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Abstract

This user's guide presents operating instructions for
OAKSIM, an individual-tree growth and yield simulator
for managed, even-aged, upland oak stands. OAKSIM
can make growth and yield projections for various
thinning alternatives for up to 50 years. The general
structure and operation of OAKSIM, program control
information, data formats, program output, and
examples of thinned and unthinned projectlions are
included.

Note:

The computer program described in this publication
is available on request with the understanding that the
U.S, Department of Agriculture cannol assure its
accuracy, completeness, reliability, or suitability for
any other purpose than that reported. The reecipient
may nol asserl any proprietary rights thereto nov
represent it to anyone as other than a Government-
produced computer program. For cost information write
Donald E. Hilt, Forestry Seicnces Laboratory, USDA
Forest Service, Northeastern Forest Fxperiment
Station, 359 Main Road, Delaware, OIl 43015.

The use of trade, firm, or corporation names in this
publication is for the information and convenience of
the reader. Such use does not econstitute sn official
endorsement or approval by the U,S8. Department of
Agriculture or the Forcst Service of any product or
serviee 1o the exelusion of others that may be suitable.



Preface

This version of OAKSIM represents an initial
effort to give users a functional individual-tree
growth and yvield simulator for managed, even-aged,
upland oak stands. Improvements to QAKSIM will
continue. A comprehensive statistical validation of
growth and yield projections will be made when an
improved mortality model and an ingrowth model are
completed. A method of projecting individual-tree
quality changes in relation to residual stocking fol~
lowing intermediate thinnings will also be incorpo-
rated into OAKSIM. Information on tree quality is
essentigl input to an economics subroutine that will
be added to determine optimum management alterns-
tives in the upland oak timber type.

Users are encouraged to submit useful changes,
extensions, or identified errors to the author for the
next version of OAKSIM. OAKSIM can become a
valuable tool for forest managers only through close
cooperation and coordination between researchers
and users.

introduction

OAKSIM is an individual-tree growth and yield
simulator for managed, even-aged, upland oak stands,
Although no simulator can make final decisions,
OAKSIM, if used properly, is a powerful quantitative
tool that will assist forest land managers in the
evaluation of various management alternatives for
the nearly 109 million acres of upland oak timber
type. This initial version of OAKSIM is designed to
help managers evaluate management alternatives
related to that silvieultural practice most likely to
influence tree and stand growth and yield~-
intermediate thinning. The timing, intensity, and
frequency of intermediate thinnings for a wide range
of age, site, and stocking econditions can be studied in
detail with OAKSIM.

Growth and yield projections for various thinning
alternatives can be made with OAKSIM for periods of
up to 50 years. And, since OAKSIM grows trees
individually, projected stands can be partitioned into
various species and size classes. This information is
critical for determining the value of trees in the
projected stand, an essential ingredient {or
evaluating the economic aspects of thinning,
especially in hardwood stands.

OAKSIM is written in FORTRAN and designed to
operate with maximum flexibility on & mainframe
computer. The development and structure of the
simulator, including all pertinent mathematical
models, have been described in a companion
publication (Hilt 1985). The objective of this user's
guide is to provide users with the instructions
necessary to operate the simulator. A brief
explanation of how the program works, program
applications, and an example are also included. Even
though OAKSIM can be used to make growth and
vield projections for a single stand, a more logical
(and less expensive) approach is 1o develop
menagement guidelines by exereising the simulator
for broader categories of age, site, and stand
conditions.



Program Structure

A generalized flow chart of the programming
logic used in OAKSIM is shown in Figure 1. A series
of control cards govern the following: (1) type of
input data, (2) timing, intensity, and frequency of
thinning, (3) tree volume calculations, and (4) type of
output. If a stand table is provided in lieu of & tree
list, OAKSIM generates a tree list as described later.
A summary of initial stand conditions by species and
size classes is then computed and printed. The stand
may be thinned initially or at any 5-year interval to a
specified stocking level. A maximum of ten 5-year
growth projections may be made. The 5-year
intervals provide adequate resolution of growth and
yield projections over time for most users. Linear
interpolation may be used for estimates between the
S-year intervals.

Diameter growth of each residual tree is
predicted for each 5-year period. The probability of
mortality for each tree is then determined from this
diameter growth, the initial d.b.h. of the tree, and
the species of the tree. If the tree is classified as
dead on the basis of this probability and a draw from
a random number generator, it is removed from the
list. If the net stand basal area growth is not within
stand-level growth limitations, a modifier is applied
to the diameter growth caleulations and the 5-year
growth cycle is repeated.

Inside- and outside~bark volumes to specified top
diameters are calculated for individual trees from
predicted total tree height, the appropriate bark
ratio equation, and a taper-based volume system,
Stand and stock tables by species and size classes are
printed after each S-year interval for the initial
stand, thinned trees, residual stand, mortality trees,
and projected stand. A stand-level summary is
printed for each stand after all 5-year projections
have been completed. This summary is useful for
comparing overall thinning strategies.

Figure 1.--Generalized flowchart of OAKSIM's operation.
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Program Applications

OAKSIM can be applied 1o a wide range of stand,
age, and site conditions. Like all simulators,
however, OAKSIM has limitations, imposed primarily
by the data bases used to construct the growth and
yield models. Users must be cautious not to exceed
these limitations, because erronecus projections can
oceur. OAKSIM applications are limited to the
following conditions:

¢ Even-gged upland oak stands only

e Oak component at least 75 percent of stand
basal area

e  Stand age 30 to 120 years

&  Black oak site index 50 to 85

®  Percent stocking 20 to 120 percent
¢ Tree d.b.h. 2.6 inches and larger

® Maximum 50-year projection

OAKSIM should be applied only to those stands
composed primarily of oak species found on upland
sites: white,l black, scarlet, and chestnut, The sim-
ulator is not intended to be used on stands where
northern red oak is the major oak component. Appli-
cation to stands where the northern red oak compo-
nent is less than 15 percent of the stand basal area,
however, is permissible.

Stand structure should not differ radically from
even-aged structures normally found on upland oak
sites. Initial starting ages may range from 30 to 100
years. If the simulator is started at age 100, then
projections should only be made for 20 years to the
maximum 120 years. The simulator should not be
started over. For example, if projections are made
from ages 30 to 80, resulting output should not be
used as input for a projection from ages 80 to 120.
The program will terminate and error messages will
be printed if a tree d.b.h. is less than 2.6 inches, or if
stand age or site index fall outside their respective
ranges of application. The user is responsible for
meeting the other conditions.

ISee Little (1978) for scientific names of all species
referred to in this paper.

Control Cards
General Information

The 13 types of control cards used in OAKSIM
guarantee maximum flexibility to meet user needs.
A wide range of species and size class groupings is
permissible. Merehantability standards are also user-
specified. Except for thinning specifications, the
control cards are unlikely to be altered for
subsequent computer runs for a given stand or set of
stands. Frequent changes in species group, size class,
and merchantability designations would most likely
confuse the analysis of the various simulation runs.

Quick-reference descriptions, formats, and
default values for all control cards appear in Table 1.
The appropriate number of econtrol cards, as indicated
in Table 1, must appear in the program setup for
proper execution. If default values are desired,
simply insert a blank card as necessary.

Card Type 1

The type of input data is specified on Card Type
1. A value of 1 indicates that data is in the form of a
tree list; a value of 2 indicates stand table data.
Information to appear on the data cards and
appropriate data formats for both options are
described later in the Data section.

OAKSIM is designed to operate from a tree list
containing the species and d.b.h. of each tree in the
stand, but users seldom have access to a complete
list of trees in a stand, except perhaps in research
situations. A stand table input option, therefore, is
included in OAKSIM to make the simulator more
compatible with practical applications. The number
of trees in each size (d.b.h.) and species (or species
group) class must be specified with the stand table
option. Size classes may be either 1- or 2-inch d.b.h.
classes. A random number generator is called on to
distribute the d.b.h.'s of trees in each species and
size class uniformly across the d.b.h. class. For
example, if there are 25 white oak trees in the 6-inch
d.b.h. class (a 1-inch d.b.h. class), the generated tree
list will include 25 white cak trees uniformly
distributed from 5.55 to 6.54 inches. (This range is
used because trees are placed in appropriate d.b.h.
classes within the program by adding 0.45 to the tree
d.b.h., and then rounding to the last full integer
value.) Initial growth projections are then based on
this generated tree list. This approach provides &
close approximation to the actual distribution of
trees across d.b.h. classes.



Table 1.—Control cards for OAKSIM. Al values must be right-justified in
appropriate columns,

Card Number  Information Columns Format? Default
type of cards  on card values
1 1 Type of input data: 1 11
1=tree list
Z=stand table
2 1 Stand number 1-3 I}
Stund age 45 ¥3.0
Site index 7-8 F2.0
3 i Number of species 1 11
groups. Maximum is 5.
4 1 for Species group ID: 1 3]
each {1,2,3,4, or 5)
specics
grouph
Number of species 3-4 12
codes in speeies
group
Height group code: 6 11
I=white oak
2=black oak
Mortality group code; 8 1
I=white oak
2=black onk
d=other commercial
trecs
4=poncommercial trees
and shrubs
Average DBMIB/DBHOB  10-12 F3.,2 0.91
ratio (RBAR)
Average BO 14-17 ¥4.3 0.0
Average Bl 19-22 F4.3 0.0
Species codes in 26-30, 1115
groupP. Maximum 31-35,
of 11 codes for ate,

cach group
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Table 1.—-Continued

e ———
Card Number Information Columns Format? Default
values
type of cards on card
S —
5 1 Number of top d.i.b.'s 1 1 2
for cubie volume.
Maximum is 2.
Top d.i.b.'s for 2-3, 2F2.0 4.,0.
cubic volume. List 4-5
in descending order.
6 1 Number of top d.i.b.'s 1 1 2
for BF volume.
Maximum is 2.
Top d.i.b.'s for BF 2-3, 2F2.0 10.,8.
volume. List in 4-5
descending order
7 1 Minimum log length, 1-4 F4.1 4.0
cubic volume
Minimum log length, 5-8 F4.1 8.0
BT volume
8 1 Maximum d.b.h. for 1-5 F5.2 4.55
saplings
Maximum d.b.h, for poles 6-10 F5.2 11.55
9 1 Size of d.b.h. classes: 1 11 1
1=1 inch
2=2 inch
10 1 Number of 5-year 1-2 12 i0
projections.
Maximum is 10.
11 1 Number of thinnings 1-2 12 0
Thinning intensity 3-4, 5(12) 0
for each species 5-8,
group ete.
12 1 for Age at thinning 1-3 13
each (must be 5-year
time increment of initial
thinning stand age)
oceurs
Percent stocking 4-6 F3.0
to leave

Continued



Like height group codes, mortality group codf}s
require some discretion in assignment when species
with different mortality groups are mixed in a
species group. Agalin, use the code t.hat applies to
the majority of the trees in the species group. A
distinet mortality group code will usually apply to a
normai breakdown of species groups,

Average DBHIB/DBHOB ratio (RBAR).-~-OAKSIM uses
the RBAR value in caleulating inside- and outside-

bark volumes, RBAR values can be determined in

two ways: by actual field sampling, or by using the
recommended values in Table 2. The recommended
vajues are based on previously-reported research

studies and also on my experience in the upland oak type.
Actual field sempling is preferred if OAKSIM is run for a
particular stand of interest. The RBAR for the species
group is the average of the RBARs for all trees in the
group. An approximate value for the species group is
satisfactory since errors in the determination of RBAR
Are not too serious--perhaps only 1 or 2 pereent of tree
volumes. When in doubt, use the RBAR value for the
predominant species in the group. A default value of
0.21 is supplied by OAKSINM,

Average B0, B1.--Every offort is made in OAKSIM to
estimalte tree volumes accura tely. The d.i.b./d.o.b.
eatios (or most hardwoods either remain constant or
decrease up the stem (Hilt et al. 1983). B0 and B) are
model coelTiclents that govern volume ealculations for
species that have decreasing d.i.b./d.o.b. ratios,
Recommendead valyes for B0 and B are listed in Table 2.
The 0 and 111 values for the spocies group are the
uversges of the B0 and 11 values for all trees in the
group. Again, approximate values are sutisfactory
Jecause small errors in BO angd B only affeet volume
pstimates by about | pereent. When in doubt, use the 139
wd BY values for the predominant species in the group.
Default viives of 0,0 are supplied by OAKSIM for both
W0 and B, Values of 0.0 indicate that the d.i.b./d.o.b.
atie, RBAR, remaing canstant up the stem,

‘gwqclies cudes in group,~ Uset-specified codes for each
becies group eliminate the need for users to adhere to
fy prespecified eodes for various species, A maximum
£ 11 species codes {up to 5 digits) ace listed in columns
5*8(‘). Speeios codes do nat have 1o be listed for the last
FCLICE group.  All codes not listed for previous groups
re placed in the fina} group. 1usually delincate three or
sur Key spocies groups, then let the program
u'mmaticaﬂy piace all other codes in the fina)
iseellnneous group, All other information on Card

¥pe 4, howover, must be specified for the Inst group.

Card Types 5 and 6

A taper-based volume system used in OAKSIM
allows users to specify a wide range of
merchantability standards. Virtually any top d.i.b.'s
may be specified. A maximum of two top d.i.b.'s can
be specified for cubic-foot volumes on Card Type 5,
and two top d.i.b.'s for International 1/4-inch board-
foot volumes on Card Type 6. The top d.i.b.'s must
be listed in descending order, e.g., 10-inch top, then
4-inch top. Both inside-and outside-bark volumes are
computed to the specified tops for cubice-foot
velume, Default values are 4.0 and 0.0 inches for
cubje volumes, and 10.0 and 8.0 inches for board-foot
volumes.

Card Type 7

Minimum log lengths for cubie and board-foot
velume caleulations are specified on Card Type 7. If
4 tree does not have at least the minimum log length
to a specified top diameter, no volume is computed
to that top d.i.b. for that tree. Fractional log lengths
are included in volume computations, however, if the
tree meets minimuom requivements, For example, if
the minimum log length for cubic volume is specified
at 4 feet and the tap d.i.b. at 4.0 inches, o volume
would be caleulated for a tree that has a 4-inch top
at, say, 3.9 feet. If the 4~ineh top occurred at 7,9
feet, however, volume would be computed for the
entire 7.9 feet. “The same rule applies to board {oot
ealeulations. A specified top d.i.b. of 0.0 inches
always results in the ealeulation of total stem cubie
volume, unless an exceptionally long minimum length
such as 15 feet is specified, Default values are 4.0
feet for cubic-foot volumes, and 8.0 {eet for board-
foot volumes,

Card Type 8

Product size classes for saplings, poles, and
sawlimber are specified on Card Type 8. The
minimum d.b.h, for poletimber is entered in columns
I to 5, and the minimum d.b.h for sawtimber s
specified in columns 6-10, Follow this simple rule to
set threshold diamoters: {1) decide on the minimum
d.b.h. of the product size class, to the nearest 1/10
ineh, (2) subtract 0.05, and (3) entep resulting value
on eard. The default value for minimum d.b.h, of the
poletimber class is 4.6~0.05 = 4.55 inches. The
default value for minimum d.b.h, of the sawtimber
class is 11.6-0.05 = 11.55 inches.



Card Type 9

The size of d.b.h. elasses is entered on Card Type
9. A value of 1 indicates t~inch classes, and a value
of 2 indicates 2-inch classes. If the tree list input
option (see Card Type 1 and Data section) is used, the
d.b.h. class designation will control output only. If
the stand table input option is used, d.b.h. class
designations must coineide with the d.b.h. classes of
the stand table because this card will then control
both the creation of the tree list and the output. A
default value of 1 is provided,

Card Type 10

The number of 5-year projections to be made with
OAKSIM is listed on Card Type 10. A maximum of
ten 5-year projections is allowed. A default value of
10 is provided.

Card Type 11

The number of thinnings to be made and the
thinning intensity for each species group appears on
Card Type 11. A thinning may be made at the
beginning of each of the 10 projection periods if
desired.

The thinning rule used in OAKSIM makes every
attempt to duplicate the actual thinning method
applied by professional foresters on the growth and
yield plots used to develop the simulator. The
thinning method used is best deseribed as "free
thinning"--the marker was free to remove trees from
all erown classes. The objective was to leave the
specified stocking level distributed on the best trees
as evenly spaced as possible throughout the plot. In
general, the larger cull and defective trees were cut
first, then the competing trees of poor form and
quality, then the intermediate and suppressed trees
of lower quality and value. Finally, if necessary,
lower value species and even some high-quality
desirable species were removed from the main
canopy to achieve a uniform spatial distribution. In
essence, this thinning method represents the most
realistie, practieal thinning method that can be
applied at the present time by professional foresters
in even-aged upland oak stands.

OAKSIM is one of the few simulators that uses g
thinning rule based on actual data, not artificial rules
governed only by computer programming. Until
additional plots can be established to study other
thinning methods in upland oak stands, such as
thinning strietly from above or below, this thinning
rule should be used because the growth models are
based on this thinning method. There is, however,
some flexibility with QAKSIM: three options are
available to control the intensity of cut across
species groups within a d.b.hu

ue of 0 maintains the same
proportion of species as the unthinned stand, (2) &
value of 1 doubles the allocated cut for spez_:lf_led
species groups, and (3) & cade e;qual to 2 eliminates a
species group entirely. Only minor species groups
such as understory species sh_ould be eliminated wzth
the third option. Major_ sSpecies groups such as white
oak or black oak should not be eliminated.

class: (1) a code val

Card Type 12

The age of thinning and the desired percent
stocking to leave after thinning are specified on Card
Type 12. There must be one card for each time the
stand is thinned see Card Type 11 for number of
thinnings). The age at thinning must be a 5-year
increment of the initial stand age listed on Card Type
2. Residual stoeking may range from 20 to 120
percent.

Card Type 13

The code on Card Type 13 controls printing during
the program output phase. Information on projected
stands is comprehensive. Stand tables are listed by
specified d.b.h. classes and species groups. Stock
tubles are listed by product size classes (see Card
Type 8) and species groups. And the information on
growth components is listed in a logieal order: initial
stand conditions, cut trees, residual stand, mortality
trees, and projected stand. A numerical code from 0
to 3 controls cutput as follows:

Code Output
0 Initial and ending stand and stock
tables only.
1 Stand tables for all growth

components at all intermediate ages
are also printed,

z Stoek tables for all growth
components at all intermediate ages
are also printed.

3 Stand and stock tables for all
growth components at all
intermediate ages are also printed.
This option generates the most
comprehensive output.

In addition to stand and stock tables, a
cog\p{'elléen_swe summary table for the entire growth
?:]erél?s nSISTUl&;:.(IjOn TUn is always printed. Although
ﬁ:-. tabl ,O mma OWN by species and size classes in

15 tENE, ; &wmmaryprovides an excellent
overview o ¢simulaticn run and is most valuable

for examining the effectg : P
alternatives. of various thinning



Nata Cards
General Information

As defined on Control Card Type |, diata may be
entered as either o tree list or g stand table. Both
methads of data entry must represent trees on a per-
aere basis, Since OAKSIM does not muke any o
provision for converting data collected from various
figld sampling schemes to s per-acre basis, the user
is rosponsible for the construction of the appropriute
list or stand table, Quick-reference descriptions and
formats for data cards appenr in Table 3,

Tree List

One data card is required for each tree in the
stand. The species eode is any integer value, up to
live digits fong, that the user dosirm;. OA KSI_M uses
the speeies codes to assemble trees into species
groups, as defined on Control Card Type 4, The
4.0 of each tree is entored on the data card
without o decimal point, but rend by ap F4.1 format
beonuse dinmeters of trees in o fist are usuaily
measured to the nearest 1710 inch, For example, g
HLY ineh tree would he entered as LG8, and & 3.0-
neh trecoas 30, right justifiod, 1€ the Jbiu's of trees
In the Hst are measured to the nenrest inel rather
than the nearest tenth jneh, enter 4 0 for the fenths,
For example, o 1-ineh tree would be entorad as Lea,
and a d-ineh treoe as 34,

Stamd Table

Gne eard is required for ench species code and
hivh, chiss ysed in the stand table, Species codes,
ke those used in the tree list, are integer values up
to Mive digits long, Any number of species codes may
be wsod in the input data, GARSIM will group the
emdes lntop secording to the information specified on
Control Card Type 4. The midpoint of each db.h.
class (either g T-or 2 inoh class) is specified as a two-
digit cotfe without n decimal point, and read by an
FLLO format. The number of trees in cach species
code by b olass isoan Integer value up to three
gt ong. I thore were 27 trees in the 10-ineh
Al eluss, species pode TH, the dsta cord would
Appese ns  Tiato 77,

Random Number Gonerator

A randem number generator i used in OAKSIM (o
onvert stand tables to tree lists and to enleulate
ndividuni-{rep Biamieter growth rates and
wababilities of mortality, The CALL statements in
FARSIM used 10 invohe the random number generutor
re hased on {gey) Cotputing contands, and will
~quire Rame modifienting by the user. The
UROTRLOr Used in CFAKSIN s alimest identical to
M BANDON Subroutine Backage, if RANDOM o
% lf;xs:ﬂf SOUNTCFDATL are not neailable, ysers gre
Hvised o use g well-tested random nuboer
therator,

Table 3.~Data eards for OAKSIM. All values must be
right-justified in appropriate columns.

Information . B 8
Number of cards on card Columns  Format
QOne for each tree Species code 1-5 I5

Tree d.b.h, 6-9 F4.1

Stand table

One for cach
species code and
d.b.h. class used,

Species code 1-5 15
.b.h. elass 6-8 F3.0
Number of trees 9-11 13

8Format for entire data card is combination of formats

for each element of information on card.

Use of random numbers makes OAKSIM g
stochastic simulator. Qutput is somewhat dependent
on the random numbers generated and can be altered
by ehanging the sced used to initialize the generator
{although this is not recommended). The seed
statement in OAKSIM is 1N = 111111, Testing has
revealed that changing the seed, and hence the
sequence of random itumbers, varies output only
slightly, especially if long projections sueh as 540
years arc speeified. Slight variations in output
refleet only the natural variation inherent in the
complex growth and yield of a forest stand,

Example Using Qaksim

Program contrel eards and dats used for this
sample run of GAKSIM appear in Table 4. Initial
conditions for the 30-year-old upland ok stand are
the same as those for the "average" normal stand
deseribed in Sehnur's (1937) vield and stand tables.
Site index is 70,

Stand table data were segregated into four
species groups: (1) white and chestnut oaks, (2) black
m}d searlet osks, (3) red maple and dogwood, and (4)
hickory, vellow-poplar, and red elm. Species codes
are those used regularly in our collection of research
data. Height and mortality group codes were readily
determined from Table 2, For example, mortality
Froup code 3 was assigned to species group 3 because
it eontained more rod maple than dogwood,



TABLE 4.--Data cards for sample run of QAKSIM.

S DS S S ST B .

2

PN
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1 3589

1 469

1 §5]

1 6 31 White 0ak
1 714

1 8 6

1 9 3l

2 3157

2 427

2 542

g g gg I Black Oak
2 812

2 9 5

210 3.

3 3 7

3 420

3 520

3 6 19+ Scarlet Qak
3 712

3 835

3 9 2.

4 3107

4 4 9

4 5 8} Chestnut Oak
4 6 7

4 7 2]

}g z g} Yellow~-Poplar
12 3 107

;g g % - Hickory
17 6 1.

18 3107

18 410

18 513

18 6 7+ Red Maple
8 7 4

18 8 2

18 9 1)
23 3 3 o

23 4 9 Dogwood

3 ‘} Red Elm
32
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91 0881 0056
90 0832 0103
93 0919 0045
90 0000 0000

01
02
18

04
03
23

TYPE OF INPUT DATA
STAND NUMBER AGE,&SITE
NUMBER OF SPECIES GROUPS

CUBIC VOLUME TOP DIBS

BOFT TOP DIBS

MINIMUM CUBIC & BDFT LENGTHS
SAPD,POLED

DCLASS SIZE 1 OR 2 INCHES
NUMBER OF PROJECTIONS

NUMBER THINNINGS & THINLY
AGE & PS OF THINNING

PRINT OPTIONS
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Dk LU AU PO S -
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Assignment of the RBAR, 80, and Bl values to
various speeics groups far bark m\c\,x"nuqns requires
some judgement by the user. However, since these
values are not eritieat for the execution of QAKSIM,
make reusonable assignments and proceed without
worry. 1 used white oak values for species group |
beeause white oak is the predominant species in the
group. Black and scarlet oak in group 2 have
identical values. 1 used red maple B and Bt values
for specics group 3 because red mapie is the
predominant species, The RBAR value, however, was
towered stightly from 0,95 to 0.93 by the presence of
dogwood in the group. Values for hickory were used
for group 4 beenuse it {s the prodominant species.,

Cubie-fant volumes are speecified to be
caleulated to a d-ineh top daib. snd alse total stem
. 0-ineh top). The tree must have ot least 4 fect to
the speeified top duidb. for volume to be ealeulated.

tnternntionnl 1/4-inch bosrd-foot volumes are
specified to be caleulated to 8~ and S-inch tops.
Lach tree must have at least a 16-foot log to the top
by Also, all trees greater than 8.55 nches will fall
o the sawtimber sive elass. These specifientions
were used so that bonrd-loot vields could be
conipared to Sehnur's (1937) yield tables. Larger top
dibls and a threshold dub.he of 1155 inehes would be
mare comman for sawtimber,

One-ineh d.buh, side classes are specified for the
fnput data, and ten S-yenr projections are requested,
One thinning 1o 40 pereent residual stockingy at age
R0 s wpecified, Thinpings will teave approximately
the same propartion of trees for epeh specios group
i evory dbl. elnss as were i the initinl stand, cinee
Loeta cades were specifiod for all groups. The print
vode was sel equal to 1 so that all intermediate stand
tubles would be printed,

Heaeketed numbers that follow in this section
refer 16 annolations on the OAKSIN output in Tables
Send 6. Outpul for the thinned stand appears in
Tuble 5. Only the fingl summary table of the
withinged OAKSIM run for (he sme stand is shown in
Tabie 6,

e

OAKSIM always prints out a summary of all
control eard information [1}. The initial stock table
for age 30 [2] inecludes a comprehensive breakdown
by species groups and product size classes for all
major stand characteristics. Average d.b.h. values
{3} listed in the stock tables are arithmetic means,
not quadratie. The initial stock and stand [4] tables
are always printed. Since all intermediate stand
tables were requested for this run of OAKSIM, stand
tables for trees removed in thinning [51, residual
trees after thinning 18], mortality trees [7], and
trees in the projected stand (8] for all 5-year
intervals are printed {only those to age 35 are listed
in Table 1), Final stand [9] and stock {10} tables are
always printed.

It is evident from [5] that the mejority of the
399 trees removed with the thinning rule were in the
lower crown classes. Nearly 91 percent of the trees
in the 3-inch d.b.h. class were cut, Some of the
largest trees, however, were also removed. These
larger trees are representative of the larger cull and
rough trees often found in upland oak stands. The
percentage of {rees by species group in each d.b.h.
class, as specified by the control cards, remained
nearly the same after thinning., For example, the 38
trees in the white oak group secounted for 38 percent
of the 100 trees in the 6-inch d.b.h. class before
thinning, and the 20 residual trees accounted for 39
percent of the 51 trees in the 6-inch class after
thinning.

All of the detailed information available in the
stand and stock tables must be utilized for a
comprehensive evaluation of various thinning
regimes. The size and species determine the value of
a tree, For example, the changes that oceurred in
the white oak group should be examined closely
because of the high value of this species relative to
the other three groups. On the other hand, the fina}
summary table (11,12} provides a good overall look at
stand development over the projection period and is
most useful for narrowing the choices of various
thinning regimes,

e
Text continued on page 20)



TABLE 5

DATA TYPE AND STAND INFORMATION.

TYPE OF INPUT DATA: STAND TABLE

NUMBER OF STANDS:

STAND
NUMBER  AGE
1 w0

1

HEIGHT AND BARK DATA.

SPECIES
GROUP  HTGRP
T Two
2 80
3 We
a WO
PROJECTIONS.

RBAR

0.910
0.900
0.930
0.900

SITE
INDEX

BO
0.881
0.832
0.919
0.000

Bl
0.056
0.103
0.045
0.000

NUMBER OF 5-YEAP PROJECTIONS: 10

1ST & LAST STAND-STOCK TABLES ALWAYS PRINTED.
ALL STAND TABLES PRINTED:
ALL STOCK TABLES PRINTED:

YES
NO

VOLUMES TO BE CALCULATED.
TOP DIAMETERS

CUBIC VOLUME 4.0 0.0

BOARD FOOT VOLUME 8.0 &,0

MINIMUM LENGTH FOR CUBIC VOLUMES IS 4.0 FEET,
AND 16.0 FEET FOR BD FT VOLUMES.

PRODUCT SIZE CLASSES ARE 4.55 INCHES FOR POLES,
AND 8.55 INCHES FOR SAWLOGS.

SPECIES CODES.

SPECIES
GPOUP SPECIES CODES
1 1 4
2 3
3 18 23
4 ALL OTHER CODES ARE IN THIS GROUP.

THINNING OPTIONS.

NUMBER OF THINNINGS: 1
THINNING METHOD: FREE THINNING

THINNIMG INTENSITIES BY SPECIES
GROUPS: 0000

AGE PERCENT
THINNED STOCKING
30 40.0

i3



SUMMARY STAND STATISTICS: IMITIAL CONDITIONS FOR STAND AT AGE 30.

SPECIES : 1 2 3 4 5 TOTALS
N TREES:
SAP 147.0 69.0 42.0 18.0 276.0
POLE 119.0 165.0 26.0 2.0 312.0
SAW 3.0 10.0 1.0 0.0 14.0
TOTAL 269.0 244.0 69.0 20.0 602.0
BA:
SAP 10.3 5.2 2.9 1.3 19.5
POLE 22.4 34.2 5.0 0.3 61.9
SAW 1.3 4.8 0.4 0.0 6.5
TOTAL 34.0 44,2 8.3 1.5 87.9
PS:
SAP 14.1 7.0 4.0 1.6 26.6
POLE 24.1 36.0 5.4 0.4 65.8
SAW 1.2 4.3 0.4 0.0 5.9
TOTAL 39.4 47.3 9.7 2.0 98.4
AVG DBH:
SAP 3.5 3.7 3.5 3.3 3.6
POLE 5.8 6.1 5.8 5.6 5.9
SAW 8.9 9.3 9.0 0.0 9.2
CYOB 4.0:
SAP 0.0 0.0 0.0 0.0 0.0
POLE 349.3 §74.3 81.9 4.9 1010.4
SAW 32.7 116.0 10.8 0.0 159.5
TOTAL 382.0 690.2 92.7 4.9 1169.9
CVIB 4.0:
SAP g.0 0.0 0.0 0.0 0.0
POLE 303.6 491.0 75.4 4.0 874.0
SAW 28.2 98.1 9.9 0.0 136.2
TOTAL 331.8 589.1 85.3 4.0 1010.2
cvos 0.0:
SAP 195.2 104.6 52.0 20.7 372.6
POLE 513.0 807.6 1141 7.9 1442.6
SAW KL 124.3 11.5 0.0 170.9
TOTAL 743.3  1036.5 177.6 28.6 1986.0
cvig 0.0:
SAP 168.0 87.9 47.5 16.8 320.1
POLE 440.8 677.6 104.2 6.4 1229.0
SAW 30.2 104.4 10.5 0.0 145.1
TOTAL 638.9 869.9 162.2 23.2 1694.2
BFYOL 8.0:
SAW 0.0 6.0 0.0 0.0 0.0
BFVOL 5.0:

SAH 103.3 361,5 36.4 0.0 501.2
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STAND TABLE: MORTALITY FOR GROWTH PERIOD BEGINNING AT AGE 30 -

INITIAL CONDITIONS FOR STAND AT AGE 30.

wmmmmenmmn SPECIES GROUPS ==n=nmomwem

STAND TABLE:

TOTALS

2 3 4 5

1

wmemmeuemw SPECIES GROUPS ~vmmmmemmem

DBH
CLASS

1 2 3 4 5 TOTALS

NBH
CLASS
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STAND TABLE: TREES REMOVED IN THINNING AT AGE 30.

STAND TABLE: INITIAL CONDITIONS FOR STAND AT AGE 35,

TOTALS
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STAND TABLE: RESIDUAL STAND AFTER THINNING AT AGE 30.

INITIAL CONDITIONS FOR STAND AT AGE 80.
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SUMMARY STAND STATISTICS: INITIAL CONDITIONS FOR STAND AT AGE 80.

S e T T e e T e e i e T e S e e T S Sm e e eI T S m NS r e e =
S R N N T e s S N e N e N R N N R N N T Y R e I P A T N TS TR eSS RR Y

SPECIES : 1 2 3 v 4 5 TOTALS
N TREES:
SAP 0.0 0.0 0.0 0.0 0.0
POLE 9.0 3.0 3.0 0.0 15,0
SAW 54.0 61.0 11.0 0.0 126.0
TOTAL 63.0 64.0 14,0 0.0 141.0
BA:
SAP 0.0 0.0 0.0 0.0 0.0
POLE 3.0 0.9 1.0 0.0 4.9
SAW 38.8 55.0 8.0 0.0 101.8
TOTAL 41.8 55.9 9.0 0.0 106.8
PS:
SAP 0.0 0.0 0.0 0.0 0.0
POLE 2.9 0.9 1.0 0.0 4.8
SAW 32.7 44,7 6.7 0.0 84,2
TOTAL 35.6 45.6 7.7 0.0 88.9
AVG DBH:
SAP 0.0 0.0 0.0 0.0 0.0
POLE 7.8 7.5 7.8 0.0 7.8
SAW 11.3 12.7 11.4 0.0 12,0
cVoB 4.0:
SAP 0.0 0.0 0.0 0.0 0.0
POLE 90,2 25.0 28.7 0.0 143.9
SAW 1492.4 2171.2 296.0 0.0 3959.5
TOTAL 1582.5 2196.2 324.6 0.0 4103.4
CviB 4.0:
SAP 6.0 0.0 0.0 0.0 0.0
POLE 77.7 21.2 26.3 0.0 125,2
SAW 1280.8 1816.8 270.0 0.0 3367.6
TOTAL 1358.5 1838.0 296.3 0.0 3492.8
cvoB 0.0:
SAP 0.0 0.0 0.0 0.0 0.0
POLE 102.1 29.6 32,3 0.0 164.0
SAW 15842.7  2226.2 305.1 0.0 4074.0
TOTAL 1644.8 2255.8 337.5 0.0 4238.0
cvig 0.0:
SAP 0.0 0.0 0.0 0.0 0.0
POLE 87.5 24.8 29.5 0.0 141.7
SAW 1321.4 1857.8 278.0 6.0 3457.3
TOTAL 1409.0 1882.6 307.5 0.0 3599.0
BFYOL B.0:
SAMW 3874.7 7063.6 851.7 0.0 11790.0
BFVOL 5.0:

SAW 6189.1 9091.5 1310.1 0.0 16590.7
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Basal ares, total cubic~foot volume inside bark
and International 1/4-inch board-foot volume growth
and yield information extracted from [11} and [12]
are plotted in Figure 2. Gross growth for the 50-year
projection was reduced in the heavily thinned stand—
88.3 square feet of basal area growth, compared to
97.4 for the unthinned stand, and 3369 cubic feet
compared to 3750, respectively. Net growth,
however, showed a marked increase for the thinned
stand. Net basal area growth for the thinned stand
was 639.5 square feet; for the unthinned stand it was
only 29.8. Net cubic volume growth was 2858 cubic
feet, compared to 2142, Mortality was sharply
reduced with thinning, particularly for the first 20
years after thinning.

The thinned stand had 16,590 board fect per acre
at age 80--7 percent more than the unthinned stand.
(Board foot yields for the unthinned stand also
compare favorably with those from Sehnur's yield
tables.) Since the unthinned stand had 145 trees in
the sawtimber size class compared to only 126 for
the thinned stand, the gain in sawtimber volume was
due to the inerease in tree size--the arithmetic mean
d.b.h. for sawtimber was 12.0 inches in the thinned
stand and only 11.1 inches in the unthinned stand.
Lavger trees also have more value.

Even though gross growth rates were reduced
somewhat by thinning this stand to 40 percent
stocking, gains in net growth and board-foot yields
indicate that a heavy thinning at age 30 is still a
viable option. This run of OAKSIM also suggests
another alternative: to thin initially to 40 percent
and again at age 59 to perhaps 60 percent, since
mortality started to increase at that age. However,
a considerable number of other options regarding the
frequency, timing, and intensity of thinning need to
be explored to arrive at optimum management
guidelines for this stand.
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Tigure 2,~-Basal area, cubie-foot volume (total stem,
inside bark), and International 1/4-inch board-foot
volume (all trees 8.6 inches d.b.h. and larger to a 5-
inch top) per acre for sample run of OAKSIM.
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Discussion

OAKSIM is available from the author upon
request. The program consists of approximately 1500
cards, and should be compiled to save eomputing
costs. Control cards and data can be stored in a
separate data file and read during execution. Use of
a CRT screen and a text editor language package
maximizes the program’'s flexibility. The ages and
intensities of thinning can then be changed easily to
test a variety of management alternatives.
Execution time on the AMDAHL/IBM 470 V/6
computer is approximately 10 seconds for a 50-year
projection for one stand.

This initial version of OAKSIM is applicable to a
wide range of age, site, and stocking conditions for a
large portion of the upland oak timber type. The
ultimate goal is to produce a complete simulator
capable of generating the entire growth eycle—not
just the growth of the present stand, but also
ingrowth andregeneration. Ingrowth can be
substantial in heavily thinned upland cak stands. And
once these ingrowth trees are cut during the rotation
harvest, the resulting stump sprouts will most likely
determine the species composition of the next stand.
Timber management planning for the current
rotation, however, should be based primarily on those
trees already covered by this version of OAKSIM, not
on ingrowth trees.

Future enhancements planned for O AKSIM should
also encourage application of the simulator.
Computer programming statements will be added to
allow input from variable-plot (prism) timber cruises.
This will eliminate the need for users to construct
their own stand tables for input into OAKSIM. A
mierocomputer version of OAKSIM will also give
more users access to the simulator.
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