RA01{100J,IOEG(360} SEf02Q40 
OISTSOIA,B,C,Ol=tA-Cl*(A-Cl•(B-Ol*(B-Dl SEE02950 
P1~3.14159 SEf02960 

C SEE02<;70 
C EXISTING STANDS 
C 

C 

KJ= 10 
A=KJ 
Sl=SITE 
IF! OEXIST .. NE .. YESJ GO TO 10 
HD=SI*l0.**(-6.52B*!l./A-c02ll 
ARAT=EXAGE/A 
BAT=EXBA**ARAT*EXPl-(3.4344*(ARAT-ll+.02674B*!APAl-ll*Sl)I 
DAVE"' -1.5419017+1. 1432425*ALOG IHDJ+. 003M93*BAT 
TS=EXP{5.319584)*8AT**•8353507•0AVE**(-l.608657)/CAF**l.04073~5 
TSlO=TS 

C GEN ERA TE SP AT I AL PATTERN 
C 

10 FN=N 
ACRES=FN/TS 
PLO TX= SORT ( AC RES*43560 J 
PLOTY:PLOTX 

DO 1030 l""l,N 
RNX=U(lX) 
XX ( I ):PLOTX*RNX 
RNY=Ul1Xl 
VY I I I= PL OTY*RNY 
C=FN*P I/ ( PLOTX*PLOTY) 
FK=AlPHAl/(ALPHAl-1) 

1021 RND=UflXI 
JFIRND.LE.0.005) GG TO 1021 

1030 RADl<Jl=SQRTI IFK/Cl*(RND**l-1.,/FK)-L.I) 
DO 11'90 I=l,N 

1176 CONTINUE 
DO 1040 K=l,360 

1040 IDEG(Kl=K 

SH029BO 
SEE0299D 
SEE03000 
SEE03010 
SE:'03020 
SHOJ03J 
SEE01040 
SEE03050 
SFE030t>C 
SEE03070 
SH03080 
SEE03C90 
SH031JO 
SEE03110 
SEE-03120 
SEE03 l 30 
SEE03140 
SEE03150 
SEE03160 
SEE03170 
SEE03180 
SEE03190 
SEE03200 
SEE03210 
SEE03220 
SEE03230 
SH03?40 
SEE03250 
SEE0326'J 
SEE03270 
SEE03280 
SEE03290 
SEE03300 
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Appendi X II I. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

00 1130 J: t~N 
lF{J.EQ.l} GO TC 1130 
IF (SQRT( DISTSQ( XX( I l ,YY( I J ,XX(JJ ,YYl~H) } .. GT. ( RACl I I )+RAOltJ) l I 
GO TO 1130 
CFAC=XX(J l**2+YY(Il**2-XXlJl**2-YY(Jl**2 
XFAC=Z .. *XX{J t-2. *XX( I} 
YFAC=2 .. *Y'YIJl-2 .. *YY( 1) 
IF(XFAC.EQ.O.J Ge TO 1050 
IF(YFAC .. EQ.,Q,.J GU TO 1060 
YfAC=-'l'FAC/XFAC 
CFAC=--CFAC/XFAC 
YSQ:=YFAC**Z+l 
YVAL= ( CF AC-XX I 1 I 1*2,. *YFAC-2.*YY I I I 
CVAL=(CFAC-XX{11)**2~YY(I)**2-RA01111**2 
BSQ=YVAL**Z 
fOURAC=4.*YSQ•CVAl 
Z=ABS18SQ-FOURAC1 
VROOTl=I-YVAL+SQRT(l))/(2.*YSQ) 
YROOT2=(-YVAL-SQRT(Zll/{2.*YSQI 
XROOT l=YF AC* YRO• Tl +CF AC 
XR OOT 2=YF AC*YROO T 2+CFAC 
GC TG 1070 

1050 lFlYFAC.EQ.O • l GO TO 1130 
YROOT !.=-CFt-.UYFAC 
YROOTZ=YRCOT l 
XSQ=-1 .. 
XVAL=-2 .. *XX{l) 
CVAL=XX ! I J **2-RAOl I I ) **2 + ( YY I I )-Y RCOTl I **2 
8S0=XVAL**2 
FGURAC=-4.*XSQ*CVAL 
Z=ABS I BS Q-fOUR AC I 
XRGOTl=l-XVAL+SQRT(l}l/{2~*XSQI 

XROOT2=1-XVAL-SCRT{Z)i/(2.*XSOI 
GO TO 1070 

1060 XROOTl=-CFAC/XFAC 
XROOT2=XROOT1 
YSQ= 1. 
YVAL=-2 .. *YYI I I 
CVAL=YYl I 1**2-RADl l I l **2 _. I XX { I 1-XRCOT l 1**2 
BSQ=VVAL**Z 
fOURAC:4,. *YSO*C VAL 
l=ABS I BSQ-FOURAC I 
YROOTl=(-VVAl+SORT{Z)l/12 .. *YSQI 
YROOT2=l-YVAL-SORTIZl)/(2.*YSOl 

1070 THET Al-=ATAN2 I YROOT 1-YY (I), XROGT 1-XX( 11 J 
IF ITHETAl .. LT .. O .. ) THETA1=THETA1+2.*PI 
THETA2=ATAN21YRDOT2-YYll),XRCOT2-XX{lJ) 
lF!THETA2.LT.Q,.) THETA2=THETA2+2,.*PI 
THfi!IN=THETAl 
TH"IAX=THET A2 
IF I THETA2,. LT. THET Al } THM IN"'T HET A2 
1F(THETA2.LT.THETA11 THMAX=THETAl 
11=360.*THMIN/{2 .. *Pll 
l 2"".36 O. * TH/i\AX/ { 2 .. *Pl I 

IF{Il.EQ .. 121 GO TO 1130 

SEE033lO 
SEE03320 
SEE0333C 
SH03340 
5Ef03350 
SH03360 
SEE03370 
SfE0338J 
SEE-03390 
SEE03400 
SHC:1410 
SEE03420 
SEEU343C 
SE'E0344J 
SEE03450 
SEE03460 
SEE03470 
SEf03480 
SEE:03490 
SEE035QJ 
SEEO35!0 
SEE035ZO 
SEE03530 
S.ff-01540 
SEE0355J 
SE~03560 
SEE0357D 
SEE035BO 
SEE-03590 
SEE 03600 
SEE03610 
SH03620 
SEE.03630 
SEE 03640 
SEEG3650 
Sff:03660 
SH0367D 
SE.E03680 
SEE03690 
SH037G:) 
SEE 03710 
SEEJ3720 
SEEJ3730 
SEE-03740 
SEE03750 
SEE-03760 
SEf-03110 
SH03780 
SEE0379C 
SEE03800 
SH-O381O 
SEfO382O 
SEE0383J 
SE-E03840 
SEE03850 
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Appendix III. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

1080 
1090 
1100 

1110 

1120 
1130 
ll4O 

USO 
l 

THMED=THM IN+{ THMAX-THMIN l / 2o 
XXX=XX(ll+RAOlfll*COS{TH~EDl 
YYY=YY( I !-+-RAD 1 ( I l*S I Ni THMEOI 
IF{SQRTlDISTSQ(XX(Jl•YYIJJ,XXX,YYYJJ.LE.RADllJIJ GO TC 1110 
IF{Il.EQ.01 GO TO 1oqo 
DO 1080 K=l,11 
IDEG(Kl=O 
00 1100 !<.=12,360 
IDEG(KJ=O 
GO TO 1130 
lF!Jl .. EQ.OJ JOEGt36O)=O 
IF[Il.EQ.O) ll=ll+l 
00 1120 K=Il,12 
!DEG( Kl=O 
CONT lNUE 
DO 1150 K=l.,360 
XXX:XX I I l-+RADl ( I l*COS( FLOAT tK 1•2 .. •P 1/360 .. l 
YYY=YY(I)-+-RADllll*SINIFLOAT(Kl*2.•PI/360 .. l 
JF(XXX .. LT.O ... OR .. XXX.GT.PLOTX.OR.YYY.LT.o •• oR .. YYY.GT. 
PLOTYJ IDEG(Kl=O 
L=O 
DO 1160 K=l,360 
IFIIOEG(Kl.,EQ.Q) GO TO 1160 
L=L+l 
IDEGt U=lOEGlK) 

1160 CONTINUE 
1170 lot=FLCAT(Ll*U(IXJ+l 

IF{M.fQ.(L+l)I M=L 
IF(L .. NE.OJ GO TO 1174 

C XX{ll=PLOTX*U{IXJ 
C YYfl)=PLOTY*U(lX) 
C GO TO 1176 

C 

1"=1 
IDEG{M)=360.*UllXI 

1174 CONTII\UE 
THETA=Z~*Pl*IOEG{MJ/360. 
Xlll=XXlJ l+RADl{IJ•COSITHETAI 
YI I )=YY( I I +RAOl( U*SINI THETAl 
IF(l.E0.01 XCil=XXl[J 
IFIL.EC.OJ Y(Il=YY(II 

119 0 CONTINUE 
RETURN 

ENO 

SEE03860 
SEE03870 
SEE0"3880 
SEEO389O 
SH 03900 
SEEC391:) 
SEEO392O 
SEEO393O 
SEEO394O 
SEE03950 
SEE-O396O 
SEE03C.7:) 
SEEO3"18O 
SE:EO399O 
SEEO4OOO 
SEE:O4O1O 
SEfO4O2O 
SEEO4O3O 
SEEO4O4O 
SEEO4O5O 
SEE04060 
S EfO4O7O 
,::i:;i::(1.t.flA(l 

SH 04090 
SEEO41OO 
SEEO411O 
SEEO412O 
SEEO413O 
SEE04l40 
SEEO4l5O 
SH04160 
SHO417O 
SEEO418O 
SEEO419O 
SEE042OO 
SEEO421O 
SEE04220 
SEfO4236 
SEEO424O 
SEE04250 
SEEO426O 
SEEO427O 
SEEO428O 
SEE0429O 

C***********************************************************************SEEO43OO 
C SEE04310 

SUBROUTINE JUVSIIXI SEE0432G 
C JUVS SEEO433O 
C SEE'O4'340 
C SUBROUTINE JUVS GENERATES A JUVENILE SEEDED SEE04350 
C STAND AT AGE 10 FROM EXIST ING STA/\0 lNFORMA'TI0/\4 SHO436O 
C SEE04370 
C* ** ** * ** *** **** * * ****-* ******* *** *************** ******** ***** ** **** *****SEE 04 3 8 O 

DIMENSION S121 SEEO434O 
CCMMON /8L0Kl/X{l00l,YI lOCl,L~CRT{lOSl,KMORTllOOl,O(lOCJ, SEE04400 
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Appendi X II I. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

l Ht 100 ),CL I lOJJ ,C Il 1001,M ID{ 1001 ,LEDGE I 9l ,ACRES 
COMMON /BLOK3/YCUFT (15, 3 l. VC.UFTM ( 75, 31 ,BA( 751 ,KJ,K ,Nll VE, 

l NTHIN,HD,NOLO 
co~~ON /8LOK4/1ITLE(20J,NYEARS,SlTE,QEX1ST,EXAGE,EX5A, 

l TS,TSlO,KOUT,KlN,KTREE,OJUV,QAGAIN 
C8Mt-',Oi'i /BLDK5/HOP.D,CAF,ARL5f,CHDWO, lRLSE 
COMMON /BLOKB/PLOTX,PLOTY,ALPHA 
RfAL Yf5/ 1 YE$'/,NO/'NG 1 / 

COMMON /BLOKO/N 
DIMENSION •UMAo!YI 1001 
KJ= 10 
A=KJ 
Sl,,,SITE 
HD=SI*l0**(-6.528*(1./A-.02)1 
A=KJ 

DAVE= .4 70401 +.069485*HD-. 083E- 5*A* ( T S*CAF) +5. 4 54 7 8*HD / i T S*CAF J 
DMJN=-.067446+.029395*HD-.112E-5*A*ITS*CAfl+6.2326o*HD/ITS*CAFI 

IFIOAVE.LE.OlOAVE=.JOOl 
IFIDMl~.LE.OJDMIN=.0001 
8HAT=ALUGITS•.l*CAFl/ALOGIDAVE/DMINl 
AHAT=IGAMMA(l .. +l./BHATJ/OAVEJ•*BHAT 
ACP.ES=lOO .. /TS 
Nll VE=N 
NMORT= 0 
NTHIN=O 

l2J DU 11.00 1 = 1 ,a., 

D( l l=DAVE 
CI{It=O .. 
LMORTt I)= l 

1100 DU~MY{l)=t-ALOG(UllX))/AHATl**(l./8HAT) 
CALL CCMP 
NTRE~S=O 

130 !Flr.TREES .. Hl .. Nl GO TO 145 
DMAX.-=O. 
CMIN=9 .. E9 
DO 1200 J=l,N 
IF I DUM1'1Y( J 1 .. LL,OMAX l GO TC 140 
JO=J 
DMAX=DUMMY' IJJ 

140 IFICI!J) .. GE.CMINl GO TO 1200 
JC=J 
CMJN=Cl(J) 

1200 CONlINUE 
O(JCl-=01'\AX 
CIIJCl=9 .. E9 
OUMMY(JOJ-=O. 
NTREES:NTREES+l 
DSQ:Q(JCl*OIJCJ 
BA(KJ)=BAIKJl+DSQ 
GO TO 130 

145 BAIKJl=BA(KJ)*.005454/ACRES 
HAV=O .. 
DO 1250 l=l.N 
H{l )=HD**0.32192*0(Il**0.52118*EXPf l.442R7+.263276E-2•BA{KJl•CAF 

l +0 .. 07299/0IIJ-1.08825/AJ 

SEE 04410 
SEE.04420 
SEE04430 
SH04440 
SEF0445li 
SEE04460 
SH04470 
Sf:F04 1tfl0 
SEE044SG 
SEE0450C 
SEE04510 
'.>EE04520 
SEE0453'J 
SEE04540 
SEE04550 
SfE04560 
SEE04570 
SEED458C 
SEE04S90 
SEE04600 
SEE0461,) 
SEE04620 
5EE04630 
SEE04o40 
S£E04650 
SEE0466C 
SEE04670 
SEE 04680 
SEE04690 
SEE047::JO 
SEE047l0 
SE-E04720 
SEE04730 
SEE04140 
SH04750 
SEE04760 
SEE0477J 
Sff04 78G 
SEE 04 790 
SEF:04800 
SEE04810 
SEE04B20 
SEE048.30 
SfE04840 
SEE04850 
SEE04860 
SEE04870 
SEE04880 
SEE048f:l() 
SEE04':IOO 
SH049l0 
SEE04920 
SEE0493'.) 
SEE04940 
SEE04950 
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Appendix III. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

C 

l250 HAV=HAV+-H(I} 
HAl/=HAV/N 
HAVHAT=-l .. b23476+0 .. 916285*HO 
HRAT=HAVHAT /HAV 

DO l.300 I=l,N 
CIII):Q., 
H{l)=H(ll*HRAT 
C BL= Hf I I** 1.48535*Df I J **( -0 .. 4 717 31 *E XP.(-1 .. 4343 +-.. 92 034E-3*8A{ KJ I 

1 *CAF-o.1oq9110111-3 .. 34385/AI 
CL(J)=H(!J-CBL 
lF{Cl( 11 .. LT .. 0lCL(ll=0 
DSQ=O(l)*Dtll 
I Ft D( 1 l .GE .. 4 .. 55) YCUFTM { KJ, ll=YCUF TM I KJ t lJ- .. 8421+ .. CD205:t:0SQ>l<H ( I l 
YCUFTIKJ,l)=YCUFT(KJ.l)+ .. 27611+ .. 00253*DSQ*Hiil 

1300 CONTINUE 
YCUFTM{KJ,ll=YCUFTMIKJ.1)/ACRES 
YCUFTI KJ, 1 l=YCUFT (KJ tl )/ACRES 
RETURN 
END 

SEE04Gl60 
SEE04970 
SEE04'980 
Sff04990 
SEE05000 
SEE05010 
SEEOSOZO 
SEE05030 
SH0504D 
SEE05050 
SEE05060 
S EE05070 
SEE0508C 
SEE05090 
SEE05100 
SHOSllO 
SEE0512C 
SEEDS UO 
SEE05140 
SEE0~>150 

C**********************************************************************~SEF05l6G 
C Sff0517C 

C 
C 
C 
C 
C 
C 
C 

SUBROUTINE THIN(A) SEE05l80 

SUBROUTINE THIN REMOVES TREES EITHER BY CORRIDORS CR FROM 
BELOW,. THINNING FROM BEUJJI- MAY BE ACCOMPLISHED BY REMOVING 
TREES BELOW A SPECIFIED DBH OR BY THINNING TO A SPECIFIEC 
RESIDUAL BASAL AREAc CORRIDOR THINNING MAY SE USED IN EITHER 
THE X OR Y DIRECT IGN OR BOTH. 

SH05190 
S£E05200 
SEE05210 
SEE0522'.l 
SEE05230 
SEE05240 
SH05250 

C***********************************************************************SEE~5260 

C 
C 
C 

COMM•~ /BLOKl/X(lOO),VllOO),LMORT{lOOl,KMDRT(lOOl,D(lOCl, 
l HI 100 l ,CU 100 I ,CI ( l OOJ ,I-HD l lOOJ ,LEDGE 19 l, ACRES 

COM~ON /8LOK3/YCUFTl75,3l,YCUFTM{75,3l,BA(75l,KJ,K,NLIVE, 
l NlHH,,HD,NOLD 

COM MQt,.; /BLOK4/T ITLE ( 20 J ,NYEARS, SI TE• OE XI ST, EX AGE, E-XSA, 
1 TS,TSIO,KOUT,KIN,KTREE,OJUV,QAGAIN 

COM MON /B LOK7 /KTHI N, I TH IN, IL°", CLOW, TL I fl., XCGR, YCfJR I X:COR S, YCORS 
COM~ON /BLOKS/PLOTX,PLOTY,ALPHA 
COMMON /BLGKD/N 
BATHIN=O. 
GO TC (1, 2 r ll, ITHIN 

CORRIDOR THINNING 

l IF{YCGRS.LE.01 YCORS:1 
IFlXCORSGLE.OJ XCORS:1 
NCORY=PLOTY/YCORS•.5 
NCORX=PLOTX/XCORS+.5 
XST AR T=XCOR SI 2 .-XCOR/ 2. 
Y ST AR T-=YC ORS/ 2.-YCOR/ z .. 
DO 100 1=1,N 
IFILMORT{JI.NE.lJ GO TO 100 
IF{YCORGLE.QJ GO TU 97 
DO 96 J=l,NCORY 

SEE05270 
SEE-05280 
SEr05290 
SFE05300 
SEE05310 
SH05320 
StEOS:?30 
SEE05340 
SH05350 
SEE05360 
SEE05370 
SE!:'05380 
SH05390 
SEE05400 
SEE05410 
SEE05420 
SEE05430 
SEE05440 
SEE0545C 
SEE 0 5-46 C 
SEE05470 
SEE0S-480 
SEE 05490 
SEE05500 
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Appendix II I. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

C 

FJ=J 
VJN=YSTART*FJ 
YAX=YlN+YCOR 
lf(YAX.,GT .. PLOTY) YAX=PLOTY 
lF<YCl).LT.YJN.OR .. Y(l),.GT .. YAX) GC TG 96 
NTHlN=NTHlN+l 
NLJ v'E=NLI VE-1 
LM•RT{ I 1=3 
KMORT I l )=KT HIN 
BATHIN=BATHIN+DIIJ*O(II 
GO TO LOO 

q6 CONTINUE 
97 CONTINUE 

IFI XCOR .. LL,OJ GO TO 99 
DO 98 J=l, NCORX 
FJ=J 
XIN=XSTART*FJ 
XAX=XI N+XCOR 
IF( XAX .. GT .. PLOTXI XAX=PLOTX 
IF(X(IJ .. LT.XIN.OR.Xll l .. GT.XAXI GO TO 98 
NTHIN=NTHI N+l 
NLiVE=NliVE-1 
LMORT ( I 1=3 
K~DRTI I J:KTHIN 
BATHIN=BATHIN+Olll*D(Il 
GO TO 100 

98 CONTINUE 
99 CONTINUE 

100 CONTINUE 
IFIITHIN.EQ.11 GO TO 3 

C LOW THINNING 
C 

2 IF! ILO~.EQ,.2J GO TO 22 
C 
C DIAMETER LIMIT OPTION 
C 

C 

DO 200 l=l,N 
IF{LMORT(IJ.NE.ll GO TU 200 
IFIOl IJ,.LT.OLOW.OR.Olll.GE.TLIMl GO TG 200 
NTHIN=NTHIN+l 
NLI VE=NLI VE-1 
LMORH U=3 
KMORT ( l l=KTHIN 

200 CONTINUE 
GO TO 3 

C BA LIMIT OPTION 
C 

22 BATH=(BAIK-ll-TLIMJ*ACRES/.005454 
00 400 IT=l ,N 
If(8ATH1N.GE.BATHJ GO TO 3 
DMIN=9 .. E6 
00 300 l=l,N 
IF(LMORTI l) .. NE.,lJ GO TO 300 

SH05510 
SEE05520 
SEE05530 
SEE05540 
SEE0555C 
SEE05560 
SEE0557l) 
SEE05580 
SHO559O 
SH 05600 
SEf05610 
SEE0562t1 
SEE0563D 
SH05640 
SH-0565G 
SH'.J566O 
SEE0567C 
SH 05680 
SEE05t.90 
SEEO57O0 
SEE0571J 
;'::.tt0'> lZO 
SEE0573Q 
SEE05740 
SEE05750 
SEEO576O 
SEEO5770 
SEF0578C 
SEE0579D 
SEE05800 
SH05810 
SEE05820 
SfE0583C 
SEE0584'.' 
SEE05850 
SEf05860 
SEE05870 
SHJ588Cl 
SEE 05890 
SEE-O54OO 
SEE05910 
SEEosno 
SEE05930 
SEE05940 
SEEO595O 
SEEO5%O 
SEEQS(no 
SEEO598O 
SEEO5990 
SEED6000 
SEE06010 
SH06020 
SEE06030 
SEE06040 
SEEO6O5O 
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Appendix III. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

C 

IF(O(IJ .. GE.OMIN.OR.O(Il.LT .. OLOW) GO TO 300 
DMIN=D(I) 
IMIN=I 

300 CONTINUE 
BATHIN =BATHIN+D{1MINJ*DII~INI 
NTHIN=NTHIN+l 
NLIVE=NLIVE-1 
LMORT( HUN I =3 
KMORT(IMINl=KTHJN 

400 CONTINUE 
3 IF(KTHIN.NE.NYEARS-11 GO TC 4 

K=K-1 
DO 500 J=l,N 
IF(KMORT{II.NE.K+ll GO TO 500 
CSQ=D{ I )*D( I l 
BAfKl=8A(KJ-OSO•.ooS454/ACRES 
YCFT=DSQ>l<Htll*.00253 + .. 27611 
YCFTM=DSQ*H{Il*.00205-.8421 
YCUFTIK.ll=YCUFT(K,lJ-YCFT/ACRES 
YCUFT(K,31=YCUFT(K,3J+YCFT/ACRES 
YCUFTMtK,l)=YCUFTMtK.11-YCFTM/ACRES 
YCUFTM(K,3l=YCUFTM(K,3J+VCFTM/ACRES 

5GO I...W\/ 1, NUt:. 
CALL OUTPUT 
K=K+l 

4 RETURN 
END 

SEE06060 
SH06070 
SEE-06080 
SEE06090 
SEE-06100 
SEF06110 
SEE06120 
SEE06130 
SH06l40 
SEE06150 
SEE06l6J 
Sff06170 
SEf06180 
SEE06190 
SEF-06200 
SEE06210 
SEE06?20 
SEE0623J 
SEE06240 
SEE06250 
SEE06260 
S EE06?70 
SEE 06280 
SEE0629J 
SH06300 
SEE06310 
SEE06320 
SEED6130 

C***********************************************************************SEF-06340 
C SEE06 '350 

C 
C 
C 
C 
C 
C 

SUBROUTINE FERT{AI SEE0636J 

SUBROUTINE FERT S1 MULA TES THE EFFECTS OF 
FERTILllATION ON SITE QUALITY BY CALCULATING A SlTE 
ADJWSTMENT FACTOR {$AF} WHICH ACTS AS A MULTJPLIER OF 
SITE INDEX .. 

SEF06370 
SEE06380 
SEE06390 
SEE 06400 
SEE0641CJ 
SEE06420 

C***********************************************************************SEE0643~ 
COMMON /BLOK4/TITLEl201.NYEARS.SITE,OEXIST,EXAGE,EX8A, SfE06440 

C 
C 
C 

C 
C 
C 

l TS,TSlO,KOUT,KlN,KTREE,QJUV,QAGAJ~ SEE06450 
CO~MON /BLOK6/KFERT,LMR,LR,RESP,SAF,CFE~T SEf06460 
REAL NO/tNO'/ SEF0647 • 
IF(A-KFERT~LE.OJ GO TO 50 S£[06480 
IF-lA-KFERT~GT.LMRJ GO TO 20 SEE06490 

AGE LE AGE OF MAX RESPONSE ILMRl 

SAF=RE SP* { 1 .- ( KFER1 +L MR-Al /LMR J 
GO TO 30 

20 IF(A-KFERT.GE.LRl GO TO 40 

AGE GT AGE OF MAX RESPONSE (LMR l 

SAF:RfSP*fl.+fKFERT+LNR-AJ/(LR-L~RJl 
30 SAF=lSAF+SITE)/SITE 

SEE06SOO 
SEE06510 
SEE06520 
SEE06530 
SH06540 
SE-E06550 
SH06560 
SEE06570 
SEE0658D 
SEE065QO 
SEEJ66•J 
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Appendix III. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

GC TO 50 SEE066l o 
40 SAF=l SEE06620 

QFERT=NO SEE06630 

50 RETURN SEE06640 

END SH06650 

C S EE-0 666 0 

C***********************************************************************SEE0667J 
,: SH0668D 

C 
C 
C 
C 
C 
C 

SUBROuTrnE 1-!0WO(A) SEE-06690 

SUBROUTINE HOVW SIMUlAHS THE lt-iCREASEC 
COMPETITION DUE TO HARDWOODS BY CALCULATI~G A 
COMPETITION ADJUSTMENT FACTOR (CAfl WHICH 1S USED 
TU MULTIPLY All CGMPETITIVE COMPONENTS CF SEEO-PTAEDA. 

SH 06700 
SEE067l0 
SEE06720 
SEf0673'.) 
S!:£06740 
SEEJ67'5:1 

C***********************************************************************SEF.06760 
COMMOt-. /B LOK5/HROWD, GAF, ARL SE, CHO WO, I Rl SE SEE 06 770 
REAL NC/'NO'/ SEE067BO 
IFIA.GE.ARLSEl GO TO 10 SEE06790 
IF t lRLSE .. EQ.2) GO TO 20 SEE:06!:lJO 
CAf=HROWO*{l,.-A/ARLSE)+l SEE068t0 
GO TG 20 <: .:.cn.:..><:>n 

10 CAf=l SH06tl10 
OHDWO=NC SEE06£40 

20 RETURN SEE06850 
END SEEO686O 

C SEE06e7o 
C***********************************************************************SEE06850 
C S£E06890 

SUBROUTINE OUTPUT SfE.06'-10[' 
C SEE06'1L) 
C SUBROUTINE OUTPUT CALCULATES ANO DISPLAYS 5Ef06G20 
C SUMMARY STATISTICS FOR TREE ANO STAND CHARACTERISTICS.. SfE06937 
C SH069<+0 

C** ,ii:***************************************************************'***** SEE O 695 C• 

C 
C 
C 

REAL MAl(31 
DI~ENS ION NOC( 25, 31, HCC(25, 31 t PR00(31, V INC{ 31 ,PAI( 3 I, 

l BAR{4~,0MINl4),0MAX{41,SOl41 
COMMON /BlCKl/X{lOO).Y(lOOl,LMORT(lOOJ,KMORT(lOOl,DIIaOJ, 

1 H{lOO),CL(lOOl,Cl(lOOJ,MI • tlOOl,LEOGEl91,ACRES 
COMMO~ /BLOK3/YCUFT(75,3l,VCUFTM{75,3l,BA(75l,KJ,K,NLIVE, 

1 t-.THI N,HD, NOLD 
COMMON /BLOK4/TITLEl20),NYEARS,SlTE,QEXIS1,EXAGE,lXBA, 

1 TS,TSlO,KOUT,KIN,KTREE,QJUV,QAGAIN 
REAL YES/'YES 1 /,ND/ 1 N0 1 / 

COMMON /BLOKD/N 
IF(CJUV .. EQ.NOI GO TO 1 
K=KJ 
QJUV=NC 
JNDEX=l 

CALCULATE STAND SUMMARY STATISTICS 

C.All STATIC ,N,LMORT,BARlli,DMINlll,OMAX{ll,SO{ll?lNOEXI 
CALL STAT{H ,N,LMDRT,BAR(2),0MlN(2),0KAX(2l,S0(21,INOEXl 

5EE 06%0 
SEE 06970 
SEE06980 
SE-!'06<;90 
SEE07000 
SEE:D7010 
SEE07020 
SEE07030 
SEE 07040 
S Et 07050 
SH070AO 
SH0701'0 
SH07080 
SE£07040 
SEE07100 
SEE:07110 
SEE07120 
SH 07130 
SEE0714') 
SEEll7150 
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Appendi X II I. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

C 

CALL STAT{CL,N.LMORT,BAR(3J,DMlN{3J,DMAXt3J,S013),I~DEX) 
CALL STATCCI,N,LMORT,BARt4J,DMIN(41,DMAX{4J,SD(41,INDEX) 
INDEX=2 
CALL STAT{D ,N,LMORT,OUMP1,DMIN2,DMAX2,DU~P2,INDEXJ 
MAXDC=OMA X 2+., 45 
MINDC=DM1N2+.45 
lF(MJNDC.LT.l) MINDC=l 

C CALCULATE CURRENT, PERIOIC, AND MEAN ANNUAL INCREMENT 
C 

C 

DO 100 ID=MINDC,MAXOC 
DO 100 L=l,3 
NDC(ID,U-=O 

100 HOC ( ID,U=O 
DO 150 M=l,3 
YJNC{MJ-=9 .. E9 

150 PAI 11-ll-=9. E9 
IF(KJ.EQ,.K) GO TO 3 
YINCfli=BA(KJ-BA(K-lJ 
YI NCI 2 l=YCUFT( K, l J-YC UF Tl K- lv U 
YINC(3)=YCUFTMIK,l)-YCUFTM(K-l,1J 
IFi K-j.;.j.i..T.5i GO TO 3 
PAI (l l=IBA(KJ-BAtK-5) J/5. 
PAI 12)::(YCUFT(K,l)-YCUFT(K-5,lJ )/5. 
PAif3}-=(YCUFTMtK,ll-YCUFTMlK-5,lll/5. 

3 MA1lll=8AIK1/K 
MA1121=YCUFT(K,11/K 
MAI (3 )=YC UFTM (K 111) /K 
PROD(l)=BAIK) 
PRODl21=YCUFTIK,1) 
PROD(3)=VCUFTM(K,ll 
TS=NllVf:/ACRES 
NMORT=N-NLIVE-NTHIN 
Ht=NMORT/ ACRES 
TT=NTHIN/ ACRES 

C CALCULATE DISTRIBUTION OF SIZES 
C 

DO 200 l=l ,N 
L=LMORT t l l 
IF(L.E~.O) GO TO 200 
10=0{ 1 )+ .. 45 
If-I ID .. LT,.U 10=-l 
NOCIID,ll=NDC(ID,L)+l 
HDC(ID,Ll=HOC.(ID,Ll+H{II 

200 CONTINUE 
DO 300 L=l ,3 
DO 300 ID=M1NDC,MAXDC 
IFINOC(lO,Ll.LE.01 GO TO 300 
HOC { ID, U=HOC { 10, LI/NOC I l DI lJ 
NDCIIO,Ll=NOCIID,LI/ACRES+.5 

300 CONT lNUE 
C 
C DISPLAY TREE ANO STAND CHARACTERISTICS 
C 

SH:07160 
SEE07170 
SEE07180 
SEE07190 
SEEJ7200 
SEE07210 
SEE0722Cl 
SEf07230 
SEE07240 
SEE07250 
SEE07260 
SH07270 
SEE 07280 
SEE07290 
SEED7300 
SEE07310 
SEE07320 
SEE07330 
SEED7340 
SEE073SO 
SEE07360 
SEE07370 
SEE07380 
SEE 07390 
SEE 07400 
SEED7410 
SEE 07420 
SH07430 
SH01440 
SEE07450 
SEE07460 
SEE074 70 
SEE07480 
SEE07490 
SEE 07500 
SEE07510 
SEE075?0 
SEE07530 
SEE07540 
SEE07550 
SEE075b0 
SEED7570 
SH07580 
SEE D7590 
SEE0760D 
SEE07610 
SEE0762D 
SH07630 
SEE07640 
SEf:07650 
SEE0766D 
SEE07670 
SEE07080 
SEE07690 
SEE 07700 
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Appendi X II I. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

C 

WRITE(6,6100)(TITLE{~I.M=l,20) 
6100 FORMAH// 1 ',20A4/l 

WRITEl6,6lOU K 
6101 FORMATPOSTAND SUMMARY - AGE',13// 1 Qlf,'.Ef',,SlOf\ '• 

1 1 MEAN ST.DEV.. MIN l".AX•J 
WRITEU:i,6102 l I BAR(Ml ,SD( M) ,OMIN ( ~), DMAX(MI, M-::c l,41 

6102 FORMAT(' OBH' ,6X 1 4!3X,F5.2J/ 1 Hl',5X,413X,F5.l)/ 
1 • CL',5X,4(3X,f5.,ll/ 1 Cl',6X,4{2X,F6 .. 41/l 

WRITEl6,6103J ACRES,TSlO,TS,HD 
6103 FORHATl1 0ACRES SIMULATED 1

1 F10.S/• TREES PEK ACRE', 
1 • AT AGE 10 1 ,Fl0.0/• TREES SURVlVING PER ACRE',fl:.l.0/ 
2 • HEIGHT OF DOMINANT STAND',Fll .. 1/) 

WRITE 16,6104) ( PROD(Ml, YlNC{ Ml ,PAI ( M) ,MAI ( Ml ,~=l, 3 l 
6104 fORMATf"OPRODUCT YIELD INCREM PAI ~AI 1 / 

1 ' BASAL AREA',4X,F6~1,3(2X,F6.2)/• CUBIC FEET 1
1 3X,F6.Q, 

2 3l2X,F6.l)/' MERCI-I VOL 1 ,2X,F1.0,3(1X,f1.U/l 
JF(NTHIN.LE.0) GO TO 57 
WRITE16,650l) YCUFT(K,3),VCUFT~lK,31 

6501 FORMAT(' TOTAL CUBIC FEET THINNED ',Ft.OJ 
1 • MERCH VOLUME THINNED 1 ,F6~0/l 

57 CONTINUE 
WRITE(6,61051 

6i05 fORMAH=oo Ci.ASS #LIVE P.Et.N i-i lfMLRT ;.;f;,i,; ,", 
l • #THIN MEAN H' I 

DO 400 IO=MINDC,MAXDC 
400 WRITEl6,6106) ID,(NOC(ID,Ll,HOCIID,L),L=l,31 

6106 FORMAT{' ',I3,3{4X,I5,3X,f6.21} 
WRITE(b,61071 1S,TM,TT 

6107 FORMAT(' TOT ',3(4X,FS.0,9Xl/J 
RETURN 
END 

SEE 07710 
SH0772:J 
5EEC7730 
SEE07740 
SH07750 
SH cnoc 
SEE07770 
SEF-0778!1 
SEE 077SO 
SEE 0780il 
SH078l U 
SEf0782J 
SEEJ7830 
SEE07B40 
SEE0785'J 
SEE078b0 
SEE0787J 
SfE07B!30 
$EE0789~ 
SEE G790D 
SH07(HQ 
SEf0792:J 

S':'EC7Sl4C 
SHJ795:; 
SEE0796CJ 
SEE07470 
SEf079RJ 
SEE 079QO 
SEEOSO:J'J 
SEEOSClC 
SEE0B0Z0 

C* **** ****** **** ****************************** ** **** ******** * ***** ***** :c<S EEO 8 03 o 
C SH0804J 

SUBROUTINE COMP SH-08050 
C SH0806J 
C SUBROUTJNE COMP CALCULATES A MODIFIED SEE08070 
L HEGYI COMPETITION INDEX ON ALL LIVE TREES IN SfEOBORO 
C A STANO.. COMPETITORS ARE FCUND BY SAMPLING SEEC809,1 
C NEIGHBORS BASED ON THEIR SIZE AND DISTANCE AWAY SEE0'.11:JJ 
C BY ESSENTIALLY TAKING A POlf'jT SAf'\PLE AT EACH SEEOBllO 
C SUBJECT TREE W{TH A BAF-10 PRISM. SH0812D 
C SEEUB 130 
C*********************~************************************************SEE08140 

DIMENSION JDIS(9),0lST(9},10ISl41 
COMMON /BLOKl/X(lOOJ,V(lOOl,LMOR1(100),KMGRTl100l,CllOO), 

l H, 100 J ,Cl{ 100 l ,CH 1001 ,MID( 1001 ,LEDGE 19}, ACRES 
COMMON /BLOKB/PLOTX,PLOTY,ALPHA 
COMMON /BLOKO/N 
DATA PLOTR/2.75/,Pl/3.14159/,JDlS/l,9,8,7,b,S,4,J,2/ 
IDIS( l )=l 
DMAX=O 
00 100 l=l,N 

lOQ lF{O{ 11.GT.OHAX) O~AX=OIII 
DI SMAX=PLOTR*DMAX 

SEE08l50 
SEED8160 
SEl:08170 
SEE08l8C' 
SEE08190 
SEF08200 
SEE08210 
SEE0B220 
SEE08230 
SEE08240 
SE':08250 
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Appendix III. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

OISMAY=PLOTR*DMAX 
00 200 I=l,N 
M IOI I l=-2 

200 IF{X{l).GT.DISMAX.ANO.Xtl).LT.(PLOTX-OISMAX}.AND. 
l Y{ It.GT .. DISMAY .. AND ... Y( I J., LT .. t PLOTY-01 SMAY) I /•I.I 01 I l=l 

NLESSl=N-1 
DO 500 l=l,NLESSl 
IF(LMORT(IJ.NE.l) GO TO 500 
IPLUSl=I+l 
DO 400 J.= I PLUS l, N 
JFILMORTlJJ.NE.l) GO TO 400 
lNTIOR=MlOtil+MIDIJI 
XOIST=XIJI-X(II 
YDIST=YCJ l-Yt I I 
DIST(l l=SQRT(XOIST*XDIST+YDIST*YDISTI 
IFtINTIOR.LT.31 GO TO l 
IFIXDIST) 6,5,5 

5 OIST{S)=SQRTtlXOJST-PLOTXJ*IXDIST-PLOTX)+ 
1 lYDIST l*(YOIST ll 

IDISC21=5 
GO TO 10 

6 DIST{6)=SQRT(!XDIST+PLOTX)*(XOIST+PLOTXI+ 
l lYDIST l*lYDlST ll 

IOISl2l=6 
10 IFIYD[STl 3,8,8 

3 DIST(3)=SQRT((XOIST l*(XDIST )+ 
1 IYOIST+PLOTY)*IYDIST+PLCTY)J 

IOIS(3)=3 
ICDDE=ID1$(2J+IOl$(3}-7 
GO TO 12,4.ll,ll,11,7,91tlCOOE 

6 OIST(Bl=SORT({XDIST J*{XDIST l+ 
i (YDlST-PLOTYl*(YOlST-PLOTYll 

IOISUl=8 
lCODE=lDISl2l+IDISl31-7 
GO 10 12,4,ll,ll,11,7,91tlCCDE 

2 OIST(2)=SQRT((XOIST-PLOTXl*CXOIST-PLOTXl+ 
1 (YDIST+PLOTYl*(YDIST+PLOTYll 

101$(41=2 
GG TO l 

4 OIST{4l=SQRT((XDIST+PLOTX)*(XDIST+PLOTXI+ 
1 tYOIST+PLOTYl*IYDIST+PLOTYll 

IOISl4l=4 
GO TO 1 

7 OIST(7l=SQRT(IXDIST-PLOTXl*(XOIST-PLOTXI+ 
1 fYDIST-PLOTY I* iYOIST-PLOTY l I 

ID!S141=7 
GO TO l 

9 DI ST(~ ):SQRT( ( XDI ST+PLOT Xl* ( XDI ST+PLCTX )+ 

l (YOIST-PLOTYJ*(YDIST-PlOTYII 
ll GO TO 1 

l RJI=D(Jl/DIIJ 
RIJ=l/RJI 
DC 300 l=l,4 
LC= 101S(L J 
LCC=JOISCLCl 

SH08260 
SEE08270 
SEE0828C 
SH08290 
SEE08300 
SEE0e310 
SEE08320 
SEE08330 
SEE08340 
SEE0BJ50 
S£E08360 
SEE.OS370 
SEE 08380 
SH08390 
Sff0840D 
SEE08410 
SH08420 
SEf0B430 
SH0844C 
SEEOB450 
SE-EOB460 
SfE08<.t70 
SEE0848C 
SEEO84Q0 
SEE08500 
SH0.?510 
SEED8520 
SEE08530 
SEE08540 
SH08550 
SEE08560 
SEE08S70 
SEf08580 
SEE08590 
Sf£0860C 
SH086l0 
SEE08ti20 
SEE08630 
SEF08640 
SH08650 
SEE0866C 
SEf08670 
SH08680 
SEE-086g0 
SEE-08700 
SEE08710 
SEE08720 
SEf08730 
SEE08740 
SEE0B750 
SEF0B76C 
SEE08770 
SEE0878C 
SEE08790 
SEEOIH!Q(J 
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Appendix I I I. Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

C 

LEDGEILC)=-0 
LEDGE I LCC I ""O 
IF(DISTILCJ .. GE.OtJ•*PLOTRI GO TO 20 
IF{LEDGE(LC ).EC.0) CIIIl=-Clll)+RJl/OISTILC} 

20 IFIDIST(LCI.GE.Dlll*PLOTR) GO TO 30 
If(LEDGEClCC).EQ.01 CllJ)=ClfJ)+RIJ/DIST(LCI 

30 lFlINTlOR.LE.31 GO TO 400 
300 CONTINUE 
400 CONTINUE 
500 CONTINUE 

RETURN 
END 

SEE088l0 
S EEOe820 
SEEOB830 
SEE08840 
SEE08850 
SEE08fl60 
SEE08870 
SfE08888 
SHM890 
SEEOtt90Q 
SEf08910 
SEEO8<?20 
SEE08930 

C*********************************************************"'********,e,.***""SEE08940 
C SEE08950 

C 
C 
C 
C 

SUBROUTINE STAllX,~,FLAG,XBAR,~I~,MAX,S,I~OEXJ 

SUBROUTINE STAT CALCULATES THE MEAf'i, STANDAP.O 
DEVIATION ANO RANGE OF INPUT VECTOR. 

SHC8%C 
SEE08970 
SEE0898C 
SEE08990 
SEE09COO 

C***********************************************************•*****••****SEE09Cl0 

C 

REAL X(NJ,MIN,MAX SEE0902C 
INTEGER FLAG(NI SEf09030 
M=O SEEOq040 
SUMX=O. SEE09050 
SUMXSQ=O. SH-09060 
MAX=O. SE£O9O7O 
MtN,,,l .. ElO SEEO9C80 
DO 100 I= 1, N 
lF(FLAG(Il .. E0.01 GO TO 100 
lF{FLAG(I).NE.1.A~D.INDEX.EC.ll GC TO 100 
lF(X(I).GT.,MAXJ MAX=X{Il 
lF{X(IJ .. LT.MINl MIN=Xfll 
IflFLAG{l) .. NE .. ll GO TC too 
M=M+l 
SUMX=SUMX+X CI l 
SUMXSO=SUMXSQ+X(IJ*X(l) 

100 CONTINUE 
VA~={SUMXSO-SUMX*SUMX/~J/(~-tl 
S=SORTtvARI 
XBAR=SUMX/M 
RETURN 
END 

SEf0909'.: 
SH-09100 
5Ef09110 
SH09 l20 
SHOG13C1 
SH09140 
SEE0915Q 
SE£09160 
SEFO917O 
SEE091AC 
SEEO<Jl90 
SEE09200 
SEfOQ210 
SEEOS22D 
SEf09232 
SEEOC/240 

C•*•************************************•••••••***•*********•***•*****••SEE0~258 
C SEF0926G 

FUNCTION U(lX) SH.0()21(1 
t: SEE092BO 
C GENERATES A UNIFORM(O,ll RANDOM VARIATE SEE092<:i0 
C SEEO93OO 
C••••••••************************-..**********•******•*****************•*SEfD(J3lO 

IX=IX*t.:5539 SEE09320 
U=.5+IX*.2328306E-9 SEE09330 
RETURN SEE09340 
END SEEO935O 
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C 
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Source listing of tree and stand growth simulation program 
Seed-PTAEDA (continued). 

SEE09360 
C***********************************************************************SEE09370 
C SEE0938C 

FUt.-CTlCN STNORMfIXJ SEE09390 
C SEEJ9400 
C GENERATES A STANDARD NORMAL RANDOM VARIATE SEE094l0 
L SfE09420 

C *** ** * ** *** *** ** *** * ***** ** *** *********** ************>It#**************** S EEO 94 3 ,) 
STNOR~=(-2*ALOGIU!IXl)l**•5*CCSC6.2B3*U(IXJ) SEE09440 
RETURN SEE094SO 
END SEE09460 

C SEE09470 
C***********************•***********************************'°'***********SEE0948J 
~ SEE09490 

BLCCK DATA SEE09500 
SEE09510 

C*** ** * ***** ************ ** *** **** ***** ** ** *********** **,;. :,(>***** * ** ** *** ** SEE 095 2 0 
C0MMQt-; /BL0K0/ t-. SEE09530 
INTEGER N/100/ SEE0954J 
ENO SEE09550 


