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PREFACE

Program COYIELD presented here is available to interested
users 1n either a FORTRAN batch version for mainframe computers
or in IBM BASIC for the Personal Computer. A punched card deck
of the FORTRAN version or a diskette of the BASIC version can be
cbtained by writing the Biometrics Section, School of Forestry
and Wildlife Resocurces, Virginia Tech, Blacksburg, VA, 24061,

A charge of $20.00C applies to either wversion to cover the
cost of copying and malling. Checks should be made out to the
Department of Forestry, VPI & 5U.

Although the software, to the best of our Rknowledge,
contains no errors, neither Virginia Polytechnic Institute and
State University, the School of Forestry and Wildlife Resources
nor the authors claim any responsibility for its accuracy.

ii




ACKNOWLEDGEMENTS

The work reported here was sponscred by the Loblelly Pine
Growth and Yield Research Cooperative at VPI and SU. Support
from Bowater Incorporated, Champion Internaticnal Corporation,
Chesapeake Corporation, Continental Forest Industries, Crown
Zellerbach Corporatiocon, Federal Paper Board Company,
International Paper Company, Potlatch Corporation, Unicn Camp
Corporaticn, Westvaco Corporation, Weyerhaeuser Company, North
Carclina Division of Forestry, Virginia Division of Forestry and
the U.3. Forest Service (by Cocoperative Agreement) 1s gratefully
acknowledged.

The input and output subroutines for program COYIELD were
pased on similar routines developed by Quang V. Caoc (Cac et al.
1982) for program WTHIN. His contributicn is appreciated.

AUTHORS

The authors are Research Asscciate, Thomas M. Brcoks
Professor and Graduate Research Assistants, respectively, in the
Department of Forestry, Virginia Polytechnic Institute and State
University, Blacksburg, VA 24061.

ABSTRACT

Data from plots established in unthinned lobleolly pine
plantations on cutover site-prepared lands were used to develop
size class distributicn and vyield predictions. The data come
from plantations of leblolly pine established over much of its
natural range and represent a wide variety of stand conditions
and site-preparation treatments. A three parameter Weibull
density function was used to model diameter distributions, and a
computer program, COYIELD, was developed to predict vields from
stand attributes. The predicted yields should satisfacitorily
represent many sites in the Piedmont and Coastal Plain regions of
the Southern United States.
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INTRODUCTION

During the 1950's and early 1960's, most of the lcblolly
pine plantaticens in the South were established on abandoned
agricultural lands. Growth and vield relationships for these
sites have been thoroughly researched and a number of vyield
prediction systems for them exist (Burkhart et al. 1981). Since
then, the majority of plantations have been established on
cutover sites receiving some type of site preparation treatment
prior to planting. In order to effectively manage these lands,

estimates of yields for various product objectives are needed.

The purpose of this study was to develop a size-class
distribution model to predict vyields of unthinned loblolly pine
plantations on cutover site-prepared lands. The model presented
here, program COYIELD, should provide satisfactory vield
estimates for many different stand conditions over much of the
natural range of lobklolly pine. Versions of COYIELD were
developed in FORTRAN for mainframe computers and in BASIC for the
IBM Personal Computer.

BACKGRCOUND

Yieid models developed for cutover, site-prepared lands have
been few due primarily to a scarcity of data. Feduccilia et al.
{(1972) published a diameter distribution model for predicting
vields in unthinned loblolly pine plantations on cutover sites in
the West Gulf Coastal Plain. Clutter et al. {1984) develored a
similar model based con data from the lower Ccastal Plain areas of
Nerth Carolina, South Carolina and Gecorgia. These studies
included data from a rather limited portion of the natural
ilobleolly range.

Using the region-wide data discussed here, Burkhart et al.
({1984) applied multiple regression techniques to predict total
vield of the planted pine from stand variables such as age,
average height of the dominant and codominant trees and surviving
number of loblolly pine per acre. In their analysis, they found
that wvariables describking the planted pine component of a stand
were sufficient for predicting the yield of the planted pine,
except at relatively high levels o¢f hardwood competition. For
these data, inclusion o©f wvariables describing the hardwood
overstory and/or understory did not significantly improve
prediction. In addition, a single vyield eguation and survival
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equation were found to be adeguate for all site preparation
methods and physicgraphic regions. Further, the height of
dominants and codominants versus age relationship was found to be
similar for different site preparation treatments within the
Coastal Plain and Piedmont regicns but was significantly
different between them. Clutter et al. (1976) found similar
results in their analysis of relationships in slash pine
plantations on site-prepared areas.

These findings suggest that stand age, average height of
dominant and codominant trees and the number of planted pine
surviving are adegquate for predicting vields of the planted pine.
(In the data used to develop program COYIELD, the percent of
total basal area in the main canopy in hardwoods ranged from C to
27.8 and averaged 4.8.) They also imply separate coefficients
for different site preparation treatments and geographic
locations are not necessary. Program COYIELD was developed in
light of these findings and produces yield estimates which
represent a broad range of stand conditions and geographic
lccalities.

DATA

Data for this study came from 186 plantations in which plots
were established during the 1980-1981 and 1981-1982 dormant
seasons. Initial measurement data from these plots were used for
this study. Figure 1 and Tables 1 and 2 summarize the location
and type of site preparation treatment information for these
stands.

To be included in the sample, the plantations had to be at
least eight vyears in age ({defined as years since planting),
unthinned, free of evidence of heavy disease or insect attack,
not heavily damaged by ice or wind storms, free of interplanting,
unpruned, not fertilized within the last four years, not planted
with genetically improved stock, contain a minimum of 200-300
planted pine stems per acre that appear "free to grow", not more
than 25 percent of the main canopy composed of volunteer pines,
and established on a cutover area that received "typical" site
preparation treatment for the site conditions and time at which
the plantation was established.

in each stand, a set of three comparable, but not
necessarily contiguous, plots was established. To be judged
"comparable" the maximum spread in site index could not exceed
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five feet (25~year base). Initial stocking was considered
comparable 1f the maximum spread in trees per acre did not exceed
100 and the range in basal area did not exceed 20 square feet per
acre for the three plots. The three plots were combined to form
one analysis plot approximately C.5 acres in size. Tables 3 and
4 provide a summary of the range of stand attributes in the data
for these analysis plots.

General information collected for each plot included the
type of site preparation, whether or not fertilized or released,
age since planting and, in some cases, the number of trees
planted.

The data recorded from all planted pine included dbh to the
nearest 0.1 inch, total height toc the nearest foot, height to the
base of the live crown, crown class and stem guality assessment.
A total of 56,989 planted pine was available for analysis.

The model presented here was developed using the initial
measurements from a large, region-wide data set. Some components
of the model come from the literature. Once remeasurement data
become available, the model will be validated and, if necesgsary,
modified and refined.

The next section of this repert is a technical discussion of
each component of COYIELD and may be skipped by those interested
only in using the model.
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Table 1. Summary of Plot Locations by State and Physiographic Region.

Physiographic Region

State Coastal Plain Piedmont Other Total
Alabama 13 1 - 14
Arkansas 1 - 9 10
Georgia 7 8 - 15
Louisiana 23 - - 23
Maryland 3 - - 3
Mississippi 13 - - 132
North Carolina 17 19 - 36
Oklahoma - - 1 1
South Carolina 10 11 - 21
Tennessee 1 2 3 6
Texas 6 - - 6
Virginia 1 27 - 38

TOTAL 105 68 13 186
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Table 2. Summary of planting methods, site preparation and intermediate treatments
by physicgraphic region for 186 locations.
Site Preparation and Intermediate Treatments
Planting == —rrmmm s s - - —
Method Burn Chop Drain Bed Shear Disc Windrow Spray Other Release Fert.
Coastal Plain
Hand 40 24 6 13 10 9 14 7 12 5
Machine 27 15 2 8 10 8 4 20
Combina- 2 i 1 1 1 1 A
tion
Piedmont
Hand 22 8 17 12 22 4 14 9
Machine 10 5 8 10 11 1 1 4
Combina~- i 1 1
tion
Other
Hand
Machine 8 10 10 1 4
Combina- 1 1 2 1 2 1 2
tion
TOTAL i 53 6 15 49 44 67 7 30 58 5




Table 3. Summary statistics for the 186 analysis plots.

Variable Minimum Mean Maximum
Age 8 15.2 25
Number of planted Toblolly surviving 275 558 950
(tr/ac)
Arithmetic mean dbh of planted 2.7 5.7 9.4
Toblolly (in.)
Planted Toblolly basal area 22.9 105.1 230G.9
(sq ft/ac)
Volume outside bark of planted 229.3 2125.2 7589.2
TobTlolly (cu ft/ac)
. o/
Site index {ft, base age 25)~ 33.5 62.8 97.3

a/ Computed using equation from Amateis and Burkhart (1984) with

coefficients from combined Coastal Plain and Piedmont data.




Table 4. Classification of 186 analysis plots by age, site index, basal
area and number of trees per acre of planted Toblolly pine.

a/

Site™ Basal Area Number Trees Surviving Per Acre
Age Index (sg.ft./acre} 0-300 301-500 501-700 701+ Total
8-12 33-55 0-75 1 4 7 3 15
76-125 0
126-175 0
176-225 - e o o 0
Total 1 4 7 3 15
g-12 56-65 0-75 6 7 13
76-125 2 7 1 10
126-175 0
176-225 L o o - 0
Total 0 8 14 1 23
8-12 66-75 0-75 4 1 1 6
76-125 1 8 8
126-175 0
176-225 o o o o 0
Total 0 5 9 1 15
8-12 76+ 0-75 2 1 3
76-125 1 2 3
126-175 0
176-225 o o L L 0
Total 0 3 3 0 6
13-17 33-55 6-75 1 3 4
76-125 2 5 4 11
126-175 1 1
176-225 ) o o o 0
Total 0 3 8 5 16
13-17 56-65 0-75 0
76-125 2 14 1 17
126-175 2 2 4
176-225 L o o L 0
Total 0 2 16 3 21

a/ Computed using equations from Amateis and Burkhart (1984) with coefficients
from combined Coastal Plain and Piedmont data.




Table 4. (Continued)

Siteg/ Basal Area Number of Trees Surviving Per Acre
Age Index (sg.ft./acre) 0-300 301-500 501-700 701+ Total
13-17 66-75 0-75 1 1
76-125 2 6 1 9
126-175 3 3 1 7
176-225 e o L 0
Total Q 6 9 ? 17
13-17 76+ 0-75 0
76-125 2 1 3
126-175 4 2 1 7
176-225 L . o o 0
Total 0 6 3 1 10
18-25 33-55 a-75 1 1
76-125 3 7 10
126-175 5 i ;
176-225 o . nY
Total 0 4 12 1 7
18-25 56-65 0-75 0
76-125 6 4 10
126-175 1 12 3 16
176-225 L o e o 0
Total 0 7 16 3 26
18-25 66-75 0-75 ]
76-125 1 1
126-175 6 5 11
176-225 L - o . 0
Total 0 7 6 0 13
18-25 76+ 0-75 0
76-125 0
126-175 4 4
176-225 L 2 R o _3
Total 0 6 1 0 7

a/ Computed using eguation from Amateis and Burkhart (1984) with coefficients
from combined Coastal Plain and Piedmont data.
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DEVELOPING THE MODEL

Six components were integrated into a computer program
called COYIELD, which was written in standard FORTRAN and IBM
BASIC for predicting vields of unthinned lobliolly pine
plantations. The six compoenents include input, site index,
mortality, diameter distribution, height-diameter curve and
output. COYIELD will project a stand through time from any point
in the rotation. The FORTRAN version will also produce stand and
stock tables for wvarious combinations of age, site index and
number of trees planted per acre. Following is a discussion of
each component in the model.

Input

Input to the FORTRAN version of program COYIELD comes
through one of two subroutines (Appendix la). Subroutine INPUTL
reads the necessary information for projecting a stand.
Projection can be made starting at age O or at any point in the
rotation using either number of pines planted or number
surviving. Appendices 1b and lc list the wvariables and
asscciated formats for INPUT1. The BASIC version is interactive
and prompts the user for the appreopriate inputs.

Subroutine INPUTZ {(FORTRAN version only) reads information
for producing stand and stock tables for various combinations of
age, site index and number of <trees. Appendix 1d lists the
variables and associated formats for INPUTZ.

The user also has the option to specify a merchantability
limit based con top diameter outside bark and diameter class
limit, to print a title with the output, and to select between
Coastal Plain, Piedmont or combined site index eguation
coefficients.

Site Index

The site index eguation used in COYIELD 1s based on stem
analysis data of dominant and codominant trees from the 186 plots
used in this study (Amatels and Burkhart, 1984). In COYIELD,
average height of dominant and codominant trees is predicted from
equation (1) in subroutine HEIGHT

In(Hd)=1n(S)( (1/A)/(1/25))P1eD (1/A1/25) (1)

where Hd = average height of dominant and codominant trees (feet)
S = site index in feet (25-vear base)
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A = plantation age in vears
In = natural logarithm
e = base of the natural logarithm
bl,b2 = coefficients corresponding to Coastal Plain,
Piedmont or combined data for equation (1);
values of which are shown below.
24 b,
Combined Coastal Plain and Piedmont -G. 10283 -2.1676
Coagtal Plain -0.110%92 -1.9036
Piedment -0.085%96 -2.6055

Selection of the value for variable ISITE {Appendix 1b) in
the input determines which set of coefficients, bl,b2 is used in

the model

ISITE = 1 - Combined Coastal Plain and Piedmont
coefficients
= Z - Coastal Plain coefficients
= 3 - Piedmont coefficients

Evaluation of the three sets of coefficients suggests there is
often little practical difference between them above age 15.
Thus, for many purpecses, it may be satisfactory to use the
combined Coastal Plain and Piedmont coefficients. Figure 2 shows
the relationship between curves for the Coastal Plain and the
Piedmont for site index values of 50, 60, and 70.
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Mortality

Since remeasurement data were not available to develop a
survival equation for these stands, a number of published
equations were evaluated using the 75 plots which had an estimate
of the number of trees planted at stand establishment. The

equations considered were Coile and Schumacher (1964), Feduccia
et al. (1979), Lenhart (1972), Lenhart and Clutter {(1971),
Smalley and Bailey (1974) and Clutter et al. (1984). From the

number of trees planted, a predicted number of trees surviving at
the time of plot establishment was obtained from each equation.
Predicted and observed surviving number of trees were comparad.
Of the equations tested, the Feduccia et al. (1979) eqguation

log(Np/Ns)=A(0.01348log(Np)+0.0006078Hd-0.008412 ¥V Hd)

where Np = number of pines planted (trees/ac)

Ns = number of pine surviving (trees/ac)

A = age (years from planting)

Hd averadge height of dominant and codominant
pine (ft)

log = legarithm base 10

produced the smallest mean and mean absolute residuals.
Examination of residual plots suggests that this equation
performs satisfactorily for most combinations of A, Np, and Hd.

Also, ftrends in the residuals were not evident across site

Lol a L2

preparation treatment and geographic or physiographic locality.

Diameter Distribution

The three-parameter Weibull probability density function
given below was used to approximate the diameter distribution.

C
£(x) = (c/b) [(x-a)/p] €71 o7l (X-a)/b]
where a = location parameter

b = scale parameter

¢ = shape parameter

® = diameter random variable.
a,b,c > 0

X > q

The location parameter, a was obtained by determining the
maximum likelihood estimate for ¢ for each plot. These estimates
were then regressed on stand characteristics to develop a
suitable prediction eguation. The scale and shape parameters, b
and ¢ were predicted according to procedures discussed by Bailey
et al. (1982) for site~prepared slash pine plantations.
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Given the Weibull cummulative distribution function,

C
F(x) = 1 - o [(x-9)/b] (2)

£
o
i
=
]
bzj
»
i

the proporticon cf trees per acre having
diameters less than or egual to x, and
g,b,c are as defined previously,

an eqgquation for the pth percentile, X _, in terms of p, which is

the proportion of trees having diameters less than Xp, and the

Weibull parameters, o,b,c 1s obtained from (2} as,
X, = a + b(-in(1-p)) /) (3)

With the following fitted prediction equations for g, and the

5C0th and 95th percentiles, XSO and X95 respectively, the system

of three eguations with three unknowns can be solved to obktain
estimates of the parameters, a,b, and c.

a = -0.9826444+0.073765Hd-0.379953Hd/A

2 —
R™ = 0.4778 Sy.x = 0.8524

.o = 12.44178-0.04491A+0.067869HA~42 . 8976 /Hd
~1.199841n(N)
R% = 0.8918 S,y = 0.3940
g = 16.04111+0.00868A+0.033124Hd-43.7693/Hd
-1.722701n(N)

R™ = 0.9201 S = {.4898
Y.X

where A = age (years from planting)
Hd = average height of dominant and codominant
pine (ft)
N = number of pine surviving (trees/ac)
Given a, XSO and ng, and equaticn {3), estimates of b and c¢ are

calculated by

(%gg - 5)/{(§.99573) (17e);

= 1.4637/1n [(Xgs - a)/(Rgy = 4)]

O, Oy
]

Subroutine YIELD uses these eguations to generate the
diameter distribution.
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Height-Diameter Relationships

A number of different models for predicting average total
tree helght by diameter class were examined including eqguation
forms presented by Feduccia et al. (1979), Bennett and Clutter
(1968), Burkhart and Strub (1974) and Lenhart (1968). These
models were fitted to the 56,989 planted loblolly pine in the
data and the resulting eguations were evaluated on fit,
predictive ability and exhibition of logical trends. The
following model from Lenhart (1968) fitted to the combined data

log(Hd/HL)Y) = -0.0400+(1/Di-1,/Dmax)(0.4284-0.497510og(Ts) {4)
+0.3638/A+1.095410g{Ed))
R2 = 0.65 S = 0.041
V.X
where log = logarithm base 10
Hd = average height of the dominant and cocdominant
pine (£1t)
Hi = total height of tree i (ft)
Di = diameter at breast height of tree i (in)
Dmax = tree of largest dbh in the stand (in)
Ts = number of pine surviving (trees/ac)
A = age (years from planting)
had similar RZ , MSE and PRESS statistics and exhibited better

behavior at the small diameter classes than other models.
Consequently, eguation (4) was accepted for predicting heights
for given dbh values.

Output

Subroutine OUTPUT prints stand and stock tables. Listed at
the top of each table are the input values of site index, stand
age and number of trees planted per acre. Immediately opposite
are predicted values of average height of dominant and codominant
trees, and arithmetic and quadratic mean dbh. Predicted for each
diameter class on a per acre basis are number of trees surviving,
basal area, total cubic-foot volume outside and inside bark,
merchantable cubic-foot volume outside and inside bark and cord
volume outside bark tc a 4-inch top o.b. Average tree height by
diameter class is also predicted. Stand totals appear beneath
each column. When particular combinations of input variables
produce illogical values of the Weibull parameters, b and c, a
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nocte is printed and execution continues to the next decision
period.

Cubic foot wvolumes are computed using the total and
merchantable cubic-foot volume equations presented by Burkhart
(1877).

TVOB = 0.34864+0.00232D°H

IVIB = 0.11691+0.00185D23

MVOB = TVOB(1~O.32354(T3'1579/D2'7115))

where TVOB = total volume outside bark (cu ft)

TVIB = total volume inside bark (cu ft)

MVOB = merchantable volume cutside bark (cu £t)
D = dbh (in)
H = total tree height (£ft)
T = top diameter outside bark merchantability

limit (in).

Cord volumes by diameter class are predicted from conversion
factors suggested by Burkhart et al. {1972) for old-field
loblolly pine plantations.

Any volume or weight equations based on dbh and total tree
height can be substituted for the eguations presented here.
Table 5 1lists a few of the many alternative eguations for
predicting various types of product volumes or weights.
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Table 5. Volume and weight prediction egquations for unthinned Teblolly pine nlantations.

BF, = Board feet Doyle T =

]
BFS = Board feet Scribner
C:
GW = Total green weight {ihs)
V0B =
OW = Total dry weight {1bs)
YIB =
GWT = Merchantable green weight ({1bs}
VOBT =
DWT = Merchantable dry weight {1bs)
VIBT =

D = Diameter breast height {in.)

Specifications
Reference Eguatienlf Size Limit Site Type
————————————————————————————————————————————— Board Feet «mmomm oo oo
Burkhart et al. (7972) BF, = -23.67532 + 0.01102 p2K 6-in. top dib old-field
Burkhart (unpublished)  BF, = 3.2492 + 0.00003385(0%H) %851 goin. top dib  old-field
(included one
bark),
Saucier et al. (1981) BFg = -52.0724 + 0.01388 AT 7-in. top dob old-field
——————————————————————————————————————————————— COTdS mmmmmm o e s
Coile and Schumacher £ = Kg%
{1964)
——————————————————————————————————————————————— WETGNT momw o o oo
Clutter et al. . 0_13328D1.9?59H1.0481 cutover
(1984}
DW = 0.02893p - B721y1. 2273 cutover
G = GW(1-0.481 9773208 cutover
p-3.0622)
DM, = DW(1-0.4868T°-5503 cutover
: -3.3322
D )
—————————————————— s mm e e (b iC-FO0E YOTUME m o m e e e
Clutter et al. VOB = 0.00395570! -B945,0. 9288 cutover
{ 1928y ;
VI3 = 0.0014827p 922911105 cutover
VOB, = VOB(1-0.47247° 395%573. 7135, cutover
VIS, = YIB(1-0.56947° 130%n 3. 2395, cutover
Van Deysen (1979) VOB - 0.1365 + 0.0024437 DM old-field
VIR = 0.00296 + 0.00103881 D4 old-field
4.7528
-1.3974(5)
VOB = VOB(e ) ) old-field
4.2579
-1.2968(1)
VB, = VIB{e o ) old-field
1/ BF, = Board feet International 1/4-1.. H = Total tree height (ft)

Top diameter outside bark merchantability
Timit {in.}

Volume in standard cords

Volume outside bark (cu ft)

Volume inside bark {cu ft)

Merchantable volume outside bark {cu ft)

Merchantabte volume inside bark {cu ft)
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APPLYING THE MCDEL

To wuse COYIELD, three stand characteristics must be
specified; they are stand age (vears since planting), site index
(base age 25) and the number of trees planted or surviving per
acre. The remaining input variables are decisions or judgements
made by the user. The following is a step-by-step example of how
to apply the model using the FORTRAN batch wversicn. The BASIC
version is interactive and prompts the user for the necessary
inputs.

Example 1

Suppose a land manager has a tract of land where the timber
has been cut and the land site-prepared using some site-
preparation technigque common to the locality. He would like to
use COYIELD to obtain predicted yields for the land at specified
ages. He knows the productivity of the land is average and
estimates the site index at 60 feet (base age 25). Seven hundred
trees per acre will be planted. Wocod volume above a 4-inch top
diameter outside bark is considered unmerchantable as are trees
below 5 inches in dbh. He would like predicted yields at twe
points in time, ages 10 and 25.

Step 1.

Since stand projection is desired, a "1" is typed in column
1 of the first data card (see Appendix la).

Step 2.

The next data card is the stand description card for
subpreogram INPUT1 (see Appendix 1b). The site index (60 feet) is
typed in columns 2-3; the stand age (in this case 0) is entered
in cclumn 6; the number of planted loblolly pine per acre (700)
is entered in columns 8-10. A "0O" is typed in column 12 since
the age i1s C and thus the number of fTrees entered in columns 8-10
is the number planted. {For ages other than 0 elither the number
of trees planted or the number surviving can be used when making
projections.) A "4" is entered in column 14 for the top limit
and a "5" is entered in column 16 for the merchantable diameter
class limit. The manager decides that combined Ceoastal Plain and
Piedmont coefficients for the site index egquation will be
satisfactory so a "1" is punched in column 18. Since vyield
tables are desired for ages 10 and 25, two decision cards will be
necessary and thus a "2" is entered in column 20. He wants to
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put the title STAND PROJECTION ~~- EXAMPLE on each yield table sc
a "1" is typed in column 22. No other stand is to be projected
so a "0" is entered in column 24.

Step 3

The title card is entered next with the heading STAND
PROJECTION -~ EXAMPLE typed in any column.
Step 4

The last step is to punch the two decision cards to obtain
output at ages 10 and 25 (Appendix 1c¢). For the first decision
card, a "10" is typed in columns 2-3; for the second decision
card, a "25" is typed in columns 2-3.

The input and output for this stand projection example is
given in Appendix 2a.

Exampie 2

Stand and stock tables for various combinations of age, site
index and number of trees planted per acre can be generated using
the FORTRAN version of program COYIELD. For example, suppose a
manager desires a range of stand and stock tables for site index
classes 50, 60, and 70 feet, The number of trees planted per
acre on each site is 600, 700, 800, and 900. Ages at which
output is desired are 10, 15, 20, 25, and 30.

Step 1.

Since stand and stock tables are desired, a "2" is typed in
column 1 of the first data card (see Appendix la}).

StepZ.

The next data card to be entered is the stand description
card for subprogram INPUTZ (see Appendix 1d). The first site
inder value, 50, is typed in columns 3-4. The last site index
value, 70, is typed in columns 7-8. The increment value for site
index, which in this case is 10, is typed in columns 11-12. The
first age, 10, is typed in columns 15-16. The last age, 30, is
typed in columns 19-20. The increment value for age, which is 5,
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is typed in column 24. The first number of trees planted per

acre is entered in columns 26-28. The last number of trees
planted per acre is entered in columns 30-3Z2. The increment
value for number of trees planted, which is 100, is entered in
columns 34-36. The desired top diameter outside bark
merchantability limit is four inches so a "4" is typed in column
39. The threshold diameter class below which all trees are
unmerchantable is five so a "5" is typed in column 42. The
combined Coastal Plain and Piedmont site index curves are desired
so a "1" is entered in column 44. Finally, no title will be

printed with each output sc a "O" is entered in column 46.

Appendix 2b shows example input using subprogram INPUTZ and
the resulting stand and stock tables for various combinations of
age, site index and number of surviving planted pine.

The source listings for both the FORTRAN and BASIC wersions
of program COYIELD are shown in Appendixes 3 and 4.
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EVALUATICON AND DISCUSSION

The observed age, site index (combined Coastal Plain and
Piedmont coefficients), and trees per acre for the 186 plots were
inputted into program COYIELD and basal area and volumes were
calculated. The mean residuals (observed minus predicted) for
total cubic-foot volume outside bark, total cubic-foot velume
inside bark and basal ares were 29.4 ey ft, ~28.4 cu ft, and -1.5
sg ft, respectively. No significant trends in the residuals were
apparent across the range of ages, sites and number of trees
surviving per acre. In addition, residual patterns were not
observable across state codes, physiographic province or site
preparation method.

The number of trees planted and site index for the 75 plots
for which an estimate of trees planted existed were inputted into
COYIELD and stand projections were made to the age of plot
establishment. The average residuals for total volume outside
bark, total vclume inside bark, basal area and number of trees
surviving were 91.5 cu ft, 28.5 cu ft, 2.3 sq ft, and 30.6 trees,
respectively.

Stand projection through time for various values of site
index and initial number of trees planted produced logical trends
irn mean annual increment (MAI) culmination. That is, MAI
culminated soconer on higher quality sites with greater stocking.,
Figure 3 illustrates this relationship for site indexes 50, &0,
70 and 80 with 600 and 900C trees per acre planted.

Data from 79 plots in cutover, site-prepared plantations on
Champion International lands throughout the Carclinas, Alabama,
Mississippl and East Texas were used to validate the separate
components cf COYIELD and the model as a whole. First, height-
age pairs from dominant and codominant stem analysis trees on the
plots were used to validate the site index eguaticn. Using the
Amateis and Burkhart (1984) site index model with the combined
Coastal Plain-Piedmont coefficients, a site index for each tree
was determined based on the total height and total age of the
tree. This site index value was used to predict heights at each
age. A residual (observed minus predicted) height at each age
was determined. Second, Smalian's formula was applied to the
dominant, codominant and intermediate trees to calculate observed
individual tree volumes. Predicted total tree inside and outside
park wvolumes were calculated using Burkhart's (1977) wvolume
egquation. Residual total volume for each tree was determined.
Third, using the age, average height of dominant and codominant
trees, number of trees surviving and maximum tree diameter for
each plot, plus the individual tree heights and diameters, the
height prediction eguation was evaluated. Predicted total tree
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heights were calculated and compared to the observed height.
Fourth, in order tc validate the Feduccia et al., {1979} survival
equation, the number of trees planted was @stlmat@d from the
planting spacing given in the wvalidaticn data. This estimate of
the number planted was carried forward alcng the survival curve
to the age of plot establishment. The predicted number of
surviving trees per acre was then compared tce the observed number
of trees at the age of plot establishment.

In addition to the individual component evaluations, the
entire model (azll components combined) was wvallidated using the
estimated number of trees planted from the planting spacing and
the site index for each plot and projecting each plot to the age
of plot measurement. The predicted total basal area and yields
{inside and outside bark) were then compared to the observed
values at measurement age. Table 6 shows the mean and standard
deviation of the residuals for each component of the model and
for the entire model. Plots of the residuals failed to show any
significant trends across independent variables for any of the
compenents or the entire model.

Cubic-foot volume yields and basal areas for wvarious
combinations of age, site index and number of trees surviving
were predicted from COYIELD and compared to corresponding
predictions from Feduccia et al. (1979) and Clutter et al.
(1984). Predictions of basal area and merchantable volume were,
in general, less for COYIELD than for either of the othér two
systems. This is due primarily to the type of data upon which
the medels were based. Feduccia et al. {1979) used data
collected from sites which had been repeatedly burned and grazed
and then planted. Clutter et al. (1884) apparently had few
nonplanted pines and hardwoods in their data. Many of the plots
used to develeop COYIELD, however, contained significant numbers
of volunteers, which may explain the lower predicted vyields from
COYIELD. Some of the differences may alsc be attributed to the
fact that different tree volume equations were used in COYIELD
than were applied by Feduccia et al. (1979) or Clutter et al.
{1984). Tables 7 and 8 summarize “these comparisons for various
combinations of age, site index and number of trees surviving.
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indexes 50, 60, 70, and 80 with 600 (above) and 900 trees per
acre planted.
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Table 6. Mean and standard deviation of residuals {observed minus
predicted) using data from 79 plots on cutover site-
prepared plantations in the Carolinas, Alabama, Mississippi

and Texas.
Residual
(Observed-Predicted)

Compohent Analysis Variab]eif Mean Standard Dev.

Site Index Eguation HD 0.4 3.3

Volume Ecuation v 0.2 6.9

Height-Diameter Equation H 0.2 3.9

Mortality Equation TS 36.6 137.1
Entire Model Analysis

Basal Area BA -1.4 28.3

Total Yield Outside Bark TVOB -48.1 641.6

Total Yield Inside Bark TVIB -42.7 526.3
1/ HD = average height of dominant and codominant trees {ft)

¥ = individual tree volume outside bark (cu ft)
H = individual tree height {ft)

TS = number of trees surviving per acre
BA = basal area {sq ft/ac)
TVOB = total yield outside bark {cu ft/ac)
TVIB = total yield inside bark {cu ft/ac)
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Table /. Comparison of predicted total basal area {sq ft /acre)
of planted Toblolly pine from COYIELD, Clutter et al.
{1984) and Feduccia et al. {1979). o

Site Index 50

Age Number of Trees Surviving
10 300 400 500 600
Clutter et al. 44.3 49.7 52.5 53.3
Feduccia et ai. -—— 50.0 52.6 55.0
COYIELD 39.2 45,0 49.6 53.4
20
Clutter et al. 81.4 98.3 112.3  123.6
Feduccia et al. 95.2  111.9 125.0 ----
COYIELD 74.4 89.3 102.0 113.8
30
{lutter et al. 124.7 154.5 180.8 -
Feduccia et ai. 124.6 148.8 169.5 189.1

COYIELD 98.2 119.1 138.

[#8]

155.9
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(Continued)
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Site Index 60

Clutter et al.

Feduccia et al.

COYIELD

Clutter et al.

Feduccia et al.

COYIELD

Clutter et al.

Feduccia et al.

COYIELD

20

30

Number of Trees Surviving
300 400 500 600
58.2 67. 73.5 77 .1
e 63. b8.2 72.1
47 .4 55. 61.7 67.3
95.9  117.2 135.2 150.4

111.7  131.8 148.6 -
51 .1 110.4 127.4  143.2
142.1 177. - ————
142.9  170. 196.6 218.4
123.7 152, 178.3 201.9
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Table 7. (Continued)

Site Index 70

Age ~_ Number of Trees Surviving
10 300 400 500 600
Clutter et al. 70.2 83.1 92.6 89.3
Feduccia et al. -———- 76.1 83.2 89.0
COYIELD 55.2 64.8 73.1 80.3
20
Clutter et a]l. 108.1  133.3 155.0  173.9
Feduccia et al. 125,06  149.3 170.2 -
COYIELD 108.2  132.3 153.6 173.7
30
Clutter et al. 156.7 196.4 -—— -
Feduccia et al. 159.3  191.3 221.0  246.56

COYIELD 151.9  187.7 221.4  252.9
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Table &. <Comparison of cubic-foot yields of planted loblolly
pine for the 5-inch class and above to a 4-inch top
diameter outside bark for COYIELD, Clutter et al. (1984)
and Feduccia et al. (1979). o

Site Index 50

Age Number of Trees Surviving
10 300 400 500 600
Clutter et al. 350 341 294 224
Feduccia et al. - 393 338 280
COYIELD 274 269 241 206
20
Clutter et al. 1336 1583 1767 1895
Feduccia et al. 1722 2074 2213 -
COYIELD 1184 1373 1544 1667
30
Clutter et al. 2694 3325 3872 -—-
Feduccia et al. 3001 3474 3906 4262

COYIELD 2139 2571 2932 3248
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Table 8, {Continued)

Site Index 60

Age Number of Trees Surviving
10 300 400 500 600
Clutter et al. 661 720 726 686
Feduccia et al. - 681 661 608
COYIELD 434 458 467 448
20
Clutter et al. 1526 2329 2651 2906
Feduccia et al. 2585 2984 3285 -
COYIELD 1773 2106 2415 2666
30
Clutter et al. 3643 4529 -— -—
Feduccia et al. 4170 4874 5573 6034

COYIELD 3256 4076 4717 5364
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Table 8. (Continued)

Site Index 70

Age

10
Ciutter et al.
Feduccia et al.
COYIELD

20
Clutter et al.
Feduccia et al.
COYIELD

30

Clutter et al.
Feduccia et al.
COYIELD

300

1019

599

2557
3437
2497

4636
5444
4850

400

1166
1036
672

3130
3998

2995

5802
6499
60417

500

1248
1043
707

3610
4438
3473

7396
7069

600

1272
1047
720

4010

3875

8183
8020
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Appendix la: Input variable format and description for program
COYIELD -- Subprogram identification card(first
card).

Column  Format Variable Description

1 11 IPROG

1 = Call INPUTT: Stand projection

through time

= 2 = Call INPUTZ: Produce stand and
stock tahles for various combinations
of age, site index and number of trees

per acre.
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Appendix 1b. Input variable formats and descriptions for program COYIELD -
- Stand description card for subprogram INPUTT.

Column Format Variable Description
1-3 F3.0 SIT Site index in feet (base age 25 years)
4-6 F3.0 AGET Age {years from planting) of the
present stand
7-10 F4.0 XNT Number of Toblolly pine per acre
11-12 I2 IPLANT 0 = If AGE] is 0 or XNV is the number

of trees surviving at AGE]

1 = If AGEl is other than 0 and XN1 is
the number of trees planted (used
when the number of trees surviving
at a mid-rotation age is not known)

13-14 F3.0 TOP Top diameter outside bark
merchantability Timit (in.)

15-16 F3.0 THRES Diameter class below which all trees
are unmerchantable {in.)

17-18 12 ISITE Selected site index curves
1 = Combined Coastal Plain and
Piedmont coefficients

2 = Coastal Plain coefficients
3 = Piedmont coefficients
18-20 12 NDEC Number of decision cards
21-22 12 10PT Optional title card
0= no title card follows
1 = title card immediately follows
23-24 12 MORE Continue with another stand or stop
0 = stop after this stand

(1 H

1 another stand follows
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Appendix 1C¢. Input variable formats and description for program
COYIELD -- Decision card for subprogram INPUTT.

Column rormat Variable Description

1-3 F3.0 AGE2 Age (years from planting) when
the next stand output is

desired.
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Appendix 1d. Input variable formats and description for program
COYIELD -- Stand description card for subprogram

INPUT2.
Column Format Variable Description
1-4 14 1SB Beginning site index in feet (base
age 25)
5-8 14 ISE Ending site index
9-12 id ISE Increment for site index
13-16 14 IAB Beginning age (years from nlanting)
17-20 14 IAE Ending age
21-24 14 IAI Increment for age
25-28 14 INB Beginning number of planted trees
per acre
29-32 14 INE Ending number of planted trees per
acre
33-36 I4 INI Increment for number of planted trees
37-39 F3.0 TOP Top diameter outside bark merchant-
ability limit (inches)
40-42 F3.0 THRES Diameter class below which all trees
are unmerchantable
43-44 12 ISITE Selected site index curve
1 = Combined Coastal Plain and
Piedmont coefficients
2 = Coastal Plain coefficients
3 = Piedmont coefficients
45-46 12 IOPT Optional title card
0 = no title card follows

T = title card immediately follows
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Appendix 2a. Sample stand projection for program COYIELD.

60 ft. (base age 25)

H

Site index

H

Age G

H

Planted trees 700 (per acre)

Top diameter merchantability Timit = 4 inches
Threshold diameter class below

which no merchantable timber will

he harvested = b inches

Combined Coastal Plain and Piedmont site index curves

OQutput at ages 10 and 25
Title: STAND PROJECTION -- EXAMPLE

Card_input:
i pd
Column 1234567890, ...5. ...0....5.
]
60 g 700 0 45 1 21 0
STAND PROJECTI ON-- EXAMPLE
10
25

oW
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Appendix 2a. (continued).

STAND PROJECTION =~ EXAMPLE
INPUTS PREDICTED
SITE INDEX 60.00 AVERAGE # = 0.0
AGE = 0.0 ARITH. MEAN DBH = 0.0
PLANTED TREES = 70(G.00 QUAD, MEAN DBH = 0.0
TOTAL TOTAL VOLUME VOLUME VOLUME
DBH NUMBER  AVERAGE BASAL VOELUME VOLUME 0.8, 1.B. (CORDS}
CLASS TREES HETGHT AREA 0.8, fLB. TO 4. IN TO 4.IN TO 4UIN
0.0 0.0 0.0 0.0 0.0 0.0 0.0
STAND PROJECTION -- EXAMPLE
ENPUTS PREDICTER
SITE $NDEX = 60,00 AVERAGE HD = 26.36
AGE = 10,00 ARITH, MEAN DBH = 4. .54
PLANTFED TREES = 700.00 QUAD. MEAN DBH = 4.66
TOTAL TQTAL VOLUME VOLUME VOLUME
DBH NUMBER  AVERAGE BASAL VOLUME VOLUME 0.8, 1.8. (CORDS)
CLASS TREES HETGHT AREA 0.6, I.B. YO 4. IN TO 4LUIN TO 4L IN
i 1.0 g.0 0.0 0.4 3.1 .0 0.0 3.0
2 13.9 17.8 3.3 [ 3.5 0.0 0.0 0.0
3 67.0 22.3 3.3 5.6 2.7 0.0 0.0 0.0
4 166.8 25.0 1.6 212.9 1h2.9 0.0 0.0 0.0
5 200.1 26,7 27.3 380.1 270.9 255%.4 120.0 4.5
6 8.7 28.0 16.6 227.h 167.7 i81.9 118.7 2.7
7 7.6 28.9 2.0 27.6 2.8 24,0 16.7 .3
541.,0 6.1 3310.1 638.° 461.3 251.3 7.t
STAND PROJECTION —-= FEXAMPLE
INPUTS PREDICTYED
SITE INDEX =  60.00 AVERAGE HD = 60.00
AGE = 25,00 ARITH. MEAN DBH = 7.54
PLANTED TREES = F00.00 QUAD, MEAN DBH = 7.78
TOTAL TOTAL VOLUME VOLUME VOLUME
o8H AVERAGE BASAL VOLUME VOLUME 0.8, i.B. ({(CORDS}
CLASS HENTGHT AREA 0.8, 1. 8. oo, IN 0 LN TO HUOIN
3 35.1 0.1 2.8 1.8 0.0 0.0 0.0
h 53,0 1.5 32.6 23.3 0.0 0.0 0.0
5 ug.o 5.5 127.0 S48 85,3 42,0 1.5
6 52.8 12.6 305,40 232.9 2444 159.3 3.6
7 56.0 21.0 526.8 Ho7. 5 457.4 3z2v.7 6.1
8 58.% 26.7 £89.8 537.7 626.5 hes .2 7.7
9 605 26.3 696.,2 545.6 649.8 96,7 7.7
10 62.2 20.0 B2 0 026 .6 515.3 399.1 5.9
i 63.6 11.7 323.8 255.4 R ) 2h03.1 3.5
12 64.8 5.2 1464 M5 7 2o 111.5 1.6
13 65.8 1.7 4G4 39.1 48.2 38.0 0.5
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Appendix 2b. Sample stand and stock table output using program COYIELD

for various combinations of age, site index and number
of trees planted per acre.

Combinations:
Site index : 50, 60, 70 feet (base age 25).
Stand age . 10, 15, 20, 25, 30 vears.

Number trees planted: 600, 700, 800, $00

Other Information:

Top diameter merchantability 1imit: 4 inches o.b.

Threshold diameter class below which
no merchantable timber will be
harvested : 5 inches

Combined Coastal Plain and

Piadmant cita dindavy civync
LSRR R AV ) B VI B P PG A LUl VD,

No title desired

Card Input:
1 2 3 4 5
Column: 1234567890 ....5....0....5....0....5....0....5....0..
2

50 70 10 10 30 560090100 4 510
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(continued).

Appendix 2b.
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Appendix 3. FORTRAN source listing for program COYIELD,

COYIELD FORTRAN A1 07/04/84 &:471 RALPH F 80 361 RECS
c

c

c JH R AR R HH e 0 3 S A B AR R MR R
G * #
C #  PROGRAM COYIELD PRODUCES STAND AND STOCK TABLES*
c #  FOR UNTHINNED LOBLOLLY PINE PLANTATIONS ON

C * CUTOVER SITE-PREPARED LANDS. *
C # #®
G * DEVELOPED BY RALPH L. AMATEIS, #
c g LOBLOLLY PINE GROWTH AND YIELD #
C * RESEARCH COOPERATIVE, *
c # VPl & SU. APRIL, 1984 *
C # #
c AR H I 3R HHH BRI B 3 T R R R R P SR
C

¢

i
)
[

OO0

53

READ{5,500} |PROG
FORMAT(11)

I F( 1PROG.EQ. 1) CALL INPUT1
| F{ I PROG.£Q.2) CALL INPUT2
RETURN

END

SUBROUTINE INPUT?

BB B BB B R R E RIS A B A I B P R R e
# +
+  SUBROUTINE [NPUT1 READS THE NECESSARY INPUTS *

+

*  FOR STAND PROJECT!ON
* *
oA 15 I A A B U K B T B R R

IMPLICIT REAL¥8 (A~H,0-Z)

COMMON JONE/ 511, AC&T XN1,AGE2, TCP, THRES, |0PT, NDEC, MORE, I BI17E

COMMON /TWO/ AGE, HD, XN ?NTCT 30} BACL1{30) DMlN DMAX
AAVG QAVG TBAT, PLANT

" COMMON /THREE/ ITiTLE( 0}, XNPLOG HDLOG, XNLOG, XNP, ICHECK

DATA IBLANK/'

Tt
/
DATA B1/0.01348D0D/, B2/0.00060783D0/, B3/-0.008412500/

READ STAND DESCRIPTION CARD.

READ(5,500, END=999) SI11,AGET,XN1, | PLANT,TOP, THRES, 1 SITE,NDEC,
: , MORE
FORMAT(2F3.0,F4.0,12,2F2.0,412)

READ TiTLE CARD | F ANY.

DG 2 1i=1,19

[TITLE( ! )=]BLANK

[F{IOPT.EQ.1) READ(5,501) (ITITLE(HI), 11=1,19)
FORMAT( 19A4)

AGE=AGE1

[ CHECK=0

VA TECH

COYQQ010
CoYoo020
COYQ0030
COY000HD
CoY00050
COY0006H
CoYQao7e
coYQo0s0o
CoOYOo090
coYg0100
COY001140
coYoo120
COY00130
COYBO140
COYoQ0150
COY0Q160
COY00170
CoYo0180
CoY00190
COoY00200
covYeo210
COYG0220
CoY00230
CoY00240
CoY00250
CoYQ0260
coYooz270
covYo0280
COYQ062%0
COYD0300
COYO00310
coYooiz20
COovYo0330
CoYon3uo
CoY00350
COYQ03560
COYO0370
COY00380
COY0Q390
COYOOLOO0
COYQGH10
CoOYosL20
COYooL30
CoYoouug
CoYo0usho
CoY00L60
COYOOLTO
COYQOQLEG
COYOOuG0
cOYOo5H00
CCYQs510
COY00520
COY00530
COYO0540
COYG0550
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Appendix 3. (continued).

COYIELD FORTRAN A1 0OT7/04/84 8:471 RALPH F 80 361 RECS YA TECH

CALL HEIGHT
XNPLOG=DLOGIO( XN )

XNPLOG={ DLOGTO( XN1 }+AGE#{ B2Z#HD+B3*¥DSQRT(HE) ) )/
: {1=B1#AGE)

iF{ IPLANT. EG. 1) XNPLOG=DLOGTO{XN1)

XNP=10,DO¥#*XNPLOG

CALL MORT

CALL YIELD

CALL CUTPUT
C !
C-=--=- READ DECiSION CARDS.
c

4 iF{MORE.EGQ.1.AND.NDEC.EQ.0) GG 7O 1
| F{MORE.NE.1.AND.NDEC.EQ.0) RETURN
DO 3 I=1,NDEC
READ({5,502) AGE2
502 FORMAT(F3.0)
I CHECK=0
AGE=AGE?2
CALL HEIGHT
CALL MORT
CALL YIELD
CALL QUTPUT
3 CONTINUE
IF{MORE.EQ.1) GO TO 1
G99 RETURN
END

SUBROUTINE INPUT2
C
o
C H A M B N M3 H R M H W R E AR SR
C #* 3
C *  SUBROUTINE INPUT2 READS THE NECESSARY [NPUTS *
§] #  FOR STAND AND STOCK TABLES FOR VARIOUS *
o] *  COMBINATIONS OF AGE, SITE INDEX AND NUMBER *
C *  OF TREES PLANTED. #*
[ * L3
C He B R W R R R H R H KR R H R RN R
c
C

IMPLICIT REAL*8 {A-H,0-Z)

COMMON /ONE/ SI1,AGE1,XN1,AGE2, TOP, THRES, tOPT, NDEC, MORE, ISITE

COMMON /TWO/ AGE,HD,XN,PNTC1(30),BACLT{30),DMIN,DMAX

: L ABVG, QAVS, TBAT, | PLANT

COMMON /THREE/ ITITLE(20),XNPLOG, HDLOG, XNLOG, XNP, { CHECK

DATA IBLANK/! t

DATA B1/0.01348D0/, B2/0.00060783D0/, B3/-0.0084124D0/

1 READ({5,500,END=999) 188, ISE, 1S, |AB, IAE, [Al, INB, INE, IN!,TOP, THRES

3 , ISITE, 10PT ‘
500 FORMAT(914,2F3.0,212}

Do 2 1i=1,19

2 ITITLE( ! )=!BLANK
IF{IOPT.£Q.1) READ(5,501) (ITITLE{I1¢), 11=1,19)
501  FORMAT{19AL)
C

COYQ0560
COY0O570
COY00580
COY0055%0
COYOD600
CoYo0610
COYQ0620
COYC0630
COYOO0640
COYOU650
COYQ0660
COY0U0670
COYOu6es0
COY00690
COYQo700
CoYao710
COY00T20
COY0O730
COYQO7LO
COYQ0O750
CoOY00760
COYeny770
CoYooT780
Covoo790
CoYoos0o
Covygoos1o
CoYQos20
CoYaoa3o
COYQ0840
COYQ0850
COYO0O0860
CoOYQ0870
coyQoaso
COY00890
COYDO0900
COY00910
CoY005290
CoOY00930
COYO0O9LO
CAY05950
COY0049560
CoYo0970
COY(0980
GOY00990
CoY01000
COY01010
COYQ1020
COYQ1030
COYQ1040
COYD1050
COY(310606
COY01070
COYQ1080
Cov01090
COY01100
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Appendix 3. (continued).

COYIELD FORTRAN Al 07/04/84 8:41 RALPH F 80 361 RECS VA TECH
C-== DO LOOPS. CHECK INDEX FOR INPUTS FOR STAND DENSITY. CoY01110
c COvYQ1120
DO &0 1S=1S8B, |SE, i5} CoY01130
S11=DFLOAT{ 15} COYO1140
DO 30 I1A=I1AB, |AE, Al CovYQ1150
AGE=DFLOAT( |A) CoY01160
CALL HEIGHT CoY(Q1170
DO 20 IN=INB, IRE, INJ COv01180
XNPLOG=DLOGI0(DFLOAT( IN)) COY01190
HKNP=10, DO**XNPLOG coY012090
c coYoizio
Cmmmm= GET THE YIELD CoYo1220
C COY01230
CALL MORY CoY01240
CALL YIELD CoY01250
CALL OUTPUT coYQ1260
20 CONTINUE CoYoi1270
30 CONTINUE COY01280
o CONTINUE coyYoiz9c
GO TO 1 CoYQo1300
999 RETURN CoYo1310
END CoY01320
SUBROUTINE MORT COY01330
G CoY01340
C COY01i350
¢ FA 3B H 6 R AT A B R RN I B R COYO1360
c # # Cay01370
G #  SUBROUTINE MORT PREDICTS NUMBER OF TREES * COY01380
c # PLANTED AND SURVIVING BASED ON FEDUCGCIA EY.AL. * COYQ1390¢
G # USDA FOR., SERV. RES. PAP. 50-1LB, # COYO1400
C # # COYQ1u1Q
C Foo e B R 56 M 2 A H B T R R B covo1a20
C COYO1430
C COY01440
IMPLICIT REAL#8 (A-H,0~Z} COY01L50
COMMON fONE/ SI1,AGET,XN1,AGE2, TOP, THRES, |OPT, NDEG, MORE, ISITE COYG1460
COMMON /TWO/ AGE,HD, XN, PNTC1({30),BACL1(30),DMIN, DMAX CoYeiu7o
: , AAVG, QAYG, TBAT, 1 PLANT CoYQ1480
COMMON /THREE/ 1TITLE{20),XNPLOG, HDLOG, XNLOG, XNP, ICHECK COYo1u80
DATA B1/0.01348D0/, B2/0.00060783D0/, B3/-0.0084124D0/ CoY01500
I+ (AGE.EQ.G.0) GO TO 10 CeYG1510
KNLOG=={ AGE¥*( BT*XNPLOG+B2*HD+B3¥DSGRT(HD) ) J+XNPLOG CoYei1520
XN=10, DO¥*XNLOG COY01530
GO TO 999 COY01540
10 XN=XN1 CoY(1550
999 RETURN CoOY01560
END COYO1570
SUBROUTINE HEIGHT COYa1580
c COY015%0
C COY01500
G RS K H A B R R R R R R R R A XK R COYD1610
C * #* COY01620
c #  SUBROUTINE HEIGHT COMPUTES HEIGHT OF THE Ll COY01630
C # DOMINANTS AND COOCMINANTS OF A STAND, GIVEN * CoYo1640
C #  SITE iNDEX AND AGE. * COY01650
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Appendix 3. (continued).

COYIELD FORTRAN A1 0Q7/04/84 8:471 RALPH F 80 361 RECS YA TECH
C * FROM: AMATEIS AND BURKHART. 1983. SITE * CoY01660
c * INDEX CURVES FOR LOBLOLLY PIRNE * CoYo1670
c # PLANTATIONS ON CUTOVER SITE=- # COY01680
c # PREPARED LANDS. CCOP REPORT NG, 24 * COYD 1690
c * LOBLOLLY PINE GROWTH AND YITLD * COYQ1700
G * RESEARCH COOPERATIVE, * COY01710
c * #* CoYo1720
C R Y RS E X S ) CoY01730
C COYQ1740
G COYO1750
IMPLICIT REAL*8 (A~H,0-Z) COYG176G
DIMENSION B1(3),B2(3) COYo1770
COMMON /ONE/ S11,AGEY,XN1,AGEZ2, TOP, THRES, 10PT,NDEC, MORE, ISITE coYon78o
COMMON /THO/ AGE,HD, KN PNTC}(30) BACL1{30), DMIN, DMAX COYO1790
AAVG QAVG TBA1Y, IPLANT COY01800
COMMON /THREE/ ITlTLE(ZO) XNPLOG HDLOG, XNLCG, XNP, 1 CHECK CoYGc1810
DATA X0/0.04D0/, B?/-D,10283D0, -0.11092Dg, -0,08596b0 / COYL1820
: ,B2/-2,1676D0, ~1.9036D0, ~2.6055D0 / COYO1830
tF {AGE.EQ.0.0) HD=0. COY01840
IF (AGE.EQ.G.0) RETURN CoY01850
X=1,0D0/AGE CovYo1860
Y0=DLOG(S511) CoY01870
HDLOG=YO®R X/ X0 Y R¥BI{ ISITE)*DEXP(B2( {SITE)¥{X=X0}) coY01880
HD=DEXP{HDLOG) CGY01890
RETURN CoYo1900
END COY01910
SUBROUTINE YIELD CoY01920
C B & L o T R R A R R R S L S E R R T CoYN1930
G #* * COY01940
C ®  SYBROUTINE YIELD USES PERCENTILE ESTIMATORS TO * COY01950
G #  CALCULATE A THREE PARAMETER WE{BULL # COYG1960
c ¥ DISTRIBUTION FROM STAND CHARACTERISTICS. # covYo1970
c * * COYG1980
C # INPUTS TO THE ROQUTINE ARE : # COY0193%0
C ® AGE = STAND AGE * CoYo2000
C * HD = AVERAGE HEIGHT OF THE DOMS AND CODOMSH covyoz2e10
C * = NUMBER OF TREES PER ACRE # coYp2020
c FA AT B R B TR R AT 6B R R CoY02030
c COY02040
c CoY02050
IMPLICIT REAL*B {A-H,0-Z) COYD2060
COMMON /ONE/ S11,AGET, XN1,AGEZ, TOP, THRES, 10PT, NDEC, MORE, ISITE COY02070
COMMON S TWG/ AGE HD, XN PNTC1(30) BACL1(3D) DM?N DMAX CoY02080
AAVG QAVG TBAT, i PLANT CoY0z090
COMMON /THREE/ lTITLE(ZD) XNPLOG HDLOG, XNLOG, XNP, i CHECK CoY02100
INTEGER GLASS covyoz21ig
{F(AGE.EQ.0.D0) RETURN COoYoz2126
A==0, 98264400 + 0.073765D0%HD - 0.379953D0*HD/AGE COY02130
IF{A.LT.0.D0} A=0.D0O COYD2140
P50 12, 447178000~0. 0449 10DO*AGE+D . 067869D0*RD=-42, 89760000 /HD COY02150
= 1.199840D0*DLOG( XN) CoYo2160
P95 16.0471112D0+0.008676164DO*AGE+C. 093124D0*HD-43 . 76928300/ HD coYez2170
: ~ 1,7227T01D0*DLOG{ XN } coyeozi180
IF (P50.GT.0.0.AND.P95.GT.0.0) GO TO 5 CoYo2190

tCHECK=1 CoY02200
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Appendix 3. (continued).

COY1ELD FORTRAN A1 07/04/84 8:41 RALPH F 80G

oOOOOOOO000

5

91

G0

999

GO TO 999
C = 1.4637D0/DLOG( (P95=A)/(P50-A})
B = {P9S~A}/{2.99573D0**(1/C))
TBAT=0,0D0
DAVG1=0.0D0
TTEMP=0.0DO
CLASS=0
TPNTC1=0.0D0
IMiN=0
CLASS=CLASS1
TP1=BFLOAT{CLASS)+0,5D0
BT1=DFLOAT{CLASS}=0.5D0
[F(TP1.LE.A)TG=0.0D0
[F{BT1.LE.A.AND.TP1.GT.A)}

TCeXN*{ 1-DEXP(=( ({TP1=A)/B)**C)}}
{F(BTT.GT.A)

TC=XN# (DEXP(=( { (BT1-A)/B}##C} ) =DEXP(~{ ((TP1-A)
TTEMP=TTEMB+TC
IF (TC.LT..5D0.AND.TTEMP.GT.5.D0)G0O TO 90
|F{TC.LT..5D0}GO TC 91
PNTC1{CLASS)=TC

BACLE{CLASS}zo.OOS&EHDO*DFLOAT(CLASS)*DFLOAT(CLASS)

PF{ IMIN.EQ,O)DMIN=CLASS

IMIN=1

DAYVGT1=DAVO1+{ PNTC1{CLASS}#DFLOAT(CLASS]) )
TPNTCI=TPNTC1+PNTC1({CLASS)
TBAT=TBAT+BACL1(CLASS)

GO TO 91

DMAX=CLASS=1.000

AAVG=DAVG1/TPNTC1

QAYG=(TBA1/{0. 005L54D0*TPNTCT) J¥%0, 500
AINC=TBA1/AGE

RETURN

END

SUBROUTINE OQUTPUT

361 RECS

/BIRHC) )

#PNTC1{CLASS)

****%***%******%%******%*%****%******%ﬁ***%%*%*****

*

#*  SUBROUTINE OUTPUT PRINTS THE STAND AND STOCK

#  TABLE.
#

*
W

i

****%%***%%***%****ﬁ*%**%%***%%******#*%*%*****%*%%

IMPLICIT REAL®™8 (A-H,0-Z}
DIMENSION CF({20),ROB(3),RIB{3},B0B(2),BIB(2)

COMMON /ONE/ 5i1,AGET, XN1,AGE2, TOP, THRES, {0PT,NDEC, MORE, | SITE
COMMON /TWO/ AGE,HD, XN, PNTC1(30},BACL1(30),DMIN, DMAX

, AAVG, QAVG, TBAT, | PLANT

DATA ROB/-0.32354D0, 3.1579D0, 2.711500/
LRIB/=0.77135D0, 3.373600, 3.108000/
JBOB/ 0.3486uD0, 0.0023200/

LBIB/ 0.11691D0, 0.00185D0/

" COMMON /THREE/ ITITLE{20), XNPLOG, HDLOG, XNLCG, XNP, | CRECK

VA TECH

coYp2210
coY02220
coYoz230
QY2240
covQ2259
COY02260
covygz270
COY02280
coY02290
COY02300
COYG2310
covga3z2e
COY0R330
coYo2340
coYo2350
COYD2360
CovYo23790
COY02380
covo23on
coYQz2400
cCoYG2410
CoYo2420
covYo2a30
COYQRHU0
CoYo2450
CoYozhe0
CoY0z470
COYO2480
coYozugo
covYo2500
coYo2510
coYQeesh20
cOYQ2530
covyo2su0
COYG2550
COYD2560
coYozs70
CoYQ2580
CoY02590
CoYoeeno
cCoY02610
COY(2620
coYGcee3o
CoYo26u40
COY02650
CoYQoze60
covYo2670
COY0O2680
COY02650
covo2700
Covy02710
COYDE720
CovYo2730
CoYo2T740
coYoz2v7s50
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Appendix 3. (continued).

COYI{ELD FORTRAN A1 07/04/84 8:41 RALPH F 80 361 RECS VA TECH
DATA CF/0.D0,0.D0,0.D0,0.D0 CoYn2760

: ,84, DO 85.D0, 87. D0, 90.D0,%91.D0,92.00,93.00,94. D0 COoY02770

: ,95 D0,95.0C,95.00,95.00,95.D00,95.00,95.00,95.80/ CoYN2780

C CoY02790
Crmmomw WRITE HEADINGS. COYN2800
c CoY02810
WRITE(6,501) CoYO2820

501 FORMAT{'1") COYD2830
IF{IOPT.EQ. 1) WRITE(6,502) (ITITLE{II),Il=1,19) COY02840

502 FORMAT{ / /10X, 19Al4) COY02850
WRITE{6,503) S11,HD,AGE, AAVG, XNP, QAVG COYD2860

503 FORMAT{////26X, 'INPUTS‘ 22X, 'PRFDICTED /26X, 6§ ‘} 22X,9("=") COYO2B70
: F18X,TSITE INDEX =' JF7.2.9%, 7 AVERAGE HD = COovY02880
/25X, ' AGE =1 F7.2,5X, 'ARITH. MEAN DBH =', F&. 2 COY02890

: /13%,"  PLANTED TREES =',F7.2,6X,  QUAD. MEAN DBH =, F6.2) COY02900
WRITE(6,504) TOP, TOP COY2916

504 FORMAT{ / /37X, TTOTAL' V3K, TOTALY, 3X, "WOLUME', 3X, "VOLUME', 3X, COY02920
: "VOLUME CoYo2930

: 3%, ‘DBH',3”,'WUHBER 2Zx, TAVERAGE', 4x,° nA%AL L3R, COYQ2940

; "VOLUME' , 3X,’VOLUME 5%, 0.8, Y, 5%, "1, 6." {CORDS)' COYG2950

: /1X,’CLA SN, T TREES' L3X, THEIGHT?®, 5x AREA' COY0OR2960

5X, '0 B.',5%,'1.B.%,2%, "TO',F3.0,  IN'.2X,'TO',F3.0, ' iN', COYOR970

2X,"TO 4, IN"} COY02980

WRITE(6 505} COY02990

505 FORMAT(TX 5{ ’) 3K, 6("="),8%, 70 =1, 8X,5(" ') IK,E('-"), COY03000
3X, 6( YL, eX TV, e, T ), 2K, T 13 COY03010

"1F (ICHECK. EQ 1}, WRITE (6,1C0) coOY03020

100 FORMAT (///,10X, 'WEIBULL PARAMETERS OUT OF RANGF' / COY03030
T10X, "WITH TS COMBINATION OF INPUT VARIABL£S // 10X, COY030L0

. 'NO DIAMETER DISTRIBUTION AVAILABLE SO' / 10X, COY03050

: 'SKIPPING TO NEXT DECISION PERIOD',///) COY03060

IF { ICHECK.EQ.1) RETURN COY03070

e COY03080
Commmmm INITIALIZATION, COY03090
C COY03100
AAVG=0.D0O COY03110
QAVG=0.D0O COovYo3120
BB=0.D0O COY031390
XNRES=0,D0 COYO3 140
TVGB=0, DO COY03150
TVIB=0. D0 COY03160
TVOBY=0, D0 CovYQo31io
TVIB4=0.D0 COYD3180
CVOBL=0, DO COYG3190
XNT=XN CovYu3200
iMIN=DMIN CovY03210
IMAX=DMAX CoY(3220

iF {(AGE.EQ.0.0) GO T0O 7 COY03230

C CoYo32u0
Cmmmm- LOCP OVER DBH CLASSES. COY(3250
c COY(3250
DO 5 I=IMIN, IMAX COY03270
XI=DFLOAT( 1) COYD3280
HH=HDLOG/2.30259D0+G, 040006EDR0G- (1. DO/XI~1.D0/DMAX ¥ {0, 42837300~ COYO3290

:G.49T7UB3DORDLOGTO( XN }~0.363755D0%( 1. DO/AGE ) +1 ., 095404*HDLOG/2. 3026 COY03300
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Appendix 3. (continued).

COYIELD FORTRAN A1 07/04/84 8:41 RALPH F 80 361 RECS VA TEGH
:DO} COov03310
H=10. DOHtHHH coYG33zo
D2H=X1*¥X|#H COY(G3330
VOBr?NTC?{l)*(808{1}+BOB(2)*DZH) CoOY(3340
VIB=PNTCI{ | })¥{BIB{1} BiB{2)¥D2H) COYG33nG
YOBL=0. DO COY(3360
VIBL=0.00 COYG3370
VOBLC=0.D0 COY03380
IF({.LT,THRES) GO TO & COY033%90
VOBHzVOB*(1.DD+ROB(1)*(TOP**ROB(a)/Xi**ROB(S))) COYQ3400
VIBU=VIB*(1.D0+RIB{1})#( TOP##RIB({2)/X I **RIB(3})) CoYQ3410
{F(1.LT.5) GO TO 6 coYos3szo
VOBUC=VOB/CF(}) COYO3430
& BB=BB+BACLI( I} Coyosuyo
XNRES=XNRES+PNTC1{ 1) COYO3450
TVOB=TVOB+V(0B CoYO3u60
TVIB=TVIB+VIB COYO3LT0
TYOBL=TVOB4+VOBY COYD3480
TYIBU=TV I BY+Y [ BY COYO3490
CYOBL=CVOBU+VOBUT COYG3500
WRITE(6,506) 1,PNTC1{1),H,BACLI({},V0B,VIB,VOBY, ViBi, VOB4C COYD3510
506  FORMAT(16,F9.1,7F9.1) COY03520
5 CONTINUE COY(3530
C COYO3540
e END LOOP. COYR3550
& COY(G3560
7 WRITE(&,507) XNRES,BB,TVGB,TVIB,?VOBQ,TVIBM,CVOBM COYQ3s57G
507  FORMAT{OX,6( ="}, 13X,5(° ="),3(3X,6("'=")),2(24,7("=")), COY03580
c/BX, F11.1,8X,F10.1,5F9.1) CoOY03590
RETURN COY036060

END COYD3610
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Appendix 4. BASIC source tisting for program COYIELD,

COYIELD 10:08:27 07-04-1984 Page 1
IBM Personat Computer BASIC Formatter and Cross-Reference V 1.00

10 REM IBM BASIC version of program COYIELD for unthinned lobiolly pine
plantations on cutover site-prepared lands,

20 REM By Ralph Amateis, VPI&SU, Aprii, 1984

30 REM read in necessary data

40 DIM
PNTC1(30),
BACL1(30),
CF(25)
50 FOR %=1 T0 3
60 | READ AA(T%)
70 1 DATA
i -.10283,
! -.11092,
| -.08596
B0 NEXT Iz
90 FOR J%=1 T0 3
100 | READ BB{H)
110 | DATA
! -2.1676,
i ~1.9036,
i ~2 6055
120 NEXT 3
130 READ B1,B2,83
140  DATA
0.01348,
0.00060783,
~0.0084124
150 READ ROB1,ROBZ,RCB3.RIBY,RIB2,RIB3,BCB1,B0B2,BIBL,BIB?
160 DATA
-0.32354,
3.1579,
2.7115.
-0.77135,
3.3736,
3.1080,
0.34864,
0.00232,
0.11691,
0.00185
170 FOR k=1 TO 25
180 | READ CF(1%)
190 | DATA
! 0,
| 0s
' 0
! 0,
| 84,
! 85,
!

87,
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Appendix 4. (continued).

COYIELD

200

[ 2 I s
L L

220
230
240
250
260
276G
780
290
300

310
320
330
340

350

360
370

380

10:09:27 07-04-1984 Page 2
IBM Personal Computer BASIC Formatter and Cross—Reference V 1.00

' 80,
1 91,
! 92,
| 93,
] 94,
| 95,
! 95,
! 95,
! 9%,
| 95,
! a5,
; 95,
| 95,
d 85,
: 95,
' 95,
! g5,
! 95
NEXT I%

Ny c

LW S}

PRINT
PRINT
PRINT W PROGRAM COY IELD"
PRINT M LOBLOLLY PINE GROWTH AND YIELD RESEARCH COOPERATIVE"
PRINT " YPI & SU, APRIL, 1984"
PRINT
PRINT
PRINT
PRINT

" Note: To halt execution at any time, hold

CNTL and BREAK keys simuitaneously™

PRINT
PRINT * To reexecute program, Type RUN"
PRINT
PRINT

REM Input the necessary stand attributes and error trap

INPUT "Enter stand site index {(base 25)";Sil
IF
SI1>100 OR SI1 <34
THEN
PRINT:
PRINT
ngite index out of range of data (data range from 34-90 feet
at 25 yearsi:
PRINT
IF
SI1>100 OR S5I1<34
THEN
PRINT
"Enter = O for a new value
~ any other value to accept in
putted site
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Appendix 4. (continued),

COYIELD 10:09:27 07-04-1984 Page 3
IBM Personal Computer BASIC Formatter and Cross-Reference V 1.00

index and continue"
390 IF
SI1>100 OR SI1<34
THEN
INPUT ISICK:
IF
ISICK=0
THEN
GOTO 360
400 PRINT
410 INPUT "Enter stand age";AGE
420 IF
AGE=Q
THEN
PRINT:
GOTO 480
430 IF
AGE<0O OR AGE>30
THEN
PRINT:
PRINT "Age out of range of data (data range from 8-25 years)":
PRINT
440 IF
AGE<D OR AGE>30
THEN
INPUT
"Enter ~ 0 for a new age
-~ any other number to accept i
nputtied age a
nd continue";ASICK:
IF
ASICK=0
THEN
GOTO 400
450 IF
AGE>D
THEN
PRINT:
INPUT
"Enter - 0 to input number of trees planted
— any other number to input nu
mber of trees survi
ving™; IPLANT
460 IF
IPLANT=0
THEN
PRINT:
INPUT "Enter number of trees planted";XNi:
NSICK=1:
GOTO 500
470 IF
IPLANT>0 OR IPLANT<0Q
THEN
PRINT:
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Appendix 4. (continued).

COYIELD 10:09:27 07-04~1984 Page 4
IBM Personal Computer BASIC Formatter and Cross-Reference V 1.00

INPUT "Enter number of trees surviving®™;XNi:
NSICK=13
GOTC 500
480 NSICK=1
490 INPUT "Enter number of trees planted”;XNL
500 IF
XN1>1000 OR XN1<250
THEN
PRINT:
PRINT
"Number of trees out of range of the data (data range from 2
75-1000 surviving per acrel®:
PRINT
510 IF
XN1>1000 OR XNL<250
THEN
INPUT
“Enter - 0 for a new value
- any other number to accept i
nputt ed nu
mber of trees and continue®;NSICK:
PRINT
520 1IF
NSICK=0 AND AGE=C
THEN
G0TO 480
530 IF
NSICK=0 AND AGE>Q AND IPLANT=0
THEN
GOTC 460
540 IF
NSICK=0 AND AGE>0 AND (IPLANT<O OR IPLANT>0)
THEN
GOTO 470
550 PRINT
560 INPUT "Enter top diameter (o.b.) merchantability 1imit";TOP
570 IF
TOP<G OR TOP>10
THEN
PRINT:
PRINT "Top diameter 1imit excessive...™:
PRINT:
INPUT
“Enter 0 ~ for a new value
~ any other number to contin
ue on";TOPSICK:
IF
TOPSICK=0
THEN
GOTO 550
580 PRINT
590 INPUT
"Enter dbh merchantabiiity 1imit below which trees are unmerchantable
# :THRES
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Appendix 4, (continued}.

COYIELD

600

610

620
630
640
650
660
670

680
690
700
710
720

7130
140
750
760
770
780

790

10:09:27  07-04-1984 Fage 5
I8M Personal Computer BASIC Formatter and Cross—Reference V 1.00

IF
THRES<O OR THRES>8
THEN
PRINT:
PRINT "DBR merchantablilty Timit excessive...":
PRINT:
INPUT
"Enter - Q0 for a new value
- any other number to continue
on™; THSICK:
IF
THSICK=0
THEN
GOTO 580
iF
TOP >= THRES
THEN
PRINT:
PRINT
"Note: To
"
PRINT:
GOTO 560
PRINT
PRINT "Choose a site index curve: l=Combined Coastal Plain and Piedmont®
PRINT * 2=Coastal Plain"
PRINT " 3=Piedmont®
INPUT " Enter desired number";ISITE:R
IF
ISITER <1 OR ISITER>7
THEN
PRINT:
PRINT "Invalid choice...please try again™:
GOTO 620
CLS
GOSUB 910
XNPLOG=L.OG{XNL}/2.30259
XNPLOG=( (LOG(XNL)/2.30259+AGE*(B2¥HD+B3 *SOR (H}) ) )/ (1~BL*AGE) )
IF
IPLANT=0
THEN
ANPLOG=LOG(XN1)/2.30259
XNP=10"XNPLOG
GOSUB 1020
GOSUB 1100
GOSUB 1490
PRINT
INPUT
"Enter Q=stop, l=project the current stand, or 2=do another stand";
iIPR
IF
IPR>2 OR IPR<Q
THEN
PRINT:
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Appendix 4., (continued).

COYIELD 10:09:27 07-04-1984 Page 6
I8M Personal Computer BASIC Formatter and Cross-Reference V 1.00

PRINT "Invalid choice,..please try again':

GOTO 780
800 IF
IPR=0
THEN
GOSUB 900
BiC IF
IPR=2
THEN
GOTO 210
820 IF
IPR=1
THEN
PRINT:
INPUT "Enter age at next decision period";AGE
830 CLS

840 ICHECKE =0
850 GOSUB 210
B60 GOSUB 1020

orn oncHD 110N
DU B L o A

880 GOSUB 1490
890 GOTC 770
900 END

910 REM Computes height of the dominants and codominants of a stand given
site index and age

020 REM From Amateis and Burkhart, 1983

930 IF
AGE=0
THEN
HD=0
940 IF
AGE=0
THEN
RETURN
950 X=1/AGE
860 YO=LOG(SI1)
970 AX=AA{ISITER)
980 BX=BB(ISITER)
980 HDLOG=YD*(X/,04) “AX*¥EXP{BX#(X~,04})
1000 HD=EXP(HDLOG)
1010 RETURN

1020 REM Computes number of trees surviving based on Feduccia et.al.,USDA

1030 REM For Serv. Res, Pap. S0-148,

1040 IF
AGE=Q
THEN
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Appendix 4. {continued).

COYIELD 10:09:27  07-04-1984 Page 7

1050
1060
1070
1680
1090

1100

1110

1120
1130

ot
oo
U1 g
<O

1160

1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300

1310

1320

IBM Personal Computer BASIC Formatter and Cross-Reference V 1,00

GOTC 1080
XNLOG=~ ( AGE*{ B1 ¥XNPLOG+B2*HD+E3* SQR(HD ) ) ) +XNPLOG
AN=10"XNLOG
GOTO 1090
XN=XN1
RETURN

REM Uses percentile estimators to calculate a three parameter weibull
distribution

IF
AGE=0
THEN
RETURN
A==,982644+,073765%HD=- 379953 ¥HD/ AGE
IF

M £y

4178~ 04481 ¥ AGE+ .00 TBOG*HD~42, 8976/ HD-1. 19984 *LOG{XN)

41112#+8.676164E~03%AGE+,093124%HD~43 ,769283 #/HD-1,722701 ¥LOG(

[an

P50 AND P95 >0
THEN
GOTO 1190
ELSE
ICHECKS: =1+
RETURN
JCHECK: =1
GOTO 1490
C=1.4637/L0G((P95~A}/ (P50-~A))
B=(Pa5-A)/(2.99573"(1/C))
TBAL=0
DAVGL=0
TTEMP=C
CLASFE =0
TPNTC1=0
IMIN=0
CLASS=CLASS +1
TPL=CLASS: + .5
BT1=CLAS® -~.5
IF
TPi<=A
THEN
T1C=0
IF
BTl<=A AND TP1>A
THEN
TC=XN¥{1-EXP(~{ {{TP1=A}/B)"C)})
IF
BTLI>A
THEN
TC=XN*(EXP{-({{BT1-A)/B)"C) }~EXP{=~( {{TP1-A)}/B)"C)))
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Appendix 4. {continued).

COYIELD 10:09:27 07-04-1984 Page 8

1330
1340

1350

1360
1370
1380

1390
1400
1410
1420
1430
1440
1450
1460
1470
1480

1490

1500

1510
1520
1530
1540
1550
1560
1570
1580

1590

1600

1610

1620
1630

IBM Personal Computer BASIC Formatter and Cross-Reference V 1.00

TTEMP=TTEMP+TC
IF
TC<.5 AND TTEMP>5
THEN
GOTO 1440
IF
TC <,5
THEN
GOTO 1270
PNTCL(CLASS: )=TC
BACL1 (CLASS )=.005454%CLASS *CLASH ¥PNTC1 (CLASE: )
IF
IMIN=0
THEN
DMIN=CLAS®%
IMIN=1
DAVG1=DAVGL+(PNTC1{CLASS ) *CLASS )
TPNTC1l=TPNTC1+PNTCL (CLASSE }
TBAL=TBAL+BACLL(CLASS:)
GOT0 1270
DMAX=CLASS ~1
AAVG=DAVGL/TPNTC1
QAVG= (TBAL/ ( .005454%TPNTCL)) ~.5
AINC=TBAL/AGE
RETURN

REM Prints the stand and stock table

REM Write headings

PRINT

PRINT *® Inputs Predicted"

PRINT™ ==eee— o "

PRINT USING * Site Index= ###.# Average HD= ###,#";SI1,HD
PRINT USING " Age= ##.# Arith. Mean DBH= ##.#";AGE,AAVG
PRINT USING " Planted Trees=####.# Quad. Mean DBH= ##.#";XNP,QAVG

PRINT

PRINT
" -===Cubic-Foot Volumes Per Acre---
It
PRINT
" DB Number Average DBasal Total Total 0B To 1B To
Volume®
PRINT USING
" Class Trees Height Area 0B IB ##in OB ##in OB
{(Cords)";TOP,TOP
PRINT
L] j— [ s et e -
______ T
PRINT
IF

ICHECKE =1
THEN




Appendix 4. (continued),.

COYIELD

1640

1650

1660

1670

1680

1690

1700
1710
1720
1730
1740
1750
1760
1776
1780
1790
1800
1810
1820

1830

1840
1850
1860
1870

1880

10:09:27

68

07-04-1984

Page 9

IBM Personal Computer BASIC Formatter and Cross—Reference V 1.00

PRINT ®
IF
ICHECKE =1
THEN
PRINT
)

s.%
IF
ICHECKE =1
THEN
PRINT
IF
TCHECKZ =1
THEN
PRINT
L]
IF
ICHECKE =1
THEN
PRINT *
IF
ICHECKE =1
THEN
RETURN

REM Initialize

AAVG=0
QAVG=0
BB=0
XNRES=0
YOB4=0
Vigd=0
VOB4C=0
TVOB=0
TVIB=0
TVOB4=0
TVIB4=0
Cv0B4=0
IF

AGE=0

THEN
ANRES=XN1

IF

AGE=0

THEN
GOTO 2090

AXNT=XN
IMIN=DMIN
IMAX=DMAX

REM lLoop over dbh classes

FOR TA=IMIN TO IMAX

Weibull parameters out of range®

with this combination of input variable

No diameter distribution available sof

skipping tc next decision period.”
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COYIELD 10:09:27  07-04-1984 Page 10
IBM Personal Computer BASIC Formatter and Cross-Reference V 1.00

1890 | HH=HDLOG/2.30259+.040006~(1/I%~1/DMAX)*(.428373~.497483*(LOG(XN} )/
! 2.30259 -.363755%(1/AGE)+1,095404*HDL0OG/2.30259)

1900 | H=10"HH
1910 | D2H=I%*FG *H
1920 | VOB=PNTCL(I%Z)*(BOB1+BOB2*D2H)
1930 | VIB=PNTCL(I%Z)*(BIB1-+BIB2*D2H)
1940 | IF
H I% <THRES
' THEN
i GOTO 1990
1956 | VOB4=YOB¥{1+ROBL*{TOP"ROB2/I% "ROB3})
1960 | VIB4=YIB*®{1+RIBL¥{TOP"RIBZ2/I% "RIB3})
1970 | IF
! <5
' THEN
{ GOTO 1990
1980 | VOB4C=VOB/CF(Ih)
1990 | BB=BB+BACL1{I%)
2000 | XNRES=XNRES+PNTCL{I%)
2010 | TVOB=TVOB+VOB
2020 | TVIB=TVIB+VIB
2030 | TvOB4=TVOB4+VOB4
2040 | TVIB4=TVIBA+VIB4
2050 | CVOB4=CVOB4+VOB4C
2060 | PRINT USING
! L FhddE ARELE #HEH ERRE G R HEE . R
1 #.F  HH#EF VB PNTCL(B) ,H,BACL1 (%), V0B, VIB, VOB4, VIB4, VOB4C
2070 NEXT

2080 REM End loop

2090 PRINT
"

T
2100 PRINT USING
" HREEE# HEE.E HEEEE HHER HHEE . LR
#E#EF . HT;XNRES BB, TVOB,TVIB, TVOB4 , TYIB4,CVOB4
2110 RETURN







