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SUMMARY 
The computer program described here uses relationships 

developed from research on loblolly pine growth to predict 
volumes and yields of planted stands, over the site range of 
the species, under a wide range of management alternatives. 
Timing and severity of thinnings, length of rotation, and type 
of harvest can be modified to compare the effects of various 
management strategies on wood yield. The program can be 
modified readily for other conditions or species. 

Additional keywords: Timber management, forest manage- 
ment, simulation, Pinus taeda. 
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A Computer Program For Variab e Density Yie 

CLIFFORD A MYERS 

1NTRODblrCT1BN se t  of management options is specified, 

&lost decisions in forest  m a n a g e m e n t  
require predictions of growth and yield. 
Managers plan thinnings to increase volume 
and value of future growth; they  schedule 
harvest cuts  to  maximize returns. Sound 
planning must be based on good est imates  
of fu ture  yield, not onN for one se t  of 
management actions but 'for enough possi- 
ble a l ternat ive plans to  assure that opti- 
mum choices a r e  made. Personal experi- 
ence,  pas t  production records, and pub- 
lished yield tables from research plots 
afford a basis for such predictions, but they 
usually apply t o  single combinations of 
stand and management options. 

Deswibed here is a computer program 
that  uses relationships developed from re- 
search on loblolly pine (Pinus taeda L.) 
growth t o  predict volumes and of 
planted stands, over the  s i te  range of the  
species, under a wide rsnge of management 
alternatives. The progkam estimates yields 
in cubic feet ,  board feet ,  and cords per 
acre,  together with numbers of trees, their 
mean diameter  and height, and basal area. 
It prints these values as predicted for 
specified t ime intervals, and immediately 
before and a f t e r  each scheduled cu t  or  
thinning. Timing and severity of thinnings, 
length of rotation, and type of harvest 
(clearcut,  seed-tree, two- or three-cut 
shelterwood) can be modified t o  compare 
the e f fec t s  of various management meas- 
ures on wood yield. The  program can  serve 
a s  a par t  of other programs that  simulate 
forest  management aelivi"ties and aid in 
preparing timber management plans (Myers 
1913,  1974). 

The program prints a yield table for each  
stand (uniform in s i t e  quality, species, 
s tand structure,  and age) for which a single 

The stand may be hypothetical, with as- 
sumed initial spacing, or an actual stand 
for which age, s i te  index, and current  
measurement statist ies a re  available. Al- 
ternative yield tables for an initial s tand 
can be developed by changing one or  more 
management options, 

The program thus inexpensively prints 
expected amounts of thinnings and harvest  
cu t s  for such combinations of management 
actions as may be of interest. Estimates of 
costs  and returns based on such growth 
project ions afford guides t o  optimum man- 
agement  decisions. In effect ,  such projeer 
tions permit the manager to examine prob- 
able  future impacts of contemplated oper- 
ations, t o  consider changes, and to  study 
their effects  before money is spent on 
them. 

The program, YLDTBL, written in ANS 
standard FORTRAN IV, has been tes ted on 
XEROX 560, CDC 6400, and UNIVAC 1108 
computers. Readily available equations 
and data  a re  incorporated in the  program. 
Each equation and constant should be  
checked for local applicability for use in 
management planning for specific owner- 
ships. Procedures for any necessary modi- 
fications a r e  outlined in the  Program Modi- 
f ications section. 

DESCRIPTlON OF 
PROGRAM YLDTBL 

Program YLDTBL consists of a main 
program and six subroutines. Operations 
performed by each routine a r e  described 
below and identified by comment s ta te-  
ments in the  listing of the  program in 
Appendix 1. Subsequent sections of this 
paper describe the  input variables and t he  
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equations used to compute growth, mortal- 
ity, and volumes, 

Main Program 

The main program performs the fol- 
lowing op@rations: 

1, Reads the number of stands to be 
processed and checks that this num- 
ber is greater than zero, An error 
message is printed, and the entire 
job is terminated if a zero or nega- 
tive number is found. 

2, Calls subroutine BEGIN to hitiate 
processing of each stand. 

3. Cheeks five variables of eaeh set of 
stand data for unwanted zero values. 
An error message is printed, and 
processing of the stand terminates if 
errors are found, 

4. Determines from input variables the 
final age to be reported in each 
yield table. 

5, Calls subroutines CUTS, TABLE, and 
PROJ in the sequence appropriate to 
the type and frequency of cuttings 
to be simulated, These three sub- 
routines simulate the cuttings, write 
the results of the operations, and 
compute growth projections. 

6. Adds volumes sf the fha l  cut to the 
yields from earlier removals and 
writes the totals at the bottom of 
the volume eolumns of the yield 
tables, 

Subroutine BEGIN 

Operations performed by BEGIN are as 
f oldo ws: 

I. Assigns a value of zero to 26 varia- 
bles to clear computer mernov of 
data from previous computations, 

2 -  Reads four data cards to enter 
i n v e n l o q  data and management op- 
tions for each stand, These stand 
and control variables are defined in 
table 2 ,  

3. Compute.: average height of the 
stand, i f  ileight is not entered as an 

item of stand inventoy. 

4, Computes a theoretical initial num- 
ber of trees for the stand, for later 
rase in a mortality equation that 
contains initial stand density as an 
independeM variable, 

5, 'CVrites the  main heading and column 
heads of each yield table. 

Subroutine CUTS 

CUTS simulates the  thinning3 and regen- 
eration cuts ctsiiled for by the variables 
specifying management controls. Vol~mes 
before and after partial cutting are com- 
puted and stored for later printing in the 
yield table. 

Four regeneration methods can be simu- 
lated: (1) clearcut ting, (2) seed-tree, (3) 
t wo-cut shelterwood, and (4) threecut 
shelterwood* Seed-tree and shelterwood 
cuts are followed by computation of a f t e r  
cutting values for average stand diameter 
(deb, h.) and other stand variables. 

Sc~eduled thinnings are not simulated if 
either of the following conditions apply: 

a. Current basal area is not g e a t e r  
than the specif ied reserve after 
thinning. 

b. Volumes removed would be less than 
speeif ied minimums, 

Subroutine TABLE 

TABLE writes the first line of the body 
of each yield table. It also performs the 
following operations each t i v  a partial 
cut is simulated: 

I. Computes amounts to be removed 
and rounds off values for printing 
where squired, 

2. If removals equal or exceed speci- 
f ied minimum eonmereial limits, 
adds volumes removed to totab and 
stores the information, 

3. Prints two lines in the body of t he  
table to report stalus sf the stand 
before and after cutting. 



TiiLlilc I .  -Order and contents (if t h e  data  deck 

Wv~e name columns Format Descri~tton of variable 
Number of sets of car& 2 to 5, inelusive, to he 
proeessed. 
Location and description of the stand, silvieulturaf 
system, etc. Stand, as here used, refers to the 
usual unit area of reasonably uniform site quality, 
species, stand structure, and age? but subjected to 
a single combination of management options; Le., 
it is the unit for whieh a yield table is printed. 
Species name to be ineluded in t h e  table heading, 
Identification number of the tree species in t h e  
stand being processed. 
Number of years for one projection of gr.owth or 
charsge, Must never qurirl zero, 
To choose: (I) no noneornmereial thinnings, (2) 
initial thinning may be noneommereial, (3) all 
thinnings may be noneornmereial, or (4) no thk- 
nings to be made. 
Basal area to be left in thinnings after the first, 
Basal area to be left after initial thinning. 
Stand age when first thinning is considered. Must 
qua1 AGEO plus a multiple of CYCL, 
Number of years between scheduled thhinniws. 
Must be a multiple of RIPJT. 
Minimum eut in board feel for inckczsiczn in mer- 
chantable yield printed at bottom of yield table, 
Minimum eut in eubie feet for hclusisn lin mer- 
chantable yield printed at bottom of yield "table. 
Also controls the summation of eordwood volumes, 

RINT 31-40 

DSTY 5-8 
THIN 9-1 2 
THN1 13-1 6 

CYCL 17-20 

Stand age when first regeneration eut is to be 
made, Must never equal zero, This is the age for 
clearcutting if rest of the card is blank, and must 
equal A G E 0  plus a multiple of RINT- 
Basal area in square feet to be left at age 
REGN(1), Will be zero for elearcutting, 
Stand age at which second reeneration cut, i f  any, 
will oeeur. Age for removal of seed trees or 
second cut of shelterwood; must qua1 AGEO plus a 
multiple of RINT, 
Basal area to be left at age RECPJ(2). Will be zero 
except for three-cut shelterwood, 
Stand age at whieh third regeneration cut, if any, 
will occur. Final cut of three-cut shelterwood; 
must qua1 A G E 0  plus a multiple of RIPJT. 
Identif ieation number  of the stand. 
Site index s f  the stand (base age 50 years) from 
averages of dorninanl and codominant trees, Must 
never q u a 1  zero. 
Stand age at first entv in t h e  yield table, Present 
age of ~n-actual stand or any age of a hypometical 
stand, Must never q u a 1  zero, 
Average d.b,h, (inches) of all five trees ahstand age 
AGEO, From average basal area, 
Average height (feet) of dominant and eodominant 
trees a t  age AGEO, 
Number  of live "sees in the stand at age AGEO, 

5 STAND 1-4 
SITE 5-8 

DBMO 13-36 

HTSO 17-20 

D E N 0  21-24 



Subroutine PROJ subroutine LOBPL. These sets, numbered 

PROJ performs t h e  following th ree  oper- 
ations: 

1. Projects  average d,b,h., height, and 
number of t r e e s  for one growth 
period and computes t h e  corre- 
sponding volumes. kength  of the  
projection period is se lec ted by t h e  
program user. 

2, T e s t s  t o  determine if the  t ime  of a 
scheduled thinning o r  regeneration 
c u t  has been reached; if so, trans- 
f e r s  program control  t o  subroutine 
CUTS. 

3. Rounds off values for printing and 
prints  one line of the  body of the  
table,  if cu t t ing  is not  scheduled. 

Subroutine SWITCH 

SWITCH is called by CUTS and PROJ  t o  
select s e t s  of species-specific equations 
and constants  t o  be  used in computations. 
The t r e e  species for  which a table  is t o  be  
computed is identified by t h e  program user. 
This identification is used in SWITCH t o  
ca l l  t h e  group of equations and constants  
appropriate t o  t h e  species. 

As l isted in Appendix 1, SWITCH calls 
only subroutine LOBPL (species identif i- 
ca t ion number one). Additional calls (i.e., 
o ther  species relationships) can be substi- 
tu ted ,  using procedures described in the  
section on modifications, below. 

Subroutine LOBPL 

Subroutine LOBPL contains a l l  t h e  equa- 
tions and constants  t h a t  apply t o  loblolly 
pine plantations. Any one of the  10 sets of 
s b t e m e n t s ,  described in the  next section, 
is called as needed by o the r  subroutines. A 
call. consists of (1) identification of the  
type of computation t o  be  made, (2) assign- 
ment  of values t o  temporary variables, if 
necessary, and (3) call t o  subroutine 
SWITCH. 

PROGRAM RELATIONSHIPS, LOBPL 
Nine types of information a r e  computed 

by t h e  10 sets of FORTRAN s ta tements  in 

in t h e  order in which they appear in 
LOBPL, a r e  described below. 

S e t  1--Periodic Increase in Basal Area  and 
Average Stand D.b.h. 

An equation derived by Clu t t e r  (1963) 
es t imates  potential  basal a r e a  a t  the  end of 
each  projection period. This equation, 
based on da ta  from natural  stands, was 
used because similar equations for planta- 
tions a r e  not yet  available. The fu tu re  
number of t r ees  per a c r e  is computed by 
applying expected mortal i ty percent  
(Sta tement  100, 102,  LOWL,  Appendix 1) 
td present  number of trees. Dividing 
projected basal  a r e a  by projected number 
of t r ees  provides es t imated mean d.b.h. 

S e t  2 and 8--Initial Average Dominant and 
Codominant Height and Periodic Increases 
in Height 

An equation by Lenhart  (1972) is used t o  
es t ima te  heights a t  ages  under 25, a n d  one  
by Far ra r  (1973) for  older stands (State- 
ments  20, 21, 22, LOBPL, Appendix I). 
Lenhart's equation was modified slightly t o  
permit  use of s i t e  indexes with a base a g e  
of 50 years. Farrar ts  equation is a mathe- 
mat ica l  expression of values originally gub- 
lished in ~ i s c e l l a n e o u s  publication 50 (U.S. 
Dep. Agric. 1976). This combination b e t t e r  
simulated ac tua l  plot performance than 
e i the r  equation alone. 

S e t  3--Initial Basal Area  and D.b.h. of Very 
Young Stands 

These values, needed only when simu- 
lat ion begins with a new plantation of 1- 
foot-tall t rees,  a r e  based on d a t a  from 
Smalley and Bailey (1974). D.b.h. and basal  
a r e a  a r e  f i rs t  computed when t h e  s tand 
reaches  a height of 4.5 f e e t  and d iamete r  
measurements a t  breas t  height a r e  possible 
(Sta tement  30, LOBPL, Appendix 1). 

S e t  4--Cubic- and Board-Foot Volumes P e r  
Acre  

Cubic-foot volume inside bark is comput-  
ed  from t h e  t r e e  of average diameter ,  
average dominant and codominant height, 



and the numbtlr of trees per acre (State- 
ment LOBPL,  Appendix 1). Crrbie-foot 
volume includes all trees 5 inches in d,h.h. 
and Ifzqer to a 4-inch top diameter outside 
bark. Volurnes for the stand equation were 
obtained by summation of tree volumes 
from an equation by Hasness and Lenhart 
(1912). Similar results were obtained with 
the Forest Service's tree volume equation 
for national forests in the west Gulf. 

Volumes in rough cords per acre are 
obtained by dividing each cubic volume by 
76.3 (Mesavage 1947). 

Cubie volumes are converted to board 
feet Scribner Rule (Statement 43, LOBPL, 
Appendix 1) for all trees 9 inches in d.b.h. 
and larger to a '7-inch top diameter inside 
bark. Board-foot volumes used to compute 
the conversion factors were obtained with 
equations for the national forests in Texas. 

Because merchantable volumes esti- 
mated for stands of small average d.b.h. 
are unreliable, cubic volumes are not com- 
puted by YLDTBL if average d.b.h. is less 
than 5.0 inches. Minimum average stand 
d.b.h, is 6.0 inches for board-foot volumes, 
Ignoring the small merchantable volume 
present in stands of smaller d,b.h. has little 
effect on yields, as volumes per acre would 
be less than the minimum for commercial 
cuts* 

Set 5--Change in Average D.b.h. and 
Height due to Initial Thinning 

Initial thinnings may increase or de- 
crease average residual diameter by re- 
moving trees that are larger or smaller 
than average. Changes estimated by sub- 
routine LOBPL (Statements 50, 51, LOBPL, 
Appendix 1) are based on available data 
from actual thinnings. The program esti- 
mates decreases in average d.b.h. ranging 
from 0.5 inch for very heavy thinnings to 
zero where 40 percent of the stand is 
removed, and increases of 0.1 to 0.2 inch 
for lighter cuts. Independent data from 59 
stands in Louisiana tended to confirm this 
pattern of changes. 

Effect of initial thinning on average 
height of dominant and codominant trees is 
not well documented. From available data, 

the program estimates average reductions 
of 1 foot in height where removal is over 
60 percent and 0.5 foot where removal is 
45 to 60 percent, an average increase of 
0.5 foot where removal is 45 to 10 percent, 
and no change for lesser cuts (Statements 
52, 53, LOBPL, Appendix 1). Modification 
of Statements 50, 51, 52, or 53 is advised if 
local practice results in different changes. 

Sets 6 and 7--Change in Average 43.b.h. 
and Height from Partial Cuttings after the 
First 

Based on the obserjation that most 
partial cuts after the first remove trees 
that are on the average smaller than those 
that are retained, the program estimates 
that such cuts will increase both average 
diameters and average heights. Subroutine 
LOBPL (Statements 60, 61, 62, Appendix 1) 
estimates diameter increases ranging from 
about 1.5 inches where only 20 percent of 
the basal area is retained to near zero 
where less than 1 percent is cut. Similarly, 
Statements 63, 64, 65 estimate height 
increases Bfter cutting, ranging from 1 foot 
where 45 percent or less of the basal area 
is retained to zero for cuts retaining 91 
percent or more. For cuts retaining be- 
tween 45 and 91 percent, an increase of 0.5 
foot is predicted. Where these relation- 
ships are not applicable, the subroutine 
should be modified to better simulate local 
practice. 

Set 9--Theoretical Initial Number of Trees 
per Acre 

Mortality in unthinned stands is esti- 
mated with an equation that includes initial 
planting density. , Set 9 uses a modification 
of that equation to estimate initial number 
of trees as a basis for mortality projections 
in plantations already more than 1 year old 
(Statement 90, LOBPL, Appendix 1). If 
stand age at the beginning of simulation is 
1 year, actual or assumed initial density is 
necessary for mortality computations. 

Set 10-Change in Number of Trees per 
Acre Because of Noncatastrophic Mortality 

Mortality in unthinned stands is esti- 
mated (Statement 100, LOBPL, Appendix 1) 



with an qua"%ion by Smalley and Bailey 
(1914), Future number of trees in thinned 
st-an& is obtiihed from an quation based 
on 288 observations in previously-thinned 
plantations ( S t a t e m e n t  102,  LOBPL, Ap- 
pendix 1). These estimates cover the 
gradual redustions in numbers of trees 
from competition and endemic insects and 
diseases, Effects of forest fires, epidem- 
ics, and other abrupt changes are not 
computed by program YLDTISL, 

Suitability of t h e  equations and constants 
in LOIDPL were tested by comparing actual 
and ~omputed performance of 59 plots in 
Louisiana. ' Stand values at age 25 were 
used as initial conditisns in the computer 
runs. ,Diffesenees between actual and 
computed values at age 45 were expressed 
as percentages of actual values. Eighty 
percent of the eornputed numbers of trees 
were within 4- 10 percent of aetual num- 
bers. Ninety-f ive percent of the computed 
average diameters and 76 percent of the 
cubic volmes per acre were ako within 10  
percent of actual. Ninety-seven percent of 
the eompuled basal areas and 93 percent of 
werage stand heights  were within ;1; 5 
pereenbof aetual values, 

USER-SUPPLIED INFORBVIATiON 

Persons using program YLDTBL must 
supply values for 23 variables that describe 
stand conditions, control program execu- 
tion, and specify management options. 
Variable names, input formats, and data 
card sequence are given in table 1. Each 
variable is also defined there and in the 
program (Appendix 1). Several of these 
variables are discussed further in this 
sect ion, 

Data cards are identified by type num- 
bers that, wi th  one exception,  show their 
sequence in t h e  data deck, A type 1 eard is 
required for each computer run, This eard 
is followed by as many sets of four cards of 
types 2 h s  5 as these are yield tables to be 
computed, For example, a data deck to 
produce two yield tables will have data 

cards in the sequence: 1, 2, 3, 4, 5, 2 ,  3, 4, 
5 ' 

Intermediate Cuts 

The first seven variables on data card 
type 4 control execution of intermediate 
cuts, Certain precautions must be ob- 
sefvcd when selecting values for these 
variables, 

Each of the four thinning controls 
(DSTY, THIN, THN1, CYCL) must be as- 
signed a value greater than zero if ICUT is 
given a value of 1, 2, or 3, Fields for the 
four controls may be left blank if ICUT has 
a value of 4. 

Stand age at initial thinning, THN1, must 
equal the initial age, AGEO, plus a multiple 
of the projection period, RINT, and the 
interval between intermediate cuts, CYCL, 
must also be a multiple of RINT. For 
example, if A G E 0  is 15 and RINT equals 5, 
THNP may be assigned a value of 15, 20, 
25, ete., and C'YGL can have values ~f 5, 
PO, etc. 

Minimum commercial volumes, COMBF 
and COMCU, determine whether or not a 
scheduled thinning will yield a commercial 
cut. Noneommereial thinnings will not be 
made if the value given IGUT prevents the 
action. Volumes removed in permitted 
noncommercial thinnings are not included 
in column totals, but projeeted growth will 
reflect the effect of such thhnings. A 
footnote printed at the bottom of each 
yield table is a reminder of the user's 
decision. 

Regeneration Cuts 

The last five entries on data card type 4 
determine the regeneration method to be 
simulated. Stand age when each cut will be 
made and the basal area of seed trees or 
shelterwood, if any, are specified. Stand 
ages at regeneration cuts must equal the 
sum of AGEO plus appropriate multiples of 
the value of RENT. 

For clearcutting, stand age at time of 
final cutting, REGN(1), is entered on card 
type 4, and the other four regeneration 
variables are left blank or given values of 
zero. 



See+tsee cutting requires non-zero val- 
ues for REGNII), VLLV(1), and REGN(2)- 
REGN(1) is the stand age at first regener- 
ation cutting, and REGN(2) is stand age 
when the seed trees are removed. VLLV(1) 
is the basal area to be left as seed trees at 
age REGN(1). 

Shelterwood eultings are controlled in 
the same manner as seed-tree cuts, The 
program simulates up to three regeneration 
cuts, Two-cut shelterwood requires that 
values be assiced to the same three 
variables as for the seed-tree method, 
Basal area to be left as a shelterwood is 
specified by VLLV(1). For three-cut shel- 
terwood, REGN(1) and RECN(2) are stand 
ages a t  time of the removal cuts, and 
REGN(3) is stand age at the final cut. 
VLLV(1) is the basal area left a t  age 
REGN(19, and VLLV(2) is the basal area left 
at REGN(2). 

Initial Stand Measurements 

Initial stand information is entered on 
card type 5, columns 5 through 24. Where 
performance of an aetual stand is to be 
projected, inventory data must be supplied 
for all f i e  stand variables, ProjeeLions for 
hypothetical stands of any age may be 
made if reasonable estimates of the varia- 
bles are supplied; if no initial height is 
entered, a height appropriate to the site 
index will be computed, New plantations 
should be assigned an  age of 1 year, a 
height of 1 foot, and an appropriate number 
of trees per acre. 

Yield tables for hypothetical stands can 
be used to select rotation lengths, thinning 
regimes, and other controls on silvicultural 
operations, Yield tables fop actual stands 
provide information on expected yields for 
the remainder of the rotation, 

Stand age, RGEO, and average height, 
MTSO, describe dominant and eodom inant 
trees only. Stand age includes any flowing 
period in nurseq beds. 

PROGRAM MOD1FIGATIIONS 

Program YLDTBL csn be modified to 
simulale a variety of conditions not eov- 
ered by the version in Appendix 1. It can 

be adapted to compute yield tables for 
other species or for improved genetic 
strains of loblolly pine. Estimates of 
potential yields may be needed in metric 
units or for other standards of utilization, 
Whatever the reason, YLDTBL is organized 
to make modification a relatively easy 
operat ion. 

Complete modification of the program, 
as for another species, requires two 
changes. A new subroutine equivalent to 
LOBPL is added lo  the program. One of 
the CONTINUE cards in subroutine 
SWITCH is then replaced by a statement 
calling the new subroutine. No other 
changes are needed in the program if the 
new subroutine duplicates the sequence of 
operations of subroutine LOBPL exactly. 
The species identification number punched 
on data card type 3 will be the label of the 
new statement in subroutine SWITCH. Ad- 
dition of more than nine subroutines to the 
program will require replacement of the 
60 TO statement in SWITCH, 

Individual statements in subroutine 
LOBPL can be replaced 'to convert to other 
utilization standards, to introduce new 
growth and mortality equations, or to 
describe natural stands. No other changes 
in the program will be needed, unless the 
equations contain independent variables not 
already computed. 

YLDTBL can be converted readily to 
increase reserve basal area as tree height 
increases, as is current practice in the 
Forest Service's Sodhern Region. A series 
of statements of the form "IF(HTSO .LE. 
45.0) THIN = 70.0" is placed at the begin- 
ning of Subroutine CUTS to produce this 
modification. The series is followed by the 
statement ''DSTY = THIN." 

AN EXAMPLE 

Appendix 2 affords an example of many 
computations performed by VLDTBL and 
some of the management alternatives that 
can be simulated, TI may be used as a test 
problem for adapting YLDTBL to other 
computing; systems. 

Assume a forest composed of loblolly 
pine plantations of various ages. Some of 



the  many questions of interest  t o  the  forest  
manager are: 

1. With a specified initial density and 
no thinning during a 30-year rota- 
tion, what volume of cordwood will 
be produced, and how much of this 
will be marketable a s  sawlogs? 

2,  Mifiat will  be the  volume production 
for the  remainder of the  rotation of 
the  stands tha t  were inventoried 
recently? 

3. For a given initial spacing, rotation, 
and regeneration method, what vol- 
umes of sawtimber will be produced 
with various thinning schedules? 

Only three  of the  many yield tables t ha t  
would be computed t o  answer these ques- 
tions a r e  reproduced in Appendix 2. Spe- 
cies, minimum commercial  volumes, s i t e  
index, and projection interval a r e  the  same 
for a l l  tables, a s  shown. Regeneration by 
clearcutt ing and planting and by two-cut 
shelterwood a r e  simulated. Other informa- 
tion supplied by the  manager appears in the  
heading, footnotes, and age column of each 
table. 

The da ta  deck consists of 13  cards 
punched as shown in figure 1. The first  
card (line 1, containing a single digit) is the  
type 1 card read by the  main program. The 
next  four cards a r e  the type 2, 3, 4, and 5 
cards needed t o  produce the  first  table. 
The remaining eight cards a r e  t he  type 2, 
3, 4, and 5 cards for the  other  two tables. 

Each table provides a partial  answer t o  
the manager's questions. The table for 
stand 101 shows potential yields for rota- 
tion lengths of 15 to 38 years. Longer 
rotations could have been included by 
giving REGN(1) a value larger than 30. 

The table for stand 81, now 20 years old, 
shows estimated yields from an existing 
stand, if thinned at  5-year intervals. Rota- 
tions of 20 t o  50 years, terminated by 
elearcutt ing and planting, may be com- 
pared, Additional yield thbles can  be  
obtained t o  evaluate other thinning and 
regeneration alternatives. 

The third table for stand 102 shows t he  
potential of a silvicultural system involving 
thinnings a t  10-year intervals and regener- 
at ion by a two-cut shelterwood. The 
removal cut: is made a t  age 60, and the  
final cu t  is made a t  age 65. 

Tables for other thinning programs are 
needed t o  fully evaluate thinning alterna- 
tives. They cost  about five cents  each, 
once the  program has been compiled into 
machine language, 
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APPENDIX I 

Listing of Program YLDTBL 



c ~ R D G R ~ ~  v t n ~ ~ ~  
C 
t T O  t O L ' P I i T F  4fidP PRIVY YIELO T d R L E s  FOR EVEN-4CFD ST4ND9. 
C PROG@AP BY C L I F F O R D  M Y E R S ,  8OUTHERN F O R E S T  EXP* 9TN.r 1976, 
c 
c D E F I ~ ~ I T I Q ~ S  OF v b R I a S k k s ,  
C 
C b n O u T  r C H A N C E  IN AVERACE s T 4 Y D  HEIGHT B Y  YHIYNINC, 
c  AGE^ t A G E S  R E P O R T E ~  I N  VIELO T A R L ~ ,  
C: R 4 9 0  R b g d L  & R E 4  AEFORE PADTIAL CUT. 
II 8 d g T  s b A 9 d L  AREA A F T E R  P M T Z A L  CUT, 
C B O F C  s B O A R D  F E E T  R E M D V E O  PER ACRF,  
C RbFn s R O b R n  F E E T  RFFORE PAPT IAL  CUT. 
G BnFT P O 4 9 0  FEET 4FTER P A R T I A L  CUT, 
C  C f M t  'dERCH, CU. P T ,  R E M O V E D  PER ACRE, 
C C f M O  @ "EftCW, CVa FTa BEFORE PARTIAL  CUT, 
C CFvT @ "ERCH, CV.  C T ,  AFTER PART IAL  CUT, 
C CHD 8 C F A V C E  IM AVE, S T A N D  0 . 8 . ~ .  P R O M  P A R T I A L  CUTTING, 
C COMBF 8 fA IN IMUM COMMERCIAL CUT, BOARD FEET, 
C COHCU 8 M I N I W U M  C O M M E R C I A L  CUT, CU. FT,, 
C GROC bLjv8ER QF C O R O S  REMOVEDO 
C CRDO 8 hlJ*RER OF CORD3 BEFORE PARTIAL  CUT, 
C CRDT NUMBER OF CORDS AFTER P A R T I A L  CUT. 
C C Y t L  8 INTERVAL BETWEEN JNJERMEDIAYE CUTS. 
C DRHO AVERAte  STAN0 D,6,Hr REFORE P A R T I A L  CUT, 
C  DSHT r AVERAGE STAND 0,B.W. AFTER PART IAL  CUT, 
C DEN0 T R E E S  PER ACRE BEFORE PART IAL  CUT, 
C DENT r TREE9 PER ACRE AFTER PART IAL  CUT, 
e D 9 T Y  @ R f S I D l j A L  BASAL ARFA FOR PART IPL  C U T S  AFTER '?HE F I R S T ,  
dC: HTSD A V E ,  O O M  AND CODOM T R E E  HEIGHT BEFORE CUT, 
C H f S T  @ I V E .  D O M  AND CODDM TREE HEIGHT AFTER CUT, 
C lCI.JT @ FLAG k I T H  INPUT V A L U E  TO CONTROL THXNhINGS OFa* 
C I 8 NO MONCOMMERCIAL THI&NINGS, 
C 2 8 I N I T I A L  THINWING Y A Y  BE NONCOPMERCIAL, 
C 3 8 ALL THINNIMCS M A Y  RE NONCOMMERCIAL, 

4 a NO THINNING3  TO 8E MADE 
JSBO a T O T A L  BD, FT, FRDW ALL C U ~ S  OF COMBF OR LARGER, 

C J S M C  TOTAL MERCH, CU FT. F R O "  CUTS OF COMCU OR LARGE!? 
C K A K  s S P E C I E 9  &UMBER SELECT 3ET OF SPECIES-SPECIF IC $?ATEMENTI, 

M A C  r NI jMBER TO SELECT APPROPRIATE OPERATION. 
b J O T E ( I )  OESCRIPT IoN  T O  BE W R I T T E N  I N  Y I E L D  TABLE, C 

C NSTND @ hUMSER OC STAN93 TO BE PROCESSED BY THE RUN 
C PRET @ PERCENTACE OF BASAL  aREA RETAINED AFTER P A R T ~ A L  C U T .  
C PROD 8 fACTQR TO CONVERT M L R C H o  CU, FTe T O  BOARD FEET, 
e R E G M ( 1 1  STAND AGE NWEN REGENERATIO& CUT X OCCURS, 
C R I N T  btUW8ER O f  YEARS F O R  W H I C H  A S INGLE PRUJECTIOQ 18 MADE, 
C R O T A  F f N 4 L  AGE IN Y I E L D  TABLE, 
C SCRO TOT4L Y I E L D  I N  C O R D S  FROM COMMERCIAL CUTS, 
C S I T E  3 S I T E  INDEX,  
C S Q E C ( T )  8 S P E C I E S  NAME FqR T d R t E  HEADING, 
C STMD r STAND IDENTIFICATION NUMBER, 
IG S T R T  r I Y I T T ~ L  TREES PER A C R E  FOR MORTAL ITY  COMPUT~TION?, 
C T H I N  8 REgTDUAL BASAL ARFA F O R  I N I T I A L  TWINNING, 
C T H N l  n ACE OF 3TAbD WHEN F I R S T  THINNED, 
C V A R ( I ]  s ARRAY F O R  QTORAGF OF I N I T I A L  VALUES OF VARIABLES, 
C V L t V f I )  BASAL AREA TO RE LFFT AT REGNtIl. 
e 

COMMON /BLKA /  4 G E O r R A S O I ~ A 3 T I ~ D F O p C F M O ~ ~ ~ ~ ~ I C ~ C L I O B H & D ~ H T , D E ~ O p  
~ D E N T ~ ~ ~ ~ ~ , ~ T ~ T , K A K ~ ~ A C ~ R E G M ( ~ ? I ~ I N ~ I R O ~ A , T H N ! , S T R ~ ~ K T ~  

13 



C 
C O H M O ~  IHLYR, B D F T ~ , ~ F M T , C O ~ B F , C O M C U , C R D ~ ,  I C U I ,  JBOPO~JCFMO,JOENT# 
~ J S @ ~ , J S Q C , S C R D , S T N Q , V A R ~ ~ I  

c 
~ O U M Q ~ J  # B L n t #  & D D H T , C H D c D S T Y , ~ R ~ T , 8 1 T E ~ f H I M ~ V L L v f 5 1  

C 
COMMOkj /BLYO/ B ~ , R D F , C F M , ~ P D , O B H , O C ~ ~ ~ H T ,  I N X I R B L  

C 
C READ MUMREP OF 574h05 T O  BE PROCESSED F R O M  C P H O  TYPE ONE. 
C 

WEAD [ S t Z U I  f SThlo 
20 F O Q M A T  ( 1 4 1  

IFIQSThP ,LE, 0) 60 T O  230 
C 
C EXECUTE P R O G R A M  ONCE F n R  E I C H  S T A N O S  
C 

ao 200 rel ,hsrhln 
CALL U E G I ! :  

C c CHECK F O R  I J P V V ~ N T E D  Z E R O S  Of? R C f i " K 8  I N  0 4 7 4 ,  
C 

OO 3 0  L ~ l r 5  
I F ( V A R ( L 1  ,LEI O.0) G O  T O  190 

30 C O N T  1 ' f l if i  

c 
DO 40 k\ iA*f ,S  

r 4 rJA 
I F ( R E C R [ L )  @ E Q e  0,O) 60 T O  40 
R O T A  s R E G W L )  
GO 70 5 0  

4 0  CONTXQUE so B A S O  8 n w  * O , O O S U S U Z  DBHO * neHo 
C 
C COMPUTE V O L U M E S  PER ACRE,  
C 

MAC 8 4 
BA le: B L S O  
OEH 8 n w n  
OEh O E h i O  

nT ~r H T S ~  
CALL ShIrCH 
BDFQ m BOF 
C F M O  n CFU 
C R D D  c C R O  

C 
c E N T E R  L O O P  Fn i i  R E M A I N I N G  C O ~ P I J T A T I O Y S  AND PRINTOUT. 
C 

K b &  ( R G f A  - A G E 0 1  / R I R V  + 
I F  [ A G E D  , E C .  i s O l  K A M  : Y A W  + I 
D o  1 0 0  K S 1  , K h h l  

I F ( h C F 6  ,CE, R O T A )  GO T O  tDS 
8 0  CdLL  C ~ J T S  

f F ( f Q x  ,GT,  0 )  GO T O  90 
C A L L  TAf;LE 

9 0  C A t l ,  PRfl'i 
f F ( K h L  ,GT,  0 1  GO T O  $ 0  



t ADD F I ' : A L  ti:YS T I l l P L  Y I E L n S  AN0 W I T E  T O T A L  Y I E L D S .  
C 

1 0 5  C F u o  = J C F V O  

I P ( C Q M 0  r t l r  GO'CU) GO T O  8 t C 1  
JsMe . JSMC 4 J G C N ~  
acRn . SCRB + caoo 

$ $ 0  88FO @ JRBFO 
fF(8DPO , t T ,  GQ"JIBF1 GO fll 126 
JSBO r JSBO + JBDFO 

I E ~  (brt30) J S M C I S G R D I J ~ ~ B D  
150 FORHAT ( I H 0 0 / , 6 5 Y 0 1 2 H T O ~ A d ~  Y I E L D S , Z S X r t b 1 4 ~ , F 6 m l r S ~ , ~ 7 )  

c 
t WRllE FOOTPjOTES T O  Y I E L D  TABLE;  
C 

H R I T E  ( b r t b 0 )  
840 F O R M A T  ( ~ ~ o , / / ~ I ~ X , B P H C O R D  AND BOARD-FOOT VOLUME INCLUDED I N  CUBIC 

i VOLUME. B O A R O m F O Q T  VOWME INCLUOEb I N  C O R O S m )  
%RITE ( 6 , 1 5 0 )  COMCU,COMBC 

150 FORMAT ( i n  o ~ O K , ~ ~ H M I N I M ~ M  CUTS FOR I N C L U S I O N  I N  T O T A L  Y I E L D I ~ r , ~ ~  
I . O , I $ H  CUBIC FEET ANDpC7.0 .12H BOARD F E E T e )  

GO TO ( l b O r l b S , l ~ 0 ~ l ~ ? i ) r  1CUT 
l b o  N R I t E ( 6 ,  1 6 3 )  
163 F O R M A T  c in , I O Y ,  ~ S H N O  ~ Q N c D u M E R C I P L  THIYNINGS ALLOWED, )  

@I! TO 2 0 0  
$65 & R I T E  ( b r 1 b B )  
$68 fOPMPT ( I n  , l o ~ p ~ ) ~ o ~ L ~  I N I T I A L  TWINNING M A Y  RE NONCOMMERCIAL,) 

GO TO 200 
l 7 0  WRITE ( 6 , 1 7 3 )  
1 7 3  FORMAT ( 1 H  o I O X , J 5 M A L L  T H I N N I N G 9  MAY BE N O N C O M M E R C I A L , )  

60 TO 2 0 0  
974 & R I T E  [ b r l l e )  
178 F O R M A T  ( 1 H  , I O X , ~ Q ~ ~ N O  THIhlNINCS SCHEDULED DURING R O T A T I O N . )  

GQ TO 200 

PROGRIP C O N T R O L  GOES HERE I F  ANY UNWANTED ZEROS OR BLANK8 I N  O n b e  
C 

1 9 0  @RITE ( 6 , 1 9 5 )  STNO 
195 FORMAT ( ~ H O O / ~ / ~ ~ ~ X O ~ ~ H E X E C I I T I O ~  STOPPED RECAUSE OF NEGATIVE OR ZC 

1RO I T E M  O N  O A T 4  C b R D S  OF S T A M D ~ Q b o O )  
200  c o ~ ~ r k u s  

GO T O  250 
C: 
C PROGRAM CONTROL G O E S  HERE I F  VSTND ILLEGAL,  
C 

230 & R I T E  ( b , Z U O J  
240 FORMbf  ( ! H ~ , / / / / , ~ O X , ~ ~ H E Y E G U T ~ O ~  STOPPED BECAUSE OF SLLEGAL V4LUL 

I OF IVQTNB,) 



6 
ADDWT 0.0  
BDFO 8 0,U 
B D F T  a Q e O  
C F W O  0,o 
CFMT a Q e O  

CRDO 8 flea 
C R R T  8 @ , f l  
BAS0 P: Q a C )  
B A S T  0.0 
I M X  IE 0 
J$BD r; 0 
JSQC 0 
K T 1  8 0 
S C R n  3 0,0 
S T R T  t 0.0 
00 3 I * t r T j  

5 V A R ( 1 )  Q e 0  
DQ 10  1 ~ 1 ~ 3  
R E G N ( 1 )  0.0 
M k h V ( 1 )  3 0,O 

10 C O ~ ~ T 1 ' t i U f i  
C 
C R E A D  TREATMFhtT D E S C R I P T I O W  F R O M  CARD T Y P E  TWO,  
C 

READ ( 5 , 3 0 1  (NOTECIl,I@I,LO) 
$0  F O R M A T  I Z f l A d )  

CI 

C R E A D  SPECIES I D E N T I F I C A T I O N  FROM CARD T Y P E  THREEo 

- 40 F ' O R M A T  (844, f 4 r F 4 1 0 )  
C b. 
C R E A D  C t l T T I N G  I N S T R U C T I O N S  FROu C A R P  T Y P E  FOUR. 
c 

R E P 0  ( 5 , 5 0 1  ItUT,D3TY,THI&,THNI,CYCL,CQ~RF,COMCU,REGN(l)pV&LV(~], 
l R E G N ( 2 ) , U L L V ( Z ) ,  @ E G Y ( 3 1 ,  

S O  F O R M A T  ( I Q p ? F ~ ~ 0 , F 4 n 1 r F 4 . 0 , F 4 ' 0 )  

60 F O R M A T  ( 3 F 4 e O I Z F 4 a $ , F 4 a O )  
V A R I 1 )  s 4GFO 
V P R ( L )  * DEW@ 
v e ~ ( 3 )  t R I r l T  
V A R ( 4 )  a S I T E  
V A P ( S )  rn R E G 4 1 ( 1 )  

C 
C COPPUTE A U F ,  PObJ AND C O n o ' q  H E I G H T  I F  NOT READ Xh, 



C 
IF(HTStlr ,GT, 0',01 G O  T O  7 0  
MAC 19 
CALL S @ ) X T C H  

C 
c C O M P ~ ~ E  T H E O R E T I C A L  T h x r l b L  Q ~ J I ~ ~ R E R  OF T R F E Q ,  
C 

7 0  I F l b G E O  ,EQ, 0,01 G O  1 0  80 
I s t o E h l a  , E Q ,  o , o j  co  rn  R O  
MAG r 9 
C A L L  ~ ~ 1 r c i . r  

t 
C W R l T E  H E A D I Q C S  FOR Y I E L D  TABLE, 
C 

J S I T E  8 SITE 
6 8  W R I T E  Q 6 ~ 1 0 0 3  3TNDISPEC 

100 P O R M A T ( ~ ~ ~ , / / ~ ~ ~ X # ~ ~ H Y I E L D $  PER hCRE OF STbND M U M B E R p C I e O ~ I W Q i & A 4 )  
MRlYE (6,lJO) JSITE,THIN,0StV 

110 FORMAT (IHO,58XplOIJSITE INDExI14/1H p3BXp29WRESIOVbL B b 3 A L  AREA= 1 
1NItIAL*,F6eO,iZH § U B S E Q U E N T e r P 6 e O )  

w R ~ T E  (6p120) INOTE(J),J81rZb) 
120 FORMAT ( I H O , Z S X ~ Z O A ~ )  

W R I T E  (6,150) 
I30 FORMAT ( 1 H O p / p 4 X ~ ? 4 ~ = ~ ~ ~ Z - i - - - * * ~ * ~ * ~ ~ ~ C M A R r b C T E R I T I C  OF 8 T A N O I N G  

f T R E E S ~ ~ - O - ~ - ~ ~ O ~ ~ ~ ~ B I I ~ ~ ~ ~ ~ ~ ~ X , ~ ~ H B W ~ ~ ( I I ) I ) I R  RebUcTfdN 
~ ~ m m m a ~ m ~ ~ ~ m m m ~ )  

W R I T E  (6,140) 
1 4 0  FORMAT ( L H O ~ 2 X p S W S T A N D 8 I 3 ~ ~ ~ H 8 A S b C p ~ X ~ ? H A V ~ P r P , C E ~ ~ R ~ ~ ~ A V ~ R A G ~ ~ 4 ~ X e ~  

1H8A3AL) 
NRfTE (601501 

150 FORMAT ( 1 H  p 5 X , 3 H A C E p S X , ~ H T R E E S I 4 X I 4 ~ A R E d , 7 X p b ~ D ~ B 8 ~ e , 3 X ~ 6 H H E I G ~ T p  
~ S X ~ ~ ~ V O ~ U ~ ~ ~ ~ X ~ ~ H V ~ M ~ ~ ~ ~ ~ ~ H V O L U M € ~ ~ X ~ S ~ T R E ~ ~ ~ ~ X ~ ~ ~ ~ ~ E A ~ ~ X ~ ~ H V ~ ~ U  
Z ~ B ~ ~ X , ~ H V ~ L U ~ E ~ ~ X # ~ H V O L U M E )  

W R I T E  (6,16O) 
160 F O f f Y A f  (1H , Z X ~ S H ( ~ R 3 ) p S ~ ~ ~ H N O e ~ S X p b ~ 3 Q 8 F T e ~ b X ~ ~ W ~ N e ~ ~ X ~ ~ H ~ ~ , ~ ~ % p  

~ ~ H C U ~ F T ~ P ~ X ~ S H C O R D § ~ ~ X ~ ~ H B ~ ~ F Y ~ ~ ~ X ~ ~ ~ Y O ~ ~ ~ X ~ ~ H S Q ~ F T ~ , ~ X ~ ~ H ~ U ~ ~ ~ ~ , ~  
Z X , ~ H C Q R D S I S X , ~ H B D ~ ~ T , ~  

c 
C A 3 8 f G N  VALUES TO PREVENT THINNIYG I F  TWINNING NOT kANTED, 
C 

IFffCUT # G I e  0 # A N D 8  I C U T  ,LTe 4) GO TO 200 
08TY 8 5 0 Q e 0  
T H I N  8 S O O e O  
C Y C L  8 R E G N ( 1 )  ACE0  
TUN! 8 R E G & ( ¶ )  

200 RETURN 
E NO 
8U6ROuTZNE C U T S  

C 
C 70 EXECUTE INTERMEDIATE A N D  ReGENERATtON C U T S ,  
C 

COMMOY / B L K A /  4 G E O p R A ~ 0 , ~ ~ ~ ~ I ~ ~ ~ O , C ~ ~ O p ~ ~ I ) ~ , C ~ C L e D B a 4 ( 1 I D ~ ~ ? , ~ ~ ~ ~ ~  
1 D ~ N T ~ ~ T S O r ~ T ~ f ~ ~ A ~ ~ M A ~ p R ~ ~ ~ ( S ) , R I h J ~ , R O Y ~ , ~ ~ ~ ~ ! , $ T ~ T ~ K ~ ~  

C 
COMMON /RLKR/ R ~ F Y ~ ~ F ~ Y ~ ~ O Y A F ~ C O ~ ~ U ~ C R ~ T ~ I C U T ~ J R B C " O ~ J C F ~ O ~ J ~ ~ ~ ~ ~  

lJSBO@JS~C,SCRD,STQD8VAR(~) 
C 

COMMOh / 8 t K C /  A D D H Y ~ c H D , D ~ T Y , P ~ L T , ~ I T E , T ) . ~ I N ~ V L L ~ ~ ~ )  



WdC ;g: 7 
CALL S f i T T C H  - 
60 7 0  7 a  

C 
G CHANGE b J k ,  i Z , M , H ,  A V E ,  H I ,  R Y  X N I E R M E D l b T E  CUTTING9 
C 

30 zF (scka  , " ? E @  T H ~ ~ I )  GO T O  40 
35 PRET r (THIN / B A S O ~  i aoo,o 

8431" r TI.tl[kI 

W A C  83 5 
c a L l  SNITCH 
Go r n  7 0  

40 D O  5 0  ZK@l,ZO 
"IM @ arc 
TNPV T H h l  + ( C V C L  c  EM) 
OFtTMPY ,@E, R E G N C f ) )  G O  TD 90 
ICfbGEO ,EQ, T M p V )  G O  P O  60 

50 C Q N V N U E  
66 10 8 0  

Q O  Z F ( K T X  ,EQ, 0 1  GO P O  35 
PREY r ( D 9 T V  8830) @ 109,6 
13891 @ B S T V  
rJlAe 6 
GdLL S e I T C H  

7 0  DBMT . nswo + c ~ o  
HTST r H T S O  9 A n O Y T  
JOENT 8 ( B A S T  / ( O , O O S Y S Q Z  c OBHI * D B M T ) )  + 019 
BENT a J O E K T  
Bag7 r 0,0054542 r OBHT n QBMT * DEMT 
IF(A497 , C E ,  @A901 60 1 0  90 
MAG . 4 
Bn at B A S T  
88W rt 08HI 
bEr\r e OENT 
PT r H P S I  



COMMON / B L K B /  B B P T , C P M T ~ C O ~ R F , C O M C U p C R O T g f C I j T g J 8 D I r O 8 , d C F M O ~ J D E N T ~  
~ J ~ B O , J S ~ C , S C R O , S T N D ~ V A R ( S )  

C 
C ROUND OFF VALUES FOR P R I N T I N G ,  
C 

JAGIEO s AGEct 
JbENB DEbjO + 0,5 
j n t g o  W T S O  + O,S 
J B A 3 O  % B A S 0  + 0,s 
JCFMO ( C C M O  * 0 . 1 )  + 0:5 
J C F M O  8 JCFMQ * 10 
J B O F O  r BWOfO * 0 , 0 1 1  + O,S  
JBDCO 8 J B D F o  c 1 0 0  
IFCDENT rEQe D E N 0 1  GO TO 20 
J H T S T  a H T 3 T  + Q , 5  
J C I M T  8 ( C F M T  * 0 . 1 )  + 015  
j C f M T  8 J C F M T  C 1 0  
I I C J C F M I  . C T ,  JCFM01 J C F M Q - r  JCFMT 
I F t C R O T  ,CY, tRDO) t R D O  8 CRbT 
J B O P T  8 ( B D F T  * 0 . 0 1 )  9 0.5 
J 6 0 F T  8 JBOFT r 1 0 0  
I F ~ J B ~ F T  , G T ,  ~ s o ~ o )  Jeopa 8 3 e o P r  
J B A Q f  8 B A S T  + 8,s 
JDENC 8 JDLNO = 30ENY 
J B A Q C  8 JBASO r JBdSt  
CRDC r c R o o  cRor 
J C C M C  r JCFYO = JCFMT 
I P B J C F M C  ,bE, 0) J C Q M C  @ 0 
JBDFC r J B O F O  J e O C T  
IFfJBDCC @LF,  0) JBbFC @ o 



16 8DFC @ d B p F t  - \ 

r F I @ D F C  r L T ,  CQ"BF) CQ T O  20 
JSeo . Jsen + J8OFC 

C 
C W R I T E  f 4 8 t E  E Q T B f E S  OF O I A M E T E R ~  VOLUME98 E T C ,  
C 

26 B R ~ T E  ( b r 4 O )  ~ A G E O I J ~ E ~ ~ ~ J B A ~ ~ ~ ~ ~ ~ O ~ J ~ V ~ O ~ J C F ~ J I O ~ C R ~ ) O ~ J ~ D F O  
30 F O R M A T  [ ~ ~ 8 9 x ~ l Q , ~ ~ , I ~ , ~ ~ g 1 t b 1 ~ ~ ~ ~ ~ ~ 1 ~ 5 ~ ~ 1 % 3 ~ ~ ~ ~ l 5 ~ 5 ~ # F 5 ~ $ ~ 4 ~ ~ x b )  

I F f A G E O  r G E I  R O T A )  60 18 60 
% F t D E h T  ,EQ, D E V O )  G O  7 0  b b  
H R I T E  Ib ,@f i )  ~ ~ G F ~ ~ J D E N ~ , J B A S ~ I B B ~ ~ ~ J ~ T S " P ~ J C F ~ T ~ G R D T ~ J B O F T ~ J O E N ~ ~  

$ J R ~ s C , J C % @ C p C @ o C ~ J s o T C  
40 FOR'AAT ( 1 6  ~ ~ X I ~ ~ ~ S V I I S I ~ X ~ ~ ~ I " I X I P S ~ I I S ) ~ . ~ I S I ~ X ~ I ~ I ' " ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X  

6 r T S ~ S ~ ~ % ~ p 6 ~ ~ f S ~ S ~ ~ d 4 ~ 1 ~ t t X ~ I 6 ~  
6 0  RETlsRpf  

$k'D 
SLIARl"l1 J T  1 kJE, PRO3 

e 
C T O  C h b Q G E  S T A Q n  C W 6 R A C T E R I S T 1 G 3  THROUGH CROdTH AND M O R T I L J T V ,  
C 

6"OMMOh' b B L K d /  A C E O ~ I E ~ ~ ~ S O ~ R A ~ ~ ~ B ~ F O ~ C ~ : M O ~ C R Q Q ~ G V C ~ , ~ ~ B H ~ ~ D ~ H T ~ ~ % # C ~ ~ ~  
t D d ~ T r ~ ~ S O e H ? g P r ~ A K I ~ A C r R p C ~ [ 5 ~ ~ R I N T ~ R O T 4 ~ T H N 8 ~ ~ T R T ~ K ~ ~  

C 
COWMOP! /BLKB/  B b r R O F , C P ~ , C R b ~ b B W p O E N p Y T ~ I M X I K B I  

c 
SMJ1X @ t? 
KBL @ 0 
f F ( R t N l  r E Q ,  t r O )  CO T O  5 
I F ~ A G E O  .Ea. 1 . 0 1  nGEo . a:o 

5 AGE0 . AGEB + RIMt 
I P ( A G E 0  e G T ,  R O T A )  GO T O  100  

C 
C P R O J E C T  3 T d Y D  VALUES F O R  O Y E  PERIOD, 
C 

M A C  3 2 
CALL 3 v j I T C M  
MdC 8 1 0  
CALL S @ l T G w  
I Q f H T S D  ' G E .  4 . 5  B A N D @  8430 .CQa O e O ,  GO 1 0  
GO T O  20 

10 M A C  3 
C B L C  S h I T C w  
GO T O  2 5  

20 MAC @ 1 
$BITCH 

25 MAG 4 
BA ~r B A S Q  
bRW a OBHO 
Q E N  a D E % O  
HT Ir M T S P  
CdLL  s.1rcI.r 
BOFO BPF 
CFWQ s G F V  
CR90 @ C R Q  

C 
TEST F O R  I F d T E R M F D T A T E  O R  R E G F N F S A T Z O N  CUTI 

c 
DO 30 KUsfe3 



C 
C W R I T E  VALUES FOR THE P E R I O D  l F  C U T T I N G  N O 1  SCHEDULED@ 
e 

WRr TE (bp  80 d KAGEQDKDENO, K6A30g D B H ~ I K H ~ ~ O D K C ~ M O D ~ R D ~ D ~ ~ ~ ~ ~  
60 CORMAT ( 1 H Q I Z x ~ l ~ p ~ X o 1 ~ ~ & ~ I I U I P X ~ F ~ b 1 p ~ X I I 5 I ~ X ~ ~ ~ ~ ~ ~ ~ F ~ ~ ~ t 4 X ~ I ~ ]  

8A3f @ @A98 
D8HT a DBH9 
DENT DEMO 
)ITS- . w T O  
f M X  @ 1 

808 RCt t rRh  
END 
8UBROUTINE S N X T C H  

c 
C 10 CALL SUBROUIIhES e I T H  S P E C ~ E ~ W ~ P E C I F I C  9T4TEMENT9,  

C 
GO 7 0  fIr2,3,4,Srbslr8rQ,fd)~~~K 

G 
C REPLACE C O N T l N l r E S  W I T H  CALLS F O R  OTHER SPECIE9  OR C6NDIV10R9, 
G 

It CALL LQBPL 
RETURN 

2 C O N r T r J U E  
RETURN 

5 CSrJTIP4UE 
REVURR 

o CorJrxnrue 
R E T O R N  



5 COluPlYr l iE  
REWURrtl 

6 C O M l l h r J E  
RE TadRbj 

t cohtrlxiljr 
I ? E T U R k d  

e C O ~ J T I ~ U E  
R E T t l R 4 :  

crdr C O l k V ] t p V E  
R E  TuFJAt 

10 G Q N " l k ~ l i &  
8% TIJRP. 

END 
SUBl; l f l t lT I %t  LI IPPL 

C 
C S B E C I E S e S p F C T F T C  f f A J E Y E k d T 3  FOR LRHLOLLY P I Y E  P L b W T A U O N S ,  
C 

C O b t f i ~ i  / W C K b /  ~ G F O ~ ~ A S O ~ R A S T ~ R ~ F O , G F : ~ O ~ C P I ) I ~ ~ C Y C L ~ O E ~ W O ~ D ~ H T ~ ~ ~ N ~ ~  
~ D E ~ ~ p ~ ~ ~ f l , ~ T ~ ? , ~ A K , ~ ~ A C ~ R ~ G ~ ( 3 ) I R I ~ f p R Q T A , T ~ @ ' ~ p ~ T R T ~ K T ~  

C 
C O M L ' r ) "  / k L K C /  A P P H T p C H D , p 9 T  Y ,PREf  , S I T E ,  T p I f d t  V L L V f  3 )  

C 
cnw+$n*i / R L ~ P /  R A , R D F , C F ~ A , C R ~ , ~ H H , O F ~ ~ ,  Y T ,  r h 1 x ,  K P L  

C 
Dl t . l fE i \ rSI f 'P l i  T V k ( 2 )  
G O  T f l  ( P o , Z ~ , J ~ , Q Q , 5 0 p b f ) B 7 0 1 B ~ ~ b ~ O 1 1 ~ O Z I  W b C  

e 
C COMPUTE D , B , p e  A T  END OF PERZOD, 
C COMPUTE B A S h k  B Q E A  LlSfNG A N  F Q U A T I B @  F R O M  CLUTTER I t 9 b S d l  
C 

10 A A  o (acEo  R I ~ J T )  1 A G E Q  
88 r 1 , O  = f ib  
I F l B A S T  SEQe 0.0) G O  T O  t i  
SDFT @ E X P ( A A * ~ L O C ( B ~ S T ~ + ~ ; ~ O ~ ~  * BR + 0 . 0 1 3 5 9 1  * BB * S I T E )  
GR08 8 9 Q F t  R A S T  
BOLE . DBHO 3 , 0  
I P ~ B B H O  , C r ,  4 . 0 )  r o ~ w o  
@MORT a 0,0054542 * BOLE 6 ROLE @ DIE 
BA30 a R A S T  + GRQR 8P0RT 
OBMO . B P S 0  / (0.0054542 r OENO) 
DBHO 8 SQRl(nBHO) 

I I  R E V U R N  
C 
c COMPUTE A V E ,  D ~ M  A Q D  caoov  HElCnr U ~ I N F  E Q U A T I O N S  FROM LENWPRT ( i 9 7 z f  
C M O O f P T f D  dND F R O M  F A R R A R  I l Q l 3 ) ,  
IG 

~d 80 a AGE0 
00 24  K ~ l r 2  
I Q ( K  ,EQI 2 )  86 a 4GEO = Q I Q T  
xF(sa ,IE, o , o l  eo  s t , s  
I F ( 8 0  B L T ,  S a Q I  GO T Q  21 
IFCBQ ,GE,  25,0) GQ T O  22 
T M H ~ K )  . A L O G I O ( S I T E  t 0:65) + 0.1489 = 3 . 1 ~ 1 8 ~  t 80 
I M H ( K )  @ 1 0 , 0  T M H ( K 1  
G o  T O  24 

21 $ M H ~ & )  . I , q  a 80 
eo T a  Z Q  

22 T E M  o 8 0  * 80 



T M H ( K 1  @ bLOG10(9fTEf 2 , 4 1 7 5 1  d BO = 2 1 3 , 8 2 4  B tFw $ 4 2 2 T B t  d 
f (80 a t E v $  = $9TFB,4 / ( l E u  * 1 E M l  9 0,1272 
luH(K3 a 10,O **  T M H ( K 1  

(50 C O ~ T f  WUC 
H130  @ ~ 1 S 1  49 (lyHCI1 a ~ ~ ~ ( 2 1 1  
RETCdRY 

C 
C COMPUTE 1 N Z T f A L  B,R,W, OF V E R Y  V Q U Y G  SPANOS, 

8A3ED f N I T l d l  E N T R I E S  1 N  9A8LFS 6 P  SwbLLEV dND B b l & E V  119741, 
C 

36 "IM 0 0,O 
IFCAGE0 , L E ,  S , O )  G O  10 > a  
B E V  8 Q,ioaSI = 0 , 0 4 9 6 5  + B L O G ~ O I S T R I )  + 0 , 0 n 7 6 P  a SITE 1 8,80166 

t * A L O G I ~ ( S T R T I  + SITE 
T E M  a rEv * 0 , 1 4 2 8 9 7  * ( & C E O  % @ 0 )  
B A S O  8 uEFte + P E W  
DeHo a eAsn 1 ( O , O O S ~ S U Z  t oeNor 
DBHo SQRT(0BHD)  

53 RETURN 
C 

COMPUTE vOLt!M$9 PER B C R E  % M  nF8ZRGD UNITS, 
C 

40 140s = C; ,O 
C F M  r 0,O 
CRD 0 , o  
PROD r 0,n 
I F ( D B H  , / T ,  5 , 8 )  GO T O  4 5  
DZw a Dew * 09n r HT 

C 
c McRen, cu,  FT, I , W ,  Z Q  TREES s ~ N C H E S  B , B , H ,  AND LARGER 1 0  O ~ E Y C W  TOP 
C b,Q,B, 
e N.280, @.0,899 3fLrO,Z270 QR 2,8 PCP OF M L A Y ,  e 

G F M  @ (0lool96 * OZH 0 ,00229  * 8A 0,638131 * DEN 
C R D  @ G F M  d 76,s 

C 
C 80, rt, SCWIBbER ZN TREE3 9 I N C H E S  D,B,H, AND LARGER I 0  P-lQCH TOP 
C O I l b B O  

C N @ l 4 3 ,  R@0,991 SEE.o,2925 OR b , 5  PCT 88 MEAN, 
G M@21, @@0,929 3 E E ~ Q , 0 8 9 8 4  OR 17,s 36P QC VFAN, 
e 

IP(DBH ,&I ,  b , O )  60  IQ 45 
f F Q B B H  , b P ,  P e Z )  66 80 41 

@ 12,46511 s 0 ,806&3 * DBH c 08H I 1@,29564 / 8BH 
60 7 0  43  

41  PRO0 a 1,0330 * DRH r 6,1949 
43  BOP r C F M  * PRQO 
95 R E l U R I v  

C 
c CoMPunL C W A M C E  IN A V E ,  D 8 Y, AND HT,D I N E P I ~ L  T H I ~ R ~ Y G ~  
C N.39. R.O,IBB ~ ~ ~ a 0 . 1 5 8  b~ 15.1 p C t  OP MEAN, 
C N.14, RsO,bBD SEE.0e121 QR 9,8 PC7 OF MEAN, 
C 

50 c<rl t 
BFgPREt  , G I ,  t 4 , Q I  GO T O  81 
CHD @ 8 , 0 % 9 5  * P R E I  * 1,1591 
OFCPREI ,&I,  8 6 , O )  C H 8  m 6 , 3  
so "3" 52 



51 CHD @ l.0545 rn 0 ,0106  + F R E T  
52  IrleRcr ,Lr,  6 5 . 0 )  GO T O  53  

1800HT @ 0 5 
IPtPRET . t 7 ,  90 .01  ADDHT a 0,0 
60 TI) 5 4  

53 ADBHT . 0,0 
IFCPRET ,LT, SS,O)  dDDwt  . 10,5 
IPCPRLT , I T ,  40,01 dOOw7 r r1,0 

34 RETURhJ 
c 
C COMPUTE CHbPJGE I N  AYE. D.B.H: bND HT, DUE 10 THINNING3 l F l L R  THE C I R ( T  
e 

b0 l F l P R L T  ,G? 6 6 . 0 )  GO ? O  61 
CHD * 0,90652 0 0 ,02686  t PREY 
CHB EXP(CHD) 
G O  r a  $4 

b l  I F ( P R E T  , G T ,  90 ,01  GO T O  bE 
CHI3 0 , 1 2 5 $ 9  + O.fl l57 r PREY m 0 ,000157  r F R E T  r PRET 
GQ T O  6 3  

62  CHD a ? , 6 6 6  - O,OEbbb * PRE7 
6 3  IFCPRET , L T a  9 0 0 0 )  GO T O  64 

A O D H T  r o,n 
G O  T O  6 b  

b4 1 F f P R E f  I L T ,  uS,Ol G O  T O  65 
AOnwT s q.5 
G O  t o  Bb 
eDoHr s i , o  

b6 R F I I J R " '  
C 
C COMPejVF CHA' lGES I N  STAND VAWIdBrlE3 DUE 7'0 P A R T I A L  RFGENERATION CUT$, 
C 

7 0  I F ( A G E C  ,En, RECh(Z13 G O  7'0 7 3  

BAST 8 V L L V l f )  
G O  TO 75  

73  9AST r V L L V ( Z )  
75  PRET  r (8437' / B A S O )  * 100,O 

CHD + 0 . 9 f l 0 5 2  - 0,02486 r P R E l  
c y o  3 E X P ( C W D )  
DBHT a D8HO + CHD 
DENT 8 HAST / (6 ,005454Z  * DRHT c DBWT)  
ADOHT 8 0.0 
R E T U R N  

C 
C COMPUTE I b l T T I A L  H E I G H T  IF N O T  RFAD I N ,  
C 

6 0  I F l A C E O  3 ,01  G O  T O  81 
IFtACkO 2510) GO TO 62 
H796  d b O G l O l S l T E  * 0 8 6 5 )  + 0 ~ 1 4 8 9  mi+ 5 ,72183  / AGE0 
~ 1 9 0  1 0 , n  r +  H T S n  
60 T O  

81 H T s o  + 1 .4  + 4 c E O  
60 T O  80 

82 T E M  g 46EQ * ACE0 
nrso A L O G ~ O ( S I T E )  - ~ , o i 7 3 7  A G E O  = 2 t 3 , 8 2 4  t TEH + 4221.7 0 

1  ( A C E 0  T E N )  = f97S8,S / (TEV * TEM) + 0 ,1272  
H T S Q  r t 0 . 0  r r  nTSo 

84 RETURk 
c 



C COMPUTE T H E O R E I I C A L  I N I T I A L  NUMBER OF TREES FOR MORTALITY  EQUATION.  
c 

9 6  RED A L 0 6 1 0 ( O E N O ) + O e ~ O 0 9 ~ ) I r T 9 0 * A G E 0  - 0 , 0 5 0 9  * S Q R T ( H T S 0 )  * ACE0 
RE8 . / ( 8 . 0  0 0 , 8 1 3 0  + AGEO) 
3TRT a 10,O r *  RED 
I F t A C E O  , E Q e  l e Q 1  STRT 8 D E Y O  
RETURN 

C 
E COMPUTE NupBEn OF TREES PER ACRE wIlH NONChTbSTROPHlt  MORTALITY, 
e 

100 O P E  @ 0.0  
IF (AGEO ,GE,  THQ1 ,bND, K T 1  .GT0 0 )  GO T O  1 0 2  

C 
C M O R T A L I T Y  IN U h T H f N V E D  S T A N D S  * SMkLLEY AND B A I L E Y  ( 1 9 7 4 1 ,  
C 

RED AGE0 * ( 0 , 9 1 3  * P L O G I O ( S ~ R T )  + 0 , Q 0 0 9  * H f S Q  m 0 , 0 1 0 6  c 
f%BRV(HTSO9$ 

RED 8 1 0 , Q  *+ RED 
OENO s S ~ R T  1 &En 
I F t D E k O  , G T ,  D F Q T )  DEW0 r DENT 
DIE s o m r  - DENO 
GO T O  105 

C 
C MORTALITY Ip: T H I N N E D  S T A N D S ,  
C F I T T E D  T O  il,B,H, C L A S S  A V E R A t c s ,  83  FCT OF Q B S Y R V A t I O Y S  & € R E  ZERO,  
C 

102 RED o ( . ) ,n311 - 0,0020 r ~ R H T  
* ( R I V ?  / 5 , 0 ,  

I r w r n  , c r ,  a,o1 RED t 0.0 
D E N 0  a R E 9 1  + ( 1 , O  R E D )  

104 RETLIR"  
E PI o 



APPENDiX 2 

Output of Sample Problem. 
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S 11 
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.) 
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eta 
b W  - 
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0 Z 
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