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PREFACE

This paper presents a diameter distribution growth and vield
model, and software implementing the model, for natural stands of
leblolly pine. Those wishing to obtain copies of the software should
write to the authers at:

School of Forestry and Wildlife Resocurces
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

To defer the cost of postage and handling, a charge of $20,00 will be
made for a card deck of the FORTRAN program or a diskette containing
the BASIC program. Checks should be made payable to the Department of
Yorestry, VPI & SU,

Although the software presented has been extensively tested and
checked for accuracy and, to the best of our kanowledge, contains no
errors, neither Virginia Polytechnic Institute and State University, the
Department of Forestry, nor the authors claim any responsibility for any
errors that do arise.

ABSTRACT

A diameter distribution yield model was developed based upon
measurements of 117 0.l-acre temporary plots located in naturally re-
generated loblolly pine stands in the Piedmont and Coastal Plain of
Virginia and the Coastal Plain of North Carolina. Diameter distributions
were derived using the Weibull density function by requiring that the
distribution's arithmetic and quadratic means matched those predicted from
stand-level attributes using regression equations. Software was written
in FORTIRAN and BASIC implementing the model and an existing basal area
projection equation. Stand and stock tables are presented for 30-year
projections from age 20 for various combinations of site index and initial
basal area.
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DIAMETER DISTRIBUTTIONS AND YIELDS

OF NATURAL STANDS OF LOBLOLLY PINE
Thomas E. Burk and Hareld E. Burkhart
INTRODUCTION

An extensive acreage of naturally regenerated leblolly pine
(Pinus taeda L.) exists in the southeastern United States. Reliable
growth and yield information is needed if these stands are to be
managed in a sound manner. Models predicting whole stand volume
yields (Brender and Clutter 1970, Burkhart et al. 1972) and stand
basal area and volume growth (Sullivan and Clutter 1972, Murphy and
Sternitzke 1979) do exist for natural stands of loblolly pine in the
Southeast. Forest managers, however, often desire growth and yield
information at the size-class distribution lewvel. Models providing
this type of iaformatlon are not presently available for natural
stands of loblolly pine.

The objectives of this study were to: (1) develop a diameter
distribution medel for natural stands of loblolly pine, and (2) program
this model and an existing stand basal area growth model to allow rapid
prediction of current and future stand and stock tables.

DATA

Data for this study were previously used by Burkhart et al. (1972)
to develop a whole stand yield model for natural stands of loblolily pine.
One-teanth acre temporary plots were randomly located in selected stands in
the Piedmont and Coastal Plain of Virginia and the Coastal Plain of North
Carolina. Measurements taken relevant to the present study were stand
age and dominant and codominant height based on six to eight trees, dbh
(nearest 0.l-inch) and product class (sawtimber, 8—inch dbh class or
larger having at least one 16-foot sawlog to a 6-inch inside bark top
diameter, or not) of each plot tree, and total height for a subsample of
plot trees.

The yield model developed by Burkhart et al. (1972) included a
variable describing the amount of hardwood competition in a stand.
For the equations developed in the present study neither partial residual




plots nor t-statistics indicated the need for such a term. Since the
hardwood component is not accounted for in the final equations, a
maximum level of 25 percent hardwood by basal area was set. TFour of
the original 121 plots had larger hardwood components than this and
were deleted for the present study.

A number of the study plots appeared to have been tallied to a
4.6-inch dbh limit. TIn order to use these plots, the left tails of
their diameter distributions needed to be filled in. A logit model re-
lating percent of trees less than 4.6-inches dbh to stand attributes of
trees greater than 4.6-inches dbh was fitted using plots where all trees,
regardless of dbh, were tallied. Using this equation, number of trees
below 4.6-inches dbh was predicted for the truncated plets. A three-—
parameter, left-censored Weibull distribution was then fitted to each
of these plots (Zutter et al. 1982). Plot basal area and arithmetic
mean dbh were then corrected using the first two noncentral moments of
the fitted distribution. Subsequent comparisens cof eguations based upon
both the adjusted and unadjusted data indicated only minor differences.

Statistics for variables relevant to this study are presented in
Table L. These statistics reflect the adjustmentsg made to scome plots
as discussed above. The 117 plots used in this study are categorized
by age, site index (base age 50, Schumacher and Coile 1460), and basal
area in Table 2.

METRODS

Stand~level] equations

Fquations to predict current trees per acre, basal area, and
arithmetic mean dbh were derived from the 117 study plots, The indepen-
dent variables used were stand age, height of dominants and codominants,
and basal area (trees per acre was used for the basal area equation).

For each equation, various transformations of theseé independent variables
were screened and the final equation form chosen based upon the PRESS
statistic. The arithmetic mean dbh equation was conditiomed to insure
predicted values would be less than quadratic mean dbh. Transformations
of the dependent variables were chosen using the Box-Cox procedure.

To predict future stand conditions, a basal area prejection and/
or a tree survival equation are (is) necessary. Since the study data




Table 1. Statistical summary of the 117 study plets.

Statdistic

Variable Minimum Average  Maximum
Age {vyears) 13 29 77
Dominant and codominant 40 61 81
height (feet)

. . a/
Site index— (feet) 58 80 102
Trees per acre (number) : 90 521 1220
Basal area (sq. ft. per acre) 42 144 217
Arithmetic mean dbh (inches) 4.5 7.7 14,4

a/ Based on a base age 50 site index equation from Schumacher
- and Coile {1960).




Table 2. Study plots categorized by age, site index (base age 50,
Schumacher and Codile 1960), and basal area.

Site Basal arvea (sq.ft./acre)
Age index -

(years) (feet) 60 100 140 180 220 Total
<15 g0 1 1
100 1 1

z 2

15-29 60 1 2 3
70 4 8 2 14

80 3 3 16 5 27

g0 10 5 3 18

100 1 1 & 1 1

4 10 5 16 b4 69

30-44 70 1 2 5 4 12
80 i6 5 2 23

90 I S 1

1 2 21 10 2 36

45-59 G 4 1 5
80 i 2

5 1 1 7

60-74 60 1 1
80 1 L

2 2

>74 70 1 1

1 1




available did not allow the derivation of such equationg, the
literature was consulted. ©No tree survival equation could be found
for natural stands of loblolly pine. Although several basal area
projection equations exist, Sullivan and Clutter's (1972) was thought
to be most applicable to the present study area. This equation does,
however, require an estimate of site index. The site curves used by
Sullivan and Clutter (1972) were published in chart form by Coile
(1952). Study of several existing site index equations for natural
stands of loblolly pine showed that Schumacher and Coile's (1960)
equation most closely rveproduced the curves of Coile (1952). S&ite
index curves are alsc required to predict future values of dominant
and codominant height.

Tree-level equations

Diameter distribution growth and yield models require some method
of predicting individual tree height from tree dbh and stand attributes.
In the present study the methods proposed by Lenhart and Clutter (1971)
and Matney and Sullivan (1982) were evaluated., Based on bias and
absolute prediction error criteria, Matney and Sullivan's (1982) method
performed slightly better. In this method the equation

In(h) = In(a,.} + a_ /dbh

~~
~—

0" 1
where h = total tree height (feet)
In = natural logarithm

8,8 = regression coefficients

is fitted to the total height-dbh pairs for each plot., Fquations are
then obtained to predict ap and aj from stand-level attributes, The
equations which gave the best results for the present study were

b

2
= H O+ B g
a, (1.0 bl exp(bSH)) (2)

< C

H=Hexp (-H 1/(52 +e) ) 3

a, = 5é(ln(§) - ln(ao)) (4)




H = height of dominants and codominants (feet)
B = basal area {square feet per acre)
B = height of tree of dbh Dy (feet)
Dy = quadratic mean dbh (inches)
exp = inverse natural logarithm
b.'s, ¢, 's = regression coefficients

where

Note that with thie method asymptotic height and height of the tree of
mean basal area are conditioned to be greater and smaller, respectively,
than the height of dominants and codominants, However, individual tree
heights are not restricted to be greater than 4.5 feet,

The product class information collected for each tree in the
study data set allowed development of an eguation predicting the
probability that a tree is of sawtimber quality., The logistic equation
has several properties which make it appropriate for describing this
relationship. To make the data set of more manageable size, trees were
assigned to one-half inch dbh classes. Weighted nonlinesr regression
was used to fit the logistic equation to the data. After finding the best
transformation of dbh to include in the equation, the stand~level
variables age, helght of deominants and codominants, and basal area were
added., Only basal area added significantly to the explanatory power of
the equation. The final equation form used was

?=1.0/(1.0 + exp{bo + bl/cibh + by B)) (5)

il

probability that a tree is sawtimber quality
regression coefficients

where
b.'s
1

i

Tn using this equation the condition P = 0 if dbh < 7.6 would be imposed.

Diameter distribution growth and vield models require an individual
tree volume (or taper) equation to obtain a stock table from the stand
table., A number of individual tree volume equations are available for
naturally regenerated loblelly pine., Burkhart et al., (1972) presented
several standard velume equations derived from the same data scurce used
in the present study. Burkhart (1977) provided volume ratio equations
based on the same data,

Recovering the diameter distributicon

Due to its successful application in related studies and plots of
diameter frequency data, the Weibull distribution was chosen for genmerat-
ing the dbh distribution of natural stands of loblolly pine. The Weibull
density function is




i

fX(X) (c/B) [{x—a)/b]c_l exp {—[(x—a)/b]c},xia

= (), elsewhere

= yrandem variable (dbh here)
location parameter

= gcale parameter

= ghape parameter

where

oo oWm o
Il

An equation was first sought for predicting the location parameter.
The commonly used approach of first predicting the minimum observed dbh
was not possible since this value was not available for all study plots.
Location parameters were found for each plot using the complete or left-
censored Weibull maximum likelihood equations. The equation form pro-
viding the most logical predictiocns of these wvalues was

a = maximum (0.0, b0 + bl B+ bZ Dz) (6)

where b,'s = regression coefficients
i

Gnce the location parameter is "known," estimates of the scale and
shape parameters can be obtained such that the first two noncentral moments
of the predicted distribution match specified wvalues of arithmetic mean
dbh and {(quadratic mean dbh)Z. The appropriate equations are

b= (D - a)/Ty (7)

= 2 — - 2. .2

DZ - a" - 2a (Dl a) - (Dl a) 1’2/11 ) (8)
where D, = arithmetic mean dbh (inches)

rho= QL+ k/e)
T the complete gamma function

Software was written to solve (8) using a combination of the bisection
and secant methods for finding roots of nonlinear equations. With ¢ and
a known, b can be determinedusing (7).

RESULTS AND DISCUSSTION

The equations developed in this study are presented in Table 3. The
fit statistics for these equations are comparable to those reported by
other researchers. Statistics for the probability of sawtimber equation




Table 3. Stand and tree attribute equations for natural stands of loblelly

pine.
Attribute Equationé/
Trees per acre In{N) = 8.3931 + 1,8360 1n(B) - .01968 A
- 2,4754 In(H) -~ .1112 B/A
RZ(N) = ,77 bias(N) = —-10 MAD(N) = 86
Basal area In{B) = 2.8078 <+ .5027 1n(N) + .009135 A
+ 12.4668/A — 100.6073/H
Rz(B) = .71 bias(B) = -1 MAD(B) = 15
Arithmetic mean ln(BéQﬁi) = 32.9856 — 4.7745 1n(H)
dbh - 326.1481/H - 1.7136 1In(B)
-~ 109.5631/B
RZ(EE} = ,99 bias (51) = .01 MAD(B}_) = .06
Probability of P = 1.0/(1.0 + exp(-10,8908 + 122.6106/dbh
sawtimber tree - .0224 B))
2
R°(P) = .53 bias(P) = 0 MAD(P) = ,24
P = .48 n = 2052
Total tree in(h) = 1n(ao) + a_/dbh
. 1
height 6504
ag = H (1.0 + 3.4831B ° exp (. 01088 H))
e — 2,46
H=q exp(wH'9053/(D2 + 4.2566) 71000

a, = 5é (1n(H) - ln(ao))

Rz(h) = ,86 bias(h) = .2 MAD{h) = 3.3

h =55.7 n = 1651

Weibull location a = maximum (0.0, -3.6732 + .01111 B
parameter + .6876 DZ)

R”(a) = .54 bias(a) = 0 MAD(a) = .9
a = 3.1




a/ Notation

trees per acre (number)
basal area (square feset per acre)

= gtand age {(years)

dominant and codominant hedight {feet)
arithmetic mean dbh (inches)

= quadratic mean dbh (inches)

exp =

RZ(+)

hias()
MAD (- )

[H

diameter at breast height (inches)

probability that a tree is sawtimber quality
individual tree total height (feet)

asymptote in total height-dbh regression {(feet)
slope ceoefficient in total height-dbh regressicn
Weibull lecation parameter

total height of tree of dbh Dy (feet)

number of observations fit statistics are based upon
natural logarithm

inverse natural logarithm

square of simple correlation between cbserved and
predicted

average difference between predicted and observed

= average absolute difference between observed and

predicted
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are based on predictions for individual trees; that is, observed values
were either 0 or 1. Computer programs were written in FORTRAN and BASIC
that utilize these equations to generate a stand table for a natural
loblolly pine stand of specified age, dominant and codominant height, and
basal area and/or trees per acre, Two volume estimates, by dbh class,
are also provided using the individual tree volume equations of

Burkhart et al, (1972) and Burkhart (1977). Further, the programs allow
vrojection of the stand table based upon Sullivan and Clutter's (1972)
basal area projection equation and Schumacher and Coile's (1960) site
index equation. The programs were written to run interactively with
minimal prompts. Users can easily alter either program to utilize other
individual tree volume equations, another basal area projection equation,
or other site index curves. Listings and program deocumentation are
provided in the appendix of this report. A numerical example that illus-
trates the use of the model is also included in the Appendix,

Stand and stock tables for ten-year projections from age 20 to age
50 are provided for nine combinations of initial basal area and site
index in Tables 4 through 12. Midpoint dbhs were used to compute class
basal area, total tree height, and volumes so that tabled values can be
reproduced by hand (within rounding error). TFor this same reason (and
rounding), total basal area may not match exactly the value on which the
recovery was conditioned. Table totals also may not add exactly due to

: ; ;
rounding. The board foot wolumes in these tables were computed using the

equation in Burkhart et al. (1972), The cubic foot volumes were computed

using the equatioms in Burkhart (1977),

The one component missing from the model presented for natural stands
of loblelly pine is a tree survival eguation. Trees per acre for a pro-
jected stand are estimated using projected basal area and the current trees
per acre equation. In most instances this procedure will result in
reasonable predictions. However, near the extremes of the data inconsisten-
cies can occur. Since the current number of trees per acre is predicted
using height of dominants and codominants, the prevalence of the problem
also depends on the site index equation used, Currently the computer progranms
set future trees per acre equal to curreant trees per acre 1if predictions
exceed current number. A warning message is also given. A tree survival
equation can be easily incorporated into the model if one is available,

The model presented should provide an adequate representation of a
natural stand of loblolly pine for a wide range of stand conditions. Model
components were developed with the most current techniques, and care was
taken to insure each component incorporated as much thecretical knowledge
as possible. Still, caution should be exercised in situations near the
extremes of the data. TFurther, it should be remembered that stands with
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greater than 25 percent hardwood, by basal area,;were excluded from

the study, As is always the case with a growth and yield medel, users
must understand the nature of the values predicted by the model.

Further, the applicability of the basal area projection equation suggested
for use with the model must be evaluated for each user's circumstances.
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APPENDTX

Listings of the FORTRAN and BASIC programs implementing the
diameter distribution growth and yield model for matural stands of
loblolly pine can be found at the end of this appendix. The BASIC
program was written to run on an IBM PC. Documentation for the
programs follows in the form of an annotated example and information
on substituting alternative equations for the various model com—
ponents. Although both versions of the model flow similarly, differ-
ences do exist and will be pointed out in what follows.

Example

The example run shown in Figure Al will serve to explain the
use and document the computations of the programs listed at the end
of this appendix. This example was generated by compiling the
FORTRAN program under FORTRAN-G using the CMS operating system on an
IBM 4341 computer. The numbers below refer to those found circled in
Figure Al.

1. This titie is printed at the start of every run. for the
FORTRAN program this and all output are written to unit 6.
The user's operating system can be used to assign unit 6
to the appropriate media. In the BASIC program output is
written using the PRINT and PRINT USING statements. To
direct output to the printer these statements must be
changed to LPRINT and LPRINT USING (DOS 2.0 users can
utilize Ctrl/PrtSc).

2. The first time this prompt is given the only appropriate
respongse is -1 allowing generation of initial stand and
stock tables. This and all resgsponses must be followed by a
carriage return. In the BASIC program the line feed and
question marks are suppressed.

3. To obtain initial stand and stock tables requireg specifi-
cation of stand age, dominant and codominant height, and
basal area and/or trees per acre. FEither of the last two
(but not both) may be entered as zero in which case the value
is predicted. Values entered are for loblolly pine only
(i.e. don't include competing hardwoods). Again, the
question marks are suppressed by the BASIC program,
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DIAMETER DISTRIBUTION MODEL FOR UNTHINNED, NATURAL LOBLOLLY PINE STANDS (::)
SELECT TION =1{ INITIALIZE)Y,D{STOP), OR 1{PROJECT)
@
INPUT LOBLOLLY PINE AGE,DOM./CODOM, HEIGHT,BASAL AREA,TREES PER ACRE
;30.65,100,0

IN{TIAL CONDIT1ONS

AGE 30 YEARS
SiTE INDEX{BASE 50) 79 FEET
BASAL AREA 100 SQ.FT.

TREES PER ACRE 258
DOM, /CODOM. HEIGHT 65 FEET
ARITTHMETIC MEAN DBH 8.0 INCHES

QUADRAT IC MEAN DBH 8.4 INCHES
STAND/STOCK TABLE (:::)

OTAL ER(‘HANTABLE lNi&RNA?IONAL 1/
DBH TREES BASAL ARE EEGH BtC FOOT VOL BOARD FOO1 VOLUME
E R

( INCH PER ACRE ({S$Q.FT./AC (FEET) 4.0~INCH 0,B, YOP &.0-INCH {.B. TOP
3 0.6 0.0 30 0 0
4 $3.3 1.2 39 5 0
5 27.8 1.8 ué 42 0
8 37.2 7.3 51 111 0
7 4o.5% 10.8 55 196 0
8 38.3 13,4 59 242 68
g 32.5 4.3 61 193 381
10 25.0 13.6 63 97 814
1 17.6 11.6 65 33 981
12 1.4 8.9 67 11 B93
13 6.8 6.3 68 i 690
T4 3.8 4,0 70 1 473
15 1.9 2.1 71 0 293
16 0.9 1.3 72 0 165
17 0.4 0.7 73 0 85
18 0.2 0.3 73 0 n1
19 G.1 0.1 T4 0 18
TOTAL 2kg.2 100, 0 - 930 4903 (i:)

Figure AL. Sample run of natural stand loblolly pine diameter
distribution model.
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SELECT OPTION -1(INITIALIZE),O(STOP), OR 1(PROJECT)
7
71
INPUT PROJECTION AGE
? %
PROJECTED CONDITIONS

AGE 40 YEARS

SITE INDEX(BASE 50} 79 FEET
BASAL AREA 127 SQ.FT.

TREES PER ACRE 245

DOM. /CODOM, HEIGHT 74 FEET

ARITHMETIC MEAN DBH 9.4 INCHES
QUADRATIC MEAN DBH 9.7 INCHES

STAND/STOCK TABILE

TOTAL MERCHANTABLE INTERNAT IONAL 1/4

D8H TREES BASAL AREA HEITGHT CUBIC FOOT VOLUME BOARD fQOT VOLUME

{ INCHES) PER ACRE (SQ.FT./ACRE} {FEET) 4.0-INCH 0.B. TOP &.0=-INCH }.B, TOP
5 7.2 1.0 ug 11 0
6 20,7 4.1 55 66 0
T 31.6 8.4 59 164 0
8 37.6 13.1 63 237 133
9 ig. 1 16.8 66 187 716
10 34,1 18.6 69 86 1453
11 27.3 18.0 7t 33 1812
12 19.8 15.5 73 12 1776

13 13.0 12.06 75 4 T488 ’

1h 7.8 8.4 76 2 1097
15 4.3 5.3 78 i 722
16 2.2 3.0 79 0 428
17 1.0 1.6 80 0 229
18 0.4 0.7 81 0 111
19 0.2 Q.3 82 0 us
20 .1 0.1 (5724 G 20
TOTAL 245 .3 127.0 -——— 804 10033

SELECT OPTION -T(INITIALIZE},O{STOP}, OR 1{PROJEGCT)
7

20

Figure Al. Sample run of natural stand loblolly pine diameter
digstribution model {(continued).
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Site index is computed by function SITE. 1If not specified,
basal area is computed by function BAA. If not specified,
trees per acre is computed by function TREES. Arithmetic

mean dbh is computed by function DAVG. Quadratic mean dbh

is computed using basal area and trees per acre. All functions
appear at the end of the FORTRAN listing and at the beginning
of the BASIC listing.

The main computation done by the programs is the recovery
of the diameter distribution using arithmetic and

quadratic mean dbh. This 1s done by subroutine WEIBM2 din
FORTRAN or the subroutine beginning at line 1150 in BASIC.
In BASIC this requires an extra routine to evaluate the
complete gamma functicn (line 1390). In BASIC on the IBM
PC, parameter recovery causes an approximate 5 second

pause during runs. In both FORTRAN and BASIC the Weibull
location parameter is calculated in function APARM. Compu-
tations and printing of the stand and stock tables is done
in FORTRAN subroutine TABOUT or the BASIC subroutine beginning
at line 780.

The smallest dbh class is defined by the interval from the

location parameter to the upper bound of the 1-inch class
"""""" he 1 However, the midpoint

of the l-inch class is used to compute basal area, height,

and volume leading to a slight negative bias, All other dbh

classes are one inch in width {e.g. the three inch class is

from 2.5 to 3.5 inches).

Basal area in a class is basal area of cne tree of the class
midpoint dbh times number of trees in the class,

This is the total height of one tree with dbh eqgual to the
class midpoint. In FORTRAN the height equation coefficients
are computed by subroutine HTCOEF and tree heights are com-
puted by function HT, In BASIC these are done by the sub-
routine starting at line 150 and function HT, respectively.

Cubic foot volumes are computed for the proportion ¢f trees
in the class that are not sawtimber using class midpoint dbh
and total height. The proportion of sawtlmber trees is cal-
culated in function PSAW in both FORIRAN and BASIC., The
volumes are calculated in function CUFT in FORTRAN and in the
subroutine beginning at line 210 in BASIC,
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10. Board foot volumes are computed for the proportion of
trees in the class that are sawtimber using class midpoint
dbh and total height. These volumes are calculated in
function BDFT in both FORTRAN and BASIC.

1i. Values in the table may not add to the totals given due to
rounding.

12. Any of the options could logically be selected here.

13. This is the age at the end of the growth period.

14, Projected basal area is computed in function PROJBA in
FORTRAN and in the subroutine beginning at line 260 in

BASIC. Projected dominant and codominant height is
calculated in function HTDOM in both FORTRAN and BASIC.

Altering program code

Situations will arise where it is desirable to substitute
different equations for some model components. The most common
changes will be to the basal area projection equation, the site
index equation, and the volume equations. A tree survival eguation
should also be incorporated if ome is available. A concerted effort
was made to write the programs so that these changes would require
minimal re-programming.

The basal area projection equation appears in FORTRAN function
PROJBA. The variables involved are: AGE-age at the beginning of
the proiection period, PAGE-~age at the end of the projection period,
BA-basal area at the beginning of the projection period, and SI-site
index. TIn BASIC basal area is projected in the subroutine beginning
at line 260, The variables are the same as above.

The site index equation appears in functions SITE and HIDOM in
both FORTRAN and BASIC., The variables involved are: AGE-present age, HD-
present height of dominants and codominants, and $I-site index.

Cubic foot volumes are computed in function CUFT in FORTRAN and
the subroutine beginning at line 210 in BASTC, In FORTRAN the variables
involved are: H-total tree height, D-tree dbh, and TD-top diameter
limit (need not be used-~see variable CFl below). The corresponding
variables in BASIC are H, XK, and CFl. If cubic foot volumes are to
be computed for all trees, rather than just non-sawtimber, PTR must be
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changed to CTR in FORTRAN line 1860 or BASIC lIine 1060. The labels in
the stock table can alsc be changed by altering the BLOCK DATA sub-
routine in FORTRAN or the DATA statements in BASIC lines 340 and 350,
CF1l is the top diameter limit value which is inside or outside bark
according to variable CF2. CFl can also be used when cubic foot
volume is computed using a volume ratioc equation. Beoard foot volumes
are computed in function BDFT in both FORTRAN and BASIC. TIn FORTRAN
the variables are the same as in the cublc foot computation. In BASIC
the variables are: X-total tree height and Y-tree dbh. In the DATA
and BLOCK DATA segments the relevant variables are: BFl-log rule name
(20 characters), BF2- top limit for the board foot volume, and BF3-whether
the top limit is dinside or outside bark.

If available, a tree survival equation should be substituted into
FORTRAN subroutine PROJ or the subroutine beginning at line 61C in
BASTIC. TIn FORTRAN a function similar to PROJBA should be added that
evaluates the survival equation. This function should be called
immediately after line 990. The relevant variables are: AGE-age at
the beginning of the projection period, PAGE-age at the end of the
projection period, and TR-trees per acre at the beginning of the pro-
jection period. ZLines 1020 through 1080 should be deleted. The label
(50) on line 1090 should alsoc be deleted. 1In BASIC a subroutine similar

o A -
to the one ut:ﬁ_:,uul'ﬁg at lipe 250 should be added that evaluates the

survival function. A GOSUB calling this subroutine should be added
after the GOSUB 260 in line 670. The variables are the same as above,
Lines 680 and 690 should be deleted.
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FORTRAN LISTING

C
G PROGRAM NATIOD--DIAMETER DISTRIBULION MODEL FOR NATURAL
C LOBLOLLY PINE. T.F. BURK VPI&SU NOVEMBER
C
COMMON/BLKT/AGE, ST, BA, TR, HD, D1, 02
C
C  CONTROL PROGRAM
G
WRITELS, 1000)
10 WRETE{G,1001)
READ(S,®*}I10PT
FFEIOPT)IZ20,40, 30
290 Si=0.0
CALL iNIT
GO 10 10
30 CALL PRGJ
GO 0 18
B0 SToP
1000 FORMAT{//' DIAMETER DISTRIBUTION MODEL FOR UNTHINNED,
+'LOBLOLLY PINE STANDS')
1001 FORMAT(/' SELECT OPTION ~1{INITIALIZEY,0(STOP),
END
c
e
C
SUBROUTINE INIT
c
C INITHALIZE DISTRIBUTION
C
COMMON/BLKT/AGE, 31,84, TR, HD, D1, DZ
10 WRITE(SH, 1000)
C
C  READ AND CHECK [INPUTS
C
READ{S5,*)AGE,HD,BA, TR
IF{AGE.GE,10.0.AND.AGE.LE.80.0 . ARD,
+ HD.GE.30,0.AND.HD.LE. 120,060 TO 20
WRITE{6, 10601 JAGE, HD
GG TO ¢
20 IF(BA,.GT.0.0.0R, TR, GT,0.0)C0 T 30
WRITE{6,1002)
GG TO 10
30 JF(BA.LE.D.0)BA=BAA( TR, AGE, HD)
FF{TR.LE.O.D)TR=TREES({BA, AGE, HD)
TF(BA,GE,50,0,AND,BA,LE,225.,0 L AND,
+ TROGE. 10D, 0L ANDLUTRLOLELT200.0)G0 TO 4O
WRITE(6,1003)BA, TR
GO TO 10
C
C COMPUTE STAND ATTRIBUTES AND RECOVER DISTRIBUTION
C
40 D2=30RT({BA/TR/.005454)

St=S|TE(HD, AGE )

D1=DAVG{ D2, HIX, BA)

A=APARM{ D2, 8A}

NATURAL

STANDS OF
1,

1983

OR T(PROJECT)")

KATOL
NATOL
NATOEIGAN
NATGOOY0
NATOOIRD
NATOO0GH
NATOUUY

NATOOO8
NA%,JUQG
NATHO 100
NATUP11)
MNATOOT20
Nﬁ;n)’&n
NAT u1uu
NAEL_ 50
NATOO TGO
NATODTT0
NATOOTRO
NATOOTO0
NATOO2 G
NATON210
NATOQOR2Z20
NATOOR 3D
NATOO240
NATOOZ50
MATOOZ260
NATDOZ T
NATOOZ80
NATOGZ290
NATUGI00
NATOG31D
NATOO320
NATO(O330
NATOO38H0
NATOD350
NATOO360
NATOG3TG
NATOOISN
NATOO300
NATOOLO
NATOOLTO0
NATOOHZ0
NATOOU30
NATOOUYD
NATOOHBO
NATOGUED
NATOOGN O
NATOLBO
NATOOLG0
NATOOS0H
NATOO510
NATOOB20
NATOOS530
NATOOBED
NATOOHH0

010
1020
i
18




50

1000
001
1002
1003

1004
1005

OO0 OO

10

SO0

20

30

FORTRAN LISTING {continued)

JF{ALT.G.0)A=0.0

CALL WEIBM2(DT, D22, A,1.0,5.0,B,C,D1P, D2P, TER)
Di=p1e

IFOIER.EQLO.ORVIER, DQ.2)G0 TO 50

WRITE( G, 1004)

RETURN

WRITE{G,1005)

CALL TABOUT(A,B,C)

RETURN

FORMAT({ /' INPUT LOBLOLLY PINE AGE,DOM, /CODOM. HEIGHT,BASAL AREA; TR

+EES PER ACRE' )}

FORMAT(' AGE AND/OR HEIGHT ARE QUTSIDE' /' DATABASE BOUNDS--',

+'WALUES ARE ',26712.4)

NATOUSG0
NATQOS TG
NATODSE0
NATOOS90
NATOO600
NATOOG IO
HATOORZO
MATOOO30
NATOUGYO
HATOOG50
NATOCG66HE0
NATOORGTE
NATODGAND
NATOOGYO

FORMAT (' MUST SPECIFY ELTHER BASAL AREA OR TREES PER ACRE OR BOTH NATOOD 700

+)

NATOO710

FORMAT({' BASAL AREA AND/OR TREES PER ACRE ARL OUTSIDE' /T DATABASE NATGOTR20

+, ' BOUNDS~--VALUES ARE ',2012.6)

NATOOT 30

FORMAT({' MOMENT SCLUTION NOT POSSIBLE FOR GIVEN STAND ATTRIBUTEST YNATODTLO

FORMAT{ /' INITIAL CORDITIONS' /)
END

SUBROUT INE PRGJ

PROJECT DISTRIBUTION

COMMON/BLKY/AGE, $1,BA, TR, HD, D1, D2

ITEigiy1n 10 20
LI R LR E I RV ¥

WRITE(6, 1000)

READ AND CHECK INPUTS

RETURN

WRITE(6,1001)

READ(S, *}PAGE

i F{ PAGE.GT. AGE. AND. PAGE . LE.80.0)G0 TG 30
WRITE{ G, 1002)

RETURHN

G
£ COMPUTE STAND ATTRIBUTES AND RECOVER DISTRIBUTION
C
3

BA=PROJBA{ AGE, PAGE, BA, S1)
AGE=PAGE

HD=HTDOM(S1, AGE)
PTR=TREES(BA, AGE, HD)

C CHECK TO SEE THAT TREES DECREASE

L0
50

{SURVIVAL EQUATION WILL GO HERE)

IF{PTR.LE.TR}GO TO 40
WRITE(6,1003)

GO TO 50

TR=PTR
D2=&QRT({BA/TR/.005454)
D1=DAVG( D2, HD, BA)

NATOOTS0
HATOOTG
NATOQTTO
NATOOTED
NATODTI0
NATOO8OO
NATOOB10
NATOOB2G
NATOOB3O
HATOOBAD
NATOO850
NATOOBL0
NATOO87Q
NATOO880
NATOGES0
NATOOS00
NATOOS10
NATOOO20
NATHOG30
NATOOQUO
NATOUG950
HATOO96D
NATOOGO9TO
NATOOGE0
NATOOOG0
NATOT000
NATOI1010
NATO1020
NATOI030
NATUIOLG
NATO1050
NATOT060
NATOIG70
HATO1G80
MATO10690
NATO1100




31

FORTRAN LISTING (continued)

AZAPATRMI DR, BA) : NATGT110

C SINCE BA AND D2 MUST [NCREASE SO MUST A HATOT1120
PE(ALET. 0.0 A=0.0 NATOT130
hep=neHna NATG1 140

CALL WEIBM2{D1, D22, A,1,0,5.0,8,C, 01P,D2P, {ER) NATOT150
D1=D1P NAT( 1160
PF(IER,£Q.0.0R, FQ.23100 10 60 NATG 1170
WRITE(G, 1004} NATG1180
RETURN NATOT190

($13] WRITE(G, 1005} NATO1200
CALL TABOUTIA,B, G} NATOI210
RETURN NATG1220

1000 FORMATS® NO CURRENT STAND TADRLE EXISTS' )Y NAT(I1230
14001 FORMAT{ /' INPUT PROJECTION AGE! ) NATGI2L0
1002 FORMATI /' PROJECTION AGE MUST BE > CURRENT AGE AND < 80G') RATO 1250
1003 TORMAT(/' KERWARN INGHEH PROJECTFD NUMRBER OF TREES SET EQUAL TO', NATGI260
+' CURRENT NUMBER' /) NATGIZATO

1004 FORMAT{ " MOMENT SOLUTION KNOT POSSIBLE FOR GIVEN STAND ATTRIBUTEST INATO 1280
1005 FORMAT( /' PROJECTED CONDITIONS'/) NATO 1290
END NATOT1300

¢ NATOT310
C NATO1320
G NATO1330
SUBROUTINE TABDUT(A,B,0) NATO1340

G NATOT3IR0
£ GENERATE STAND AND STOCK TABLE NATO 1360
¢ : NATD1370
INTEGER CF2,BF1{%)},BF3 NATDT1380
COMMON/BLK1/AGE, S1,BA, TR, HD, 01, D2 NATO1390
COMMON /1 AP S /00T Pro nr1 ﬂ‘q “rl NATDT1400
COFIXY=1,0=-FEXP{~1.0%{ { X~ A)/B)**(} NATOTO10

G NATOTU20
G PRINT WHOLE STAND INIORMAT {ON NATOTH30
c NATOTLLO
FAGE=AGE+ .S NATO 1450
151=S1+.,5 NATOTH60
IBA=BA+.5 NATOTHTO
fTR=TR+.,% NATOTHAD
PHD=HD+. 5 NATOTHIO
WRITE(S, 1OG1JFAGT,ISI A, 1TR, 1HD, DY, D2 NATO 500
WR!?F(6 10062 {BF1{J), J—] 5} NATOI510
WRITE(6,1003)CF1,0F2,BF2,BF3 NATO1520

CALL HTLOE[{HD,D?,AGE BA,AD,AT) NAT(1530
LELAG=0 - NATG 1540
TCUFT=0.0 NATO155Q
TROFT=0.0 NATO 1560
TTR=0.0 NATO1BTO
TBA=0.0O NATGE580
CLOW=0.0 RATGI590
K=A+.5 NATO1600

C NATOI610
C  COMPUTE AND PRINT ONE CLASS'S iNFORMATION NATO1620
& NATO 1630
10 XK=FLOAT{K) NATOTELO
HKUP=XK+. 5 NATO1650
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FORTRAN LISTING (continued)

CONOTE 18T CIASS™S VALUFS ARE BIASED SLICGHTLY LOW AS 1-1NCH CLASS NATOT660
oy MIDPOINT DB IS USED FOR COMPUTAT IDNS NATDI670
CUP=CDI{KUPY HATGTGA0
CTR={CUP-CLOW % IR NATO 1690
FE{CTR.GU.0.0%)60 TO 20 NATOTTO0
FFECITFLAG, EQLYIGO TO 30 NATO1TIO

GO T0 25 MATOTTIZ0

20 1ELA0=1 NATHTTAD
CRA=, BONESEOUCRYCTR NATOT7HO
TTR=TTRECTR MATOTHO
THA=TBATCRA HATOTTED
HeHTEAD, AT, XV ) NATOTTT70
CODBFT=0. 0 HATO1780
PTR=CTR NATO1790
PO{K.OLT. 8GO 1o 18 NATOTEO0
STR=PSAWI XK, BAJHCIR MATO1810
PTR=CTR-S$TR NATO1B20
CBDFT=BOFTIH, XKIHSTR MATOT830
FE(CBDRT.LE.OL0ICBDFT=0.0 NATOTBLO
THOFT=1B0DFT+CBOIT NATO 1850

15 COUET=CUN T{H, XK, CFT)#*PTR NATO1860
PE(GOUFT, LE. G, 0)CCUFT=0.0 MATOT87()
TCUFT=TCUFTHCCUFT HATOT880
FOCOUFT=CCUFT+. S HAEG1890
ICBOFT=CBOFT+.5 NATOT1900)

PHaHY . 5 NATH1910
WRITE(S, 1004 YK, CTR, CBA, IH, ICCUFT, 1CBOFT NATO1920

25 AR MATO1930
CLOW=CUP NATH 1940

GO 10 10 MATOT950

30 FICUFT=TCUFT+.5 MATU1G60
FIRDFT=TRBDFT+.5 HATOT1970

o NATO 1980
C  PRINT TABLE TOTALS RATO1990
C NATOZ000
WRITE(G, 1005 TTR, TRA, s TCUFT, TBDFT NATO20TD
RETURN NATOZ020

1901  FORMAT{' AGE ',13,' YEARS'/' SITE INDEX({BASE 50) ', 13,' FEET'/ NATO2030
+'  BASAL AREA ',13,' SQ.FT.'/' TREES PER ACRE ', i/ NATOZ0h0

+1 0 DOM, /CODOM. HEIGHT ", 13,' FEET'/' ARITHMETIC MEAN DBH ', Fh.1, NATG2050

+' INCHES'/! QUADRATIC MEAN DBH ', F4.1,7 INCHES') NATOROEU

1002 FORMAT(/31X, ' STAND/STOCK TABLE' /1%, 78¢" -1 /30x, "TOTALY  4X, NATOR2O70
+ " MERCHANTABLL ', 4X, 5AL) NATG2080

1003 FORMAT(4X, "DBHT 58X, "TREES', 4X, "BASAL AREA HE1GHT CUBIC FOOT VOLUMATOZ090
+ME BOARD FOOT VOLUME' /2X' [ INCHES) PER ACRE (SQ.FT, /ACRE} {FEET) "HATOR2100
+,F3.1, = INGH LAl TaP T FRLT, T INCH AL, T TOPT/TX, TR0 - ) NATO2110

1006 FORMATIOX, 12, 5%, F5. 1, 7X, FB. 1,62, 13,94, 14, 16X, 14 NATOR2120
1005  FORMAT{IX, 781 '=11/3 "TOTAL 33X, Fo. 1, TX, F5. 1,63, T--=",8X, 15, 15X, IENATOZ2130
+/ /) HATG2140

END NATO2150

o NATOR2160
o HATO2170
G HATO2180
REAL FUNCTION HTDOM{SI,AGE) NATOZ1G0

G HATOZ200
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FORTRAN LTISTING (continued)

HEGGHT OF DOMINANTS AND CODOMINANIS--SCHUMACHER, F_X,, AND T.S. COILFRATOZ2Z210

1960, GROWTH AND YIELD OF NATURAL STANDS OF THE SOUTHERN PIHES. NATH2220
7.5, COILE, ING., 115PP, MATOZ22 30
NATOZ 240

HTDOM=ALOGIO({ S 1) -6.828% 1 0/AGE~ 02} NATHZ250
HTOOM= 10O HTHOM NATOZ2260
RETURN NATOZZ2T1)
END HATOR2280
NATO2290

NATO2300

NATOZ 310

REAL FUNCUION TREES({BA,AGE HD) NATOZ2320
NATGRZ 330

CURRENT TRELS PER ACRE NATOR 300

NA T2 350
TREES=8,3931+1 . 8360%AL0C{BA) -, O1068FAGE -2, BTOUHALOGIHD ) - 1TTI24BA/ NATO2360

+AGE HATOZ370
TREES=EXDP{TREES) NATOZ 380
RETURN NATO2390
END NA&TU2H00
NATOZ2H 10

NATORH 20

NATOZ2H 30

REAL FUNCTION DBAA{TR,AGE, D) NATO2UTLO
HATOZUS0

CURRENT BASAL AREA HATOZL60
HATORNTO

BAA=2  BOT8+ . SOR2THALOG{ TR} +, OOQ135MAGE+H12  UEE8/AGE-100 . 6073 /HD NATOZURO
BAAEXP{ BAA) NATO2090
RETURN NATGZ2500
END NATOZS10

NATORSBZ20
NATOZ2530
NATO2504)

REAL FUNCTION DAVG(DZ2,HD,BA} NATO2550
NATOZ2560
ARITHMETIC MEAN OBH NATORHT0

NATO2580
DAVG=32.9856~4. TTUSHALOG(HD ) =326, TU81/HD=-T . T136%ALOG{BA)-109.5631/HATO2590

+BA NATOZ2600
DAVG=D2-EXF{ DAVG) NATGZGTO
RETURN HATOZ2G20
END NATUZ2630
NATOZ G

NATNZ265H0

HATOZBED

REAL FUNCTION APARM(DZ2,BA) N&TO26T0
NATOZ 680

WEIBULL [LOCATION PARAMETER NATOZ690
NATOZ 700

APARM=~3 6732+ . 01111%¥BA+ 6876%D2 RATO2710
RETURN NATO2720
ENDG NATO2730
KATO2 TH

NATOZ2 750
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FORTRAN LISTING {continued)

NATOZTGO

REAL FUNCTION PSAW(D,BA) HATORTTN
NATDZ 780

PROBABILITY { PROPORTION) OF SAWTIMBER TREIES NATOZTON
NATORBUE)

PSAW=EXP( -10.8008+122. 6106/0- N22L%BA) NATOZ810)
PSAW=T. 0/ (1. D+PSAW) NATOPSZ0
RETURN HATO2830
END NATGR8E O

NATOREBYSO
NATQZ860
NATORETO

SUBROUTINE HICOEF{HE, D2, AGE, BA, AL, AT) NATOZ2B80
NATO2890

COEFFICIENTS OF TOTAL HEIGHT-DBH FQUATION NATOZ000
. NATO2G H

HDP=HD*EXP{ =1, QRHDH® QU553 (D244, 2506 )%%2 4606 ) HATOZ2920
AQ=HD*( 1. 0+3, 4B31/BARK GO04REXP{  OTOBE*HD) ) NATOR2930
AQ=ALOG{ AGY NATOZ2940
AT=D2¥(ALOG{ D2 ) -AD} HATOZ9%0
RETURN NATOZ960
END NATOZ970
NATOZ2980

NATOZ990
NATO3000

REAL FUNCTION HT{AO,A1,D) NATO3010
NATO3020

INDIVIDUAL TREE TOTAL HEIGHT NATO3030
HATO3040

HI=EXP{AG+AT/D] NATO3050
FR(HT.LT.B.0)HT=5.0 HATO306D
RETURH NATOR0T0
END NATO3080

HATO3090
NATD3100
MATO31 10
REAL FUMCTION BDFT(H,D) NATO3120
NATG3130

BCARD FOOT VOLUME OF ONE TREE--~BURKHART, H.E., R.C. PARKLR, AND R.G. NATO3140

ODERWALD. 1972. YIELDS FOR NATURAL STANDS OF LOBLOLLY PINE, DIV, NAT(O3150
OF FORESTRY AND WiLDLIFE RESOURCES, vA. POLYTEGH. INST. AND STATE . NATO3160
UNIY,, FWS-2-72, 63PP, NATO3170
HATO3180

BRET==-23.67532+.01102%D*D*H NATO3I190
RETURN NATO3200
END NATO3210
NATO3220

NATO3230

NATO3240

REAL FUNCTION CUFT{H,D,TD} NATO3IZSD
NATO3260

CUBIC FOOT VOLUME OF ONE TREE~-BURKHART, H.E., 1977. CUBIC FOOT VOLUMENATO3270
OF LOBLOLLY PINE TO ANY MERCHANTABLE TOP LiMIT. S0. J. APPL. NATOIZE0
FORESTRY, 2:7-9. NATO3290
NATO3300




(
C
o
P

C

[

OOoCOo00 OOo

SO0

35

FORTRAN LISTING (continued)

Ve OB2 0, Q0205 %D H

R=1.0- 48402 F(TD¥*3 3835 /%43 18871
CUr 7=vy*R

RETURN

END

BLOGK DATA

PRNAITIALLZE TABLE L ABELS

Sl
OF

INTEGER CF2,BI1{5),B53
COMMON/LABELS/CP1, 02, B3F 1, BF2,BF3

DATA CT1,BF2/4.0,6.0/

DATA CFZ,BF3/'0.8.7, 7.8,/

DATA BEI/Y ITRTY,VERNATVTIONY TAL 17, T/ Y
END)

REAL FUNCTION SETE(HD, AGE )}

TE (HDEX-=SCHUMACHER, F.X. AND T.S. COILE. 1960, GROWTH AND YICLD
NATURAEL STANDS OF THE SQUTHFRN PINES. T.S. GOILE, ING., 115FP,

SITE=ALOGIOIHLY+E . 528" (1. 0/AGE-,02)
SETE=10%%53TH
RETURN

[y

REAL FUNCTION PROJBA(AGE, PAGE, BA, ST)

PROJECT BASAL AREA-~=SULLIVAN, A,D. ARD J.L. CLUTTER. 1872, A
SIMULTANEOUS GROWTH AND YIELD MODEL FOR LOBLOLLY PINE.
FOREST SCI1. 18:76-86.

R=AGE/PYAGE

R1=1.0-R
PROJBA=RHEALOG(BA}+3, BIUUNRT+ . 026 TUBHRITS]
PROJBA=EXP{ PROJBA)

RETURN

ERD

SUBROUTINE WE1BM2{X1, X2, LOCA, SHAPEL, SHAPFU, SCALE, SHAPE, X1P,
+X2P, 1 ER)

REAL¥S A,B,C,D1,D2, XN, FXN,XN1, FXN1, TEMP, FTEMP

REAL LOCA

COMMON/BLKM22/A,8,C, D1, D2

PURPOSE

NATO3310
HATO3320
NAT(3330
NATO3Z3N0
NATO3350
NATO3360
NATO3370
NATO3380
NATO3390
NATO3L00
NATO3LYY
NATO3H2U
NATO3430
HATO3LN0
NATO3UN0
NATO3U60
NATO34LT70
NATO 3480
NATO 3600
NATO3500
NATO3510
NATO3520
NATO3530
NATO3540
NATO35%0
MNATO3%60
NATO3570
NATO3580
NATO3590
NATOISOO
NATD3610
NATO3620
NAT(3630
NATO36U0
NATO 3650
NATO36G0
NATOQ36T70
NATO 3680
NAT03690
NATO 3700
NATD3710
NATO3720
NATO3730
NATO3THG
NATO3750
NATO3T760
NATQ3YTO
NATO3780
NATO3790
NATO3800
NATO3810
NATO3B820
HAT03830
NATD 3840
RATO3850
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TORTRAN LISTING (continued)

¢ TO RFCOVER THE SHAP( AND SCALE PARAMUTERS OF THE WEIBULL NATO 2860
¢ USING THE FIRST AND SECOND NONCENTRAL MOMENTS OF DBH, NATO3Z870
( NATOIBB0
( T.E. BURK VPI&ZSU AFRIL 1, 1983 NATO3RGD
¢ HATO3000
e VAR ITABLES NATO3910
s ¥1-FIRST MONCENTRAL MOMINT OF DBH{INPUT) HATO3020
¢ WD SECOND NONCENTRAL MOMINT OF DBH{BA/TR/.D0SLSH){ INPUT) NATO3930
¢ LOCA-WIIBULL LOCATION PARM. ESTIMATED INDEPENDENTUY(INPUT)  KATO30H0
( SHAPEL-1OWER BOUNED FOR SHAPE PARAMEIER( I NPUT) NATO3950
e SHAPEU-UPPER BOUND 'OR SHAPE PARAMETER( INFUT) NATD3960
G SCALE-WEIBULL SCALE PARAMETER(OQUIPUT) NATD3970
" SHAPE-WE 1 BULL SHAPT PARAMETER{QUIPUT) NATO3ORD
G K1P=PERTURATED VALUL OF M1{OUTPUT) NATO3G90
G KPP-VALUE OF X2 [MEPLIED BY A NONCONVERGENT SOLUTION{QUTPUT) NATOHUOO
C [FR=ERROR PARAMETER{OUTPUT) NATOUGTO
0 NATOLDZ20
C REMARKS NATGU3D
¢ ER=0) NATOUGLO
¢ SUGEESSIUL SOLUTION OBTAINED WITH NO GHANGES, NATOUOS(
¢ [ER=1 NATOLO60
% TTERATION DID NOT CONVERGE. X2P §S THE VALUE OF X2 NATGUOTO
G CORRESPONDING 7O THE SOLUTION OBTAINEDR. THE USER MUST NATOLDBO
¢ DETERMINE EF THIS 1S CLOSE ENOUGH TO X2 FOR HIS PURPOSES.NATOLO9O
C {ER=2 NATOL 10D
C SOLUTION OBTAINED AFTER PERTUBATING X1, X1 1S PERFUBATED NATOLTIO
G IN INCREMENTS OF .01 UNTIL A SOLUTIGN IN THE ALLOWABLE  NATO4120
G RANGE 1S TOUND. X1P CONTAINS THE PERTUBATED VALUE OF X1. NATOW130
C | ER=3 NATOGTHD
¢ A SOLUTION IR THE ALLOWABLE RANGE COULD NOT BE FOUND NATOR1IS0
G EVEN UPON PERTUBATING X1, NATOUT60
C NA?O&??O
C METHOD NATOLT8BO
C THE SECANT METHOD 1S USED FOR ITERATION ON THE SHAPE HATOUT90
C PARAMETER, NATOU200
& : NATOU21D

JER=0 NATOLRZ0

A=DBLE(LOCA) NATOLP30

SCALE=0. 0 NATOH240

SHAPE (3.0 NATOUZ%0

D2=DBLE(X2) NATOUZE0

K1 P=X1 NATOUZT0

K2 P=xp NATOUZ280

FFEAG=0 NATOUZG0
¢ ' NATDH 300
O INSURE THAT SHAPEL AND SHAPEY BRAGKET THE SOLUTION{fCY IS A SIRICTLY NATCL3I10
¢ INCREASING FUHCTION OF THE SHAPE PARMETER IN THIS GASE). IF NOT, NATOH320
€ ADJUST ¥1 AS HECESSARY. NATOU330
¢ NATOU3L0
10 DI=DBLE(X1P) . NATOH350

XN=DBLE{ SHAPEL) NATOL3E0

EXN=TFCV{XN) NATOHATO

TELFXNLLT.G.DOYGO TO 30 NATOL3B0

{ER=2 NATOL3I50

IF{IFLAG,EQ.0YGO TG 20 HATOLUQ0
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FORTRAN LISTING (continued)

JER=3

RETURN
XIP=X1P+. 01

GG 10 10
XN1=DBLE{SHAPIL)
FXNT=FOVIXNT)
FEOPXNT.GT.0.DOYCGO 1O 40
tER=2

FFLAG=1
HKip=x1rpr-.01

GO TO 1G¢

B BISECTION ITERATIONS 10 GET

DO 60 J=1,5
TEMP=(XN+AXNT) /2., D0
FTEMP=TCV{TEMP) :
PTELFTEMPHFEXN LE . OLDOJCO 10 B0
AN=TEMP

FXi=FTEMP

GO TC 60

KN1=TEMP

FANI=FTEMP

GONT INUE

BEGIN SECANT ITERATION

Lo 74 J=1,100

STARTED

TEMP=XN=-FXN#{XN=XNT )/ { FXN=FXNT]

MR T e R
AT

FXNT=FXN
¥N=TEMP
FXN=FCV(XN)

TF(DABS{FXN}.LE.0.00001)60 TO 8G

CONT I NUE

[ER=1
K2P=SNGL(D2-FXN)
SHAPE=SNGL(C)
SCALE=SNGL(B)
RETURN

END

DOUBLE PRECISION FUNCYTION FCV(ZX)

IMPLICHT REALMS (A~H,0-Z)
COMMON/BLKM22/A, B, C, D1, D2

C=dX

G1=DGAMMA(1.0+1,0/C)
Gz=DGAMMA(1.0+2.0/C)
B={D1-A)/G1

FCY=D2~-A®A=2 OFARBEGT-BHB¥G2
RETURN

END

THIS FUNCTHON EVALUATES THE FUNCTION WHOSE

RGOT

1S DESIRED.

NATOIG 1Y
NATOHN20
NATOLY 30
NATOUNHO
NATORNEL
NATOLY 6L
HATORL T
NATOLNSL
NATOUNGC
NATGH HO0
NATOHBT0
NATOLS20
NATON 530
NATOH SO
HATOHSS0
HATOUSE0
NATONSTO
NATOUS8G
NATOHSGO
NATOE00
NATOLG T
NATOLGZ20
NATOHEG 30
NATOUGHO
NATIHIGHO
NATOIGHO
HATOLG /O
NATOL OGSO
NATOHGOD
BATOL 700
MATOUT7 1O
NATOLG 7240
MATOLT 30
NATOL THD
MATON 750
HATOL TG0
NATOL /70
HATOLTEO
NATOL 790
NATGUSO0
HATOHED
HATOHB20
HATDU B30
NATOUSBL0
HATOHBSY
NATOLB60
NATOUBTO
NATOLBB0
NATQUEI0
NATOLOO0
NATOL910
NATOLO20
NATOLI30
NATOLGLO
NATOHOBO
NATONOGO

¥
}
¥
}
}
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BASTIC LISTING

NATLOBR 1138035 1=-15-1984 PAGE 1

16

20

30
un

50

60

70

a0

90
160

110
120
130
1o
150

160
170

180 -

190
200

210

220
230
20
250

t8M Parsanal Compuler BASIC Formatier and Cross-feference VvV 1.00

REM PROGRAM NATLOR-~Natural stand ioblolly pine diameter distribution
growth and yield model~~T.0. Burk VPIESU 1/20/84

REM height of dominants and codominants~-Schumacher, P, and 7.5,
GCoite., 1960. Growth and yield of natural stands of the scuthern
pines. T.8. Coile, inc., 1i%pp.

DEF FHATOOM=SI¥EXP{~1%.0313%[1/ACE-.02})

DEF :
FNTREESﬁEXP[B.393?*1.836*L00(8A)~.G1958*AGE—2.NT5H*LOG(HD)-.?11P*BA/
AGE) trrees aquation
DEF
FNBAAKEXP(?.BHi8+.SU?(*LGG(TR)*Q.1350”1E-U3*AGE+12.HGS&/AGF—]OG.GUf3/
HDY "hasal Area cguation
DEF

FNDAVG=D2~EXP( 32,9856 -4, TTHH*LOGIHD ) - 326, THB1/HD- 1, 7T136%LOG{BA -
109,5631/BA) tarithmetic wmean dbh egustion
DEF FHNAPARM=-3 6732+ 01111%BA+. 087602 'weibutl iocation paro aguation
DEF INPSAW{X}:I/(1+EXP(—10.8908+1?2.STOﬁ/X-.UQEHMBA)) .
"sawtimber merchandizing squation
DEF FHHT( X )=EXPAD+FAT/X) Yindividual tree height equation

REM board foot volume of one tree--Burkhart, H,E., R.C., Parker, and
R.G. Oderwald. 1972, Yields for nacural stands of loblolly
pine, Div., of forestry and Witdiife Rescurces, Va, Poiytectt.
Anst. and State Univ,, FHWS-2-72, 63pp.

DEF FNBDFT{X,Y)==23.67532+, 01 102% YRR

REM site index--Schumacher, F.%, and T.5. Coile. 1960, Growth and yield
of natural stands of the southern pines. T.5. Coile, Inc.,, ¥15pp.

DEF FNSITE=HD¥EXP{15,0313%({1/AGE-.02)}
GOTO 330

REM height equation coefficient estimates

HD2=HD®EXP (-~ 1#HD™~. 9053 /(D2+4, 2566 )72, h606)
AD=HDH (143, 4831/BA ™ 6504%EXP( L0 1088%HD) )
AD=LOG{AD)

AT=D2¥{ LOG{HD2)-AD)

RETURN

REM cubic Ffoot voiume to top diameter eguation--Burkhart, H.£. 1977,
cubic foot velume of joblolly pine-to any merchantablie tep
limit, So. J. Appi. Forestry 2:7-9

V=, 00828+, 00205 ¥XKEXK*H

R=1- . 48U02%{CF173,3835/XK"3.0881]
CCUFT=V#R

RETURN
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BASIC LISTING (continued)

NATLOBE 14:38:35% H1=-15-1984 PAGE 2
HBM Personal Compiiter BASIC tormatter amd Cross-Reference V 1.00

260 RFM bnsal area projection=--Suiltivan, A.0, and J.L. Ciutter. 1972. A
simitltaneous growth and yield model for toblottly pine, Forest
Sei. 18:76-86

270 Re=AGE/PAGE

280 Ri=1-R

290 BATRRLOG{BAYFI ORI+ O26THEHRIFG|
300 BA=EXP{BA)

310 RETURN

320 REM inigialize table totals

330 READ CF1,CF2%,BF2,1F35,8718
340 DATA
.0,
0.8.,
6.0,
.8,
350 DATA
" OINTERNATIONAL 1/4 "

360 REM control program

370 PRINT
PRINT; :
TDIAMETER DISTRIBUTION MODEL FOR UNTHINNED, NATURAL LOBLOLLY PINE S
380 PRINT:
INPUT "SELECT QPTION -1{INITIALIZE), O{STOP}, OR 1(PROJECT} ¥, 10PT%

390  {0PTY= IDPTY+2

L0 F
TOPTY<] OR 1OPTY>3
THEN
GOTO 380
010 ON
[OPTY

30SUB 44(, 430,610
4z  GOTO 380
430 END
Wi REM initielize distribution
50 S1=0

460 REM read and check inputs

470 PRINT
PR!NTS%NPUT ILOBLOLLY PINE AGE,DOM, /CODOM. HEILGHT, BASAL AREA, TREES PER AC
RE"
INPUTT " AGE,HD,BA, TR
480 IF
AGE > 9 AND AGE <81 AND HD >29.9 AND HD < 124.1

THEN
GOTO 490
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BASTIC LISTING (continued)

NATLORB 38035 (11=15-1984 PAGE 3
IBM Personal Computer BASIC Formateer and Cross-Reference V 1.00

FLSE
PRINTUAGE AND/OR HEIGHT ARE OUTSIDE™:
PRINT "DATABASE BOUNDS--VALUES ARE"AGE,HD:
GOTO W10
B9n
BA > 0 OR TR > 0
THEN
GOTO 500
ELSE
PRINT
HMUST SPECITY FITHER BASAL AREA OR TREES PER ACRE OR BOTH'":
GOTO #1170
500 LF
DA <= 0
THEN
BA=FNBAA
516 1F
[R<=(]
THEN
TR=FNTREES
520 1f
BA »U0.9 AND BA<225.1 AND TR>99.G AND TR<1300.1
THEN
GOTO 5un
E1.SE
PRONT "BASAL AREA AND/OR TREES PER ACRE ARE OUTSIDE™:
PRINT "DATABASE BOUNDS-~VALUES ARE"BA, TR:

CoTo &

530 REM calculate stand attributes and recover distribution

540  D2=SAR(BA/TR/. 005454 )
SImFNSITE:
D1=FNDAVG:
A=FNAPARM
550 |F
A<
THEN
A=0
560 022=D2¥D2
570  GOSUB 1150
D1=D1P
580 IF
JER=0 OR [ER=2
THEN
GOTO 590
ELSE
PRINT
UMOMENT SOLUTION NOT POSSIBLE FOR GIVEN STAND ATTRIBUTES™:
RETURN
590 PRINT ;
PRINT INITIAL CONDITIONS":
PRIHT
500  GOSUB T80:
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BASIC LISTING (contlnued)

NATLORB Th: 38:3% O1~15~-1984 ) PAGE 14
184 Personal Computer BASHC Tormatter and Crosa-Reference V1,00

RETURN
610 REM project distribution

620 IF
S0
THEN
FPRINT "NO CURRIMI STAND TABLE EXI8718™:
RETURN

630  REM road and check inputs

B0 PRINT
INFUTS " INPUT PROJECTION AGE 7, PAGE
G650 IF
PAGE<=AGE OR PAGE=81)
THEN
PRENT
PRINT "PROJECTION AGE MUST BL > CURRENY AGE AND < 80"
RETURN

660 REM survivai equation shouid go here

670 GOSUB 260:
AGE=PAGE:
HD=FNHTDOM
PIR=FNTRELS
I ¥
PTR>TR
THEN
PRINT
PRINT
THEBYARN ENGH® ¥ PROJECTED NUMBER OF TREES SET FQUAL TO CHRREN
T NUMBER™:
PRINT

onn
O Co
(o]

ELSE
TR=PTR

700 REM calcutate stand attributes and recover distribusion

710 D2=SQR{BA/TR/.005454):
D1=FNDAVG:
A=FNAPARM

120 IF

A<D
THEN
A0

730 D22=D2*D2

74O GOSUB 1150:
D1=D1p

750 iF

[ER=0 OR {FR=p
THEN
GOTO 760
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ELSE
PRINT
PMOMENT SOLUTION NOT POSSIBLE FOR GIVEN STAND ATIRIBUTEST:
RETURN
760 PRINT;
PRINT
PRINT " PROJECTED CONDITIONS":
PRINT
770 GOSUB 780:
RETURN

780 REM output stand table
790 DEF FNCDF(X):1~EXP(n1“((X—A)/B}”C)
800 REM print whole stapd information

810 PRINT USING "AGE ### YEARS"AGE
820 PRINT USING "SiTE INDEX{BASE 50) ### FLET";S!
830 PRINT USING "BASAL AREA ##§ SQ.¥T7.":8a
840 PRINT USING "TREES PER ACRE ##4##";TR
850  PRINT USING "DOM, /CODOM. HEIGHT j#§ FEET";HD
860 PRINT USING "ARITHMETIC MEAN D.B.H. ##.# IHCHES" ;D1
870 PRINT USING "GUADRATIC MEAN D.B.H. ##.# INCHES";D2
880 PRINT
PRIMT TARIZ0Y "STAND/STOCK FABLEY
890 GOSUB 1130
900 PRINT TAB{34) "TOTAL MERCHANTABLFE P
PRINT USING "&";BF1S
910  PRINT
" DEH TREES BASAL AREA HEIGHT CUBIC FOOT VOLUME BOARD FOQ
T voLUME"
920 PRINT ™ {INCHES)] PER ACRE (SQ.FT./ACRE) (FFET)";
930 PRINT USING ™ #.# _~INCH & TOP ##.#_-INCH & TOP™;CF1,0F25,BF2,BF35
940 GOSUB 1130:
GOSUB 350

958 RFM compute and print one ctass's information

960  IFLAG%=0:
TOUFT=0:
TBOFT=0;:
TTR=0:
TBA=0;
CLOW=G:

KE=A

Q70 XK=K%:

AUP=XK+ 5
CUP=FNCDF{XUP}:
CTR={CUP-CLOW}*TR

080 REM note that estimates for lst ciass are biased low as 1-inch class
midpoint dbh is used
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Q9N [
CER> ., 0%
THEN
GOTa 1010
10040 1 F
IFLAGY=1
THEN
GOTG Y110
FiSE

GOTO 1090
1010 1TFLAGT=1:
CHA=, DUBHSUEXKAXKICTR
TIR=TIR+CTR:
TBA=TBA+CBA
102¢  H=FNHT{XK):
13
H5
THEN
H=%
1030 CBOFT=0:
PTR=CTR
1040 IF
KU <8
THEN
COTO 1060
FILSE
STR=FHPSAWIXIIHOTR:
PTR=CTR-STR:
CBDFT=FNBOFT{H, XK)#STR:
g
CBDFT=0
THEN
CBDFT=0
1050 TBDFT=TBDFT+CBDIT
106 GOSUB 210:
CCUFT=CCUFT*PTR:

1F
CCUFT<0
THEN
CCUFT=0
1070 TCUFT=TCUFT+CCUFT
1080 PRINT USING " ## N BHH $HE" K, CTR, CBA, H; ©

PRINT SPC{Q);:

PRINT USING YFFEHT; CCUFT; ;

PRINT SPC(15);:

PRINT USING "gaFEE": CBDFT
1090 KE=KG+1:

CLOW=CUP;

GOTO 970

1100 REM print totats

1110 GOSUB 1130:
PRINT " TOTAL "5
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1120 PRINT USING "jJU4id. ¥ HEH HY L TTRTBAL:
PRINT SPC(H) "=w-"" SPG{B]);:

PRINT USING "H##ks"  TCUFT
PRINT SPC{15);:

PRINT USING "#44#4"; TBDFT:
RETURN

1130 REM print dashed line

1140 FOR 19=1 TO 78:
i PRINT ®-";:
NEXT:
PRINT:
RETURN

1150 REM recover weibull parameters

1160  SHAPEL=1:
SHAPEU=%,
"this program will not work properly with shapel< 3
1170 1ER%=0:
A=Az
B=0:
C=0:
pe2g=D22:
DieP=D1:
pZP=Dz2:
{FLAGE=0
1180 D1F=D1P:
XN#=SHAPEL:

CH=XNF:
{ THEN }
GOSUB 1340:
FUNF=FVALH
1190 3
FXN# <O
THEN
GOTC 1210
ELSE
[ER%=2
1200 IF
| FLAGE<>0
THEN
I ERY=3:
RETURN
ELSE
DiP=D1P+.01:
GOTC 1180
1210 XN1#=SHAPEU:
CH=XN1#:

GOSUB 13402
FAN1#=FVAL#
1220 IF
FXN1§#>0
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THEN
GOTO 1230
ELSE
ER%=2:

1230
1280,

1250

1260
1276
1280
1290

1306

1310
1320

1330

1340

1350

1360

1370
1380

1390

IFLAGY =1
DiP=D1P~.01:
{ THEN )
GOTO 1180
FOR J%=1 10 5
| TEMPH= (XRA+XNI#Y /24
I CH=TEMPH:
| GOSUB 13L0:
| FYEMPA=FVYALY
| IF
| FTEMPH*EXNA <0
| THEN
i HN1F=TEMPH:
i FARTH=FTEMP#
i FLSE
| XN TEMBH
| FXNA=FTEMPH

FOR J%=1 70 100

PO TEMPH=XNE = FXNH NS~ XNTH ) /L EHNA - THNTH)
KNTH=KNF:
FXNTH=FXNG:

MORD LT R Ay I
FAYA 772l B SR AL o P I

!
|
i
| CH=XN{#:
I GOSUB 1340
% FXNF=FYALH
iF
} FXNg>= 000014 AND FXNF< . 00001#
| THEN
| GOTO 1330
NEXTY
1ER%=1"
D2P=D22#~ FXN#
B=B#:
C=CH
RETURN

REM function for recovering weibui! parameters

ZAY=1HF1H/Cl:
GOSUB 1390

G1#=GAMMA#

ZRY=TRYRH/CH

GOSUB 1390:

GR2A=GAMMAY

BA={DVf-AH)/C1#
FVALE=D224- A ¥ A 24 HAH*BHHG 1 #-BRRBHRCRH
RETYURN

REM doubie precision gamma for an argument >+

Y

1,00

FAGE &
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THOO  NY=ZXf- 54
HKAf -
NG=X1H-14

110 FRACH=ZXY X4

120 CAMAAH=TH+TRACHR( ~ . 5T71016524+FRACHE{ L OBBROHB D IH+FRACHH (-, 8970569374+
FRACHH( 91820685741 1)

THAG CAMMAY = CAMMAZ+HT RACHE "8 (-, TRGTOLOTEHHFRACHRL  UB210930F+IRACHH ! -
19352 TR I8HHFRACH R L OLGBE8INZFI )Y

THuG HF
N%=0
THEN
RETURN
150 PRODF=YH
e foR %1 T0 N%:

| =%
| PRODF=PRODFYH( TRACHH+L A}
NEXI

THI0 GAMMAK =GAMMAH ¥ PRODF !
RETURN




