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ABSTRACT

A growth and yield model for thinned loblolly pine plantations
was developed using data from 128 0.2~acre permanent plots in the
Virginia Piedmont and Coastal Plain. The Weibull functien, used to
characterize stand diameter distributions, was searched to insure
that the resulting total basal area and average dbh estimates were
identical to those predicted from stand variables using regression
equations. Program WTHIN was written in standard FORTRAN to provide
stand and stock tables for thinned old-field loblolly pine
plantations.

Trials with different thinning intensities indicated reasonable
trends, as compared with published studies.
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DIAMETER DISTRIBUTIONS AND YIELDS

OF THINNED LOBLOLLY PINE PLANTATIONS

Quang V. Cao, Harold E. Burkhart, and Rorald C. Lemin, Jr.

INTRODUCTION

Growth and yield predictions are essential to forest management
planning. Reliable growth and yield models assist managers in
analyzing alternative management strategies. For loblolly pine
(Pinus taeda L.), a myriad of yield information for unmanaged stands
has accumulated over the years, On the other hand, yield models for
thinned loblolly pine plantations still seem inadequate, and flexible
models that supply information about diameter distributions are
needed.

Different probability density functions (pdf's) have been used
to characterize diameter distributions; most recently the beta,
Weibull, and Johnson's §, distributions have been employed to develop
yield estimates. The so-called probability density functiom approach
to yield modeling involves predicting the pdf parameters from stand
variables (age, site, and density) using regression techniques, and
then calculating the number of trees and yield per acre in each dbh
class. The drawback of this approach is that the regression models
for predicting the pdf parameters usually account for only a small
percentage of the variation (i.e. low R? values). Recently, research
has been conducted to develop methods for approximating the
parameters in a theoretical diameter distribution (e.g. the bheta or
Weibull) from overall stand values such as total basal area and mean
diameter (Hyink 1980, Frazier 1981, Matney and Sullivan 1982).

The objectives of this study were: (1) to develop a whole stand
mode!l for thinned loblolly pine plantations using regression
techniques, and {(2) to derive diameter distributions from the
predicted stand attributes by assuming that the underlying dbh
distribution is Weibull distributed.

PREVIOUS WORK

Whole Stand and
Diameter Distribution Models

MacKinney and Chaiken (1939) used multiple linear regression
techniques to predict the logarithm of yield as a function of stand
variables (age, site, density, and composition). This approach, with




certain modifications, has been employed in more recent models for
loblolly pine (such as Schumacher and Coile 1960, Ceile and
Schumacher 1964, Goebel and Warner 1969, Burkhart et al. 1972a,
1972b).

Growth and yield are not two separate attributes but are closely
related to one another. Buckman (1962) developed a yield model for
red pine where yield is obtained by mathematically integrating the
growth equation over time. Clutter (1963) discussed this concept in
detail and introduced a compatible growth and yield model which was
later refined by Sullivan and Clutter (1972). A similar approach has
been used by several other researchers including Brender and Clutter
(1970}, Bennett (1970), Beck and Della-Bianca (1972), Sullivan and
Williston (1977), Murphy and Sternitzke {(1979), and Murphy and Belt:z
(1981).

Diameter distributions in even-aged stands have been modeled
with various probability density functions, among them the Gram-—
Charlier series (Meyer 1928, 1930; Schumacher 1928, 1930; Schnur
1934), the modified Peari-Reed growth curve (Usborne and Schumacher
1935, Nelson 1964), Pearscnnian curves (Schnur 1934), and the
log-normal distribution (Bliss and Reinker 1964).

Bennett and Clutter (1968) developed a yield model to predict
muitipie-product yielids for slash pine plantations by using the stand
table generated from a beta pdf via the Clutter and Bennett (1965)
diameter distribution model. In this yield model, the parameters of
the beta function that approximated the diameter distribution were
predicted from stand variables (age, site, and density). The number
of trees and volume per acre in each diameter class were calculated
and per acre yield estimates were obtained by summing over diameter
classes of interest, A similar appreocach was applied to loblolly pine
plantations by Lenhart and Clutter (1971), Lenhart (1972), and
Burkhart and Strub (1974).

The main drawback of using the beta distribution dis that its
cumulative distribution function (cdf) does not exist in closed form.
As a result, the proportion of trees in each diameter class has to be
golved by numerical integration techniques, Bailev and Dell (1973)
pointed out that the Weibull distribution fits diameter data well and
its cdf exists in closed form. The Weibull function was applied in
plantation yield models for loblolly pine (Smalley and Bailey 1974a,
Feduccia et al. 1979), slash pine (Clutter and Belcher 1978, Dell et
al., 1979), and shortleaf pine (Smalley and Bailey 1974b).

Strub and Burkhart (1975) presented a class-interval—-free method
for predicting whole stand vield per unit area from diameter
distribution models:




U

TV = N &f g(D) £(D) dD
L

where TV = expected stand volume per unit area,
N = number of trees per unit area,
D = diameter at breast height,
g(D) = individual tree volume equation,
f(D) = pdf for D, and
(L, U} merchantability limits for the product described by
g(D).

Using this relationship, Hyink (1980) introduced a method of
solving for the parameters of the pdf approximating the diameter
distribution, using attributes predicted from a whole stand model.
The same concept was employed by Matney and Sullivan (1982) in their
model for loblolly pine plantations. In the first phase of Matney
and Sullivan's study, stand volume and basal area were predicted
using compatible growth and yield equations. The second phase
involved solving for two parameters of the Weibull pdf which
characterized the diameter distribution such that the resulting stand
volume and basal area per acre would be identical to those predicted
in the first phase. [Frazier (1981) investigated alternative
formulations for estimating parameter wvalues in the beta and Weibull
distributions from stand attributes.

Modeling Thinned Loblelly Pine Stands

Coile and Schumacher (1964) included amount of thinning as input
in their model. Different types of thinning (thinning by rows, from
below, or by a combination of both) can be specified in Daniels and
Burkhart's (1975) and Daniels et al.'s (1979) individual tree models.
Other models based on data from thinned loblolly pine stands include
Clutter (1963), Brender and Clutter (1970), Sullivan and Clutter
(1972), and Sullivan and Williston (1977).

The Weibull funetion was used by Bailey et al. (1981) to
describe diameter distribution of slash pine plantations before and
after thinning. Matney and Sullivan (1982) also used the Weibull
distribution to produce compatible stand and stock tables for thinned
ioblolly pine plantations. TIn addition to the models mentioned
above, growth and yield of thinned loblolly pine stands have been
reported by many researchers (such as Bassett 1966, Brumer and Goebel
1968, Andrulot et al. 1972, Shepard 1974, Goebel et al. 1974,
Feduceia and Mann 1976, Burton 1980).




DEVELOPING THE THINNED-STAND MODEL

Data

The growth and yield model for thinned loblolly pine plantations
developed in this study was based on data from the Virginia Division
of Forestry (VDF). This data set consists of 128 0.2-acre permanent
plots from old-field plantations in the Virginia Piedmont and Coastal
Pilain. Number of remeasurements varied from plot to plot, ranging
from 1 to 7. There were a total of 490 plot measurements.

Diameter at breast height (dbh) was recorded to the nearest inch
and total height was measured to the nearest foot. Trees in the 1~
and 2-inch classes were not tallied separately but combined to form
one class whose midpeint was arbitrarily set at 1.5 inches.- In each
plot, measurements of dbh of all trees were taken but only some tree
heights were measured. Height corresponding to each dbh class was
predicted for each plot measurement using a regression equation of
the form

= +
loge(H) bo bl/D’
where H = total tree height in feet,
D = diameter at breast height in inches,
bo, bl = regression coefficients.

Site index was determined from the average height of the
dominants and codominants in each plot, using a site index equation
developed by Devan (1979). Total cubic~-foot volume outside bark per
acre was computed using Burkhart et al.'s (1972b) individual tree .
volume equation.

The stands were thinpned up to 3 times and, for the most part,
thinnings were from below. However, scome codominants and dominants
were removed to improve the quality of the leave stand. The
thinnings carried out were done during routine, operational thinnings
of the plantations in which the plots were located. Table 1 presents
a description of plots in this data set immediately before and after
thinning. The distribution of all observations by site index, age,
basal area, and number of trees per acre is presented in Table 2,

Model for
Thinned Loblolly Pine Plantations

The model for thinned loblolly pine plantations developed in
this study consisted of two stages. In the first stage, stand-level




Table 1. Description of plots immediately before and after thinning
and amount of thinning. a/

First thinning Subsequent thinnings
Variable
Before Amount After Before Amount After
Number of trees/acre
Minimum 355 165 160 120 25 115
Mean 774 459 339 322 126 205
Maximum 1305 770 1040 925 435 410
Basal area (sq.ft,/acre)
Minimum 107 29 50 87 12 58
Mean 174 87 a0 131 38 92
Maximum 227 148 145 185 77 137
Total outgide~bark volume (cu.ft./acre)
Minimum 1700 475 1080 2305 285 1335
Mean 3839 1910 1975 3538 944 2466
Maximum 6235 3705 3885 5835 1625 4330
Average DBH (inches)
Minimum 4.5 4.0 6.0 6.3
Mean 6.4 7.1 8.9 9.2
Maximum 9.5 10.1 i2.8 12.3
Age (years)
Minimum 12 i2 18 18
Mean 21 21 28 28
Maximum 30 30 39 39

a/

Discrepancies in the plot description (e.g., the means of a
stand attribute after thinning and amount of thirning do not
sum to the mean of that attribute before thinning as expected)
are due to missing ohservations either before or after
thinning.




Table 2. Distribution of all ¢bservations by site index (base age
25 years), age, basal area, and number of trees per acre.

Basal
Site Area Number of trees per acre
Index  Age (sq.ft. < 301- 501~ 701- 901- > Total

(feet) (years) /[acre) 300 500 700 300 1100 1100

50 20 50 3 2 5
100 1 13 14

150 2 i 6 9

200 1 2 3

4 17 1 7 2 31

30 50 5 2 7
100 33 11 4

150 11 2 2 15

200 2 1 3

38 24 4 3 69

40 50 1 1
100 22 22

150 5 5

28 28

30 100 2 2
150 1 1

3 3

60 10 50 1 1
100 1 i

1 1 2

20 50 4 3 7
100 21 32 53

150 1 8 3 3 6 21

200 1 7 8 2 18

26 44 10 11 8 99




Table 2. Distribution of all observations by site index (base age
25 years), age, basal area, and number of trees per acre

{continued).
Basal
Sire Aren Number of trees per acre
Index Age  ({sq.ft. < 301- 501-  701- 901~ > Total

(feet) {years) /[acre) 360 500 700 500 1100 1100

60 30 50 6 : 6
100 88 11 59

150 19 20 2 41

200 1 1 2

113 31 3 1 148

40 100 23 23
150 20 20

43 43

50 100 2 2
150 2 2

200 3 3

7 7

70 10 50 2 2 2 6
100 4 2 1 7

150 4 4 2 10

2 6 4 5 4 2 23

20 100 7 11 3 21
150 1 6 1 8

200 2 2 4

8 17 6 2 33

30 100 1 1
150 3 3

4 4

TOTAL 276 140 28 29 15 2 490




attributes were predicted using regression techniques. ® The second
stage involved determining the Weilbull parameters so that the
resulting diameter distribution would produce stand basal area and
average dbh estimates identical to those predicted from regression
equations in the first stage. By linking these two stages, the
size~class distribution information preduced is conditioned to
provide aggregate wvalues that are consistent with the predicted
overall stand attributes.

Stand-Level Model

The stand-level model consisted of regression equations that
predict (1) stand attributes (such as number of trees, basal area,
minimum, and average diameters), and (2} density of a stand in the
future (age A,) based on stand information at present (age A.). Also
needed was a” mean height equation that predicts total height
corresponding to a given dbh. Table 3 shows the equations that form
a whole stand model for thinned loblolly pine plantations.

Individual tree volume equations developed by Burkhart et al,
(1972b) and Burkhart's (1977) volume ratio model were employed for
estimating merchantable volumes. The site index equation developed
by Devan (1979) was used to predict the average height of the
dominants and codominants (HD) from site index and stand age, or to
estimate site index from HD and stand age.

Deriving Diameter Distribution. from Stand Attributes

The three-~parameter Weibull pdf employed here to approximate
diameter distribution is:

]c—l

£(x) = (c/b){(x=a)/b exp {-[(x-a)/b1°} , x 2 a,

where b, ¢ = positive scale and shape parameters, respectively,
a = nonnegative location parameter,
X diameter random variable,

1

It

The location parameter was predicted from a regression equation.
The scale and shape parameters were searched for such that the
resulting Weibull distribution would produce stand basal area and
arithmetic mean dbh estimates identical to those predicted from
regression equations. In other words, b and ¢ were sclutions of the
following system of two equations:




Table 3. Regression equations that form a whole stand model for
thinned loblolly pine plantations.

Equation . a/
Number Equation
1 ln(Bz) = 5,40816 + 0.0032121 8 - (A1/A2) [5.40816
+ 0.0032121 § - 1n(B1)}
n = 207; In(B,) = 4.7230: s = (,0860
2 V.X
R? = 99.34%; RZ(BZ) = 80.47%
2 N, = [Nl_0°65808 + 0.0000075795 (A21°78°19
1.78019, . -1/0.65808
-4 Y
n = 207; N, = 253.02Z; s = 18.64
2 V.X
R? = 97,07%; Rz(Nz) = 97,07%
3 In(B) = -4.39181 + 0.19054 /A + 1.34753 1n(HD) + 0.63902 In(N)
n = 490; 1n(B) = 4.7149; Syx " 0.1407
R® = 75.48%; R?®(B) = 77.01%
4 In(N) = 7.79805 + 2.10495 /A - 1.89908 1n(HD) + 1,16744 1n(B)
n = 490; In(N) = 5.6732; Sy " 0.1902
R? = 87.19%; R2(N) = 85.78%
5 In(H) = 0.46152 + 0.43275 /A + 0.93333 1n(HD) - 0.08583 1n(B)

+ 0.07596 In(N) - 2.15312 /D
n = 355%; In(H) = 4.0404; sy " 0.0422

R® = 96.76%; RZ?(H) = 97.62%
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Table 3. Regression equations that form a whole stand model for
thinned loblolly pine plantations (continued).

Equation ,
Number Equation
6 in{Dmin) = 1,10835 + 5,10755 /A + 0.50531 In(HD)
+ 0.28544 1n(B) - 0.57131 1n{(N)
n=427; In(Dmin) = 1.5253; sy < = 0,2972
R*® = 46.84%; R%*(Dmin) = 51,02%
7 1In(Dg-D) = ~9.05733 + 0.89274 In(HD) + 0.58151 1n(N)
n = 489; 1n(Dg-D) = ~2.1316; Sox 0.6206
®? = 11.50%; RZ*(D) = 99.80%
E/ Notation:

In(x) = Natural logarithm of x,
R? (x) Percent variation of x explained by the model,
A = Stand age in years,

B = Basal area in square feet per acre,
D = Tree diameter at breast height (dbh) in inches,
D = Arithmetic mean dbh in inches,
Dmin = Minimum dbh in inches,
Dg = Quadratic mean dbh in inches,
H = Total height in feet of a tree having dbh D,

HD = Average height in feet of the dominants and
codominants,
N = Number of surviving trees per acre,
S = Site index in feet (base age 25 years).

Subscript i denotes that the measurement is taken at time
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2.4}

ﬁ = x f(x) dx (8)
J,
[+ ]
B = 0.005454 Nf x?f(x) dx (9)
a

where predicted arithmetic mean dbh in inches,
predicted basal area in square feet per acre,
= number of surviving trees per acre,

Weibull pdf with parameters a, b, and c,

It

D
B
N
)

fx

il

Equation (8) can be rewritten as

a1
1

a+b Tl + 1/c) {(10)

B -a) /T + 1/e) (11)

o
I

or

where [I'(x) = gamma function evaluated at x.

In most diameter distribution models, stand volume and basal
area are often obtained by first computing these attributes for each
dbh class and then summing over diameter classes of interest.
Equation (9) can be approximated in a similar manner by replacing the
integral sign with a summation sign:

oo
- z
B o= 0,005454 N x§;1 ] fi (12)
i

where X, = midpoint of the ith dbh class,
. = F(x,+0.5) - F(x,-0.5) = proportion of trees in the ith
i i i
dbh class, e
F(x) = 1 - exp {~[(x~a)/b]"} = Weibull cumulative distribu-

tion function with parameters a, b, and c.

Starting with a guess for ¢, parameter b can be computed from
(11) given a and c. All three parameters (a, b, and c) then specify
a Weibull distribution. 1If equation (12) is not satisfied, a refined
estimate for ¢ will be computed and the procedures are repeated
until both sides of equation (12) are almost equal. This method
reduces the problem to that of solving one nonlinear equation
(equation 12) whose unknown is the shape parameter ¢ of the Weibull
pdf,
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RESULTS AND DISCUSSION

Program WTHIN

All of the techniques described earlier were incorporated into
program WITHIN, which was written in standard FORTRAN. This program
can generate stand and stock tables for different combinations of
site, stand age, and density., It is also able to simulate a loblolly
pine stand for a specified perioed during which thinning options are
available at any point in time.

Prediction of the Present Stand

The inputs needed are:

(1) age of the present stand,

(2) site index (or average height of the current dominants
and codominants),

{(3) two measures of density (total basal area and number of
trees per acre),

If only one measure of density is available, the other can be
estimated by emploving the appropriate equation (3 or 4) of Table 3.
Bquations (6, 7) of Table 3 predict the minimum and arithmetic mean
dbh of the stand. The Weibull location parameter a is computed from
Dmin as follows:

a = FLOOR (Dmin-0.5) - 0.49,

where FLOOR (x) = integer portion of x.
This adjustment simply sets Dmin at the lower end of its l-inch dbh
class and then decreases it by 1 inch.

The Weibull parameters b and c are obtained by solving equation
(12). As a result, number of trees and basal area per acre for each
dbh class can be computed. The mean height equation (equatiom 5 of
Table 3) predicts total height corresponding to the midpoint of each
dbh class. Total volumes outside and inside bark can be obtained
from the individual tree volume equations published by Burkhart et
al. (1972b). Merchantable volumes can also be calculated using the
volume ratio methods developed by Burkhart (1977) and Cao and
Burkhart (1980).
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Thinning

_ Inputs for the thinning option include age of the stand when
thinning occurs and type of thinning. Thinning can be carried out by
rows, from below, or a combination of both.

It is assumed that the diameter distribution does not change due
to row thinning. Thus the number of trees, basal area, and volume
per acre in each dbh class are reduced by the proportion of trees
removed in thinning.

Thinning from below is defined here as removing all trees with
dbh values less than a specified diameter. Input for this type of
thinning can be either this diameter limit or a residual basal area.
A combination of row and low thinning inveolves first a row thinning
followed by a thinning from below.

Alternative thinning algorithms can be easily substituted for
those included in this model if one has information on removal
patterns for the operations of interest,

Projection

Basal area and number of trees per acre at some age in the
future can be projected using equations (1) and (2) of Table 3 for
thinned stands, or the following equations from Coile and Schumacher
(1964) for unthinned loblolly pine plantations:

loglO(N} = loglO(NO) + {2.1346 - 1.1103 loglO(NG)

+ 0.1384 (OF)] A/100

loglO(B) 1.4366 loglO(S) -~ 0.7084 (10/A) + 0.4888 loglo(N)

+ 0.0585 (OF) - 1.4436

where = gpge 1in years,
= stand basal area in square feet per acre at age A,
number of surviving trees per acre at age A,

= number of trees planted per acre,

=
0 EH O =W
fl

=]

= +1 if old-field origin, and -1 otherwise,
= site index in feet (base age 25 years).

Procedures similar to those for predicting the present stand are
then employed to produce stand and stock tables for the future stand.
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Diameter Distribution of a
Previously Low-Thinned Stand

Suppose that in a previous thinning £rom below, all treesg having
dbh below Dthin were cut. If the predicted Weibull location
parameter {a) for the present stand is greater than or equal to
Dthin, then the complete Weibull function is used to characterize the
current diameter distribution. On the other hand, when a is 'less
than Dthin, a left-truncated Weibull pdf dis more appropriate where
Dthin is the truncation point.

When the truncated Weibull is employed, equation (10) is
replaced with:

. ® 2 (/D) (x/5) ST exp[=(2/b) ]
D=a-+ dx
{Dthin~-a) 1 - F(Dthin)
D=a+ f c yl/c exp(~y) dy
1 - F{(Dthin) {Dthlnna\
y B i
or
Dthin-ay "
N b (=52
D=3 + (1 + 1/e) -~ jr yl/C exp (-y) dy
1 - ¥{(Dthin) 0
(13
where F{x) = 1 - exp {»-[(x--a)/b]C

The procedures for deriving the parameters of the truncated
Weibull pdf are similar tc those of the complete Weibull described
earlier. The shape parameter ¢ is solved from equation (12); for
each estimated value of ¢, the scale parameter b is obtained from
equation (13) {instead of from equation (11) as in the case of the
complete Weibull pdf). The proportion of trees in the ith dbh class
of the truncated distribution is given by:

F(i+0.5) - F(i-0.5)

1 - F(Dthin)
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Effect of
Thinning Regimes on Yield

In order to demonstrate the effect of thinning type and
intensities on yield, different thinning options were applied to
leblolly pine plantations on site index 60 soil. These hypothetical
stands had 800 trees and 130 sq.ft. per acre of basal area at age 15,
and would be harvested at age 30. Option D was the control where no
thinning was applied. In the rest of the thianing options, the
stands were thinned repeatedly at ages 15, 20, and 25 to a specified
residual basal area. Residual basal areas were arbitrarily set at
80, 93, and 110 sq.ft. per acre for options A, B and C, respectively.
Three types of thinning were considered for each residual density:
(1) row thinning, (2} low thinning, and (3) a combination of row and
low thinnings, where 25% of the basal area removed was first cut in a
row thinning and then the remainder from a thinning from below.
Option Bl, for example, means row thinning to 95 sq.ft./acre of
residual basal area.

Yields of these stands under different regimes are presented in
Table 4. Total cubic-foot volume production (amount removed in
thinnings plus final harvest volume) did not differ much from row to
low thinning for a given thinning level. Note that thinning level is
to a specified residual basal area and that number of trees remaining
therefore varies by thinning type. Stand average diameter, however,
was lowest in row thinning, highest in low thinning, and somewhere
between these two extremes in the combination of row and low
thinnings, as expected. As found by other researchers (such as
Feduccia and Mann 1976, Sullivan and Williston 1977), cubic-foot
volume preduction increased with higher residual basal area. On the
other hand, average dbh increased as the thinnings were more severe,
which implies an increase in board-foot volume production.

Although only total cubic~foot volume is presented in Table 4,
users can readily develop yield tables in other units (cords, board
feet, pounds, etc.) and for any specified portion of the stand by
gsubstituting appropriate volume or weight equations and specifying
desired threshold diameters in the model.

Comparison with
Published Information on Thinning

Coile and Schumacher's (1964) Model

Program WIHIN was compared with the model for thinned loblolly
pine plantations developed by Coile and Schumacher (1964): results
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are presented in Table 5. Beth row and low thinning cptions were
tried, for the thinning in practice would Iikely be somewhere between
these two cases. Care was taken such that cord volume removed in
each thinning was didentical to that specified by Coile and
Schumacher. Examination of the residual stands at age 30 revealed
that the number of surviving trees from Coile and Schumacher's model
was between the predicted values from the twoe types of thinning of
program WITHIN. Residual basal area, quadratic mean dbh, and volume
from Coile and Schumacher's predictions were consistently higher than
those from WTHIN,

Coile and Schumacher’s predicted total volume production of
thinned stands far exceeded that of unthinned counterparts. On the
other hand, total volume predictions {(i.e., volume removed in
thinnings plus residual volume) of thinned stands at age 30 from
program WIHIN were close to volumes of unthinned stands at age 30
from Coile and Schumacher's model. This agrees well with what other
investigators have found, namely, that total cubic-foot volume
preduction is generally little affected by thinning (Smith 1962,
Andrulot et al. 1972, Goebel et al. 1974).

Yields Reported by Gosbel et al. (1974)

Goebel et al. (1974) reported yields of 9 old-field loblolly
pine stands; each had been thinned 4 to 5 times to a specified
residual basal area per acre. Site indices were determined from
curves developed by Goebel and Shipman (1964). Goebel and Warner
(1969) recognized a significant site-age bias in these site index
curves and revised their yield model using Clutter and Lenhart's
(1968) polymorphic site index curves. Devan's (1979) site index
equation was replaced with that of Clutter and Lenhart (1968) in
program WIHIN when simulating the stands based on the guidelines set
forth by Goebel et al. (1974). Data for total cubic-foot volumes
reported by Goebel et al. (1974) were based on velume tables prepared
by MacKinney and Chaiken (1939). Thus MacKinney and Chaiken's (1939)
individual tree volume equation was used in this simulation.

The observed number of trees per acre and average dbh in each
plot fell between values predicted from WIHIN using the row and low
thinning options (Table 6)., Comparison of total volume production in
these 9 stands shows that the mean relative difference between
observed and predicted yields (averages of yields from the row and
low thinning options) is -2.52%.
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Possible Modifications
and Refinements

In this study, a growth and yield model for thinned lchblelly
pine plantations was developed in which the parameters of the Weibull
function that characterized the diameter distribution were searched for
to insure that the resulting stand basal area and average dbh
estimates were identical to those predicted from stand variables
using regression techniques. Although the model gave logical results
that agreed well with past work on thinning, there is still room for
improvement.

Two specific areas for further investdigation are:

(1) Various methods for deriving a dbh distribution from stand
attributes for thinned stands need to be more fully evaluated.

(2) More realistic removal patterns for thinning from below
should be developed. One possibility is to establish stochastic
models in which trees in each dbh class are assigned probabilities of
being removed, and are cut or left in each thinning operation
depending on values of the random numbers generated.
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Appendix 1. A numerical example,

The following example is chosen to illustrate the techniques
employed in program WTHIN. Consider a2 loblelly pine plantation on
gsoil of gite index 60 feet (base age 25 vears), with 600 trees and
150 sq.ft. of basal area per acre at age 20. The stand is thinned to
100 sq.ft. per acre at age 20; the thinning method is a combination
of 25% vow thinning and 75% low thinning (i.e. a row thinning removes
25% of the total basal area scheduled tec be thinned, and then a
thinning from below removes the remaining 75%). No minimum diameter
for removal in the low thinning is specified in this example. The
stand is then left to grow until it is harvested at age 40. The card
input needed by program WTHIN to simulate this particular stand is
presented in Appendix 3a. Figures Al to A4 show the outputs of this
simulation from program WTHIN. The computational steps {on a per
acre basis) are cutlined as follows.

Step 1: Yield prediction of the stand before thinning.

Stand variables: Site index = 60 feet, A = 20 years, N = 600
trees, B = 150 sq.ft. (variable names are defined in Table 3).

From Devan's (1979) site index equation, average height of the
dominants and codominants at age 20 is 49.55 feet. Substituting the
values inte the appropriate stand variables in equations (6, 7) of
Tabie 3 gives: ©Dmin = 3,04 inches and D = 6.61 inches.

The Weibull location parameter is adjusted from Dmin as follows:
a = FLOOR (Dmin-0.5)} - 0.49 = 1,51,
where FLOOR (x) = integer portion of x.

The remaining parameters defining a Weibull distribution which
produces a total basal area of 150 sq.ft./acre and an average dbh of
6.6]1 inches are found to be

b = 5.6274 and ¢ = 4,0385,

Per acre number of trees, basal area, and volume for each dbh
class can be computed. For example, number of trees in the 6-inch
class 1is 600 F(6.3) - F(5.5) = 143.3 trees, where F(x) is the
Weibull cdf evaluated at x. Basal area in the 6-inch class:

143.3 (0.005454) (6)% = 28.1 sq.ft.

Average height of a tree with a 6~inch dbh in this plantation is
calculated from equation (5) of Table 3 to be 45.7 feet. Burkhart et
al.'s (1972b) tree volume equation is applied on 143.3 trees of dbh 6
inches and total height 45.7 feet, resulting in a volume of 597.4
cu.ft. outside bark in the 6~inch dbh ¢lass. Summing wvolume
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25% ROW, 75% LOW THINNING DOWN TO 100 SQFT/ACRE. HARVEST AGE = 40,

INPUTS
SITE = 60.00
AGE = 20.00
NUMBER OF TREES = 600.00
BASAL AREA = 150,00
DBH NUMBER AVERAGE BASAL
CLASS OF TREES HE i GHT AREA
2 0.5 22.3 0.0
3 8.4 31.9 0.4
i 36.0 38.2 3.1
5 87.5 h2.6 11.9
6 3.3 45,7 28.1
7 158.6 48,1 42.4
8 111.3 50.0 36.8
9 Ly, 7 51.6 19.7
10 2.0 2.8 4.9
11 0.8 53.8 0.5
12 0.0 54.7 0.0
600.0 150.0

AVERAGE DBH
CORD VOLUME TO b4, IN

PREDICTED

HD = 49.5%

AYERAGE DBH = 6.61

MENIMUM DBH = 3.08
TOTAL TOTAL VOLUME VOLUME
VOLUME VOLUME 0.B. I, B.
0.8. . B. TO 4. N TO 4. 1IN
0.3 0.2 0.0 0.0
8.5 5.5 0.0 0.0
63.6 44,9 0.0 0.0
246.7 182.6 165.8 118.8
597.4 §53.3 urr.9 355.6
923.2 710.6 801.6 608.9
865, 872.3 786.2 604.8
Rug.2 350.2 418.3 324. 4
112.9 88.6 107.3 83.7
1.9 9.3 1.4 8.9
.4 6.3 6.4 0.3
3278.7 2517.8 2768.8 2105.4

= 6.61 BASED ON 1-INCH DBH CLASSES

WEIBULL PARAMETERS

A
B
c

CONVERGENCE

1.5100
5.6274
L4,0385

ATTAINED

| [

Figure Al. Txample output from program WIHIN —
Step 1: Yield prediction of the stand
before thinning.
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25% ROW, 75% LOW THINNING DOWN TO 100 SQFT/ACRE.

ROW THINNING AT AGE 20,

8.33% OF TREES IN ALL DIAMETER CLASSES ARE CUT

BEFORE ROW THINNING

SITE

AGE

NUMBER OF TREES
BASAL AREA
AVERAGE DBH

AFTER ROW THINNING

DBH NUMBER AVERAGE BASAL
CLASS OF TREES HE$GHT AREA
2 0.5 2z2.3 0.0
3 T.7 31.9 0.4
4 33.0 8.2 2.9
5 80.2 42.6 10.9
o 13,4 5.7 25.8
7 5.4 Lg.1 3g.8
8 102.0 50.C 35.6
9 40.9 51.6 18.1
10 8.2 52.8 4.5
11 0.7 53.8 0.5
12 0.0 54.7 0.0
550.0 137.5

SITE

AGE

NUMBER OF TREES

BASAL AREA

AYERAGE DBH

AMOUNT REMOVED !N ROW THINNING

NUMBER OF TREES

BASAL AREA

TOTAL CU.FT. VOLUME O.B.
CU,.FT. YOLUME 0.8, TO 4. IN
CORD VOLUME TO 4. IN

Figure A2,

#uunn

uxwnan

B #n

60.00
20.00
600.00
150.00
6.61

TOTAL
VOLUME
0.8,

50.00
12.50
273.22
230.73
2.62

HARVEST AGE = 40.
TOTAL VOLUME VOLUME
YOLUME 0.B. 1.B.
1. B. TO 4, IN TO L, IN
0.1 0.0 0.6
5.0 G.0 0.0
1.1 ¢.0 0.0
167.4 151.9 108.9
415.5 438.1 326.0
651.4 T34, 8 558.1
616.3 720.7 554.4
321.0 383.4 297.4
81.2 98.3 76.7
B.6 0.5 8.2
0.3 0.4 0.3
2308.0 2538.1 1930.0

BASED ON 1-1NCH DBH CLASSES

Example output from program WTHIN --

‘Step 2: Row thinning at age 20.
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25% ROW, 75% LOW THINNING DOWN TG 100 SQFT/ACRE. HARVEST AGE = 40,

LOW THINNING AT AGE 20.

THIN TO 100.00 8Q.FT. RESIDUAL BASAL AREA

BEFORE LOW THINNING

SITE

AGE

NUMBER OF TREES
BASAL AREA

AVERAGE DBH

AFTER LOW THINNING

N LT T -

DBH NUMBER AVERAGE BASAL
CLASS OF TREES HE IGHT AREA
6 12.7 Ls5.7 2.5
7 145, 4 L48.1 38.8
& 1G2.¢ 5G.0 35.6
9 48,9 51.6 18.1
10 8.2 52.8 §.5
11 0.7 53.8 0.5
12 0.0 54.7 0.0
310.0 106G.0

SITE

AGE

KUMBER OF TREES

BASAL AREA

AVERAGE DBH

AMOUNT REMOVED IN LOW THINNING

NUMBER OF TREES

BASAL AREA

TOTAL CU.FT. VOLUME 0.B,
CU.FT. VOLUME 0.B. TO 4,IN
CORD VOLUME TO 4,!IH

i

#Hn

[T O I |

I ||

60.00
20.00
550.00
137.50
6.61

TOTAL
VOLUME
0.B.

53.1
846.3
7934
410.8
103.5

9
q

210.03

787.06
547,57
6.46

TOTAL
VOLUME
1.B.

[*T- N
QN =i\
OO s T O

¥
I
I
1
¥ .

LB B PER 0 % 4N Row RV o 1)

sk
-
o
0

VOLUME
0.B.
TO 4. iN

4a.4
734.8
T20.7
383.4
98.3
10.5

-

VOLUME
F.B.
TO L. N

31.6
558.1
554 .4
297.4

76.7

8.2
0.3

BASED ON 1-INCH DBH CLASSES

Figure A3. Example outpulL from program WTHIN —-
Step 3: Low thinning at age 20.
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25% ROW, 75% LOW THINNING DOWN TO 100 SQFT/ACRE. HARVEST AGE = 40,

INPUTS PREDICTED
SITE = 60.00 HD = 81.1%4
AGE = 4L0.00 AVERAGE DBH = 10,95
NUMBER OF TREES = 245.26 MINIMUM DBH = 5,87
BASAL AREA = 164.52

THIS STAND WAS PREVIOUSLY THINNED FROM BELOW
ALL TREES UNDER 5.5 INCHES IN DBH WERE CUY

TOTAL TOTAL VOLUME VOLUME
DBH NUMBER AVERAGE BASAL VOLUME VOLUME 0.B. 1.8,
CLASS OF TREES HE{GHT AREA G.B. f.8. TO 4, iN TO 4, iH
6 1.3 66.5 0.2 7.4 5.7 5.9 4.5
7 5.7 69.9 1.5 47.0 36.5 40.8 31.3
8 15.1 72.7 5.3 168.6 132.0 153.1 118.7
9 29.6 74.9 13.1 426.9 335.6 398.4 310.9
10 45.0 76.7 2u5 816.5 63,8 775.6 6081
11 53.3 78.2 35,1 1188.0 938.8 1142.1 898.3
12 47.6 79.5 37.4 1281.1 i013.9 1241.9 g79.1
13 30.5 80.6 28.1 975.8 773.2 951.8 751.8
14 13.2 81.6 0.1 492.4 390.6 4825 381.7
15 3.5 82.4 L.3 152.3 120.9 149.8 118.6
16 0.5 83.2 0.7 26.4 21.0 26.0 20.6
17 0.0 83.8 0.1 2.3 1.8 2.3 1.8
285, 3 164.5 5584.7 4413.8 5370, 3 2255

AVERAGE DBH = 10.95% BASED ON 1-INCH DBH CLASSES

CORD VOLUME TO 4,IN = 57.51

WETBULL PARAMETERS

A = §.5100
B = 7.0872
C = 4.1068

CONVERGENCE ATTAINED

Figure A4, Example cutput from program WIHIN -
Step 4: Project to age 40.
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estimates over dbh classes gives a stand volume value of 3279 cu.ft.
per acre.

Step 2: Row thinning at age 20.
In this example, 257 of the basal area removed is due to row

thinning. Total basal area removed in two thinnings: 150 - 100 =
50 sq.ft. Residual basal area after row thinning:

il

150 - 0.25 (50) 137.5 sq.ft.

Let Q@ be the ratio of basal area after row thinning and basal
area before thinning, Q = 137.5 / 150 = 0.9167. The stand and stock
table after row thinning is constructed by muitiplying the residual
ratio Q by the entries in the stand and stock table before row
thinning.

Number of trees in the 6-inch class: 0.9167 (143.3) = 131.4
trees. Basal area in the 6-inch class: 0.9167 (28.1) = 25.76 sq.ft.
Volume in the 6-inch class: 0.9167 (597.4) = 547.6 cu.ft.

Step 3: Low thinning at age 20.

Basal area removed in low thinning: 0.75 (50) = 37.5 sq.ft.
The diameter 1dimit (Dthin) is searched for by summing basal area in
each dbh class, starting from the lowest class, until the total is
closest to but not greater than 37.5 sq.ft. Basal area of cut trees
having dbh's of 5.5 inches and below:

0.4 + 2.9 + 10.9 = 14.2 gq.ft,

Basal area of trees in the 6~inch class that are removed in low
thinning: 37.5 - 14.2 = 23.3 sq.ft., which corresponds to:

131.4 (23.3) / 25.76 = 118.7 trees.

Residual number of trees in the 6-inch class: 131.4 - 118.7 =
12.7 trees/acre. Trees in the 7-inch class and above are left in
this low thinning.

Step 4: Project to age 40.

Stand attributes at age 40 are predicted from those at age 20
after thinning. The procedures foer constructing the stand and stock
table are similar to those described earlier in Step 1, except that a
Weibull distribution left-truncated at a diameter of 5.5 inches is
used in this case.
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Appendix 2a. Input variable formats and description for program

WTHIN —~— Subprogram identification card (first card).
Column Format Variable Description
1 I1 IPROG = ] = Call INPUTl: project a stand

through time.

= 2 = (all INPUT2: stand and stock tables
for specified combinations of age,
site, and density.
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Input variable formats and descriptions for program
WTHIN -~ Subprogram INPUTI.

Card

Column Format Variable Description
Type
i STAND DESCRIPTION CARD
1-3 F3.0 §11 Site index in feet (base age 25 years).
4-6 F3.0 AGE1 Age in years of the present stand.
7-10 F4.0 ANl Number of trees per acre at AGEl.
11-16 F6,2 BAI Basal area in square feet per acre
at AGE!l,
(Either XNl or BAl has to be specified).
17~18 12 INDEX = 1 = XN1 and BAl are both inputs.
= 2 = Only XNl is input for density.
= 3 = Only BAl is input for density.
19-23 F5.2 DTHINL = 0 = This stand has never been
thinned from below.

0 = All trees having dbh below DTHINI
were cut in a previous low
thinning.

24-26 F3.0 AGE2 Age at the next input or decision period.

27-28 12 NDEC Number of decision cards, each card
describes management routine (thinning
or not) at a specified age.

29-30 12 10PT = 0 = No title card for this stand.
= 1 = Title card immediately follows

this card.
31-32 12 MORE = 0 = No other stand. Stop when this

stand iIs finished.
= 1 = Another stand follows.
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Appendix 2b. Input variable formats and descriptions for program
WIHIN —-— Subprogram INPUT! (continued).

Card Column Format Variable Description
Type
2 DECISION CARD
1-3 F3.0 AGE1 Current stand age, equal to AGE2

specified in the previous card.

46 ¥3.0 AGEZ  Age at the next input or decision
period (harvest age if this is the
last decision card of this stand).

7-8 12 ITHIN = 1 = No thinning at AGEIL.

= 2 = Row thinning at AGEL.

= 3 = Low thinning at AGEl.

= 4 = Rerr thinmnirne £l lnwad hy 1ot

4 Bow thinning followed by low
thinning at AGEL,

9-10 12 JOPT {(Needed only when IROW=2 or ILOW=2)

= ] = BTHIN is specified.

= 2 = BRESR or BRES is specified.
11-12 I2 IROW {Needed only when ITHIN=2 or 4).

= ] = Specify residual ratio (Q).

= 2 = Regidual ratio not specified.
13-17 F5.2 Q = Residual ratio (after / before

thinning), when ITHIN=2 and TROW=1.
= Ratio of basal area removed in row

thinning and total basal area

removed, when ITHIN=4 and IROW=2Z.

18-23 F6.2  BRESR (Needed only when JOPT=2 and IROW=2)
Residual basal area per acre after
row thinning.

24-29 F6.2 BTHINR  (Needed only when JOPT=1 and TROW=2)
Basal area per acre removed in row
thinning.
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Appendix 2b. Input variable formats and descriptions for program
WIHIN == Subprogram INPUT]L (continued}.

tard Column Format Variable Description
Type
2 30-31 i2 TLOW (Needed only when ITHIN=3 or 4)

= 1 = All trees below a specified
diameter limit (DTHIN) are cut.

2 = Thin to a specified residual
basal area (BRES).

it

32-36 F5.2  DTHIN (Needed only when ILOW=1)
All trees having dbh below DTHIN are cut.

37-42 ¥6.,2 BRES (Needed only when JOPT=2 and ILOW=2)
Residual basal area per acre after
low thinning.

43~48 F6.2  BTHIN (Needed only when JOPT=1 and ILOW=2)
Basal area per acre removed in low
thinning.




40

Appendix 2c. Input variable formats and description for program
WTHIR ~~ Subprogram INPUTZ2.

Column Format Variable Description
1=4 I4 188 Site index: Begin
5-8 14 ISE End
g-12 14 IST Increment
13~16 I4 IAB Stand age: Begin
17-26 T4 TAE End
21-24 I4 TAL Increment
25-28 T4 INB Trees/acre: Begin
29-32 14 INE End
33-36 T4 INT Increment
3740 T4 IBB Basal area: Begin
41-44 14 IBE End
45-48 T4 IBI Increment
49-52 T4 INDEX = ] = Number of trees (IN) and basal

area (IB) per acre are both inputs.
= 7 = Only IN is input for density,
= 3 = Only IB is input for density.

53-56 14 I0PT = (0 = No title card.
= 1 = Title card immediately follows
this card.
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Stand 1:
Site index = 6
Density at age
Thinning: Age
Age

Harvest age =

41

Input example for program WIHIN -~ simulate a stand
through time.

0 feet (base age 25 years).

5 = 600 trees/acre.

= 17. Amount = 38 sq.ft./acre. Type = ROW.
= 22. Amount = 29 sq.ft./acre. Type = ROW.
30 years.

Title: COILE AND SCHUMACHER (1964)

Stand 2:

Site index = 60 feet (base age 25 vears).

Density at age

20 = 600 trees and 150 sq.ft./acre.

Thinning: Age = 20. Thin to 100 sq.ft./acre, Type = 257 ROW,
75% 1.OW.
Harvest age = 40 vyears.
Title: 25% ROW, 757 1.OW THINNING
Card input:
1 2 3 4
Column: 1234567890....5....0....5....0 5....0
1
60 5 600 2 i7211
COILE AND SCHUMACHER (1964)
17 22 21 2 38.00
22 30 21 2 29.00
60 20 600150.00 1 20110

25% ROW, 757 LOW THINNING
20 40 4 2 2 0,25100.00 2 100,00
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Appendix 3b. Input example for program WIHIN -~ stand and stock

tables for specified combinations of site index,
age, and density.

Combinations:

Site index = 50 feet (base age 25 years).

Stand age = 10, 15, 20, 25, 30 years.

Number of trees = 200, 400, 600, 800 trees/acre.
Basal area = 50, 100, 150, 200 sq.ft./acre.

No title wanted.

Card input:
1 2 3 4

5
Column: 1234567890, ...5....0....5....0....5....0....5....0....

2
56 5¢ 10 10 30 5 200 800 200 50 200 50
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Appendix 4. Generalized flowchart of program WTHIN

Stand variables:
Site,Agel,N1,Bl

Thinning?

Change
N1 and Bl

b4

{continued).

Whole stand model
Predict Dmin, D

k______

Project to Age?
Site,Age? ,N2,B2

Previously\: No
low~thinned?

Compute
FCN{c)




45

Appendix 5. Source listing of program WTHIN.

C WTHOO0010
c WTHD0020
C B 4 R R B R I R B W MR R wTHOOO3O
c ® * WTHOOOUO
c #  PROGRAM WTHIN PRODUCES STAND AND STOCK TABLES * WTHO0050
c # FOR THINNED LOBLOLLY PINE PLANTATIONS. # WTHO0060
c o # WTHO0070
c # DEVELOPED BY QUANG V. CAO # WTH00080
c # VPl & SU. AUGUST 1, 1981 # WTHOD0S0
c # # WTHOO100
C FeHe 3 AR W B W e MR B A S WTHDO‘] 10
c WTHOO120
c WTHOO0130
CALL ERRSET(208,256,-1,1) WIHOO 140

CALL ERRSET(207,256,~1,1) WTHO0150

CALL ERRSET{209,256,-1,1)} WTHO0160

CALL ERRSET{262,256,~1,1) WTHO0170

CALL ERRSET(263,256,=1,1) WTHOO180
READ(5,500) |PROG WTHO0190

500  FORMAT(11) WTHO0200
1F{ IPROG.EQ.1) CALL INPUT1 WTHO0210
IF{IPROG.EQ.2) CALL INPUT2 WTHOO220
RETURN WTH00230

END WTHO0240
SUBROUTINE INPUTY WTHO0250

c WTHO0260
c WTHDO2TS
C HH A A I A R R S H R R 3 B b e M R WTH{)OZ&O
c * # WTHO0290
c * SUBROUTINE INPUT1 READS THE NECESSARY INPUTS  # WTHOO300
c * FOR SUBROUTINE GROW. # WTHO0310
c # * WTHO0320
C HUUFHAHRHHHARUR AR RERERBE RN RS R HE W H R N R WTHOO3 30
c WTHOO340
c WTHO0350
IMPLICIT REAL*8 (A~H,0-Z) WTHOO0360
COMMON /ONE/ S1,AGE, XN, BA, HD, DMIN, DMED, DMAX, DBAR, I MAX, 1MIN WTHOO370
COMMON /TWO/ S11,AGET,XN1,BA1,DTHINT, AGE?, Q,DTHIN, BRES, BRESR, QTH | NWTHO0380

: , INDEX, I THIN, | LOW, | ROW WTH00390
COMMON /THREE/ FITITLE{20),AtNV,XNLOG, BLOG, HDLOG, TVOB1, TVOBL 1 WTHOOH0O

: ,CVOBYLT, [OPT, JJJ WTHOOL10
COMMON /FOUR/" A, B, BMIN,C, CONST, C1NV, GAMMA WTHOOL20

DATA IBLANK/' / WTHOOL3G

c WTHOOL4O
[ — READ STAND DESCRIPTION CARD. WTHOOL50
c WTHOOL6O
1 READ{5,500,END=999) SI11,AGE1,XN1,BA1, INDEX, DTHINT, AGE2,NDEC, 10PT WTHOGLTO

: , MORE WTHOOLBO

500  FORMAT{2F3.0,F4.0,F6.2,12,F5.2,F3.0,312) WTHOOLGO
I THIN=1 WTHO0500

JJJ=0 WTHOOS510
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Appendix 5. Source listing of program WTHIN (continued).

c WTHO0520
Cooome READ TITLE CARD [F ANY. WTHO0530
c WTHOO540
Do 2 1i=1,20 WTHOO0550

2 ITITLE( 11 )=IBLANK WTHOO560
IF{10PT,EQ.1) READ(5,501) [ITITLE(I1},1=1,20) WTHODS570

501  FORMAT{20A4) WTHOO0580
CALL GROW WTHO0590

c WTHOOE00
C-m--- READ DEC1SION CARDS. WTHOOE10
C WTHOO620
| F(MORE.EQ.1.AND.NDEC.EQ.0) GO TO 1 WTHO0630

| F(MORE,HE. 1. AND.NDEC,.EQ.Q) RETURN WTHOOELO

po 3 [=1,NDEC WTHOOE50
READ(5,502) AGEZ2, ITHIN,JOPT, IROW,Q, BRESR, BTHINR, 1LOW,DTHIN,BRES ~ WTHO0660

: ,BTHIN WTHOOETO

502  FORMAT(3X,F3.0,212,2(i2,F5,2,2F6.2)) WTHOO680
JF(ITHIN.NE. 1) JJd=1 WTHOOE90
AGE1=AGE WTHOO700
XN1=XN WTHO0T710
BA1=BA WTHOO720
FF{JOPT.EG. 1.AND. IROW,EQ.2) BRESR=BAT-BTHINR WTH00730

| £{JOPT.EG.1,AND. ILOW.EQ.2) BRES=BAT=-BTHIN WTHOOT40

| F{JOPT.EQ. 1.AND. |LOW,EQ.2.AND. ITHIN.EQ. 4} BRES=BRESR-BTHIN WTHOOT750
ENDEX=1 WTHOGT760

3 CALL GROW WTHOOT770
IF(MORE.EQ.1) GO 1O 1 WTHOOT80

590 RETURN : WITHOOTO0
END WTHG0800
SUBROUTINE INPUT2 WTHOOB10

C WTHO0820
C WTHO0B30
C e b e Sk R A G 3 0 SRR R S S b WTHOOBHO
C # * WTHOOB50
c +  SUBRDUTINE INPUTZ READS THE NECESSARY INPUTS  # WTHO0860
C # FOR SUBROUTIKE YIELD. #* WTHOOB70
c # #* WTHOO880
C FYRTRTRTTprETRrg R s S SRt 3 T R RO R R R LR R R LR R S ek HTHOOBQO
c WTHO0900
c WTHO0910
IMPLICIT REAL*S (A=H,0~Z) WTHO0920
COMMON /ONE/ S1,AGE, XN, BA,HD, DMIN, DMED, DMAX, DBAR, | MAX, IMIN WTHO0930
COMMON /TWO/ S17,AGET,XN1,BA1,DTHINT,AGE2, Q,DTHIN, BRES, BRESR, QTH INWTHOO940

: , INDEX, ITHIN, 1 LOW, | ROW WTHC0950
COMMON /THREE/ ITITLE{20),AINV,XNLOG, BLOG, HDLOG, TVOB1, TVOBY1 WTHO 0960

: ,CVOBH1, I0PT,JJJ WTHO0970
COMMON /FOUR/ A, B BMIN, G, CONST, CINV, GAMMA WTHO0980

DATA IBLANK/' / WTHO0990

1 READ(5,500,END=999) ISB, !SE, IS1,1AB, 1AE, 1A}, INB, INE, N1, 18B WTHO 1000

: L IBE, [BI, INDEX, 10PT WTHO1010

500  FORMAT{1htl) WTHO 1020
DO 2 11=1,20 WTHD 1030

2 ITITLE(F!)={BLANK WTHO 1040
FF(IOPT.EQ. 1) READ(5,501) (ITITLE{11},i1=1,20) WTHO 1050

501 FORMAT (20Al ) WTHO 1060
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Appendix 5. Source listing of program WIHIN

1

12

13
21

22

23
3

32

(continued).

DO LOOPS. CHECK IMDEX FOR INPUTS FOR STAND DENSITY.

DO 40 1S=1SB, ISE, 151

SI=DFLOAT( 1S}

DO 30 fA=1AB, 1AE, IAI

AGE=DFLOAT({ IA)

AINV=1.D0/AGE

CALL HEIGHT

AHD I =A I NV/HD

60 TO {13,11,12), INDEX

IBB=100

IBE={BB

iB1=50

GO TO 13

INB=100

INE={NB

INE=50

DO 20 IN=iNB, INE, IN

GG TO (21,22,23), INDEX

XN=DFLOAT({ IN)

XNLOG=DLOG{ XN )

GO TO 23

XN=DFLOAT( IN)

XNLOG=DLOG( XN)

BLOG=~4, 39180687D0 + 0.19054366D0*AINY
+ 1,34753L73D0%HDLOG + 0.63902092D0*XNLOG

RA=DEXP{BLOG)

DO 10 IB=1BB, | BE, IB!

GC TO (31,33,32), INDEX

BA=DFLOAT{ IB)

BLOG=DLOG( BA}

GO TO 33

BA=DFLOAT(1B)

BLOG=DLGG( BA)

XKLOG=T,79805237D0 + 2.10495039D0FAINY
- 1.89008311D0%HDLOG + 1.16743646D0*BLOG

" XN=DEXP ( XNLOG )

999

CONT INUE
SOLVE FOR DIAMETER CODF.

CALL YITELD
CONT INUE
CONTENUE
CONTINUE
CONT I NUE
GC 70 1
RETURHN

END

WTHO1070
WTHO 1080
WTHO1090
WTHO1100
WTHO1110
WTHO1120
WTHO1130
WTHO 1140
WTHG1150
WIHO 1160
WTHO1170
WTHO1180
WTHD 1190
WTHO1200
WTHO1210
WTHO1220
WTH01230
WTHOT240
WTHO1250
WITHO 1260
WTHO1270
WTHO1280
WTHO1290
WTHO 1300
WTHO1310
WTHG1320
WTHC1330

1ITFTENY 2Ly
LA AR R V]

WTHO1350
WTHO1360
WTHO1370
WTHO1380
WTH01390
WTHO1L00
WTHOTL 10
WTHOTL420
WTHGTL30
WTHG 1440
WTHO1450
WTHO1L60
WTHOTLRTO
WTHO1580
WTHO14LG0
WTHO1500
WTHO1510
WTHO1520
WTHO1530
WTHOT540
WTHO1550
WTHG1560
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Appendix 5. Source listing of program WIHIN (continued).

SUBROUT INE GROW WTHO1570

c WTHO1580
c WTHO1590
C HERREHAFHEERHHEH RS F UL AR LHEHBERHEL R R BB RR R w‘rHo] 600
c # * WTHO15610
c # SUBROUYINE GROW PRODUCES A STAND AND STOCK * WTHO1620
¢ # TABLE AT AGE1. THE STAND 1S THEN SUBJECT To  * WTHO1630
c # THINNING (OR NO THINNING), AND THEN PROJECTED * WTHO1640
C #  TO AGEZ, # WTHO1650
c # * WTHO1660
C HEHER R ER R H AR TR SR H AR AR M AT R U RSB WTH(]]B?O
C WTHO1680
¢ WTHO1690
IMPLIGIT REAL*8 (A-H,0-2) WTHO1700
COMMON /ONE/ S1,AGE, XN, BA, HD, DMI N, DMED, DMAX, DBAR, IMAX, [MIN WTHO1710
COMMON /TWO/ SI1,AGET,XN1,BAT,DTHINY, AGE2,Q, DTHIN, BRES, BRESR, QTHINWTHO1720

: , INDEX, ITHIN, [LOW, IROW WTHO1730
COMMON /THREE/ (TITLE(20),AINV,XNLOG, BLOG, HDLOG, TVOBT, TVOBL1 WTHO 1740

: LCVOBL1, 10PT, JuJ WTHO1750
COMMON /FQUR/ A, B,BMIN,C,CONST,CINV, GAMMA WTHO1760

DATA B1/0.02273D0/, B2/-0.0711103D0/ WTHO1770
TE(AGET.EQ. AGE. AND. XNT.EQ.XN.AKD. BA1.EQ.BA)} GO TO 5 WTHO1780
IDTHIN=DTH IN1+0. 500 WTHO1790
DTHINT=DFLOAT{ IDTHIN}~0.500 WTHO1800
St=511 WTHO1810
AGE=AGE1 WTHO1820
AINV=1,DO/AGE WTHO1830

CALL HEIGHT WTHO18HD

GO TO {1,2,3), INDEX WTHD 1859

G WTHD1860
[T FNDEX = 1 = BOTH XN1 AND BA1 ARE INPUTS FOR STAND DENSITY. WTHO1870
¢ WTHO 1880
1 XNLOG=DLOG{XN1) WTHO 1890
BLOG=DLOG( BAT) WTHO 1900

GO TO 4 WTHO1910

c WTHD1920
Commme INDEX = 2 = ONLY XN1 1S INPUT FOR STAND DENSITY. WTHO1930
C WTHO1940
2 XNLOG=DLOG({XNT) WTHO1950
IF{JJJ.EQ.C) BLOG=DLOG(10.D0)Y*{1.4366D0*DLOGI0(S] )7, 084D0O%AINY  WTHO1960

: +0.4888DO*DLOGIO(XN1}~1.3851D0) WTHO1G70
FF(JJJ.EQ.1) BLOG=-4.39180687D0 + 0.19054366D0*AINY WTHO1380

1+ 1.36753473D0*HOLOG + 0.63902092D0*XNLOG WTHO1990
BAT=DEXP{BLOG) WTHO2000

GO TO &4 WTHOZC10

o WTHO2020
Cw=s==  {NDEX = 3 = ONLY BA1 IS INPUT FOR STAND DENSITY, WTHO2030
c WTHO20U0
3 BLOG=DLOG(BA1) WTHO2050
PF(JJJ.EQ.0) XNLOG=DLOG(10.D0)*(1,4366D0*DLOGIN{SI }~7,08LDO*AINY  WTHO2060

:  -DLOG10(BAt1)~1,3851D0)/{-0.u4888D0) WTHO2070
IF(JJJ.EQ. 1) XNLOG=7,79805237D0 + 2.10495039D0*AINV WTH02080

: - 1.89908311DO%HDLOG + 1.16T43646DO*BLOG WTH02090
XN1=DEXP{ XNLOG) WTHO2100
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Appendix 5. Source listing of program WIHIN (continued).

WTHO2110

————— SOLVE FOR DIAMETER CDF, WTHOZ 120
WTHO2130

4 BA=BA1 WTHO2140
XN=XN1 WTHO2150
CALL YIELD WTHO2160
WTHO2170

~~~~~ THINNING AT AGE1. WTHG2 180
WTHO2190

5 CALL THIN WTHO2200
| F(AGE.EQ.AGE2) RETURN WTHOR210
WTHG2220

----- PROJECT TO AGE2. WTHO2230
WTHO22L0

WTH02250

AGE=AGEZ WTHOZ260
ATNV=1.D0/AGE2 WTH02270
CALL HEIGHT WTHOZ280
C1=5,40815546D0 + 0,321208D-2#S| WTHO2290
XNPLOG=DLOGTO(XNT) WTHO2300
XNPLOG={ XNPLOG - B1*AGE1)/(1.D0 + B2*AGE1) WTHO2310
IF(JJJ.EQ.0) XNLOG=DLOG{10.D0O)*(XNPLOG + AGE# WTHO2320

$ (B1 + B2¥XNPLOG)) WTHO2330
IF{JJJ,EQ. 1) XNLOG=-DLOG(DEXP(~0,658083D0%XNLOG)+0. 7579505 WTHOR340

$ *[AGE2#*1,78018705D0-AGE1#%1, 78018705D0) }/0. 65808300 WTHO2350
XN=DEXP{ XNLOG ) WTHOZ360
1F{JJJ.EQ.0) BLOG=DLOG{10.D0)*({1.4366D0*DLOGIO(S!}~7.084DO WTHO2370

$ *AINYV + 0.4888DO*DLOGIO(XN) -1.3851D0) WTHO2380
1F{JJJ.EQ, 1) BLOG=CT + (BLOG-CY)*AGE1/AGEZ WTHO2390
BA=DEXP{BLOG) WTHO2400
----- SOLVE FOR DIAMETER CDF. WTHO2410
WTHO2420

CALL YIELD WTHO2430
RETURN WTHO24L0
END WTHO2450
SUBROUT INE YIELD WTHOZ460
WTHO2470

WTHOZL80

HEHHHRLEH AR AR EHFER DR H AR ERF RS WTHGZHQ{)

* * WTHO2500

*  SUBROUTINE YIELD PRODUCES A STAND AND STOCK * WTH02510

# TABLE FOR A SPECIFIED COMBINATION OF AGE, * WTHO2520

¥ SITE, AND DENSITY, * WTHO2530

# * WTHOZ2540

o A e A N T I B Tk A ORI SR I FE RN AR A S R R IR S R MW N R R WTH02550
WTHO2560

WTHO2570

CALL MODEL WTHO2580
CALL DIST WTHO2590
CALL OUTPUT(1) WTHO2600
RETURN WTHO2610

END WTH02620
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Appendix 5. Source listing of program WIHIN (continued),

OOOCOQOCOO0O00

COOoOOOOOO00

SUBROUTINE HEIGHT

[MP
COM
COoM

H=A
Z=D
X0Z
Y0=
HDL
HD=
RET
END
SuB

EMP
ComM

CoM

.DQ=
DMIN=DEXP{1, 1083491900 + 5,.10754613D0%AINV + (,50530582%*HDLOG

" DBA
"RET

END

U F R R AR R R R R R A R R R R W

* #
#  SUBROUTINE HEIGHT COMPUTES HEIGHT OF THE *
*  DOMINANTS AND CODOMINANTS OF A STAND, GIVEWN #
#  SITE INDEX AND AGE, *
* FROM JIM DEVAN'S THESIS (1979). #
# #*
* #

e T e N R R AR M S W W M W R R R

LICIT REAL®8 {A-H,0-Z)

MON /ONE/ SI,AGE, XN, BA,HD, DMiN, DMED, DMAX, DBAR, | MAX, i#MiN

MON /THREE/ ITITLE{20},AINV,XNLOG, BLOG, HDLOG, TVOB1, TVOBA
LCVOBLT, 1GPT. AU

"DATA X0/0.04D0/, XL/0.200/, A/8.96178D0/,

B1/-5.27794D0/, B2/19.90047D0/, B3/-58.76122D0/

NV

EXP(A*({X=X0})

=X0*Z

DLOG{S!)

OG=YQO*Z + BI*{Z-1.D0) + B2H(XOZ-X) + B3¥(XOZ*X0=X*X)
DEXP{ HDLOG)

URN

ROUT{NE MODEL

A A I A R A R B BRI
# #*
#  SUBROUTINE MODEL PREDICTS FROM THE STAND #*
# CHARATERESTICS MINIMUM AND AVERAGE DIAMETERS, ¥
#* o+
B4 I A S O A B R S T BB B3 B S 3 A

LICIT REAL*8 {A-H,0-Y)

MON /ONE/ S1,AGE,XN,BA,HD, DMIN, DMED, DMAX, DBEAR, | MAX, IMIN

MON /THREE/ 1TITLE(20),AINV,XNLOG, BLOG, HDLOG, TVOBT, TVOBY1
L CVOBLT, 10PT, JJJ

(BA/({0.5U5415D=2%XN) } #¥%0,5D0

+ 0.28543547D0¥BLOG = 0,57131133D0%XNLOG)

R=DQ - DEXP{-9.05733308D0 + 0.89273788D0*HDLOG
+ 0.58151 T44*XNLOG)

URN

WTHO2630
WTHD26U0
WTHGZ2650
WTHO2660
WTHOZETO
WTHOZ680
WTHOZ2690
WTHO2700
WTHOZ2T710
WTHOZ2720
WTHORT 30
WTHO2T40
WTHOZ2T50
WYHO2T760
WTHO2770
WTHO2780
WTHO2790
WTHO2800
WTHO2810
WTHO2820
WTHO2830
WTHOZ2840
WTHO2850
WTHGZ860
WTHO2870
WTHO2880
WTHQ289%0
WTHOZ2900
WTHE2910
WTHO2920
WTHOZ2930
WTHOR2940
WTHO2950
WTHO2960
WTHOZ2970
WTHO2980
WTHO2990
WTHO300C
WTHCQ3010
WTHG3020
WTHO3030
WTHO30U0
WTHO3Q50
WTHO3060
WTHO3070
WTHG3080
WTHO3090
WTHO3100
WTHO3T10
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Appendix 5.

.COMMON /FOUR/ A,B,BMIN,C, CONST, CINV, GAMMA

SUBROUTINE DIST

51

Source listing of program WTHIN

{continued),

FHe A AR R SR R I B 3 0 S SR

#

#

# SUBROUTINE DIST SOLVES FOR WEIBULL PARAMETERS #
GIVEN BA, N, MINIMUM AND AVERAGE DBH, #

*  FOR DBH,
#

#

He e H WA S U M A TS S 40 T B B e B A R R

IMPLICIT REAL*B

{A-H,0-~Y)

COMMON /ONE/ St,AGE, XN, BA,HD, DMIN, DMED, DMAX, DBAR, IMAX, IMIN
COMMON /THREE/ ITITLE{20),AINV, XNLOG, BLOG, HDLOG, TVOB1, TVOBL Y

,C

EXTERNAL FCH
DATA TOL/0.005/

IRITIALIZE V
CONST=~DLOG(0.5

F=DMIN=0.5D0
A=1-0,49D0

VOBLT, LOPT, JJJ

ARIABLES,
BO/XN)

IF(A.LT.0.D0} A=0.D0D

Wi=~0.800
FMIN=0.5D0+A

FF{IMIN.LE. O} IMIN=1

SOLVE EQUATH?

CALL SECANI(FCN,TOL,W1,ITER, IER}

C=10,D0%¥{1.D0+D
RETURN
ERD

SUBROUT INE SECAN1(F, ERROR, SOL, I TER, ER}

ON: FCHN(C} = 0,

ERF{W1)}

USING THE SECANT METHOD.

HEREHHHBREERAREHF DRSS RH RS F RS0 B3R R

H

#

#*

#*

#

# INPUTS :
#

*

++

*

#*

*  QUTPUTS :
#

*

¥

#*

4

+

IMPLICIT REAL%8

COMMON /FOQUR/ A,B,BMIN,C,CONST, CINV, GAMMA

SECANT METHCD

ERROR

F(X} = O,
SOL =
ITER = NUMBER OF
lER = 0 = A ROOT
= 1 = NO ROOT

{A=H, 0-Z)

F = FUNGTION.
= PROCEDURE

IF{X}}I < ERROR.

SOL = A GUESS OF THE SOLUTION TO

FIND A ROOT OF A NONLINEAR EQUATON

tS STOPPED WHEN

SOLUTION TO F(X) = 0.
I TERATIONS,
15 FOUND,
IS FOUND AFTER
50 ITERATIONS.

3 T MR R R AR N A M N

F(X} = 0.

3#
#
#
#
#
#*
4
#
%
H#
#
#
#
*
L
#
#*
4

WTHO3120
WTHO3130
WTHO3140
WTHG3 150
WTHO3160
WTH03170
WTHO3180
WTHO3190
WTHO3200
WTHO3210
WTHO3220
WTHO3230
WTHO3240
WTHO3250
WTHO3260
WTHO3270
WTHO3280
WTHO3290
WTHO3300
WTH03310
WTHO3320
WTHO3330
WTHO3340
WTHO3350
WTH03360
WTHO3370
WTHO3380
WTHO33%0
WTHO3LOO
WTHO3L10
WTHO3L20
WTHGO3430
WTHO3440
WTHO3450
WTHO3460
WTHO3470
WTHO3480
WTHO34S0
WTHO3500
WTHO3510
WTHG3520
WTHG3530
WTHO3540
WTHO3550
WTHO3560
WTHO3570
WTHO3580
WTHO3590
WTHO3600
WTHO3610
WTHO3620
WTHO3630
WTHO364LO0
WTHO3650
WTHO3660
WTHO3670
WTHO3680
WTHO3690
WTHO3700
WTHOIT10
WTHO3T720
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INITIALIZATION,

| ER=0
| TER=0

X0=S0L

FO=F(X0)

BO=8

X1=X0+0, 500
F1=F(X1)
AFMIN=DABS(F1)
XMIN=X1

BMIN=B
LF(AFMIN.LT.DABS(FO}) GO TO 1
C1=X0

C2=F0

X0=X1

FO=F1

X1=C1

F1=C2
AFMIN=DABS(F1)
HM | N=X1

BM i N=BO

START THE ITERATIVE PROCEDURE.

I TER=1TER+1

SOL=(XO*F1~ XT*FO)/(FT FU)

i F{DABS{50L).57.5.00) GO 70 3
F2=F{S0L)

AF2=DABS(F2)

IF(AF2.GE.AFMIN) GC TO 2
AFMIN=AF2

XMIN=80L

BM | N=B

CHECK CONVERGENCE.

F{AF2.LE.ERROR} RETURN
F(ITER.GE.50) GO TO 3

REINITIALIZE VARIABLES.

K0=X1
FO=F1
X1=50L
F1=F2
GC 701

NO SOLUTION AFTER 50 ITERATIONS.

{ER=1
SOL=XMIN
B=BMIN
RETURN
END

Source listing of program WTHIN

(continued).

WTHO3730
WTHO3740
WTHO3750
WTHO3760
WTHO3770
WTHO37B0
WTHO3790
WTHO3800
WTHO3810
WTHO3B20
WTH0O3830
WTHO3840
WTHO3850
WTHO3860
WTH03870
WTH03880
WTHO3890
WTHO3500
WTHO3G10
WTHQ3920
WTHO3530
WTHO3940
WTHO3950
WTHO3960
WTHO3970
WTHO3980
WTHO3990
WTHORO0O

i,

WlﬁUHUiU
WTHOUD20
WTHOLO3O
WTHO4ORO
WTHOUOSG
WTHOU060
WTHOUOTO
WTHOLOBO
WTHOLOGO
WTHO410O
WTHOH 110
WTHOL120
WTHOL130
WTHO41LO
WTHOL150
WTHORT60
WTHOL1TO
WTHOU 180
WTHOU130
WYHOLZO0O
WTHO4210
WTHOA4220
WTHOLZ30
WIHOHZ2L0
WTHOL4250
WTHOL260
WTHOB270
WTHOL280
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DOUBLE PRECISION FUNCTION FCN({W1)

SR N M A S M N R R

# #
*  FUNCTION FCN IS CALLED BY SUBROUTINE SECANT #
*  TO EVALUATE THE LEFT-HAND SIDE OF EQUAT ION: #*
# FCN(C) = 0 #
2 H
%*'ﬁ'ﬁ-*****%**ﬂ'ﬂ'ﬂ'«"ﬂ'***ﬂ-ﬂ"ﬂ'*******ﬂ'#**ﬂ*ﬂ'*********#*#ﬂ'*

IMPLICET REAL¥8 (A~H,0-Y)}

COMMON /ONE/ S1,AGE, XN BA, HD, DMIN, DMED, DMAX, DBAR, 1MAX, IMIN

Source listing of program WTHIN (continued),

WTHOL290
WTHO4 300
WTHO4310
WTHO4320
WTHOL 330
WTHGL 340
WTHOL 350
WTHOW 36O
WTHO4370
WTHO4 380
WTHOL4390
WTHOLLOOD
WTHOLLTO
WTHOLL2O

CDMMON /TWO/ St AGE1 XN1 BA1 D?H|N! ACEZ Q, DTHEN BRES BRESR, QTHINWTHO4L 30

HNDEX ITHlN iLOW tROW
COMMON /FGUR/ A,B, BMlN c, CONST CENV, GAMMA

INITIALIZATION,

C=10.D0%(1.DO+DERF{W1}))
CINV=1,D0/C
GAMMA=DGAMMA( 1. DO+CINY)
B=[DBAR=-A) /GAMMA
IMAX=1,5D0+A+BHCONSTH*¥{CINV)
FCN=0.DO

IF(A.LT.DTHIN1} GO TO 2
F1=0,D0

COMPUTE FCN,

DO 1 I=IMIN, IMAX
Xi=DFLOAT( 1)
F2=CDF{XI1+3,5D0)

F=F2-F1

TE(F.LT.0.DO} F=0.D0

VE( 1, EQ. IMAX]) F=1.D0O-F1
Fi=fF2

FON=FON+X | #X | *F
FCN=FCN*0. 5454 15D-2%XN-BA
RETURN

WHEN THE LOCATION PARAMETER {A) !S LOWER THAN DTHIN1.

CALL FINDB
F1=CDF{DTHINT)
FRES=1,D0-F1
IMINT=DTHIN1+0,51D0

DG 3 i=IMINT, IMAX
XI=DFLOAT( 1)
F2=COF(X1+0.5D0)
F=(F2-F1)/FRES
FF{F.LT.0.D0) F=0.D0
{F{)LEQ. IMAX) F={1,D0~F1}/FRES
Fl=F2

FON=FCRN+F*X]#X|
FCN=FCN#(, 54545D~2#XN-BA
RETURN

END

WTHO4LLO
WTHOLLB0
WTHO44E0
WTHOLLTO
WTHOLLBO
WTHOLL90
WTHOL500
WTHO4S510
WTHOU520
WTHOL530
WTHOLSL0
WTHOL550
WTHOU560
WTHO4USTO
WTHOLS80
WTHOL590
WTHOLGE00
WTHOL61(
WTHOLG20
WTHOU630
WTHOL6L0
WTHOLE650
WTHO4B60
WYHO46TO
WTHOLEA0
WTHOLEO0
WTHOL700
WTHOBT710
WTHOLT20
WTHOLT730
WTHOLTLO
WTHO4 TS0
WTHGLT60
WTHOLTTO
WTHOLT80
WTHOLT90
WTHO4B00
WTHO48 10
WTHOL820
WTHOUB30
WTHOLSLO
WTHOLB5)
WTHO4860
WTHOLBTO
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Appendix 5. Source listing of program WIHIN (continued),

SUBROUTINE FINDB WTHOL880
WTHOLBZ0

WTHOL Q00

ﬁ-****'K-'ﬂ-'H"ﬂ'ﬂ'**'N"H"H'**‘ﬁ"ﬂ'ﬂ‘******‘K****%**************ﬁ‘**"ﬂ"ﬂ’ WTHOL&Q‘IO

# # WTHOLO20

% SUBROUTINE FINDB SEARCHES FOR THE WE|BULL # WTHOB30

% PARAMETER B, GIVEN A AND C, IN CASE OF LEFT-  # WTHOLOLO

* TRUNGCATION DUE TO LOW THINNING. # WTHO4950

# # WTHOH 960
**************************'ﬂ‘**********ﬂ‘************* wTHOQgTG
WTHOH 980

WTHOL3S0

IMPLIGIT REAL*8 (A-H,0-Y) WTHO5000
COMMON JONE/ S1,AGE, XN, BA, HD, DMIN, DMED, DMAX , DBAR, IMAX, IMIN WTH05010
COMMON /THO/ S13.AGET, kN1.BAT, DTHINT, AGE2, Q, DTHI N, BRES, BRESR, QTH | NWTHO5020
INDEX, 1 THIN, [LOW, |ROW WTHO5030

*coMMON /FOUR/ ATBIBHIN G BONST €NV, GAMMA WTHO5040
EXTERNAL FF WTHO5050
DATA TOL/0.5D-2/ WTHO5060
W2s =0, 600 WTHO5070
CALL SECANZ(FF,TOL,W2, TER, [ER) WTHO5080
Be10. DO (1. DO+DERF(W2) ) WTHO5090
RETURN WTH05100
END WTHO5110
SUBROUT INE SECAN2(F, ERROR, SOL, I TER, [ER) - WTHOB120
WTHO5 130

WTHO5 150

******‘N"KP‘************#***************%ﬂ*ﬁ***ﬁ***ﬁ*** ‘W‘THGs ‘| 56

# * WTHO5160

* SECANT METHOD # WTHOS170

* # WTHG5180

% EIND A ROOT OF A NONLINEAR EQUATON F(X) = # WTHOB 190

# * WTHO5200

% INPUTS F = FUNCTION. * WTH05210

» ERROR = PROGEDURE 1S STOPPED WHEN * WTH05220

* LF(X)] < ERROR. * WTH05230

¥ SOL = A GUESS OF THE SOLUTION T0 " WTHO5240

* F(X) = " WTH05250

* # WTH05250

% OUTPUTS : SOL = SOLUTION TO F(X) = O. * WTHO5270

» ITER = NUMBER OF ITERATIONS. * WTHO5260

# ER = 0 = A ROOT IS FOUND. # WTHO5290

* Z 1 = NO ROOT 1S FOUND AFTER  * WTHO5300

# 50 ITERATONS. # WTHO5310

* # WTH05320
****ﬁ“‘***ﬂ'*“‘ﬂ"ﬁ'*‘“‘****ﬁ***********ﬁ#********ﬁ******** HTH05330
WTH05 310

WTHOS350
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ndix 5. Source listing of program WIHIN (continued).

IMPLICET REAL¥8 (A-H,0-Z)
INITIALIZATION,

JER=0

I TER=0

X0=30L
FO=F(X0)
X1=X0+0 . 5D0
F1=F(X1}
AFMIN=DABS{F1)
XMIN=X1
IF(AFMIN.LT.DABS{F0)) GO TO 1
Ci=X0

C2=F0

X0=X1

FO=F1

X1=C1

Fi=C2
AFMIN=DABS({F1}
XM N=X1

START THE ITERATIVE PROCEDURE.

I TER= 1 TER+1
SOL={XORF1-X1#F0)/{F1-F0}

| F(DABS{SOL}.GT.5.D0) GO TO 3
F2=F ( SOL)

AF2=DABS(f2)
|F(AF2.GE.AFMIN) GO TO 2
AFMIN=AF2

XMIN=SO0L

CHECK CONVERGENCE.,

LF{AF2.LE. ERROR} RETURN
IF(1TER.GE.50) GO TO 3

REINITIALIZE VARIABLES.

X0=X1
FO=F1
X1=S0L
F1=F2
GO TO 9

NO SOLUTION AFTER 50 ITERATIONS.

{ER=1
SOL=XMIN
RETURN
END

WTH05360
WTHO5370
WTHO5380
WTHO05390
WTHO5400
WTHOS410
WTHOSH20
WTHOS5430
WTHOSHL0
WTHOS450
WTROSL60
WTHOSHTO
WIHO5480
WTHO5490
WTHO5500
WTHO5510
WTHO5520
WTHO5530
WTHOS540
WTHO5550
WTHO5560
WTHO5570
WTHGS580
WTHO5590
WTHOS5600
WTHOSE10
WTHO5620
WTHOS5630
WTHO5640
WTHO5650
WTHO5660
WTHOSET0
WTHO5680
WTHO5690
WTHOST00
WTHO5710
WTHO5720
WTHO5730
WTHOSTLD
WYHO5T750
WYHOSTE0
WTHOSTT0
WTHOS780
WTHO5790
WTHO5800
WTHO5810
WTHO5620
WTHO5830
WTHO5840
WTHO5850
WTHO5860
WTHO58T0
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DOUBLE PRECISION FUNCTION FF({W2)

Source listing of program WTHIN

{continued).

HHHHAHERER R HEHH RS RES R R ER R RR RIS

»

FUNCTION Ff 1S CALLED BY SUBROUTINE SECANZ TO *
EVALUATE THE LEFT-HAND SIDE CF THE EQUATION: #

¥
3
#
# FF(B) = 0.
#®
#*

#
#

Fo 33 1A K R R A 0 B R 3 R R R R S R

FMPLEICIT REAL®8 (A~H,0-Y)

COMMON /ONE/ Si,AGE,XN,BA,HD,DMIN, DMED, DMASX(, DBAR, | MAX, IMIN
COMMON /TWG/ S11,AGET, XN1,BAT,DTHINT, AGEZ, &, DTHIN, BRES, BRESR, QTH INWTHOG6020

, INDEX, ITHIN, [LOW, |ROW

-COMMON JFOUR/ A,B,BMIN,C,CONST,CINY, GAMMA

EXTERNAL Y
B=10.00#*(1.DO+DERF(W2})
FRES=1.DO~CDF(DTHINT)

EVALUATE THE INCOMPLETE GAMMA INTEGRAL.

ZA=0, DO
ZB={{DTHIN1=A)/B}#¥*C
CALL GAUSS(Y,ZA,ZB,S)

EVALUATE FF{B}.

FF=A+B#{ CAMMA~S ) /FRES=DBAR
RETURN

END

SUBROUTINE GAUSS(F,XA,XB, S}

Fo R S A R R A A B e S R R AR R

+#

# GAUSS QUADRATURE METHOD

+*

#  INPUTS: F = FUNCTION TO BE INTEGRATED.

# XA AND XB = LOWER AND UPPER LIMITS OF

# INTEGRAT ION,

#

#  QUTPUT: § = VALUE OF THE INTEGRAL.

#

e b B A S 4 e AR B U A R R R i

#*
#
#
#
#
H
#
#
#
H

WTHOS880
WTHOEE90
WTHO5900
WTHO5910
WTHGS920
WTHG5930
WTHGE940
WTHO5950
WTHO5960
WIHO5870
WTHO5980
WTHO58%0
WTHO6C00
WTHOG010

WTHO6030
WTHO6Q4O
WTHO6050
WTHO6060
WTHO60T0
WTHOB6080
WTHO6090
WTHO6100
WTHOG110
WTHO6120
WTHO6130
WTHOS 140
WTHOG 150
WTHO6160
WTHOE170
WTHOE180
WTHOG6190
WTHO6200
WTHO6210
WIHO6220
WIH06230
WTHO6240
WYH06250
WTHO6260
WTHO62T70
WTHO6280
WTHO6290
WTHO6300
WTH06310
WTHO6320
WTHO6330
WTHO& 340
WTHO6350
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Source listing of program WTHIN

IMPLICIT REAL¥#8 {A-H,0-Z)
DIMENSION Y(5),W(5)

OATA Y/,

14887&339000

LH333953941D0,

LB794G9568300,

.865063366700,
.9739065285D0/,
. 295524224700,

. 269266719300,
.2190863625D0,
149451349200,

‘ci= 0.5DC
C2=0.500
S=O.DO

=1
€3= CE*Y{
2 S=S+W{ 1}
5=5#(C2
RETURN
END
DOUBLE P
IMPLICIET
COMMON /

0666713443007, M/5/
*(XBHXA)
#{XB~XA)

M
1)
*(F(CT+C3J+F(C1=C3))

RECISION FUNCTION Y(X)
REAL*8 (A=H,0-7)
FOUR/ A,B,BMIN,C,CONST, CINV, GAMMA

Y=XH#HCINVEDEXP( X)

RETURN
END

DOUBLE PRECISION FUNCTION CDF{XX)

{continued),

He o H R R A S S o R AR A e 0 40 4 R B 3 15 A

+
4 Fuy
L

NCTION CDF EVALUATES THE WEIBULL CDF,

+H
H
#

HREFHHH BB R ERR AR E R AR EH R R R FHR AR SRR H USRS RS

IMPLICET
COMMON /
CDF=0.D0

FF{XX.LE.

C1=C*DLO
C2=0.D0

TF(CY,GY.
F{C1.,GT.

€3=0.D0

1F{C2.GT.
CDF=1,Db0-

RETURN
END

REAL¥8 (A-H,0-Y)
FOUR/ A,B,BMIN,C,CONST,CINV, GAMMA
A) RETURN
G{{XX=A)/B)
-50.D0.AND.C1.LT.50,00) C2=~DEXP(C1)

50.00) C2==1.D8

-50.D0) C3=DEXP(C2Z})
Cc3

WTHO6360
WTHOG3T0
WTHO6380
WTHO6390
WTHOEL0O0
WTHO6L10
WTHO6420
WTHOG430
WTHOGLL0
WTHO6450
WTHO6460
WTHOGLTO
WTHOGUBO
WTHOG490
WTHOG500
WTHD6510
WTHO6520
WTHOE530
WTHOGSK0
WTHO6550
HTHGE560
WTHO6570
WTHOG580
WTHO6590
WTHOG600
WTHOG610
WTHOE620
WTHO6630
WTHO66LO
WTHO6650
WTHO6660
WTHO6670
WTHOG680
WTHO6690
WTHOGTOO
WTHOG6T10
WTHO6720
WTHOET30
WTHOG6TLO
WTHO6750
WTHO6T60
WTHO67T0
WTHOGT80
WTHO6T90
WTHO6800
WTHO6810
WTHO6820
WTHO6830
WTHO6BU4O
WTHOG850
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Appendix 5. Source listing of program WTHIN (continued).

SUBROUT INE OUTPUT[ 11} WTHG6860

c WTHO68T0
c WTHO688D
C HHUHHFAEHEH N A HF RS EREHEH AR A BN S AR E RS R R RR AR WTH0689{)
c * # WTHO6900
c ¥  SUBROUTINE OUTPUT PRINTS THE STAND AMD STOCK  # WTHOES10
c #  TABLE. * WTHO6520
c # # WTH06930
C HHEHA R H SRR RS ER TR RREAR SRR AR RR NTH069!40
c WTHO6G50
¢ WTHOESE0
IMPLICIT REAL¥8 (A-H,0-Z) WTHOBGTO
DIMENSION CF{20),ROB(3),RIB(3),BOB{2),BIB(2),BH(2) WTHOG980
COMMON /ONE/ S1,AGE, XN, BA,HD, DMIN, DMED, DMAX, DBAR, I MAX, IMIN WTHOGE990
COMMON JTWO/ S11,AGE1,XN1.BA1,DTHINT,AGE2, Q. DTHIN, BRES, BRESR, QTHINWTHO 7000
!NDEX {THiN tLow P ROW WTHDT7010

COMMON JTHREE/ ITITLE(20). AINV, XNEOG, BLOG, HDLOG, TVOB1, TVOBH WTHOT7020
,CYOBU1, IGPT,JJJ WTHO7030

COMMON /FOUR/ A, B, BMIN, G, CONST, CINV, GAMMA WTHO 7040

DATA ROB/-0.32354D0, 3.1579D0, -2.7115D0/ WTHO7050

: ,R[B/—O.35206DO, 3.076300, -2.6540D0/ WTHOTG60
LBOB/ 0.3486UD0, 0.00232D0/ WTHOT070

,BIB/ 0.11691DG, 0.0018500/ WTHO7080

: Top/u o/, KROW/ ROW '/, KLOW/'LOW '/, KTYPE/} vy WTHOTO90
DATA CF/0.,0.,0.,0.,84,,85,,87.,90.,91.,92.,93.,94.,95%.,95.,95, WTHO7100
,95.,95,,05, 95 95/ WTHO7110

BH(1) 0.086151540D0 + 0.43274521D0*AINV + 0.93333081D0*HDLOG WTHO7120

- 0.08583288D0%BLOG + 0.07596L39%XNLGCG WTHO7 130G
‘BH(2y=-2,1531226400 WTHGT 140
TOPOB=TOP##ROB( 2} WTHOT150
TOPIB=TOP*%#R1B{2) WTHO7160

o WTHD 7170
Comame WRITE HEADINGS. WTHG7180
c WTHOT 190
IF(411.EQ.2) GO TO 11 WTHOT7200
WRITE(6,666) (ITITLE(II), 11=1,20) WTHDT7210

666 FORMATE "1/ /10X, 20A4) WTHOT220
WRITE(6,599) S1,HD,AGE, DBAR, XN, DMIN, BA WTHO7230

599 FDRMAT(//33X ’lNPUTS' 22x 'PREDICTED /33X,6('-"),22X,9({'=") WIHOT 240
: /31X, 'SITE =1, F7. 2 18X, THD =',F6.2 WTHO7250

: /32X, 'AGE = F? 2,9x%, AVERAGE DRH =',F6.2 WTHOT7260

: /EGX,'NUMBER OF TREES ="', F7.2,9%, 'MINIMUM DBH =',f6.2 WTHOT7270

: /25X, "BASAL AREA m‘,F7.2) WTHO7280

GO TO 12 WTHO72590

11 KTYPE=KLOW WTHO7300
IF(ITHIN.NE.3) KTYPE=KROW WTHO7310
WRITE(6,600) KTYPE WTHOT7320

600 FORMAT{ //15X, "BEFORE ', AL, "THINNING' /15X, 6("'=")," === ', 8{'-"}} WTHOT7330
WRITE(6,601) S1,AGEY, XN, BA, DBAR WTHOT 340

601 FORMAT( 42X, SETE =" F7.2/043%, 'AGE =", F7. 2/31X, "NUMBER OF ' WTHOT7350
: 'TREES = F7 2/36xf'BASAL AREA = ,F7.2 WTHO7360

H /35x AVERAGE DBH =", FT7.2) WTHO7370

12 IF(A.LT. DTH1N1) WRITE(6, 602) DTHINI WTHO7380
602 FORMAT(//esx 'THIS STAND WAS PREVIOUSLY THINNED FROM BELOW' WTHO7390
/26X, "ALL TREES UNDER',F5.1,' INCHES IN DBH WERE CUT') WTHO7L00

TIF(IT1.EQ. 2) wRiTE(6{503) KTYPE WTHO7L10

603  FORMAT(//15X%, "AFTER ',A4, "THINNING' /15X, 5("=")," === ' B({'=')}) WTHO7L2O
WRITE{6,60L) TOP,TOP WTHOT7430

604 FORMAT(///5OX TOTAL';ﬁx TOTAL' » 5%, 'WOLUME ', 85X, *VOLUME' WTHO7L40
: /9%, 'DBH', 5X, | NUMBER', 4X, AVERAGE* 5x,‘BASAL',5x WTHOTL50

: ‘VOLUME , 5X, VOLUME ?x{ 0.8, 7x *i B. WTHO7L60

1 78X, CLASS'§3X OF TR£ES JGX, THEIGAT! , 6%, 'AREAT, TX WTHOTLTO

: LtoLB. T, 7X, VILB. T, uX, TTOV,F3.0, "IN', 4K, 'TO', F3. 0,"IN'"//} WTHO7LSO
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Appendix 5. Source listing of program WTHIN (continued).

c WTHOT7450
Cm-mmo- INETIALIZATION, WTHO7500
c WTHO7510
F1=0.00 WTHOT7520
8B=0.D0 WTHG7530
ANRES=0.D0 WTHO7540
DAVG=0.D0 WTHO7550
TVOB=0, DO WTHR 7560
TViB=0.00 WTHOT570
TVOBL=0. DO WTHOT®80
TVIiBY4=0, D0 WTHOT590
CVOB4=0.D0 WTHOT600
XNT=XN WTHO7610
FMINTI=IMIN WTHO7620
TF(IILEQ.2) GO TO 13 WTHO7630
IF{A.GE.DTHINT) GO TO 32 WTHO7640
F1=CDF{DTHINT} WTHO7650
IMINT=DTHINT+0.51D0 WEFHOT660
XNT=XN/{(1.D0~F1} WTHO7670

GO TC 3 WTHO7680

13 IF(ITHIN.EG. 1) GO TO 3 WTHOT7690
IFLITHIN.EQ.3) GO TO 2 WTHOT700
IFIA.LT.DTHINTY GO TO 1 WTHO7T730
WTHOT720

Crmmmww ROW THINNING. MO PREVIOUS LOW THINNING. WTHOT 730
C WTHOTTUO
KNT=XN*Q WTHOTT750

GO TOQ 3 WTHQ7760

C WTHOTTTO
Crormaw ROW THINNING. PREVIOUS LOW THINNING, WTHOT780
C WTHOTT90
1 F1=CDF(DTHINT) WTHOT800
HKNT=XN¥*Q/{1.DO-F1) WTHO7810
FMINTI=DTHINT+0.51D0 WYHOT782G

GO TO 3 WTHO7830

C WTHG7840
P LOW THINNIRNG. WTHGT7850
[ WTHOT7860
2 Fi1=CDF{DTHIN) WTHO7870
FF(ALT.DTHINT) XNT=XN/{1.D0-CDF(DTHIN1}} WTHO7880
IMINT=DTHIN+G,51D0 WTHOT7890

c WTHOT7900
[ LOOP OVER DBH CLASSES, WTHO7910
c WTHO7920
3 CONTINUE WEHO7930

BC 5 I=IMINT, IMAX WTHOT7940
Xi=DFLOAT( 1) WTHGT7950
Fe=CDF(X1+0,5D0) WTHOT7960
F=XNT®#{F2-F1) WTHO7970
FPR{LLEQ. IMINT . ARND, 111, £Q.2) F=F#*QTHIN WTHO7980
IF{F.LT.0.D0) F=0.DO WTHO7990

Fi1=f2 WTHO8000
Xi2=X#¥X1 WTHO801310
BASAL=0.545415D-2HX | 2#F WTHOB020
H=DBEXP(BH{ 1}+BR{2)/X1} WTHO8030
PD2ZH=X{2%*H WTHGB0LYD
VOB=F#{BOB( 1)+BOB{2)#D2H) WTHCB059
VIB=F#(BIB(T)+BIB({2)*D2H} WTHOBO60D
VOBL=(, DO WTHOB0OT0O
V1iBU4=0. DO WTHO8080
IF(H.LT.5) GO YO 4 WTHOBO90

VOBL=VOB*{ 1. DO+ROB( 1) *TOPOB#*X | ¥*ROB({3}) WTHO8100
VIBL=VIB#( 1.DO+RIB(1)*TOPIB*X | ##RIB(3)) WTHOB110




60

Appendix 5. Source listing of program WIHIN

609
610

606
611

607

1F(1.LE.20) CVOB4=CYOBL+VOBU/CF( 1}
DAVG=DAVGHF#X |

BB=BB+BASAL

XNRES=XNRES+F

TVOB=TVOB+VOB

TVIB=TVIB+*VIB

TVOBY=TVOBL+VOBY

TVIBU=TVIBU+VIBY

WRITE(S,605) 1, F,H,BASAL, VOB, VIB, VOB, VIBY
FORMAT( 111, 7F11,1)

DAVG=DAVG/XNRES

END LOOP,

IF{II1,EQ.2) GO TQ 7T
WRITE(6,608) XNRES,BB,TVOB,TVIB,
FORHAT(TéX,é('*'),11X,5§5X,6(‘—
/27X, "CORD VOLUME ¥O',F3.0,'tN =',F7.2
/737X, 'WEIBULL PARAMETERS'
FAUsX, A =T FT. 4
Jusx, 'B =", F7.4
JUSX,'C =T,FT.4)
C1=DABS(BA-BB)
|ER=1
{F{C1.LT.0.05) [ER=C
1F(1ER.EQ.0) WRITE(6,5609}
FORMAT( /35X, 'CONVERGENCE ATTAINED')
IF{IER.NE.O) WRITE{6,610)

{continued).

TVOBL, TV I B4, DAVG, TOP, CVOBY4, A, B, C
))/11X,F11.7, 11X, 5F11.1
/735X, 'AVERAGE DBH =',F7.2,2X, 'BASED ON 1-INCH DBH CLASSES'

FORMAT( /23X, 'DIFFERENCE IN BASAL AREA > 0.05 SQ.FT./ACRE")

GO TO 8

WRITE(6,606) XNRES,BB, TVOB, TVIB, TVOBY, TVIBU
FORMAT(16X,6('~"},11X,5(5X,6( -
WRITE{6,611) SI|,AGE?, XNRES, BB, DAVG

FORMAT{/E2X, 'SITE =',F7.2/43X, "AGE =" ,F7.2/31X,
JVTREES =',F7.2/36X, 'BASAL AREA =',f7.2
/35X, 'AVERAGE DBH =',F7.2,2X, "BASED ON 1~INCH DBH CLASSES')

XNTHIN=XN-XNRES
BATH | N=BA-BB
TVTHIN=TVOB1-TVOB
TVLET=TVOBY 1-TVOBY
CvyT=CVYOBU 1-CVOBY

/11X, F1I1.1, 116, 5F11.1)
'MUMBER OF '*

WRITE[6,607) KTYPE,XNTHIN,BATHIN, TVTHIN, TOP, TVAT, TOP, CVLT

FORMAT(//15X%, 'AMOUNT REMOVED IN ', A4, 'THINNING'

J1BX6( =1 ), 16, 7 =" ), 1 F==F 1, 3(7=1), 1%, 8("-")

/731X, "NUMBER OF TREES =",F7.2
/36X, 'BASAL AREA =',F7.2
/22X, FTOTAL CU.FT. VOLUME 0.B. =',F7.2

720X, 'CU.FT. VOLUME 0.B. TO',F3.0, "IN =',F7.2

/27X, "CORD VOLUME TO',F3.0,'IN =',F7.2)

Hh=XNRES
BA=BB
TVOB1=TVOB
TVOBL1=TVOBL
CVOBU1=CVOB4
RETURN

END

WTHOB120
WITHO8130
WTHOB14O
WTHOB15C
WTHOB160
WTHOB170
WYHGB180
WYH0O8190
WTHOB200
WTHOB210
WTHOB220
WTHOBZ30
WTHOB240
WTHO8250
WTHOB260
WTHO82T0
WTHO8280
WTHOB290
WTHOB300
WTHO8310
WTHO8320
WTH08330
WTHOB340
WTHOB350
WTHOB360
WIHO8370
WTHOB380
WIHOB390
WTHOBLOO
WTHOBL 1O
WTHOBL20
WTHOBL3O
WTHO84LD
WTHOBLS50
WTHO8LED
WTHOBUTO
WTHOEHBD
WTHOBLGO
WTH(Q8500
WTHOE510
WTHO8520
WTHO8530
WTHOE540
WTHO8550
WTHO8560
WTHO85T0
WTHOB580
WTHO85%0
WTHO8600
WTHOB610
WTHOB620
WTHOB6 30
WTHO86UG
WTH08650
WTHOBE660
WTHOB6TO
WTHOB680
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Appendix 5. Source listing of program WIHIN (continued).

SUBROUT INE THIN WTHORE50

c WTHO8700
¢ WTHOB 716
C RN R G RN R H WU R FHF RS RE KT H N AR R W'}'HOBTEG
c # # WIHO8730
C *  SUBROUTINE THIN TAKES CARE OF THE THINNING # WTHOBTUO
c *  OPTIONS AT AGET, * WTHO8750
c # * WTHO8760
C e PN R W R R B R R N R B R B N R WTHOS‘]']O
c WTHO8 780
c WTHOB790
IMPLICIT REAL¥8 (A-H,0-Z) WTHO8800
COMMON /ONE/ S1,AGE,XN,BA,HD, DMIN, DMED, DMAX, DBAR, IMAX, {MIN WTHO8810
_COMMON /TWO/ Si7,AGET,XN1,BA1,DTHINT, AGE2, Q, DTHIN, BRES, BRESR, QTH | NWTHOB820

, INDEX, FTHIN, [LOW, I ROW WTHOBB30

COMMGN JTHREE/ ITITLE(20),AINV,XNLOG, BLOG, HDLOG, TVOBT, TVOBY 1 WTHO8840
,CVOBL1T, 1OPT, JJJ WTHOB850

"COMMON /FOUR/ A, B, BMIN, C, CONST, CINY, GAMMA WTHOBBE0
QTHIN=1.D0 WTHO8870

GO TO (1,2,3,2}, ITHIN WTHOB880

c WTHOB890
Creun [THIN = 1 = NO THINNING AT AGE1. WTHOB900
C WTHO8910
1 RETURN WTHO8920

c WTHO8230
o T ITHIN = 2 = ROW THINNING AT AGE1. EVERYTHING IS REDUCED WTHO8940
c BY A FACTOR Q. WTHOB950
c WTHOROAD
2 IF{IROW.EQ.2.AND. ITHIN.EQ.2) Q=BRESR/BA WTHOBST0
FF{IROW.EQ.2.AND. [THIN.EQ.4} Q=1.D0-Q*{1.D0~BRESR/BA) WTHO8G80
Q1=100.D0~Q*100. DO WTHO8990
WRITE(6,666) (ITITLE(I1},11=1,20) WTHOSC00

666  FORMAT({'17//10%,20AL) WTHODC10
WRITE(6,600) AGE1,Q1 WTHO9020

600 FORMAT(//32X "ROW THINNING AT AGE',F4.0 WTHO2030
//F26.2,'% OF TREES IN ALL DIAMETER CLASSES ARE GUT') WTHOGOLD
"1F(Q1.GE.100.D0) RETURN WTHOZ050

CALL OUTPUT(2) WTHO9060
IF(ITHIN.EQ.2) GO TO 10 WTHO9070
FTHIN=3 WTHOS080

c WTHO9090
Cr=w==  ITHIN = 3 = LOW THINNING AT AGE1. WTHO9 100
c WTHOS110
3 G0 TO (4,5), ILOW WTHO9120

c WTHO9130
C-mmmm ILOW = 1 = ALL TREES HAVING DBH LESS THAN DTHIN ARE CUT. WTHOR 140
c WTH09150
% IDTHIN=DTHIN+0.5D0 WTHO9160
DTHIN=DFLOAT{ IDTHIN)~0.5D0 WTHGI170
FF{DTHIN.LT.A.OR,DTHIN.LT.DTHINT) RETURN WTHOS180
WRITE(6,666) (FTITLE(11}, i=1,20) WTHOG 190
WRITE(5,601) AGE1,DTHIN WTHO9200

601 FORMAT(//SZX LOW THINNING AT AGE',FL.0 WTH09210
//23X,"ALL TREES UMDER',FS5.1,' INCHES DBH ARE CUT') WTH09220

"CALL OUTPUT(2} WTH09230
DTHINT=DTHIN WTHO9240

Go TO 10 WTHO9250
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Appendix 5. Source listing of program WTHIN (continued).

c WTHO9260
Cromom- {LOW = 2 = THIN TO A SPECIFIED RESIDUAL BASAL AREA (BRES). WTHO9270
c WTHO9280
5 BTHIN=BA-BRES WTHO9290
BB=0. DO WTHO9300
IF(A.LT.DTHIN1) GO TO 6 WTHO9310

F1=0. D0 WTHO9320
XNT=XN WTHO330
IMINT=IMIN WTHOI3U0

6o TO 7 WTH09350

6 Fi1=CDF(DTHINT} WTHO9360
XNT=XN/{1.DO-F1) WTHO9370
IMINT=DTHIN1T+0.51D0 WTHO9380

C WTHO9390
Cunuua FIND DTHIN CORRESPONDING TO BRES. WTHO9400
c WTHO9L10
7 DG 8 I1=IMINT, IMAX WTHO94 20
X1=DFLOAT( | ) WTHO9430
F2=CDF (X140.5D0) WTHO9LUO
FEXNT#{F2-F1) WTHO9450
[F{F.LT.0.D0) F=0,DO WTHO94 60

Fi=F2 WTHOOL 70
BASAL=0, 5454 15D~2#F*X | #X| WTHOG4 80
BB=BB+BASAL WTHOZL GG
IF{BB.GT.BTHIN) GO TO 9 WTHO9500

& CONTINUE WTHO9510

o WTHO9520
P QTHIN IS THE RESIDUAL PROPORTION (AFTER / BEFORE THINNING) WTHO9530
c Of THE DBH CLASS WHOSE LOWER LIMIT 1S DTHIN. WTHO95H0
c WTHO9550
9 QTHIN=(BB-BTHIN)/BASAL WTHO9560
DTHIN=X1-0.5D0 WTHO9570
WRITE(6,666) (ITITLE(t1), 1=1,20) WTHO9580
WRITE(6,602) AGE1,BRES WTHO9530

602  FORMAT{//32X,'LOW THINNING AT AGE', fu.0 WTHO9600
: 7723%,TTHIN TO',F7.2,' SQ.FT. RESIDUAL BASAL AREA') WTHO9610

| F(BRES.LE.0.DO) RETURN WTHO9620

CALL OUTPUT(2) WTHO9630
DTHIN1=DTHIN WTHO9640

70 XNLOG=DLOG(XN) WTHO9650
BLOG=DLOG{BA)} WTHO9660
RETURN WTHO9670

END WTHO9680

BLOCK DATA WTHO5690
IMPLICIT REAL*8 (A~H,0-Z) WTHO9700
COMMON /ONE/ S|,AGE,XN,BA,HD, DMIN, DMED, DMAX, DBAR, IMAX, IMIN WTHOS710
COMMON /TWO7 SI11,AGE1, XN1,BA1,DTHIN1,AGE2,Q, DTHIN, BRES, BRESR, QTHINWTH09720

: L INDEX, I THIN, 1LOW, | ROW WTHO9730
COMMON /THREE/ 1TITLE(20),A!NV,XNLOG, BLOG, HDLOG, TVOB1, TVOB41 WTHO9740

: L CVOBU41, 10PT,JJJ WTHO9750
COMMON /FOUR/ A,B,BMIN,C,CONST, CINV, GAMMA WTHO9760

DATA AGE/0.DO/,XN/0.DO/,BA/0.DO/,DTHINI/0.D0/, 1 THIN/1/ WTHO9770

END WTHOS780




