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ABSTRACT

A SIMULATION OF THE EFFECTS OF
FOUR INSECT PESTS ON
RED PINE GROWTH AND YIELD
IN MICHIGAN
By

Stephen Carl Westin

A model was developed to simulate the effects of white
grubs (Phvllophaga spp., Coleoptera, Scarabaeidae),
Saratoga spittlebug (Aphrophora saratogensis [Fitch]), pine
root collar weevil (Hylobius radicis Buch.), and red-headed
pine sawfly (Neodiprion lecontei [Fitch]) on growth and
yield of red pine (Pinus resinosa Ait.). The model allows
the user to set initial stand conditions, and choose one of
the insects to simulate. Insect levels are randomly set.
Effects of insect damage may be offset by implementing
control measures. The stand may be thinned to varying
levels at any time. An economic analysis is performed to

compare costs and returns with and without insect management.
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INTRODUCTION

Due to the length of most forest stand rotations, land
managers spend a great deal of their careers gaining the
experience and knowledge necessary to be successful in
their management activities. For example, although heavy
attacks by insects are often infrequent, the resultant
damage may be serious. Because of lack of experience , a
land manager may not know the most effective or economical
way to deal with a serious insect outbreak when it occurs.
Computerized growth and yield models which simulate insect
impact allow managers to experiment with various management
strategies for trees and insects, helping them gain
necessary experience.

The purpose of the model described in this thesis and
the associated computer program, RPPEST, is to serve as a
training tool for land managers. The model simulates the
impact of four insects on the growth and volume yield of
red pine (Pinus resinosa Ait.). The insects are: white
grubs (Phvllophaga spp., Coleoptera, Scarabaeidae), pine
root collar weevi} (Hylobius radicis Buch.), Saratoga
spittlebug (Aphrorhora saratosgensis [Fitch]), and
red-headed pine sawfly (Neodiprion lecontei [Fitch]). This
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model allows flexible stand definition as well as relative
ease of use on a microcomputer. Economic analysis of
various combinations of timber and insect management
strategies should make the model a useful tool to help land
managers gain experience within a shorter time frame and at

a lower cost than that allowed by the real world.



Backeground Information

Red pine (Pinus resinosa Ait.) is a widely planted
forest species in the Lake States region and many forest
products are derived from it, including pulpwood, posts,
utility poles, cabin logs, piling and sawtimber (Benzie,
1977). Because rotation lengths needed to produce these
products often range from 60 to 120 years (Benzie and
McCumber, 1983), land managers responsible for obtaining
maximum benefit from red pine stands often do not know the
results of their management prescriptions until late in
their careers, if ever. As in most other professions,
foresters gradually gain experience and knowledge as their
careers progress. However, the long interval between the
beginning and end of most forestry projects slows the
accumulation of knowledge. Accelerating this learning
process should favor more effective forest management.

Computer based growth and yield models allow forest
managers to simulate various stand management scenarios and
evaluate their results in a short of time, and with no
risk. Prior to this time, at least four computerized
growth and yield models were available for red pine in the
Lake States: REDPINE (Lundgren, 1981), STEMS (Belcher et
al., 1982), RPAL (Ramm and Miner, 1986), and TWIGS
(Belcher, 1982).
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REDPINE, briefly described by Lundgren (1981), is a
stand level growth and yield model for red pine plantations
or natural stands in the Lake States. The program
forecasts growth beginning at any stand age for thinned or
unthinned stands. If a stand is grown from the time of
planting REDPINE makes no attempt to account for seedling
mortality in the first years after planting. REDPINE
allows wide latitude in the description of the stand in
terms of number of trees per acre, initial basal area, site
index, and thinning specifications. REDPINE was designed
and written for mainframe computers, which somewhat limits
access to it. RPAL (Ramm and Miner, 1986) is a BASIC
language translation of REDPINE written for the IBM PC and
compatible microcomputers.

STEMS is an individual tree growth and yield
projection system for over thirty species in the Lake
States (Belcher et al., 1982). As an individual tree
model, STEMS requires that a list of trees and their
characteristics be entered before projection begins, or the
program will generate such a list if requested. STEMS
allows implementation of various management systems, such
as removal of cull trees and thinning from above or below
(Brand, 1979). Simulation of mortality is accomplished
using a mortality function based on individual tree
diameter growth rate (Buchman, 1979). A microcomputer
version of STEMS called TWIGS has been developed, which

will increase public access to this growth projection



system.

Attacks on forest stands by some insects may be
infrequent but serious when they do occur. Other insects
frequently cause low to moderate levels of tree damage or
mortality and often go unnoticed. Forest managers need to
understand the nature of these insect attacks, their impact
on growth and yield, and the effect of possible control
actions on stand growth and yield. A logical extension of
computerized growth and yield models for forest stands
would be the addition of simulated insect attack on the
stands. Two computerized models are available for the Lake
States region.

BANKSIANA is a computerized stand level growth and
yvield model for the Lake States which simulates the impact
of white pine weevil and jack pine budworm on Jjack pine
(Drapek, 1985). BANKSIANA allows several methods of jack
pine reproduction with variable results. Insect attack is
randomly determined and several control measures are
available. Economic effectiveness of control measures
selected is analyzed after the stand is harvested.

NPVUNPL is a stand level computer model which
simulates growth loss in red pine plantations due to
Saratoga spittlebug injury (Heyd, 1985). The program
requires initial input of number of trees per acre and site
index. Three rotation options are available in the model.
First, harvest at age 45 with no thinning. Second, harvest
at age 80 with thinning to a residual basal area level of
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90 square feet per acre every 10 years after age 33.
Third, harvest at age 80 with thinning to a residual basal
area level of 120 square feet per acre every 10 years after
age 33. Stumpage prices may be set for the products.of
each thinning as well as for the final harvest.

Insect control in NPVUNPL may be accomplished by
chemically controlling alternate host vegetation, spraying
chemical insecticides, or taking no action. Costs of stand
establishment and insect control may be entered, or
estimated by the program. Economic analysis of the
management strategy employed is carried out using Net
Present Value at interest rates between 7% and 10%.
Analysis is performed for the same stand with three
different Saratoga spittlebug hazard ratings of increasing
severity (Heyd, 1985).

The objective of the current project was to develop a
computerized growth and yield model (RPPEST), which allows
simulation of the effects on red pine growth and yield of
the major insect pests of red pine. This model is seen as
a training tool for land managers, enabling them to
experience the effects of insect attack and judge the

soundness of alternative control practices.



Overview of the Model

RPPEST is a stand level model for plantations and
natural stands which simulates the impact on red pine
growth and yield of four insects: white grubs, pine root
collar weevil, Saratoga spittlebug, and red-headed pine
sawfly. Figure 1 is a flowchart of RPPEST. The model
allows simulation of the impact of one of the insects, or a
stand may be grown without insects. If the insect attack
alternative is selected two stands are grown
simultaneously, one with insect controls available in the
model, and the other with no insect control measures. This
allows an economic evaluation of the insect control
strategy selected.

Initial stand information needed to run the model
includes site index, minimum pole and sawtimber diameters,
seedling age at planting, stand age at the beginning of
simulation (0 if insect attack is selected), initial basal
area per acre, trees per acre, and harvest age. Maximum
stand age allowable at harvest is 135 years. If the insect
attack option is selected, alternative planting and site
preparation methods are available.

RPPEST includes the ability to establish a thinning
regime for a stand. Thinning selects trees equally across

the stand’s diameter distribution. Thinning may be to a
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9
residual basal area, or may remove a specific number of
trees per acre, or may remove a certain proportion of the
stand’s basal area or trees per acre. If insect attack is
simulated both stands follow the same thinning regime.

The stand is grown until the end of the specified
projection period or when a thinning year is reached. A
stand summary is then displayed and the pattern is repeated
until harvest age is reached. A final volume summary for
each stand is displayed. Then an economic analysis of
overall management and of wood saved by the insect control

measures is displayed.



Plantation Establishment

There are many ways to prepare a potential red pine
site for planting. These methods may be grouped into two
broad categories: mechanical and chemical (Sajdak, 1982).
These two categories, along with no site preparation, are
available as options in setting up stand regeneration in
the model.

Winebar and Gunter (1984) conducted a survey of forest
management costs in 1982 among government agencies, forest
industry and private contractors in Michigan, Wisconsin,
and Minnesota. Costs for site preparation were taken from
the results of that survey. Costs used in this model have
been adjusted for inflation from 1983 to 1985, the last
date for which figures are available, using the producer
price index. The adjustment factor is 4.6%. Winebar and
Gunter arrived at adjusted average figures of 8 64.57 per
acre for mechanical preparation and $ 52.30 per acre for
chemical preparation.

Red pine seedlings are planted either by hand or by
machine. Both options are available. Planting stock is
assumed to be barerocot. Costs for planting are categorized
by the type of site preparation preceding the planting and
by the number of seedlings per acre being planted (Winebar

and Gunter,1984). Early survival of planted red pine can

10
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vary significantly depending upon several factors, such as
quality of planting stock, degree of site preparation, date
of planting (Emch and Carvell, 1985), use of correct
planting techniques, and weather. Attempting to combine
all of these elements into a model would be a major task in
itself, so0 a simplifying assumption was made. It was
assumed that things went reasonably well during the
planting operation, except for some small degree of
uncertainty. That is, seedlings were handled with
reasonable care, seedlings were not J-rooted during
pPlanting, or a two month drought did not set in right after
planting.

Published average first year red pine seedling
survival data for the period 1934-1974 on the
Huron-Manistee National Forest in the northern Lower
Peninsula of Michigan was 83%, while 1982, 1983, and 1984
plantings showed first year survival rates of 85%, 94% and
84% respectively (Labumbard, 1984). These figures were
used as the basis for assuming a first year survival rate
of 84%. To account for year to year variation, the model
randomly varies first year survival between 74% and 93% in
any given year (84% + or - 9%). Published seedling
survival data is uncommon, and the Huron-Manistee
information covers a longer time span than other Lake
States data found in the literature. The applicability of

this data to areas outside northern Lower Michigan is

unknown.
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Type of planting (hand or machine) is assumed to have
no effect on first year survival (Knighton, 1972). No data
was available to show a difference between chemical and
mechanical site preparation in the first year, so none was
assumed. Carmean (1971) found first year survival of 2-0,
3-0, and 4-0 seedlings planted in Minnesota on sandy soil
with grass competition to average 53.9% when no site
preparation was used. I1f no site preparation is indicated
in the model, first year survival is reduced by a randomly
determined additional 0% to 30% (the difference between the
mean value of 84% and the 53.9% observed by Carmean) to
reflect the added uncertainty of possibly heavy vegetative

competition on the seedlings.



Red Pine Growth and Yield

Accurate prediction of red pine growth and yield
throughout the life of a stand is fundamental to this
model. The equations used to accomplish this forecasting
were drawn from the forestry literature. The general form
of the growth and yield section of the model and many of
the equations used, including those for basal area growth
and tree volume, were drawn from a red pine growth and
vield computer model called REDPINE, written and briefly
described by Lundgren (1981).

Red Pine Growth

Red pine growth equations considered for use in the
model have been published by Buckman (1862), Chen and Rose
(1977), USDA Forest Service (1979), Lundgren (1981), and
Reed et al. (1986).

Chen and Rose (1977) developed an individual tree
basal area growth model for red pine using data from a
plantation in Wisconsin. Their model estimates a tree’s
basal area growth as a function of the tree’s basal area
and competition with its neighbors. This model does not
seem to adequately explain basal area growth in thinned

stands, and the calculations are difficult. Therefore,

13
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this model was not used in RPPEST.

Staff members of the USDA Forest Service’s North
Central Experiment Station have developed an individual
tree growth and yield projection system for the Lake States
called STEMS (USDA Forest Service, 1979). Red pine is
among the species included in this diameter growth model.
The data used to deveolp this model were collected in
Michigan, Wisconsin, and Minnesota. The STEMS model
requires information about each tree in the stand to be
modeled, including crown ratio and diameter. It was felt
that these extensive information requirements would be a
burden to people using RPPEST, so the STEMS diameter growth
model was not used in RPPEST.

Reed et al. (1986) developed a stand level metric
cubic volume and basal area estimation system from data
collected in red pine plantations in both the Upper and
Lower Peninsulas of Michigan. The basal area equation
requires only stand age, basal area, and site index at a
beginning age to estimate basal area at a future age. Reed
et al. suggest that this stand model not be used in thinned
stands. The ability to simulate thinning was a fundamental
goal in the development of RPPEST, and so precluded this
model’s use.

Equations from Buckman (1962) and Lundgren (1981) were
selected to predict red pine basal area growth in RPPEST.
From the time when breast-height age is greater than zero

until total tree age equals 24, stand basal area per acre
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is estimated by an equation developed by Lundgren from data
originally collected by Wambach (1967):

Basal area = 6.565 * site index *x ((1 - e(-0.04018 x
total age))”~1.1677) * (1 - e(-0.01885 x

trees/ac.))

Wambach’s data were collected in unthinned Lake States
plantations up to 35 years old that were established at
various initial spacings. Lundgren’s model is used rather
than Wambach’s model because it explains 10X more of the
natural variation present in the data, and has 5 square
feet of basal area per acre less error associated with it’s
predictions. The first derivative of Lundgren’s equation
is used to compute annual basal area growth per acre as

follows:

Basal area growth = 6.5653 * site index % (Al x A2

- A3 % A4)
Al = e(1.1677 * LN(1 - e(-0.040172 * (total age +
1))))
A2 =1 - e(-0.0018854 * trees/ac.)
A3 = e(1.1677 * LN(1 - e(-0.040172 * total age)))
A4 = 1 - e(-0.0018854 * trees/ac.)

Buckman (1962) developed a stand level red pine basal

area growth equation from data collected in Minnesota.
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Most of the plots measured were located in thinning studies
in what appear to be both natural stands and plantations.
Site index of the experimental stands varied from 46 to 63
feet, while stand age ranged between 21 and and 144 years.
Annual basal area growth per acre for stands where tree age
is greater than 24 years old is computed using Buckman’s

equation:

Basal area growth = 1.689 + 0.04107 % basal area/ac. -
0.000163 * (basal area/ac.)”2 - 0.07696 * total
age + 0.0002274 x total age”2 + 0.06441 * site

index

The two basal area growth equations used in RPPEST
were also used in Lundgren’s REDPINE model (1981).
Lundgren (1983) compared total peeled cubic foot volume per
acre mean annual increment (MAI) predicted by REDPINE with
red pine MAIs from Michigan, Minnesota, Wisconsin and
Ontario reported in the literature. A simple regression
equation relating REDPINE predicted MAI to observed MAI had
a coefficient of determination of .73, and an F test showed
that the equation was not significantly different (at the
0.05 level) from the assumption that predicted MAI equaled
observed MAI. The accuracy of prediction and the
apparently wide area of geographic applicability were

determining factors in the selection of Buckman’s and

Lundgren’s basal area growth models for use in RPPEST.
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Breast-height age is computed using an equation from
Benzie (1977) developed by A. L. Lundgren from data
collected by Wambach (1967):

Breast height age = total age - 10.5 + 0.05 * site

index

Lundgren (1981) developed a maximum annual diameter
increment function to limit the growth of stands with low
numbers of trees per acre, or young thinned stands.
Occasionally the diameter growth predicted for these types
of stands appears to be too high. To remedy this

situation, the following constraint is used in RPPEST:

Maximum dbh increment = .007 * site index * e(-0.01 x*

breast-height age)

Using the maximum diameter increment calculated as above,

maximum annual basal area growth increment is:

Maximum BA growth = 0.00545415 % trees/ac. * (2 X%
mean dbh * maximum dbh increment + maximum

diameter increment”~2)

Mean dbh, or quadratic mean diameter, is the diameter of

the tree of average basal area.
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Diameter Distribution

Hafley and Schreuder (1970) discuss several
statistical distributions used for fitting diameter class
data for even-aged stands, including the beta, Johnson’s
SB, lognormal, gamma, Weibull, and normal. The only
published information for red pine concerning any of these
distributions is found in Zarnoch et al. (1982), who fit
diameter class data for various thinning regimes in red
Pine to the Weibull distribution. Weibull parameters are
given for stands of age 25, 32, and 39 years. Because
Zarnoch et al. have no data for stands older than 39 years
it was decided not to use this information in a model where
maximum stand age can be 135 years.

Lacking other information, and after examining graphs
of red pine diameter distributions, it was decided that red
pine diameter distributions would be approximated by the
normal distribution. Before a given number of trees per
acre can be partitioned into one inch diameter classes
using the normal distribution, an estimate of the standard
deviation of the diameters must be calculated. A function
of this type was developed by Lundgren (1981) using data
published by Stiell and Berry (1973):

Standard deviation of dbh = 0.37628 * mean diameter X

e(-0.093346 * mean diameter)
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There were two reasons for assigning stand level data to
one inch diameter classes. First, the mortality function
selected requires dbh to calculate survival rates. Second
was the need to partition basal area into merchantability
classes for product specification. No other use was made

of the diameter class information.

Estimating Red Pine Volume

Tree height is one component of the volume equations
used in the model. An equation to estimate total height of
dominant and codominant trees was developed by Lundgren and
Dolid (1970) to describe published site index curves for

red pine in the Lake States:

Total height = 1.89 % site index * (1 - e(-0.01979 x
age)~1.3892)

Several equations are used in the model to calculate
red pine volume per acre. Total cubic foot volume per
acre, utilizing the entire stem minus bark, is calculated

using an equation from Buckman (1962):

Cubic feet/ac. = 0.4085 * basal area/ac. X average

total stand height

Cordwood volume per acre, including bark, to a three
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inch minimum top diameter inside bark is calculated using

an equation developed by Buckman (1962):

Cords/ac. = 0.003958 *x basal area/ac. * average total

stand height

Merchantable cubic foot volume per acre to a three
inch minimum top diameter inside bark is computed using a
formula derived by multiplying the above cordwood volume
equation from Buckman (1862) by 79 cubic feet per cord
(Lundgren, 1981):

Cubic feet/ac. = 0.3127 % basal area/ac. * average

total stand height

International 1/4 inch board foot volume per acre to a
six inch top is calculated using a ratio of board feet per

total cubic foot (Lundgren, 1981) in sawtimber size trees:

Board feet/cubic foot = -8.76 + 1.985 *x dbh - 0.07253
* dbh~2 + 0.0008421 * dbh"3 + 0.04851 * average
total stand height - 0.00892 * dbh * average
total stand height + 0.0003169 * dbh"2 * average
total stand height - 0.000002786 * dbh"3 x*

average total stand height
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Estimating Red Pine Mortality

Buchman (1983) has developed a model that predicts
survival for several Lake States tree species, including
red pine. The data used to develop the model has strength
in both number of samples and geographic extent. Equation
coefficients for red pine were developed from nearly 40,000
one year tree records gathered from throughout the Lake
States.

Performance of this tree survival model was tested
against USDA Forest Service permanent plot data. For red
prine between 1 inch and 16 inches dbh the aggregate
predicted survival rate was only 0.3% higher than the
measured survival rate (Buchman, 1985). This model was
therefore selected to estimate annual red pine survival in

trees 1 inch dbh and larger:

Survival rate = 0.9997 - (1 / (1 + e"n))
n = 1.9953 + 57.97 % dbh growth rate”1.012 + 0.2648 x*
(dbh - 1)°1.626 * e(-0.1273 x*x (dbh - 1)).



Region of Applicabllity for Insect Models

Much of the entomological information used in R?PEST
was collected by Louis F. Wilson of the USDA Forest Service
North Central Experiment Station in East Lansing, Michigan,
and his students R.D. Averill and R.L. Heyd. Most of their
information was collected in the northern Lower and Upper
Peninsulas of Michigan. Dr. Wilson’s job is to perform
entomological research applicable to the north central
United States. Thus, the data used in RPPEST is pertinent
throughout the Lake States (G.A. Simmons, 1987, Michigan
State University, personal communication).

Wide applicability of information about a pest does
not mean that the insect is a significant problem
everywhere it is found. Impact may vary as climate and
vegetation change across a region. For example, potential
impact of pine root collar weevil in northern Lower
Michigan declines as the climate becomes harsher moving
from west to east across the state (Wilson and Millers,
1983). Therefore, utility of particular sections of this
model may vary throughout the region where it is

potentially applicable.

22



¥hite Grubs

White grubs (Coleoptera, Scarabaeidae) are the larvae
of May beetles and other related beetles. The genus
Phyllophaga contains some of the largest and most
destructive larvae. They occur in the soil and feed on the
roots of trees, grasses, and other vegetation. The larvae
consume the smaller roots and girdle the larger roots of
young red pine seedlings. The damage caused by this
feeding manifests itself on the trees in two ways: reduced

growth, and mortality (Fowler and Wilson, 1971).

¥White Grub-Caused Mortality

Fowler and Wilson (1971, 1974) studied red pine
seedling mortality caused by white grubs in the Upper
Peninsula of Michigan from the time of planting through the
fifth growing season. Most white grub caused mortality
took place in the first three years after planting (Fowler
and Wilson, 1874). The data in Table 1 were interpolated
from Figure 6 in Fowler and Wilson (1871). The graph shows
a triangular region of seedling mortality described by
lower and upper limits of red pine seedling mortality
through the second growing season for a given mean number

of Phvllorhaga larvae per cubic foot of soil. Because non-

23
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insect-caused mortality is accounted for in RPPEST, a base
rate of 4% non-grub mortality was subtracted from each

value interpolated from the graph.

Table 1. Lower and upper limits of red pine seedling
mortality through year 2, for a given mean
number of Phvllophaga per cubic foot of

soil.

Mean # grubs % Mortality % Mortality
per cubic ft. lower limit upper limit
0.00 0 0
0.25 6 14
0.50 12 30
0.75 18 44

In order to duplicate the lines representing the lower and
upper limits of seedling mortality in the graph, linear
regression was used to fit simple equations to both sets of
interpolated data using number of grubs per cubic foot of
soil as the independent variable. Thus, the R"2 wvalues
shown below should only be used to judge the precision of
the reproduction of the graph lines. The resulting

equations are shown below:

24 x # of grubs

% Seedling mortality lower limit
R*2 =1

% Seedling mortality upper limit 58.85714 * # of

grubs R"2 = .9997
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Simulation of first and second year mortality of red
Pine seedlings begins with generation of a uniformly
distributed random number between O and 0.75. This
represents the mean number of grubs per cubic foot of soil.
This number is then used in the regression equations to
determine the lower and upper levels of mortality possible
for this particular grub population. First and second year
percent mortality is then determined by generating a random
number between the calculated lower and upper bounds.

Third and fourth year seedling mortality were
interpolated from Figure 2 in Fowler and Wilson (1974).
Third year mortalities for four plantations were 1%, 3%,
4%, and 12%. Third year mortality is assumed to vary
between 1% and 4% with a probability of .75, and between 4%
and 12% with a probability of .25.

Fourth year mortality from Fowler and Wilson (1974) is
essentially 0% for three plantations and 3% for the fourth.
Fourth year mortality is assumed to be 0% with a
probability of .75, and to vary between 1% and 3% with a
probability of .25.

Mortality percentages from the first four years are
summed and number of trees per acre is reduced by this

amount.
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Growth Loss Due To White Grubs

Fowler et al. (1982), in an extension of the work by
Fowler and Wilson (1971, 1974), reported that differences
in red pine site index values between plots treated with an
insecticide effective on white grubs and plots that
received no treatment were 5, 7, 8, and 8 units among four
plantations. This study was conducted in the Upper
Peninsula of Michigan on plantations which had completed
ten growing seasons.

To simulate the effect of grubs on height growth a
uniformly distributed random number between 5 and 9 is

generated, and site index is reduced by this amount.

Control Measures and Efficacy

Control of white grubs is accomplished by applying a
pesticide such as aldrin at the time of planting an old
field site (Fowler and Wilson, 1971). Fowler and Wilson
(1974) report that application of aldrin reduced white grub
caused red pine seedling mortality by 83% in the first five
years. If white grub control is chosen in the model, the
combined four year mortality figure is reduced by 83%.

Also, site index is assumed to return to normal.



Pine Root Collar Weevil

The pine root collar weevil (Hvlobius radicis Buch.)

causes mortality and growth loss in red pine. This weevil
is found throughout northeastern North America. Trees
between the ages of 8 and 15 years are most vulnerable to
attack (Wilson and Kennedy, 1970). The injury is caused by
larval feeding in the inner bark of the root collar. A
mean number of 2.2 immature insects per tree is considered
the threshold of tree mortality (Wilson and Millers, 1983).
As a red pine plantation approaches crown closure the
environment around the base of the tree becomes less
favorable for weevils and populations begin to decline
naturally (Wilson and Millers, 1883).

Wilson and Kennedy (1970) described three pine root
collar weevil hazard zones in Northern Lower Michigan. The
zones are categorized by their degree of potential weevil
damage. Wilson also quantified the probability of heavy
damage (death) to red pine in a hazard zone relative to the
distance to the nearest weevil infested stand. Table 2 is

reproduced from Wilson and Kennedy (1970).
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Table 2. Probability of heavy damage to red pine from root
collar weevil, by hazard zone and distance to a
weevil infestation (Wilson and Kennedy, 1970).

Distance to

weevil _ Hazard Zones
infestation Low Medium High
Miles .4 X .4
0 -1/8 5 15 >50
1/8 - 1/2 5 10 40
172 - 1 5 5 25
1+ <5 5 10

Stand damage is divided into three categories: light,
moderate, and heavy. Red pine mortality in lightly damaged
stands will be less than 5%. Damage is usually light in
the low hazard zone. Red pine mortality in moderately
damaged stands will range from 5% to 10%. In the medium
hazard zone, damage can be light or moderate. Heavily
damaged stands will have red pine mortality of 10% to 15%.
In the high hazard zone, damage is usually moderate or
heavy (Wilson and Millers, 1983).

Pine root collar weevil reduces red pine height growth
beginning two growing seasons before the tree dies. Two
years before death height growth is reduced about 7%. The
year before death height growth is reduced about 24%
(Schmiege, 1958). The model assumes that trees which
experience significant growth loss are very close to death
and will probably die within a short time. Rather than
accounting for a 24% loss of height growth the year before
an attacked tree dies, growth loss is ignored and the tree
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is assumed to die.

There are two methods of controlling poulations of
pPine root collar weevil. The first is spraying insecticide
such as lindane around the base of each tree (Finnegﬁn and
Stewart, 1962). One application between ages 6 years and
10 years will usually keep the trees growing well until the
crowns begin to close and weevil populations begin to
decline naturally (Wilson and Millers, 1983).

The second method involves pruning the branches of the
lower 2 feet of the tree trunk and scraping the litter and
topsoil from around the base of the tree for a distance of
1 foot. This treatment usually suppresses the weevil

population for 4 or 5 years and allows the tree to reach

crown closure safely (Wilson, 1967).

Simulation begins by randomly assigning the stand to a
weevil hazard zone, and setting a random distance to the
nearest weevil infested stand. The probability of heavy
damage is determined using the hazard zone and distance to
infestation (see Table 2). A random number between 0 and 1
is now generated. If this number is less than the
probablility of heavy damage then percent red pine
mortality is determined based on the hazard zone. If the

random number is greater than the probablility of heavy

damage no red pine mortality occurs.
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If the hazard zone is low then mortality percentages
between 0% and 5% are possible. In the medium hazard zone
mortality can range from 0% to 10%. Red pine mortality in
the high hazard zone can take on values from 5% to 15%.

The number of trees per acre is then reduced equally across
all diameter classes to account for the simulated
mortality. The assumption is made that the trees which
experience growth loss will die, and they are included in
the mortality percentage generated above.

Both control options outlined above are possible in
the model. Control takes place in year 8 after planting.
Adult weevil surveys are automatically scheduled for year 4
and year 7 after planting if this option is chosen, and

their cost is included in the economic analyses.



Saratoga Spittlebus

The Saratoga spittlebug (Aphrophora saratogensis
[Fitch]), found throughout the geographic range of red

pine, is responsible for mortality, deformity, and loss of
growth in red pine plantations where trees are between 3
and 15 feet tall. Adult spittlebugs feed by inserting
their beak into red pine twigs of the previous year’s
growth and sucking plant juices out. The puncture wound
and the bug’s saliva create necrotic tissue and stimulate
resin accumulation. This blocks fluid transport in the
xylem and phloem and can eventually kill the branch. 1If
feeding is heavy enough, the branch will flag. The bugs
prefer to feed in the upper whorl of branches. If the top
branches are killed, lower whorls compete for terminal
dominance, resulting in a height growth loss. Crooked or
forked trees usually are the result (Heyd, 1978). 1If
enough feeding occurs the tree will die.

In order to complete its life cycle the immature
spittlebugs require that one of several alternate host
plants be available for feeding. The primary alternate
host is sweet-fern, Comptonia peregrina Coult. However
there are approximately 200 other secondary hosts including
blackberry, raspberry, bracken fern, blueberry, goldenrod,

and Sumac (Wilson, 1971). Without any of these alternate
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hosts, the Saratoga spittlebug cannnot complete its
development.

Wilson (1971) developed a method to rate the risk of
Saratoga spittlebug injury to a potential planting site, or
an existing stand. The technique involves estimating the
percent ground cover of sweet-fern and other alternate host
plants. Wilson published a risk rating graph which uses
the two cover values to place a stand into one of three
risk categories: low, moderate, or heavy.

Heyd (1978) studied the impact of Saratoga spittlebug
on red pine in northen Lower Michigan and described the
growth loss as uniformly affecting the diameter and height
growth of the tree. A method was developed by Heyd which
ties growth loss to Wilson’s plantation risk categories.
Red pine on low risk sites can lose a maximum of 4 years
growth. Trees on moderate risk sites can lose between 4
and 10 years of growth, depending upon spittlebug
population levels. Trees on heavy risk sites can lose
their entire volume to mortality and loss of
merchantability due to crooked and misshapen stems.

There are two ways to control the impact of the
Saratoga spittlebug on red pine growth and yield. The
first is by using an insecticide (such as malathion) to
directly reduce the spittlebug population. Wilson and
Millers (1966) found that malathion reduced Saratoga
spittlebug populations by 99% in northern Lower Michigan.

Many insecticides, including malathion, are not selective
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for spittlebug and may kill beneficial predatory insects.

The second control method involves reducing the
population of alternate host plants, especially sweet-fern.
Depending upon the size of the plantation this control may
be either mechanical or chemical. If the area is small,
mowing could be sufficient. However, mowing encourages
resprouting of sweet-fern and actually leads to increased
density (Heyd et al., 1987).

Chemical control seems to be much more promising, if
more expensive. Heyd et al. (1987), working in northern
Lower Michigan, found that 2 or 3 quarts of Roundup per
acre will effectively control sweet?fern, and other
alternate hosts such as blueberry, at least into the fourth
year after treatment. Three years after treatment
sweet-fern ground cover was only 4%, down from a
pre-treatment level of 31%. An added benefit of chemically
controlling alternate hosts is the reduction in vegetative
competition with the young red pine. This may increase red
Pine site index by 5 units on moderate risk areas if site
index is between 50 and 70, and by 10 units on high risk

sites for the same range of site indexes (Heyd, 19882).

Simulation of Saratoga spittlebug impact begins with
the random generation of sweet-fern percent ground cover.

The ground area not covered by sweet-fern is randomly
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assigned a percent cover for all other alternate host
plants. These two numbers are used to determine the
spittlebug risk rating of the plantation. The next step is
determination of the extent of damage to the stand.

If the risk rating is low, then a random number
between 0 and 4 is generated to represent the number of
years of growth that will be lost. If the risk category is
moderate, then a random number between 4 and 10 is
generated to represent years of lost growth. If the risk
category is high then the stand is assumed to have a 50%
chance of losing between 10 years and 20 years of growth,
and a 50% chance of losing all merchantable volume. So a
random number is generated to represent the probability and
growth loss is assigned according to its value.

Alternative control strategies are available in the
model to offset red pine growth loss. Selection of
chemical control of alternate hosts at the time of planting
is assumed to keep the stand in the low risk category until
it reaches crown closure. At crown closure the alternate
host plants are shaded out by the trees and the risk from
Saratoga spittlebug is removed. Site index is also
increased if herbicide is applied (Heyd, 1882).

Selection of insect control using insecticide,
following Heyd (1985), is assumed to require one
application for low and moderate risk sites, and two sprays
for a high risk site. If site index is less than 50 then a

second spray is needed on moderate risk sites and a third



35
spray is needed on high risk sites to compensate for the
extended period of time the trees are vulnerable due to
slow height growth (Heyd, 1981). The assumption is made
that the insecticide will adequately protect the

plantation.



Red-headed Pine Sawfly

The red-headed pine sawfly (Neodiprion lecontei
[Fitch]) causes mortality, deformity, and growth loss in
red pine 3 feet to 15 feet tall. The tree is injured as
the sawfly larvae consume its needles. Over the past 50
years the red-headed pine sawfly has been the third most
important target for insect suppression programs on
National Forests in the eastern portion of the U.S (Averill
et al., 1982).

Susceptibility of red pine to sawfly defoliation is
directly related to tree vigor. Water stress is a very
important factor in the tree’s ability to resist sawfly
attack. Extended periods of drought or poor quality sites
can predispose a stand to attack (Averill et al., 1982).

Averill (1977) and Averill et al. (1982), in studies
conducted in northern Lower and Upper Michigan, Wisconsin,
New York, and Ontraio, Canada, proposed a method of
classifying plantation sites into Site Resistance Classes
(SRC) based on ground cover, distance to hardwood edges,
and soil characteristics. Trees on SRC I sites are very
resistant to sawfly attack, and sawfly populations are
widely scattered. Trees on SRC II sites are fairly
resistant, and sawfly populations are scattered with some

trees moderately infested. SRC III sites are very dry,
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sawfly populations are high, and trees are generally
heavily infested. Site index on SRC III sites is usually
near or below 50 (Averill et al., 1982). In Northern Lower
Michigan alone there are over 92,000 acres of red pine on
sites where the site index is less than 50 (Jakes, 1982).

Sawfly damage on SRC I sites is slight, and tree
mortality is rare. Two SRC I sites had mortality of 1.3%
and 0% after a three year red-headed pine sawfly outbreak.

Pulpwood yield was reduced very slightly, and sawlog yield
was not affected (Averill et al., 1982).

Red pine on SRC II sites also experience very little
problem. A few trees are killed (1.8% in the outbreak
mentioned above) and others are top killed, resulting in
forked or crooked trees. Again, pulpwood yield was
slightly affected, and sawlog yield was not affected
(Averill et al., 1982).

Red-headed pine sawfly causes serious problems for red
pine on SRC III sites. Tree mortality is rapid and wide
spread (52.4% in the outbreak mentioned above), and trees
that remain alive are stunted and severly deformed.
Merchantable volume is usually less than 1% of the volume
remaining (Averill et al., 1982).

There are two ways of controlling the red-headed pine
sawfly: chemical and cultural. The chemical control
consists of applying insecticide to heavily infested SRC
III areas in the early stages of the population build-up.

Cultural control involves suppressing vegetation which
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competes with young red pine for moisture and other

resources needed for growth.

Simulation of red-headed pine sawfly impact begins

with the generation of a random number between 6 and 13,
which represents the simulated stand’s age when the sawfly
population reaches outbreak levels. Most tree mortality
occurs in one year (Averill et al., 1982). Red pine stands
are not often composed entirely of one site resistance
class, so the next step is to determine the proportion of
the stand in each SRC. These proportions are randomly set.
If site index is above 50, there will be no SRC III areas
in the plantation.

Percent mortality for the trees in the SRC I portion
of the plantation is randomly set between 0 and 1. 3%.
Mortality percent for SRC II trees is randomly set between
O and 1.8%. All trees in the SRC III areas of the
plantation are assumed to be dead or unmerchantable, and
are removed from the trees per acre count.

Both control options mentioned above, application of
insecticide and application of herbicide at time of
planting, are available in the model. Sawfly populations
remain at relatively constant levels until the year of a
population outbreak, when they rise dramatically (G.A.

Simmons, 1987, Michigan State University, personal
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communication). For this reason, insecticide application
is assumed to occur in the randomly generated outbreak year
(G.A. Simmons, 1987, Michigan State University, personal
communication), and be effective enough to reduce tree
mortality to SRC II levels. Herbicide application is also
assumed to be effective in maintaining tree vigor to the

point where SRC II mortality levels are achieved.



Economic Evaluation

To compare costs and revenues which occur throuéhout a
lengthy rotation on an even basis, the values must be
discounted to a common year. In this model that is the
year of planting, year 0. Gunter and Haney (1884) suggest
that for ease of calculation all costs and revenues should
be considered to occur at the end of the year. This
convention is followed in RPPEST.

Two analyses are performed after Drapek (1985). The
first compares all costs with all revenues to evaluate the
overall management strategy using Net Present Value (NPV).
Net Present Value is calculated by subtracting the sum of
the discounted costs from the sum of the discounted
revenues. If the result is positive then the red pine
stand in question compares favorably with alternative
investments with real rates of return of 4% or less.

The second analysis also uses NPV to evaluate insect
management efforts. The discounted value of the wood saved
by monitor and control techniques is compared with the
discounted costs of those techniques. Again, a positive

NPV indicates a worthwhile investment.
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Summary

RPPEST is a stand level model designed as a training
tool for land managers which simulates the impact of four
major insect pests on red pine. The model allows a wide
range of initial site conditions and the establishment of
thining regimes. Insect control measures are available in
the model, and an economic analysis using Net Present Value
is performed after the stand is harvested.

The growth and yield portion of the model has been
shown to be applicable throughout the Lake States and
southern Ontario (Lundgren, 1983). The insect impact
models used in RPPEST should also apply throughout the same
region. However, these models should be tested for
accuracy on a local basis.

Additional information is needed regarding early
survival of planted red pine, especially beyond the first
year and in relation to site and climatological factors.
Once the tree has reached about five feet in height,
mortality seems to be fairly well quantified. More
information is also needed concerning red pine diameter
distributions. The Weibull distribution has the
flexibility to accurately describe diameter distributions,
and an extension of the work of Zarnoch et al. (1882) would

be a valuable addition to the literature.
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Much remains to be learned about the insects included
in this model. Factors involved in population dynamics of
Pine root collar weevil, Saratoga spittlebug, and red-
headed pine sawfly are not well documented. The length of
population cycles and the factors which combine to promote
insect outbreaks need further study. Information about
mortality rates and their causes at each stage of the
insects’ life cycles-are not known.

Additional investigation is also required into the
effects of Saratoga spittlebug and white grub damage as
previously injured trees age. Quantification of the
relationship between site quality and insect damage would
be directly beneficial to land managers trying to assess
the impact of an insect outbreak just getting under way.

Information about interaction between these insects
does not exist. For example, does white grub injury
predispose a stand to attack, or increased levels of
damage, by pine root collar weevil?

The information needs outlined above present a
formidable challenge to entomologists and forest land
managers. However, the addition of this information to
what is already known about the interactions between the
forest and these insects would greatly assist forest and

forest insect management in the Lake States.
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APPENDIX A

A User’s Guide For RPPEST

Introduction

RPPEST is a computer program written in Turbo Pascal
for IBM PC compatible microcomputers. The purpose of the
program is to simulate the effects of insect damage on red
Pine growth and volume yield and to economically evaluate
various control methods. Four insects are included in the
program: white grubs, pine root collar weevil, Saratoga
spittlebug, red-headed pine sawfly. The effaect of one
insect may be simulated, or a stand may be grown with no
insects present.

When used only for red pine growth and yield, a stand
may be joined at any point in it’s life up to the maximum
rotation age of 135 years. 1Initial number of trees per
acre, initial basal area per acre, merchantability limits,
and thinning regimes are all flexible within certain broad
limits.

To simulate insect impact the stand must be grown from
the time of planting. Initial basal area per acre is
estimated within the program. Once a stand is established
and an insect is chosen, the impact of that insect is
determined. Control measures are available to counter the

insect’s impact.

48



49
Two stands are then grown simultaneously: one with
insect control measures implemented (Stand 1), the other
with no insect controls (Stand 2). Costs associated with
insect monitoring and control and with stand establishment
and management are discounted and compared with discounted

revenues from thinnings and the final stand harvest.

Hardware Requirements

RPPEEST is designed to run on the IBM PC and
compatible microcomputers. The program was developed on a
Leading Edge Model D microcomputer. 64 kilobytes of RAM
memory is sufficient to run the program. A monochrome
monitor is required. Graphics capabilities are not
required. Currently, no provision is made for printing

RPPEST output.

Running RPPEST

RPPEST appears on the disk as a .COM file which has
two overlay files associated with it. Overlay files are
labeled RPPEST with a numeric file extension (eg.,
RPPEST.001). The overlay files must be present on the same
disk drive as the RPPEST.COM file for the program to
function correctly.

To start the program make sure the RPPEST disk is in
the default disk drive, and type RPPEST followed by a
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carriage return.

initializine RPPEST

The main menu of the program provides an opportunity
to specify simulation of red pine growth and yield with or
without the influence of insects. If insects are desired
item 2 must be chosen at this point. Insects may not be

introduced into the stand later in the program.

Initial Stand Information

Both choices from the main menu require that several
pieces of information be entered initially. Some of this
information is common to both choices, such as site index,
merchantability limits, stand age, initial basal area,
trees per acre, harvest age and display interval. These
common items are described below.

Site index is the height of dominant and codominant
trees, in feet, at the base age of 50 years. In RPPEST,
site index must be between 30 and 90 feet. Minimum
poletimber dbh is used to specify the smallest diameter of
merchantable trees. This value must be larger than 3.5
inches in order to fall within the data range of the volume
equations used. Minimum sawtimber dbh defines the smallest
trees for which International 1/4 inch board foot volume

will be calculated. The only restriction placed on this
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value is that it be larger than the minimum poletimber dbh.

Stand age at the beginning of projections may be any
age less than the maximum age of 135 years if there are no
insects in the stand. Insect infested stands must bégin in
the year of planting, year O.

Initial basal area, in square feet per acre, must be
set by the user if the trees are 25 years or older from
seed. If the trees are younger than 25 and taller than 4.5
feet, initial basal area may be specified or estimated by
the program using an equation developed by Lundgren (1881)
from data originally collected by Wambach (1967). Initial
basal area must be lower than 180 square feet per acre.

Trees per acre at the beginning of projections must be
between 200 and 1600.

Harvest age must be no greater than the maximum age of
135 years.

The display interval is the number of years of stand

projections between stand description displays.
Additional Initial Information

Additional initial information is needed for
simulation of stands under insect attack. One of the four
insects must be selected, and the user must enter
information on type of control, desired site preparation,
type of planting, product prices, and inventory and sale

layout costs. Default costs are available in the program,
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or the user may enter a different value.

Site preparation may be selected as mechanical,
chemical, or no site preparation. Mechanical and chemical
methods have default costs of $64.57 and $52.30,
respectively, adjusted for inflation (Winebar and Gunter,
1984). They are assumed to be equally effective.

Planting may be done by machine or by hand. Default
adjusted costs from Winebar and Gunter (1984) for machine
rlanting without site preparation are $134.41 per acre for
less than 800 trees and $146.65 per acre for more than 800
trees. Hand planting without site preparation costs
$124.25 per acre for less than 800 trees and $116.02 per
acre for more than 800 trees.

Machine planting with site preparation costs $88.09
per acre for less than 800 trees, and $136.24 per acre for
more than 800 trees. Hand planting with site preparation
costs $109.50 per acre for less than 800 trees, and $148.97
per acre for more than 800 trees.

The default price for red pine cordwood is $12.00 per
standard cord, while sawlogs are $70.00 per MBF
(International 1/4" rule) (Norris, 1987).

The default cost for timber inventory is $6.73 per
acre (Winebar and Gunter, 1984). An inventory is conducted
before every thinning and before the final harvest.

The default cost for timber sale layout is $9.38 per
acre (Winebar and Gunter, 1984). Sale layout occurs with

every thinning and the final harvest.
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Default forest management costs are summarized in
Table 3.
The default annual interest rate used for discounting
costs and revenues to the year of planting is set at 5%
(R.J. Marty, 1987, Michigan State University, personal

communication). This is a real rate, beyond inflation.
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Table 3. Default costs for forest management activities

and stumpage.

Management Activity

Mechanical Site Preparation
Chemical Site Preparation

Machine Planting without Site Prep,
<800 trees / ac.

Machine Planting without Site Prep,
>800 trees / ac.

Hand Planting without Site Prep,
<800 trees / ac.

Hand Planting without Site Prep,
>800 trees / ac.

Machine Planting with Site Prep,
<800 trees / ac.

Machine Planting with Site Prep,
>800 trees / ac.

Hand Planting with Site Prep,
<800 trees / ac.

Hand Planting with Site Prep,
>800 trees / ac.

Timber Inventory
Timber Sale Layout
Cordwood Price

Sawtimber Price

$ 64.
$ 52.
$134.
$146.
$124.
$116.

$ 88.
$136.
$109.
$148.
$ 6.
$ 9.
$ 12.
$ 70.

57

41
65
25
02

09
24
50
97
73
38
00
00

/ac.
/ac.
/ac.
/ac.
/ac.

/ac.

/ac.
/ac.
/ac.
/ac.
/ac.
/ac.
/cord
/MBF
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Insect Management

RPPEST simulates the individual influence of four
insects on the growth and yield of red pine: white grubs,
pine root collar weevil, Saratoga spittlebug, red-headed
pine sawfly. Ranges of random values used in RPPEST insect
models are summarized in Table 4. Default insect

management costs are summarized in Table 5.

¥hite Grubs

White grub impact on red pine shows up as seedling
mortality and site index reduction. Control is achieved by
applying a pesticide at the time of planting. The default
cost for control is $30.00 per acre; control occurs in year
0.

The plantation must be monitored for grub populations
before control is attempted. The default cost for
monitoring is $8.00 per acre, and it occurs in year O.

If control is selected it is assumed to be 83%
effective, and mortality is reduced by this factor. Site
index is also returned to the original value. If no
control is chosen mortality remains unaffected, there are
no monitor or control costs recorded and site index remains

reduced.



56

Table 4. Range of random values used in RPPEST
simulations.
Insect Action Random Range
White Grubs 1st & 2nd year mortality 0% - 40%
3rd year mortality 1% - 12%
4th year mortality 0% - 3%

Pine root
collar weevil

Saratoga
spittlebug
moderate

Red-headed
pine sawfly

Site index reduction

Hazard zone

Low hazard zone mortality
Medium hazard zone mortality
High hazard zone mortality

Risk rating

Low risk growth loss
Moderate risk growth loss
High risk growth loss

Outbreak year
SRC I mortality
SRC I1 mortality
SRC III mortality

5 - 9 units

low, medium,

high
0% - 5%
0% - 10%
5% - 15%
low,
high

0 - 4 years
4 - 10 years
10 years to
total stand

6 - 13

0% - 1.3%
0% - 1.8%
100%
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Table 5. Default costs for insect management activities in

RPPEST.
—Insect @ __Activity Default Cost
White grubs Monitoring $ 8.00 /ac.
Chemical Control $30.00 /ac.
Pine root Monitoring $10.00 /ac.
collar weevil Pruning & Scraping $ 6.00 /ac.
Basal Spraying variable
Saratoga Risk Rating $ 1.00 /ac.
spittlebug Monitoring $ 1.50 /ac.
Aerial Insecticide $12.00 /ac.
Herbicide-Hand Planting $70.00 /ac.
Herbicide-Machine Planting $60.00 /ac.
Red-headed Monitoring $ 1.50 /ac.
pine sawfly Aerial Insecticide $12.00 /ac.

Herbicide-Hand Planting $70.00 /ac.
Herbicide-Machine Planting $60.00 /ac.
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Pine Root Collar Weevil

Pine root collar weevil causes mortality in red pine
plantations which have not reached crown closure. The
default cost of monitoring weevil populations is $10.00 per
acre and occurs in years 3 and 6 if control is chosen.

Weevils may be controlled by basal pruning and by
scraping away duff and topsoil from each tree. The default
cost for pruning and scraping assumes a labor rate of $6.00
per hour and a work rate of 60 trees per hour. This action
occurs in year 7. Weevils may also be controlled by basal
insecticide spraying of each tree. The default cost
assumes a labor rate of $6.00 per hour, a work rate of 120
trees per hour and a chemical cost of $5.00 per acre. This

cost occurs in year 7.

Saratoga Spittlebug

Saratoga spittlebug impact on red pine manifests
itself in years of lost growth and tree mortality in stands
which have not reached crown closure.

One method of controlling spittlebug is to reduce
alternate host plants by applying herbicide at planting.
The default cost for this control method is $70.00 per acre

if the stand is planted by hand, and $60.00 per acre if the

stand is machine planted. This cost occurs in year O.
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Risk rating the plantation costs $1.00 per acre and also
occurs in year O.

A second control method is to reduce the spittlebug
population using insecticide. The default cost is $12.00
per acre for aerial spraying (Heyd, 1982). Monitoring
populations costs $1.50 per acre. The number of sprays and
monitorings depends upon the hazard rating of the stand and
site index (Heyd, 1985). Low risk and site index greater
than 50 requires monitoring in years 4 and 6, and spraying
in year 6. If site index is less than 50, an additional
monitoring is scheduled for year 10. Moderate risk rating
and site index greater than 50 requires monitoring in years
4, 6, and 10, and spraying in year 6. Moderate risk and
site index less than 50 requires monitoring in years 4, 6,
10, and 12, and sprays in yeérs 6 and 12. High risk and
site index higher than 50 requires monitoring in years 4,
8, and 9, and sprays in years 4 and 9. High risk and site
index less than 50 requires monitoring in years 4, 8, 9,
and 14, and sprays in years 4, 9, and 14. All controls are

assumed to put the stand in the low risk category.

Red-Headed Pine Sawfly

Red-headed pine sawfly causes tree mortality and
deformation in red pine stands on poor sites (site index <
50) which have not reached crown closure.

Sawfly impact can be greatly reduced by controlling
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competing vegetation or by spraying insecticide to reduce
sawfly populations. Controlling competing vegetation
occurs in year 0 and has a default cost of $70.00 per acre
if the stand was planted by hand, or a cost of $60.00 per
acre if machine planted. Controlling sawfly populations
occurs during the randomly determined outbreak year and
costs $12.00 per acre. Monitoring sawfly populations
occurs 3 years before the outbreak year and in the outbreak
year, and costs $2.00 per acre. Both control methods are

assumed to reduce impact to a negligible level.

Thinning

Thinning in RPPEST assumes every tree has an equal
chance of being selected, as in mechanical thinning. Trees
are removed equally across the entire diameter
distribution. Basal area per acre and trees per acre are
reduced by the same fraction, leaving quadratic mean
diameter unchanged.

To implement thinning requires initial values for age
at first thinning, minimum basal area at the first
thinning, thinning interval, stand age at final thinning.
Also, one of three types of thinnings must be chosen:
remove a specific number of trees per acre, remove a
constant proportion of the basal area or trees per acre, or

thin to a specified residual basal area per acre.
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Economic Evaluation

To compare costs and revenues which occur throughout a
lengthy rotation on an even basis these values must be
discounted to a common year. In this program that is the
year of planting, year 0. Gunter and Haney (1984) suggest
that for ease of calculation all costs and revenues should
be considered to occur at the end of the year. This
convention is followed in RPPEST.

Two analyses are performed after Drapek (1985). The
first compares all costs with all revenues to evaluate the
overall management strategy using Net Present Value (NPV).
Net Present Value is calculated by subtracting the sum of
the discounted costs from the sum of the discounted
revenues. If the result of this subraction is positive
then the red pine stand in question compares favorably with
alternative investments.

The second analysis also uses NPV to evaluate insect
management efforts. The discounted value of the wood saved
by monitor and control techniques is compared with the
discounted costs of those techniques. Again, a positive

NPV indicates a worthwhile investment.

Sam PPES

Figures 2 through 16 show a typical RPPEST run
involving white grubs. Figures 2 through 6 show
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preliminary information. The remainder of the figures show

periodic output and final summary screens.
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APPENDIX B

A Program Listing of RPPEST

TYPE

True ¢ (AX, BX,
ln{eger);
Eaése :+ (AL, AH, BL, CL, CH, DL, DH :
nd:
charset = set of char;
p2 = array [1..40) of integer;
stringl8 = stringl221;
CONST
AutoUpCase: boolean = false; {F. Conln }
range: charset = (#0,,.8255); {Allowable input
special: charset = [#13,461]; {fF. ConlIn }
zp = 0.2316419; MechPrep = 64.57;
zbl = 0.319381583; ChemPrep = 52.30;
zb2 = -0.356563782;
zb3 = 1.781477937;
b4 = -1,821255978;
zb3 = 1.330274429;
StandArea = 1{;

VAR

regpack = RECORD

CASE Boolean OF

A: p2;
RAveBA: real;
ADomHt: 1nteqer;
AgeAtEst: integer;
AllCostsDiscounted:
AMEFVolInt: real;
AMBEFVolScrib: real;
AMerchCFV: real;
AMerchCords: real;
AMerchFoleCFV: real;
AMerchSawCFV: real;
AMortalityBA: real;
AMortalityClass: p2;

real;

AMortalityTPA: integer;

ANMCFV: real;
ANMSawBF: real;
ANMSawCFV: real;
AFoleCFV: realg
APoleClass: inteqer;
AFoleCords: real;
ASawlCFV: real;
ASawClass: integer;
ASawCords: reals
ASmallCFV: real;
ATotalCFV: realy
ATFA: integer;
AveBA:real;
AveClass: 1nteger;
BA: real;

BAC: array [1..40] of
BAGrowth!l: real;
BAGrowth2: real;
BAFroToRemove: real;
BAToLeave: real;

cx, bx, BP, SI, DS, DI, ES, Flags :

real;

79

Byte);

range F. Conln

1
)
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BAUnder25: real;
BB: array [1..46] of real;
BFperCF: real;
BHA: real;
BHAL: reai;
BiggestClass: integer;
BTPA: integer;
BugAveBA: real;
BugBA: real;
BugBAC: array [1..40] of real;
BugBAGrowthl: real;
BugBAGrowth2: realg
BugBAUnder25: real;
BugBFperCF: real;
BugBHA: real;
BugBHA1: real;
BugBiggestClass: integer;
BugChoice: integer;
BugClass: p2;
BugDGR: real;
BugDiamSD: real;
BugDiscountedCordsRevenue: real;
BugDiscountedSawRevenue: real;
BugDomHt: real;
BugHarvestAge: integer;
BugMaxBAIncr: real;
BugMaxDiamIncr: real;
BugMBFVolInt: real;
BugMBFVolScrib: real;
BugMerchCFV: real;
BugMerchCords:real;
BugMerchFoleCFV: real;
BugMerchSawCFV: real;
BughortalityBA: real;
RugMortalityClass: pﬁ;
BugMortalityTFA: integer;
BugMortalityTreeCount: integer;
BugMortVolSum: real;
BugNMcfv: real;
BugNMSawBF: real;
BugNMSawcfv: reai;
BugPoleBA: real;
BugFoleCFV: real;
BugPolelords: real;
Bug@MDbh: real;
BugSawBA: real;
BugSawCFV: reai;
BugSawCords: real;
BugSI: integer;
BugSmallBA: realj;
BugSmallCFV: reai;
BugSmallestClass: integer;
BugThinnedBA: real;
BugThinnedBAC: array [1..40] of real;
BugThinnedClass: p2;
BugThinnedPoleBA: real;
BugThinnedSawBA: real;
BugThinnedSmallEAR: real;
BugThinnedTPA: integer;
BugTMBFVolInt: real;
BugTMBFVolScrib: real;
BugTMerchcfv: real;
BugTMerchCards: real;
BugTMerchPolecfv: realj;
BugTMerchSawcfv: real;
BugTotalCFV: real;
BugTFA: integer;
BugTPolec{v:reai;
BugTPoleCords: real;
uglSawcfv: realy
ugTSawCords: real;

BugTSmallcfv: real;



BugTThinnedTPA: integer;
BugTTMBFVolInt: real;
BugTTMerchCords: real;
BugTTotalcfv: real;
BugTTFoleCords: real;
BugTTTotalCFV: real;
CBAUnder25: realj;

Choicel: integer;

Class: p2;

CMortalityBA: real;
CMortalityTPA: integer;
CPoleBA: realy

CSawBA: real;

CSmallBA: realy

CTPA: integer;

DGR: real;

DiamSD: real;
DiscountedBugCosts: realj
DiscountedCordsRevenue: real;
DiscountedSawRevenue: real;
DiscountedTotalCosts: real;
DiscountedValue: real;
Displaylnterval: integer;
DomHt: real;

GAClass: p2;

GCCost: real;

GMCost: real;
GrubControlChoice: integer;
GrubControlCost: real;
GrubMonitorCost: real;
GrubMortPercent: real;
GrubNumbers: real;
HarvestAge: integer;
HighGrubMort: real;

HPCost: real;
InsectControlCostsDiscounted:
InterestRate: real;
InventoryCost: real;
LayOutCost: real;

Lowclass: inteqger;
LowbrubMort: real;
MaxBAIncr: real;
MaxDiamlncr: real;

MaxTAge: integer;
MBFVolInt: real;
MEFVolScrib: real;
MerchCFV: real;
MerchCords:real;
MerchPoleCFV: real;
MerchSawCFV: real;

HinTAge: integer;

MinTBA: real;

Mortl: real;

Mort2: realy

MortalityBA: real;
MortalityClass: é;
MortalityTPA: integer;
MortalityTreeCount: integer;
MortalityTrees: integer;
MortVolSum: real;

MPCost: real;

N: reals

NextScheduledThin: integer;
NMcfv: real;

NMSawBF: real;

NMSawctv: reai;
QutbreakYear: 1nteger;
PlantingCost: real;
PlantingMethod: integer;

PoleBA: real;
PoleCFV: real;

PoleClass: in{eger;

81

real;
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PoleClassUp: real;
PoleCords: real;

PoleMin: real;
PricePerCord: real;
PricePerMBF: real;

@MDbh: real;

ReducedTPA: integer;

regs: regpack:

ROChoice: integer;

SawBA: real;

SawCFV: reai:

SawClass: integer;
SawClassUp: real;

SawCords: real;
SawflyControlCost: real;
SawflyMonitorCost: real;
SawMin: real;

SBugChoice: étrinng;
SeedAge: integer;

SFCCost: real;

SHazardZone: stringl6];

SI: integer;

SID: stringl10];

SIReducer: integer;
SitePrep: integer;
SiteFrepCost: real;
SmallEA: real;

SmallCFV: reai;
SmallestClass: integer;
Sgittlebuntontrolthoice: integer;
SPlantingMethod: Stringl8;
SRC1Fercent: realy
SkRCZFPercent: real;
SRCIFercent: real;
SKiskRating: string(81];

SS5: real;

SSitePre?: Stringl8;

SSm: real;

StandAge: integer;
Startﬁge: integer;

StartBA: real;

StartTFA: integer;
StartTPAl: integer;
StartTPAZ: integer;
StorePtr: integer;
SurvivalModifier: real;
SurvivalRate: real;
ThinChoice: char;
ThinnedBA: real;
ThinnedBAC: array [1..40] of real;
ThinnedClass: p2;
ThinnedPoleRA: real;
ThinnedSawBEA: real;
ThinnedSmallBA: real;
ThinnedTPA: integer;
Thinninglnterval: integer;
ThinningType: integer;
Time: integer;
TMBFVollInt: real;
TMBEFVolScrib: reals
TMerchcfv: real;
TMerchCords: real;
TMerchPolecfv: real;
TMerchSawcfv: real;
TotalCFV: real;

TPA: integer;
TPolecfv:ireal;
TPoleCords: real;
TreesToRemove: integer;
JSawcfv: real;
TSawCords: real;

TSmallcfv: realy
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TThinnedTPA: integer;
TTMBFVolInt: real;
TTMerchCords: reai;
TTotalcfv: real;
TTPoleCords: real;
TTTotalCFV: real;
UpClass: integer'
WeevilControl os{: real;
WeevilMonitorCost: real;
WMort: real;

X6: real;

X7: realy

X8: real;

X9: real;

Year3GrubMort: real;
Year4GrubMort: real;

r: array [0..135]) of
record

AveBA: real;
BA: realj
DGR: real;
DomHt: real;
MBFVollInt: real;
MBFVolScrib: real;
MerchCFV: real;
MerchCords: realy
MerchPoleCFV: real;
MerchSawCFV: real;
MortalityBA: real;
MortalityTPA: integer;
NMCFV: real;
PoleCFV: real;s
PoleCords: real;
@Mdbh: real;
SawCFV:real;
Sawlords: reals
SmallCFV: realj
StandAge: integer;
TotalCFV: reals
TFA: 1nteger;
end;

bugr: array [0..135] of

record
AveBEA: real;
BA: real;
DGR: reai;
DomHt: reals
MBFVolInt: real;
MBFVolScrib: real;
MerchCFV: real;
MerchCords: reals
MerchPoleCFV: real;
MerchSawCFV: real;
MortalityBA: real;
MortalityTPA: integer;
NMCFV: real;
PoleCFV: real;
PoleCords: real;
@Mdbh: realjs
SawCFV:real;
SawCords: realj
SmallCFV: real;
StandAge: integer;
TotalCFV: real;
TPA: integer;

end;

t: array [0..135] of
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record
StandAge: integer;
ThinnedBA: real;
ThinnedTPA: integer;
TMBFVolInt: real;
TMEFVolScrib: reals
TMerchCFV: real;
TMerchCords: real;
TMerchPoleCFV: real;
TMerchSawCFV: real;
TPoleCFV: real;
TPoleCords: real;
TSawCFV:real;
TSawCords: real;
TSmallCFV: real;
TTotalCFV: reals

end;

bugt: array [0..1351 of

record
StandAge:integer;
ThinnedBA: real;
ThinnedTPA: integer;
TMEBFVolInt: real;
TMBFVolScrib: real;
TMerchCFV: real;
TMerchCords: realj
TMerchPoleCFV: real;
TherchSawCFV: reals
TPoleCFV: real;
TPoleCorde: real;
TSawCFVireal;
TSawlords: real;
TSmallCFV: real;
TTotalCFV: reals

end;

ecorn: array [0,.135] of
record
Control: real;
Inventory: real;
Layout: real;
Monitor: real;
end;

frocedure Randomize(lI,J: Integer);

var

RSet : record

SX,BX,CX,DX,BP,SI,DI,DS,ES,Flags: Integer;
end;

Ch : Chary
begin

13 §I=0) and (J=0) then begin { Generate a random randos number
see

RSet.AX:=$2C00; { DOS time of day

function }

MSDos (RSet) ;

I:=RSet.CX; { Set I and J to the systenm
time }

J:=RSet.DX;

Dela;(lOO); { This delay may have to be increased for faster
systems
MSDos (RSet)

oo ({=RSet.6X) and (J=RSet.DX) then begin { Clock isn’'t
tlckxn? J o
HES'H
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J 1= 03
while KegPressed do
Read (Kbd,Ch); { Clear keyboard
buffer }
Write('Hit any key to set the random number generator: °);
repeat
I := 1+413;
Jd 1= J+17
until KeyEressed;
Read {(Kbd,Ch) ; { Absorb the
character }
Writeln
end;

end;

b'ge?ﬁ[08e9:5129]:=1; { This is the core of the routine: store a 32
i
}HemH[DSeg:SlZB]:=J; { seed at locations DSeq:$0129...DSeqg:$012C

end; { of procedure Randomize }

Function Conln : char;
var myCH: char;
BEGIN
WITH regs 00
BEGIN
repeat
AH :=8;
MSDOS(regs);
myCH :=chr (AL);
ENgntxl myCH in (range + special);
IF Au%oUpCase THEN myCH := UpCase(myCH);
conin := ayCHh;

END;
Procedure SetSI; {called froa procedure InitialStandInfo}
begin
repeat
clrscr; gotoxy(1,10);delline; gotoxy(5,10);
5 write('Enter site index for this stand (hase age 30 yrs.).
' range:= ['0'., 9 ];
readlin{(SI);
until ST in [30..901];
BugSI := SI;
end; {of SetSI}
Procedure SetPoleMin; {called from procedure InitialStandInfo}
begin
repeat

clrscrigotoxy(1,10); delline; gotoxy(5,10);
write{'Choose a minimunm poleiinber dbh, greater than 3.5 inches.

range:= ['0',."'9","'."];
readln(PoleMin);
until PoleMin»>3.5;

end; {of SetFoleMin?

Procedure SetSawMing {called from procedure
InitialStandInfo}

begin
clrscr;
repeat .
gotoxy(1,10); delline; gotoxy(5,10);
write('Choose a minimum sawtimber dbh (inches). ‘)3
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range:= ['0°.,'9",".");
readln(SawMin);
until (SawMin % PoleMin);
end; {of SetSawMin}
Procedure SetEstablishAge; {called from InitialStandInfo}
begin
clrscr;
repeat

gotoxy(1,10); delline; gotoxy(5,10);
write( 'How oid were the seedlings a{ the time of planting
{years)? )
range:= ['0°.,."'9"1;
readln(AgeAtEst);
until AgeAtEst »>=0;
end; {of SetEstablishAge}

Procedure SetAgeAtStart; {called froe InitialStandInfo}

begin
case Choicel of
1: begin
clrscri gotoxy(5,10);
writeln( 'Stand age begins at the time of stand establishment
(year 0).");
repeat
gotoxy(1,13); delline; gotoxy(5,13);
write( At what stand age do you want to start projections? )3
range:= (°0'.."'9"13;
readln(StartAge);
until StartAge »=0;
end;
2: StartAge := 0;
end; {of case statement}
éeedhge:= AogeAtEst + StartAge; StandAge:= StartAge;
end; {of SetAgeAtStart:}

Procedure SetHarvestfge; {called from InitialStandInfo}

begin
clrscrirepeat
gotoxy(1,10): delline; gotoxy(5,10);
write( At what stand age do you want to harvest this stand?
)
range:=['0'.."'9"];
readln(HarvestAge);
until (HarvestAge)étartAqe) and (HarvestAge <= 125);
BugHarvestAge := HarvestAge;

end; {of SetHarvestAge}
Procedure SetDisplaylnterval; {called from InitialStandInfo}
begin

clrscrjgotoxy(1,10); delline; ?otoxy(S,IO)'

write('At what interval (years) do you want to display stand
statistics? RE

ranae:=['0'..'9'];

readln(DisplaylInterval);

end; {of SetDisplaylnterval}

Frocedure SetTPA; {called from InitialStandInfo}
beqi

in
gase StartAge of
0..10: begin
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clrscrjrepeat
clrscr; gotoxy(5,10);
if Startfige = 0 then'write(’Enter the number of
Sfedlings per acre in the stand. !
else
write('Enter the number of established trees per acre
in the stand. ‘)3
range:= [°0°..°9'3;
readln(StartTPA);
if StartTPA < 200 then
begin
gotoxy(5,15)swriteln('Initial number of trees per
acre must be greater than 200.°);
delay(3000)3;

end;
until StartTPA >= 200;
TPA := StartTPA;
BugTPA := Start{PA;
end;
else
begin
clrscry
repeat
gotoxy(1,10); delline; gotoxy(5,10);
write('Enter the number of establisﬁed trees per acre
in the plantation. )3
range:= ['0",.'9"];
readln(S5tartTPA);
until StartTPA < 1600;
TFA := StartTPA;
BugTPA := StartfPa;
end;
end; {cf case}
end; {of SetTFA}

Frocedure BAU(ASI:integer; ATPA:integer);
{Lundgren, 1981; stand age < 23
yrs.}
begin
BAUnder25 := 6.56%5 * ASI * (exp(1,1677 # 1In(1-(exp(-0.04018 #
SeedAge))))) * (l-exp(-0.0018B5 * ATPA));
end;

Frocedure BAUL;

beaxn
AU(ST,TPA);

BAUnder25 := CBAUnder25;
end;

Procedure BugBAU;
begin
AU (BugSI,BugTPA);
gugBAUnderZS := CBAUnder?2S;
end;

Procedure BHAge;
begin
HAl := SeedAge - (10.5 + (0.05 * SI));
if BHA1l <= -1 then BHA := 0
else BHA := BHAL;
end;

Procedure BugBHAge;

begin
gugBHAl t+= SeedAge - (10.5 + (0.05 * BugSI));
if BugBHAl {= -1 then BugBHA := 0
else BugBHA := BugBHA1;

end;



Procedure SetBA;
var ch:charg
begin
clrscry
BHAge;
case éeedage of

1..24; egin
i

StartBA :=0;

BA := StartBA;
BugBA := StarEBA;

end

eise begin
gotox¥
acre
gotox
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{called from InitialStandInfo}

BHA!l <= -1 then begin

(5,10); writeln('You may specif
or this stand. !
(5,11)3

If you choose

writeln( not to, the program will estimate it for

you. ‘)3
gotoxy

15,14);

write('Do you want to specify the basal area per acre?

(Y or N)

)y

range:= ['y','n’,'Y",'N"];

readln(ch);
if (ch =
begin
repeat

gotoxy(1,14); delline; gotox
write('Enter,basal area of the stand

per acre.
range:=
rea

‘Q') or (ch =

[10'..
In(StartBA);

‘y’) then
(5,14

291,1.11;

)3

until (StartBA 30) and (StartBA < 1B80);

kA

StartBA;

BugBA := StartBA;

en
else begin
BAUL;

ugBAU;

StartRA:= BAUnder25;

BA

end;
end;
H {of case 1,
b50; begin
repeat

end

~c
oo

gotoxy(1,10); delline;
urite(‘EAtertthe basai

per acre.
ran

1= StartBA;
EugBA := StartBA;

{ of else from BHAl < -1

if - th

gotoxy(5€10)

area of

)3
(°0°..°9","."1;

ge:=
readln(StartBA);

until

BA := StartBA;
BugBA := Star{BA;

end;
{of case}
{of SetBA}

end;
end;

Procedure DisplayISI;

begin

clrscry

gotoxy(5,9); writeln(
gotoxy(5,7); writeln(
gotoxy(5,9); writeln(
gotoxy{(S,11); writeln
gotoxy(5,13): writeln

’ StartA?e),

ga{oxy(S, 5)y writeln
gotoxy(3,17); writeln
gotoxy(5,19); writeln
gotoxy(4,21); writeln

OO~NOo~ Udne -

(StartBA >= 30);

en}

{called from EditISI}

Site index = ',S8I);
Minimum poletimber d
Minimum sawtimber db

bh = ‘,PoleMin:2
h = ',éawﬂin:2:l

Seedling age at planting = ',AgeAtE

Stand age at beginn

Initial basal area
Trees !
Harvest age
Display interva

‘ yHar
i

ing of projectio
= 'fBA:S:l);

er acre = ',TP

A .
vestAge);

(years) =

in square feet

¥ a basal area per
H

he stand in square feet
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"yDisplaylnterval);

end; {of DisplaylISI}
Procedure EditISI; {called from Basics}
var Choice:char; Which:integer;
begin
repeat

DisplaylSI; gotoxy(5,24);
write('Do you want to change any of these values (Y or N)?
range:= ['n",'y','N", ' Y'1;
readln(Choice);
if upcase(Choice) = #89 then
begin
repeat
gotoxy(1,24); delline; gotoxz(5,24);
write('Enter the number of the part to change. ‘)3
range:= ['1',.°9"];
readln(Which);
until (Which>=1) and (Which<{=10);
case Which of
SetSl;
SetFaleMin;
SetSawMin;
SetEstablishfAge;
SetAgeAtStart;
SetEA;
SetTPA:
SetHarvestAge;
SetDisplaylnterval;
{of case}

until (Choice #78) or (Choice = #110);
end; {of EditlISI}

m M
33
OQ 0N CIN -

(o]

Procedure ChooseBug:

var choice: char;y
beqin
clrscr;?otoxK(S,S);
write('1. White grubs.’); gotox{(s 8);
write('2, Pine root collar weevi .’;; gotoxy(5,11);
write('3. Saratoga spittlebug.’'); gotoxy(5,14);

write('4, Red-headed pine sawfly. )3
repeat
gotoxy(1,19); delline; gotoxz(lO,l?)'
write('Enter the number of the insect that bugs you most. ‘)j
range := ['1'.."4"];
readln(BugChoice);
until Bug hoice in [1..4];
case BugChoice of
1: SBugChoice := ‘White Brubs';
2: SBugChoice := ‘Root Collar ﬁeevil';
3: SBugChoice := ‘Saratoga Spittlebug’;
4: SBugChoice := 'Red-headed Sawfly’;
end; {0t case}
end; {of ChooseBug?

Procedure SetSitePrep;
begin
clrscr; gotoxy(5,5);

write('1. Mechanical site preparation.’); otox§(5,7);
write('2, Chemical site preparation.’); gotoxy(5,9);
write('3. No site preparation.’);

repeat

gotoxy(1,15); delline; gotoxy(10,13);
write('Enter the number of your choice of site preparation.

ranée t= ["1'.."3" 3
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readln(SitePrep);
until SitePrep in [1..33;

case

QLN —
—e se ea e

en
end;

SiteFrep of
§SitePrep := 'Mechanical 'j
SSitePrep := 'Chemical’;
SSitePrep := 'None';

{ of case}
{ of set site prep}

Procedure SetSitePrepCost;

var

begin
case

end;
end;

x: real

SiteFrep of
1 : begin
clrscr; gotoxy(5,9);
write('You have chosen Mechanical site
preparation.’);
?otox (5,7)swrite( 'You aust choose a cost per acre
or this siie treatment.’);
gotoxy(5,B);write('You may enter a value you have
in mind, or you may acceg the °);
gotoxy(é,?)iwrite(‘defau t value of
yMechprep:3:2, " dollars per acre.');
gotoxy(S,IO);write(‘To use the default value enter
y otherwise enter your value below.’);
gotoxy(5,14);write(’Site preparation cost per acre
15 (xx.xx) ")
range BV R A H
readln
if x =
else Si
end;

X
(

=1
x)3
0 then SitePrepCost := Mechprep
tePrepCost := x;

[
-

begin

clrscry gotoxy(5,5);

write('You have chosen Chemical site

preparation.’);

gotoxy(S,7);write( 'You must choose a cost per acre

tor this site treatment.’);

gotoxy(95,8)swrite('You maz enter a value you have

in mind, Oor you may acce the ")

gotoxy(é,?);write('defau t value of
"yChemprep:3:2,’ dollars per acre.’);

?otcxy( y10)3write('To use the defauli value enter
)y otherwise enter your value below.’);

gotoxy(3,14)jwrite( Site preparation cost per acre

1 (xx.x%x) ")

range = ['0"..'9",'."1;

readlin(y);

if x = 0 then SitePrepCost := Chemprep

elge SitePrepCost := x;

end;

3 : SitePrepCost := 0;
{ ot case?
{ ot set site prep cost}

Procedure SetFPlantingMethod;

begin

clrscry gotoxy(5,7);
write('1. Machine plant.);

gotox
repea

((5,9); write('2. Hand plant.’);

gotoxy(1,12); delline; gotoxy(10,12); )

write('Enter the number of your choice of planting method. ');
range := ['1','2"]3;

readln(PlantingMethod)

case

2:

until Plantinﬁnethod in [1,2]3;
9

PlantingMethod of .
SPlantingMethod := ‘Machine ';
SPlantingMethod := ‘Hand ';
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end; {of case}
end; { of SetPlantingMethod?

Procedure SetPlantingMethodCost;
var x: reals

begin

1¥f SitePre
if Start

MPCost :
HPCost :

end
else

fra

MPCost

end;

if SiEePre

MPCost

if StartTPA
HPCost ;

end
else

MFCost :=
HPCost :=

end;

3 then begin

< B0O then begin
134,41;

124.25;

case PlantingMethod of

end;

[ 8]

begin

clrscr; gotoxy(5,95)

write('You have elected to use Machine

Planting. ')

?otox (30,7)3write('You must choose a cost per acre
or this activity. )3

gotoxy(5,8);write(’You ma( enter a value you have

in mind, or you may acce the ")

gotoxy(5,9);write('default value of ',MPCost:3:2,°

dollars per acre.’);

3otoxy(5,10);write('10 use the default value enter
y otherwise enter your value below.');

gotoxy(5,14);yrite('ﬂachine planting cost per acre

15 (xx.xx) )3

range := ['0",."9",'."1;

readlnix);

if x = 0 then PlantingCost := MPCost
else PlantingCost := x;

end;

begin

clrscr; gotoxy(5,5):

write('You have efected to use Hand Planting. ')
otoxy(S5,7);write('You must choose a cost per acre
or this ac&ivity.');

gotoxy(5,8);write( You na( enter a value you have
in mind, or you may acce the *);

gotoxy(§,9);write( default value of ',HPCost:3:2,°
ollars per acre.’);

gotoxy(S,IO);urite('To use the default value enter
y otherwise enter your value below.’);

gotoxy(5,14)swrite("Machine planting cost per acre
15 (xx.xx%x) ');

range := ['0',."'9", . 13

readln(x);

it x =0 then PlantingCost := HPCost

an

else Pl ingCost := x;
end;

{ of case}
end; {of SetPlantingMethodCost}

Procedure SetWoodPrice;

var y, z:

real

.
H
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begin

clrscri gotoxy(5,5);

write('The defauft price for red pine pulpwood is $ 12.00 per
standard cord.’

otoxy(5,7)3; ur1€e( Enter the price per cord you want to use, 0
or the default., “);

range := ['0"., 9", . ];

rea ln(g)'

ifys=s then PricePerCord := 12 else PricePerCord := y;
otoxy(S5,11); write('The default price for red pine sauiogs is §
0.00 per MBE (Int. 1/4%),"
otoxz(5,13); write(’ Enter tﬁe price per MBF you want to use, 0
or the default. ’);

readln(z);

if 2 = 0 then PricePerMBF := 70 else PricePerMBF := z;

end; { of Set Wood Price?

Procedure SetlnterestRate;
var y: real;
begin
clrscri gotoxy(5,5);
write(’Select the interest rate you wish to use for
discounting costs and ’);
gotoxy(5,6); write('revenues. This is a real rate (beyond

infla ion). The default’);

gotoxy(5,7); write('rate is 5 7.

8otoxy(16,10 j write('Enter the 1n{erest rate you want to use,
tor the def ault. ")

range := ['0'.."'9", . );

rea ln(x)'

if ys= then InterestRate := 0.05 else InterestRate := y/1003

end; { of SetlnterestRate 3

Procedure SetLayoutCost;

var y: real;

begin
clrscr; gotoxy(5,3);
write( You need to choose a sale layout cost per acre. The
default value is ');
gotoxy(5,6)3; write(’ '$ 9.38 per acre.’');
?otoxy(lé 16) write('Enter a value for sale layout costs, 0
or the defauit value. ')j
range := ['0"',, 9", . 1
readln(y);
it y= then La{outCost t= 9.38 else LayoutCost := y;
end; of SetlLayoutCost }

Procedure SetlnventoryCost;
var y: real;
begin
clrscri gotoxy(5,5);
write('You need éo choose a timber inventory cost per acre.
The default value’);
gotoxy (3 6). wrxte( is § 6.73 per acre.’);
gotoxy(lb 10
writel(’ En{er a value for timber inventory costs, 0 for the
default. ');
range t= [707..'9°,". 13
rea ln(g
{hen InventoryCost := 6.73 else InventoryCost := y;
end, { of SetlnventoryCost }

Procedure DisplaySitePrep; {called from
EditSitePrep}

begin
clrscr;
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gotoxy(5,3); writeln('l, The insect of interest is ‘,SBugChoice);

goggx (2’5)§ writeln(’'2, Site preparation is going to be
ySSitePrep);

gotoxy(5,7?; writeln('3. Site preparation cost per acre is ¢
yS51tePrepCost:3:2);

gotoxy(5,9); writeln('4, The trees will be planted by
,SPlantxn?Hethod);

gotoxy(5,11)3 writeln('5. Planting cost per acre is §
,Plantin?Cost:S:Z)'

gotoxy(5,13); writeln('6. Annual interest rate is "yInterestRate

* 100:3:1 ! percent.’);

gotoxy (3 15); writeln(’'7, Sale layout cost per acre is $
yLayoutCost:3:2);
otoxy(95,17); writeln(‘8. Inventory cost per acre is §¢
,InventorgCost:S:?);

gotoxy(3,19); writeln('9. Price / cord is § ',PricePercord:3:2,°

and price / MBF is $ ' ,PricePerMBF:3:2);

end; {of DisplaySitePrepl

Procedure EditSitePrep; {called from Basics}

var Choice:charg Which:integer;

begin

repeat

DisplaySitePrep; gotoxy(5,24);
write('Do you want to change any of these values (Y or N)? ‘)3
range:= ['n",'y','N",'Y" ]
readln(Choice);
if upcasei{Choice) = #89 then

begin

repeat

gotoxy(1,24); delline; gotoxy(5,24);

write('Enter the number of the part to change. ")y

range:= ['1',,'9"];

readln(Which);

until (Which>»=1) and (Which<{=9);
case Which of
ChooseBug;
SetSiteFrep;
SetSiteFrepCost;g
SetPlantingMethod;
SetFlantingMethodCost;
SetlnterestRate;
SetLayoutCost;
SetlnventoryCost;
SetWoodPrice;

{of case}

(Choice = #78) or (Choice = #110);
{of EditSitePrep?

—
-

-e we

—~ 000N NHCIr)

Procedure WaitABit; forward;

Procedure SetSeedlingSurvival;
var z : real;

a0 = []
Randomize(0
SurvivalMod
if SitePrep
Z := rando

BugTPA := TP
end
else
TPA := round(TPA *# SurvivalModifier);
BugTPA ;= TPA;
clrscrj gotoxy(lb 11)3
write('The winds of fate have decreed that your 1st year survival

e
D N4+O
- —
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Y
o&oxy(10,12); write('rate will
SurvivalModifier-z):3:1," %Z.");

gotoxy(10,14);

write('Your piantation now contains ',TPA,’ trees / acre.’);

WaitABit;

be ',100 *

end; {of Set Seedling Survival}
Procedure ThinningOptionl; {called from AThinningType?
begin

reesToRemove := 0

clrscr; gotoxy(5,10);

writeln('You have chosen a thinning treatment which removes a
specific number of RE

gotoxX(S,ll);uriteln( trees per acre.’');

repea

gotoxy(1,15); delline; gotoxy(5,15);

write( 'How many trees per acre shouid be removed? )3
ranqge:= ['0'.. %9 1

readln(TreesToRemove);

until (TreesToRemove »=0) and (TreesToRemove <= TPA);

end; {of ThinningOptioni}
Frocedure ThinningOption2; {called from AThinningType’
begin

AProToRemove := 03
clrscr; gotoxy(S,lb);
writeln('You have chosen a thinning treatment which removes a
constant proportion “);
gotoxy(5,11)swriteln('of the stands basal area or trees per acre
at each thinning. )}
repeat
gotoxr(l,lﬁ)' delline; gotoxy(5,15);

writeln('what proportion of the stand should be removed?’);
gotoxy(37,16);
write('(express as a decimal) )3

range:= ['G'.. 9", . 1;

readln(BAProToRemove);

until (BAProToRemove >=0) and (BAProToRemove <=1.0);
end; {of ThinningOption2}

Procedure ThinninqOption3; {called from AThinningType?}

begin
ATolLeave :=0;
clrscr; gutoxy(S,lO);
writeln('You have chosen a thinning treatsent which will leave a
srecified '); )
gotuxz(s,ll);uriteln('resxdual basal area per acre.’');
repea
gotoxy(1,15); delline; gotoxy(5,15);
write( 'What should residual basal area per acre be
(sq.ft./acre)? ")
range:= ['0°',."'9", . 1;
readln(BATolLeave);
until (BATolLeave 2=0);
ifb(StandAge »>= MinTAge) and (BATolLeave >= BA) then
egin
gotoxy(1,15); delline; gotoxy(15,15);
writeln('You have chosen to remove the entire stand. If this
was an error,’'); gotoxy(15,16); )
writeln('yau will have the opportunity to change this
parameter in a minute.’');
deéay(4000);
end;

end; * fof ThinningOption3}
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Procedure AThinningType; {called from ThinningOptions?

begin
clrscry 9 otoxy(5,5);
writeln(’Please choose one of the following thinning regimes: ’);

gotoxy(lo 8); writeln(’'l., Remove a specific number of trees per
acre.
gotoxy(io 10); writeln('2. Remove a constant proportion of the
stands basal area, or trees.’);
oto;y(lo v12); wrateln('3. Thin to a residual basal area
evel.
gotoxy(1,16); delline; gotoxy(lS 16),
write (' Your choxce is . . .
range:= ['1°
rea ln(Thinnin?Type),
case Thinnin pe o
1: Thinning Zxonl,
2: ThlnnanOpt10n2,
3 ThlnnxngDptxonS,
end; {of case}
end; {of AThinningType}

Frocedure SetMinTAge; {called from ThinningTiming?

begin
clrscr; re eat
gotoxy (5,1 delline; gotoxy(5,10);
write(’ Enter age of first t 1nnxng (years). 13
range'= (o’ 9°'3;
rea ln(HlnTAge)'
until MinTAge >= StartAge;
end; {of SetMinTAge:

Procedure SetMinTBA; {called from ThinningTiming}

begin
clrscry ?otoxy(S o103
writeln{'You have the option of stipulating a minimum basal area
per acre which ");
gotoxr(s 11)3
writein('must be present before the first thinning is
undertaken. The first ');
gotoxy(ﬁ 12);
writein( thlnnxng uxll not take place until this basal area
level is reached.’
gotoxy(ﬁ 4 13) 3 wrltein( An entry of 0 will cause thinning to
egin at the specified min. age.
gotoxy(5,16)3
urxte( Specify a minimum basal area per acre for first thinning.

ran e:= ['0'..'9"1;
rea ln(ManBA)

end; {of SetMinTBA}
Procedure SetThinningInterval; {called from ThinningTiming}
begin

clrscr; repeat

gotoxy(1,10); delline; gotoxy(5,10);

q;ite(‘Specify the thinning interval you wish to use (years).
3

range:= ['0’.. "9 ];

readlin (Thxnnlnglnterval)'

until (Thxnnln?lnterval $= 1) and (ThinningInterval <120);
end; { hinninglIntervall
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Procedure SetMaxTAge; {called from ThinningTiming}
begin
clrscr;
gotoxy(S 7); writeln('Harvest age is set at ',HarvestAge,’
years.
gotoxy(S 9); writeln('Age at first thinning is ‘,MinTAge,’
years. )-
gotoxy(5,11); writeln('Thinning interval is ",Thinninglnterval,’
years. ),
repeat
gotoxy(1,14)3; delline; gotoxy(5,15);
write(’ Specxfy stand age at inal tﬂxnnxng BN

range'- ["¢.."9" 13

rea ln(MaxTAge)'

until (MaxTAge »= (StartAge + ThinninglInterval)) and (MaxTAge <=
HarvestAge);

end; {of SetMaxTAge}
Procedure ThinningTiming; {called from ThinningOptions}
beg
etMinTAge;
SetMinTBA;
SetThinningInterval;
SetMaxTAge;
end; {of ThinningTiming}
Procedure DisplayThinningOptions; {called from
EditThinningOptions} begin
clrscr;
case ThinningType of
1: begin
qotoxy(S,S);
wrxteln( 1. Thinning Method: Remove a specific # of trees /

acre.
gotoxv(é 7)swriteln(’'2, Number of trees to remove:
,JreesTo Remove);
end;
2: begin
gotoxy(u,u)'
writeln( Thinning Method: Remove a constant proportion
of BA or trees / acre.’'); gotoxy(5,7);
writeln('2, Proportion 0f BA or trees to remove:
‘yBAProToRemove:1:3);
end;
begin
gotoxy(3,5);
writeln('1
per acre.

(2}

Thinning Method: Constant residual basal area

¢ s~

gotox{(u, )
write Residual BA per acre: ’,BAToleave:3:i);
end;
end; iof case}
gotoxy(5,9); writeln(’3, Aae at first thinning: ',MinTAge);
gotoxy(S,ll;; writeln('4, ininum BA / acre before thinning
be%ins: ‘yMinTBA:3:1)3
0 oxy(S,li)- writeln('S, Thinning interval:
,Thinnxn?ln{erval)'
gotoxy(5,19); writeln( 6. Age at last thinning: ',MaxTAge);
end; {of b1spiayTh1nnxngOptions}
Procedure EditThinningOptions; {called from
ThinningOptions}
Var Choice:char; Which:integer;

begin
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repeat

DisplayThinningOptiaons; gotoxy(5,20);

ygz e('Do you want to change any of these values
H

range:= ['y’y'n",’'Y ", "'N"1;

readln(Choice);

if upcase(Choice) = #89 then
begin

(5,20

regeat(l 20); delli t
otoxy ’ e ine; otox
. ‘ ’ o txe part to change.

write('Enter the number of
range:= ['1',.°6"1];
readln(Which);
until Which in [1..61;
case Which of
1: AThinningType;
2: case Thinnlngfype of
1: ThinningOptionlyg
2: ThinningOption2;
3: ThinningOption3;
end;
: SetHinTAge;
: SetMinTBA;
: SetThinninglInterval;
: SetMaxTAge;
; {of case}
end;
until upcase(Choice) #78;
end; {ot EditThinningOptions}

Overlay Procedure Spittlebug;

var

(Y or N)?

j, k,SF,0HF,RiskRating,HarvestAgeReducer ,HarvestAgeReducert:

integer;
2: real;

begin
Randomize(0,0);
SF := random(101);

t 1=low, 2=moderate, 3=high

(SF <= 20))
(SF <= 30))
(SF <= 20))
(SF < 40)) then
(SF < 40)) then

OHP := round{random * (100 - SF) + 0);
if SF »>= 40 then RiskRating := 3;
risk }
if OHP > 70 then RiskRating := 3;
if (OHP »>= 0) and (OHP <= 10) then begin
if (SF »= 30) and (SF <= 35) then RiskRating := 2;
if (SF > 20) and (SF <= 30) then RiskRating := 1}
di{ (§F » 33) and (SF < 40) then RiskRating := 3;
end;
if (OHP >= 20) and (OHP <= 30) then begin
if (SF »>= 0) and (SF <= 15) then RiskRating := 1}
if (SF » 15) and (SF <= 25) then RiskRating := 2;
dif (SF > 235) and (SF <= 30) then RiskRating := 3;
end;
it (OHP > 30) and (OHP <= 40) then begin
it (SF >= 0) and (S5F <= 10) then RiskRating := 13
di{ (SF > 10) and (SF <= 20) then RiskRating := 2;
end;
if ((OHP >= 0) and (OHP <= 20)) and ((SF >= 0) and
then RiskRating := 1;
if ((OHP > 10) and (OHP <= 20)) and ((SF > 20) and
then RiskRating := 2;
if ((OHP > 40) and (OHP <= 70)) and ((SF >= 0) and
then RiskRating := 2;
if ((OHF > 30) and (OHP <= 70)) and ((SF > 20) and
RiskRating := 3;
if ((OHP > 10) and (OHP <= 30)) and ((SF > 30) and
RiskRkating := 3;
if RiskRating = } then SRiskRating := ‘Low’;
if RiskRating = 2 then SRiskRating := ‘"Moderate’;
if RiskRating = 3 then SriskRating := ‘High';



98

if RnsLRatlng = 1 then { lose from 1| to 4 years growth }
HarvestAgeRe ucer t= round(random # 4 + 0);

if RxskRatxng then { lose fron 4 to 10 years growth 3}
HarvestAgeRe ucer t= round(random # + 4)

if RiskRating = 3 then begin {(lose 10 to 6 prob=.5,else lose all}

Z := random;

it z <= 0.5 then HarvestAgeReducer := round(random * 10 + 10)
glse HarvestAgeReducer := HarvestAge,

end;

clrscr; gotoxy(5,5);

write(’'You have chosen to simulate the effects of Saratoga

spxttlebug on’);

gotoxy(5,6); write(" prOJected red pine volume yields. A risk

rating based on randoamly

gotoxy(9,7); write(’ generaled % cover values for sweet-fern and
other al%ernate host plants’);

gotoxy(5,8); write('has been set. The risk rating is
SRxisatxng, . A growth loss of’);

otoyy(4,9)' wrnte(HarvestAgeReducer,

o correspond to this risk rating.’

years has been randomly set

gotoxy(5,12); write('There are three insect management
alternatlves of interest in this case.’);
gotoxy(5,14); write("1, Chemically control alternate host
veeetatlon before planting. This');

oxy(5,19); write(’ will lower the risk rating to low until
he trees are out of danger. ');
gotoxy(5,16); write('Z. Apply a pesticide to control spittlebug
populations d1rectly. One )

gotoxy(5,17); write(’ spraying for moderate risk sites, two
sprayings tor high risk sites, and’);

gotoxy(g,le)é nrxte( an extra for either class of site if site
index is (= 50.°

gotoxy(S5,19); urx(e( These treatments will also reduce the risk
rating to low.’);

gotoxy(5,20); write(*3. Plant the site and ignore the bugs.’
gotoxy(16,24); write('Enter the number of your choice to deal
with this situation. ')j

range = ['17.."3');

rea ln(prttlebugControlChoxce).

it SpittlebugControlChoice = 3 then begin
if z <= 0.5 then HarvestAge := HarvestAge - HarvestAgeReducer
else HarvestAge := 0;
end;

BugHarvestAge := HarvestAge;

if SglttlebugControlthoice = 1 then begin
lantingMethod =2 then SFCCost := 70 else SFCCost := 40;
clrscr- gotoxy(S5,7
write('You may enter a cost of alternate host control you have
in mind or’);
gotoxy(5,8)3 write('accept the default value of $

]

4SFC ost: 2:2,' per acre.’');

otox (1G,11); write('Enter the cost (xx.xx), or 0 to use the
efault. ")j
range := [('0°.."9",". 13
readln(j);
if 3 =0 then econl0J.control := SFCCost else econlOl.control :=
Jj
gotoxy(5,15);
write( A cost for risk rating the plantation msust be
established. The default’);
gotoxy(5,16)3 write(’'value is § 1.00 per acre.’);
go}oxy(léil9;; write('Enter the cost, or 0 to use the default
value. H
readln (k) . .
it Kk =0 {hen econl0),.monitor := 1.00 else econ{0l.monitor := k;
HarvestAgeRkeducerl := round(random * 4 + 0);
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BugHarvestAge := BugHarvestAge - HarvestAgeReducer;

HarvestAge := HarvestAge - HarvestﬂgeReducerl,

1fS(Rxsk ating = ((SI >= 30} and (SI 70)) then Sl:= SI
+ .

1fléRxskRat1ng = 3) and ((SI >= 30) and (SI < 70)) then Sl:= SI
+

end; { of if controlchoice = 1 then}

if SpittlebugControlChoice = 2 then begin
clrscrj gotoxy(5,7);
write('You may enter a cost of spraying insecticide you have in
mind or you’');
gotoxy(S 8); write(’ pay accept the default value of § 12.00 per
acre.
otox (iO 11); write('Enter the cost (xx.xx), or 0 to use the
efault. '),
range := ['0"..'9","." 13
§S :1= 123
readln(J,,
if j <> 0 then SS := j;
gotoxy(5,15)3
write(’ prttiebug populatxons must be monitored in order to
correctly time spray’);
gotoxy(5,16); write(’ operat:ons For Moderate and High risk
ratings monxtor 3 times. If site’);
gotoxy(é 17); write('index <= 50 then an extra monitoring must
e performed The default’);
gotoxy(5,16); write( 'cost for monitoring is § 1,50 per acre.’);
goto,y(lé 2”3, write('Enter the cost, or 0 to use the default.

R 50;

readln(k);

1f k (> 0 then SSM := k;

1f RiskRating = | then begin
if SI > 50 then begin

econl{4).monitor := SSM;
econlé6].monitor := GEM;
econlél.control := SS5;
end;

if S <= 50 then begin
econ{4]).monitor := SSM;
econlél.monitor := SSH.
econl&l.control := SS;
econl10l.monitor := SSM
end;

end;

if R:skRatlng then begin
if SI > 50 then begin

econ(4).monitor := SSM;
econlbl.monitor := SSH,
econlél.control := SS;

econ(10].monitor := S&M;
end;

if 81 ¢= 50 then begnn
econl4).monitor := SSM;
econlé6).monitor := S5SM;
econ(6l.control := SS;
econ[10).monitor := SS5M;

econ(12]).monitor := SSM;
econl12).control := §S;
end;
endc;

if RiskRating = 3 then begin
if SI > 50 then begin

econl4].monitor := SSM;
econ(Bl.monitor := SSM;
econi4l).control := §5;
econ(9).monitor := SSM;
econl9].control := S5;
end; .

if Sl <= 50 then begin
econ(4).monitor := SSM;
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econ[8].monitor
econ(4).control
econ(9]l.monitor
econ(9].control
econl14).monitor
econli4].control
end;
end;
HarvestAgeReducerl := round(random * 3 + 0);
HarvestAge := HarvestAge - HarvestAgeReducerl'
BugHarvestAge := BugHarvestAge - HarvestAgeReducer,
eng, { of if control choice = 2}
end;

Overlay Procedure 6Grubs;
var kyi,x,y: real;

begin
6CLost := 30; GMCost := B;
Randomxze(O 0);
GrubNumbers := random * 0.75; <{set % of grubs/cu.ft. oftsoi;é}o
o .
LowbrubMort := 0.24 # GrubNumbers; {(set lower limit of
mortality}
HighGrubMort := 0.5885714 % Grubnumbers; {set upper limit of
seedling mort}
GrubMortFercent := random # (HighGrubMort - LowBrubMort) +
LowGrubMort;
SIReducer := round(random * 4 + 5); {generate randoa SI
reduction 3}
x := random;
if x <= 0.75 then Year3GrubMort :=
else Year3GrubMort := 0.32 * x -
y := random;
if <= 0.75 then Year4GrubMort :=
else Year4GrubMort := 0.08 # y - 0,05;
clrscr; gotoxy(9,9);
write('You have chosen to simulate the effects of white grubs on
projected red H
gotoxy(95,6); wr1€e( pine volume yields. A randomly generated
populatlon of ‘,Grubnumbers:0:2," grubs’);
?OtOXY(u,7) write(’ per cubic foot of soil has been established.
his number may vary betueen )
gotoxy(5,8)3 write('0 and .75,

0.053333

gotox (5,10); write('A combxned lst and 2nd year seedling

mortality of °,(GBrubMortPercent*100):2:0,' percent has’);

?oto¥y S,11); urxte( been set to correspond to this popuiatxon
eve )3

otoxy(5,13); write(’'Seedling lortalxty in year 3 will be
,(Year36rubﬂort #100):2:0,  percent.’

gotoxy(5,14); write(’ Seedf:ng nortalxty in year 4 will be
,(Year4érubﬂort*100).2 :0," percent.’

gotoxy(5,17); write(’ There are two insect managesent alternatives

of interest ;n this case.
g?to:y(s y20) 5 write('1, Apply a pesticide at the time of
plantin
goto>y(u,21‘- write('2, Plant the site and ignore the grubs, and
incur no immediate cost.’);
gotoxy(lo 24); write(’ Enter the number of your grub control
choice,”’
rang = t 1,
a3 niGrabtont ol bhoice) ;
T% BrubControlChoice = 1 then begin
clrscry gotoxy(S5,7);
write('You may enter a cost of grub control you have in mind or
accept the’');
gotoxy(q,B)' "write(‘default value of ¢  ,6CCost:2:2," per
acre
gutoxy(lo 11); write('Enter the cost (xx.xx) or enter 0 to use
he defaul ")
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range := ['0°,."'9",'."1;

readln(j);

it j =0 then BrubControlCost := BCCost else GrubControlCost $=
Jj

gotoxy(5,15); write('The proposed planting site must be
monitored before control actions’);

gotoxy(5,16); write(’'can begin. The default cost of monitoring
1s S',Gﬂéost:2:2,' per acre.’);

otoxy(10,19); write( 'Enter the cost or enter 0 to use the
efault value. °);

readln(k);
if k=0 ihen 6rubMonitorCost := GMCost else GrubMonitorCost :=

kl

TPA := TPA - (round(TPA * ((GrubMortPercent + Year3GrubMort +
Year4GrubMort) # 0.17)));

BugTPA := round(( 1 - (GrubMortPercent + Year3GrubMort +

Year46rubMort)) # BugTPA);

BugS1 := BugSI - SIReducer;

econ(0).monitor := GrubMonitorCost;

econl0J.control := GrubControlCost;

end; { of ControlChoice =1

1 BrubControlChoice = 2 then begin { no control }

GrubControlCost := 0;
GrubMonitorCost := 03
BugTPA := round(( 1 - (GrubMortPercent + Year36rubMort +
Year4GrubMort)) # BugTPAR);
TPA := BugTPA;
BugSI := ugSi - SIReducer;
SI := BugSI;
end; { of ControlChoice = 2 3}
end; {of Grubs}

Overlay Procedure Weevil;

var ControlChoice,HazardZone,InfestDistance: integer;
ProtHDam, HODamProb,j,k,g,PruneCost,
SprayCosé: real;

begin
Randomize(0,0);
Hazardlone := round(random * 2 + 1)3;

it Hazardione = | then SHazardlone := ‘Low’;
if Hazardlone = 2 then SHazardlone := ‘Medium’;
if Hazardlone = I then SHazardZone := ‘High';

InfestDistance := random(1101);
1f Hazardlone = 1 then begin
if InfestDistance <= 125 then ProbHDam := 0.035;

SID := 1/8 mile’;
if élgéestDistance )=i26) and (InfestDistance <=500) then ProbHDam
[ 3l . ;
SID := ‘¢ 1/2 mile’;
if (InfestDistance )=501) and (InfestDistance <(=1000) then
ProbHDam:= 0.035;
SID := "¢ 1 mile’;
if InfestDistance > 1000 then ProbHDam := 0;
SID := "> 1 mile'y
end;
i flazardZone = 2 then begin
if InfestDistance (= 125 then ProbHDam := 0.15;
SID := "¢ 1/8 mile's
if éITéestDistance >=i26) and (InfestDistance <(=500) then ProbHDam
s - . ;
SID := "¢ 1/2 mile’y
if (InfestDistance »=501) and (InfestDistance <=1000) then
ProbHDam:= 0.035;
SID := "¢ 1 mile’y
if InfestDistance > 1000 then ProbHDam := 0.05;
SID := "> 1 mile’;
end;
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if Hazardlone = 3 then begin
C (

e
if InfestDistance (= 125 then ProbHDam := 0.50;
SID := "¢ 1/8 mile’;
if élzsestbistance »= i26) and (InfestDistance <=500) then ProbHDam
[ . ;
SID s= "< 1/2 mile’
if (InfestDistance 2-501) and (InfestDistance <=1000) then
FrobHDam:= 0,25;
SID := "C 1 mile
if InfestDistance > 1000 then ProbHDam := 0.10;
SID := "> 1 mile’;
end;
repeat
repeat

HDamProb := randonm;
until HDamProb <= ProbHDam;

1¥f HDamProb <= ProbHDam then beg1n
if HazardZone = | then WMort := ((random # 5 + 0)/100);
if Hazardlone = 2 then WMort := ((random # 5 + 5)/100);
if Hazardlone = 3 then WMort := ((random # 10 + 5)/100’;

end; { of HDamProb < ProbHDam ?}
until WMort >= 0;
if HDamProb > ProbHDam then WMort := 03

clrscr. gotoxy{(5,5);

write('You have ¢hosen to simulate the effects of pine root collar
weevil on');

gotoxy(5,6); write('projected red pine volume yields. This
plantation was fxrst randoaly’);

gotoxy(3,7); write('assigned to the ',S5Hazardlone,’ root collar
weevil hazard zone. Nex K

gotoxy(3,B); write{'a distance of °,5ID,’ to the nearest weevil
infes atlon was ‘)

gotoxy(5,9); write('generated, Using this information red pine
morta 1ty of ', (WMort#100):2:0," % due’);

gotoxy(5,10); write(’ glne root collar weevxl was established. ')
gotoxy(3,13); write('There are three insect management alternatives
of interest 1n this');

got0>y\5,l4); write( 'situation.’);

otoxy(5,17); rxte( 1. Basal prune and scrape soil and duff away
rom the trees.

gotoxy(5,18); wrx(e( 2. Apply insecticide to the lower few inches of
each tree trunk. H

gotoxy(5,19); erte('3. Do nothing.

gotoxy(5,23); write(’ Enter the number of your pine root collar
weevil co?tqol choice ")

range := ;

rea ln(Contr ICh01ce):
if ControlChoice = { then begin
PruneCost := (BugTFR/60) % 6; {assumes $6.00/hr. & 40
trees/hour?
clrscry
gotoxy(5,7); write('You may enter a cost per acre for pruning &
scraplng, or accept’);
gotoxy( B); wrxte( tﬁe default value of $ ',PruneCost:2:2,’ per
acre.
gotoxy(lo 11); write('Enter the cost (xx.xx), or enter 0 to use
he defau t value, ")j
ran = [ 0 ..'9 ,'.'5;
rea ln(
if j = 0 ihen WeevilControlCost := Prunelost else
WeevilControlCost := j;
goto;y(ﬁ y19); write(’ The plantation must be monitored at age 4 and
age 7.
otoxy(S 16); write('The default cost of monitoring is $ 0.50 per
ree.
oon éio 19) write('Enter the cost of monitoring, or 0 for the
efault,
readln(k)
1= 0,9 else

hen
1f Standﬁrea "2 then Neev?iMonxtorCost 1= 20 * g;
if (StandArea > 1) and (Standfrea <= 3) then WeevilMonitorCost :=
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7 # StandArea * a-

if (StandArea > 3} and (StandArea <=5) then WeevilMonitorCost := 4
* StandArea + g;

if (StandArea > 5) and (StandArea <{= 10) then WeevilMonitorCost :=
3 % StandArea # g}

it StandArea > 10 then WeevilMonitorCost := 2 # StandArea #* g;
econl{7).control := WeevilControlCost;

econf{3).monitor := WeevilMonitorCost;

econlél.monitor := WeevilMonitorCost;

BugTPA := round((1 - WMort) = BugTPA‘;

en {of if control choice = |

if ControlChoice = 2 then begin

SprayCost := ((BuaTPAIIZO) 6 +35 ) {assumes $6.00/hr. & 120
trees/hour and $5/acre for chenicals‘

clrscr;

gotox f?,7); write('You may enter a cost per acre for spraying or
accep H

gotoxy;S,B); write('the default value of ¢ ',SprayCost:2:2,’' per
acre. );

Eotoxy(lo 11); write('Enter the cost (xx.xx), or enter 0 to use

he defauft value. )3

range = ['0',.'9"," 'i;
readin(j);

it 3 =0 then WeevilControlCost := SprayCost else
WeevilControlCost := j;

goto;yg?,IS); write('The plantation must be monitored at age 4 and
age 7.°);

otoxy(5,16); write('The default cost of manitoring is § 0.50 per

ree.’);
otoxy(10,19); write('Enter the cost of monitoring, or 0 for the
efault. ")

readln(k);
it k = 0 then g:= 0.5 else g:= k;
if StandArea (= 1 then WeevilMonitorCost := 20 % g;
if (StandArea > 1) and (StandArea <= 3) then WeevilMonitorCost :=
7 # StandArea # g'
if (StandArea > 3} and (StandArea <=35) then WeevilMonitorCost := 4
* StandArea + g;
if (StandArea » 5) and (StandArea <= 10) then WeevilMonitorCost :=
3 # StandArea * g;
if StandhArea » 10U then WeevilMonitorCost := 2 # StandArea * g;
econ(7].control := WeevilControlCost;
econf3).monitor := WeevilMonitorCost;
econlé6].monitor := WeevilMonitorCost;
BugTPA := round((1 - WMort) * BugTPA};
end; { of if control choice = 2}
if ControlChoice = 3 then begin
BuzTPA := round((l - WMort) #* BugTPA);
TFA := BugTPA;
end; { ot if controlchoice = 3 }
end; {of weevil}

Overlay Procedure Sawfly;

var
controlchoice,j,k,templ,temp2,temp3: integer;
SprayCost: real;

begin

j:=0; templ:

=0; temp2 :=0; temp3:=0;
Randomize (0,0); ’ ’

.
’
.
.

OutbreakYear := round(random % 7 + 6);
if BugSI < S50 then begin
SRCiPercent := random;
SRC2Percent := (1 - SRC3Percent) # random;
gRClPercent t= 1 - SRC3IFercent - SRC2Percent;
end;
if BugSI > 50 then begin
SkC2Percent := random;
SkCiFercent := 1 - SRC2Percent;
SKC3Percent := 0;
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end;

Mort1 := random * 0.013 + 0;

Mort2 := random * 0.018 + 03

templ := round((SRCiFercent ¥ BugTPA) ¥ (1 - Morti));
temp2 := round((SRC2Percent #* BugTPA) * (1 - Mort2));:
BugTPA := templ + temp2;

clrscri gotoxy(5,5);
urlgf( You)have chosen to simulate the effects of red-headed pine
sawfly on
gotoxy(5,6); write('projected red pine volume yields. The year of
sawfly outbreak was ');
otoxy(5,7); write('randomly determined to be year ‘,DutbreakYear,'.
he stand has been’ )3
?otoxy(q B); write(’ ctlas ssi fxed as (SRClPercent # 100):3:0,° % SRC
(SRC2Percent * 100) Gk
otoxy (5 905 writel and L ORCIParcant 4 160) :3:0,° % SRC III. SRC
mortalit y (Mortl # 100) 2:1," % and’
otoxy (5,1 ); wrxte( SRC 11 nortalxty is ° (ﬁort2 * 100):2:1," 4.
RC II1 mortalzty is 100%.
gotoxy(5,13); write('There are three insect management alternatives
of interest in this’ )3
gotoxy(5,14); write(’ situation. R
gotoxy (3, 17), write('l. Apply herbicide at planting to control
compe ing vegetation. ');
gtox (Salgi. write( 2., Apply insecticide to the SRC III portion of
e stand. ')
gotoxy(5,19); write('3, Do nothing. ')
gccoxy(16,23 s write('Enter the number of your red-headed pine
sawfly control choice.’);
range := ["1'..'3"1;
readin(ControlChoice);
if EontrolChoice = 1 then begin
j::);
i{ PlantingMethod = 2 then SFCCost := 70 else SFCCost := 60;
clrscry
gotoxy(5,7); ur:te( You may enter a cost per acre for weed
control. or accept’
gotoAy;a,S) write(’ the default value of ¢ ',SFCCost:2:2, ' per
acre
uotoxy(lo 11); write('Enter the cost (xx.xx), or enter 0 to use
fhe default value )

range := ['0",,"9" ,'.'i;
rea ln(J)
if ) = then SawflyControlCost := SFCCost else SawflyControlCost

econfu] control := SawflyControlCost;
temp3 := round ((SRCIFercent * TPA) # (1 - Mort2));
TPA := templ + temp2 + temp3;
end; {ot if control choice = 1}

if ControlChoice = 2 then begin

ji=03 ki=0G; clrscr;
SprayCos{ = 123
gotox (5 7)- write('You may enter a cost per acre for spraying or
accep
gotoxy(u,a), write('the default value of $ ',SprayCost:2:2,° per
acre. ') ;
gotoxy(io 11); write('Enter the cost (xx.xx), or enter 0 to use
he default value. ")
range 3= ['0',."'9" ,'.'5;
readln(j);
if j =0 then SauflyControlCost := SprayCost else
SawflyControlCost HEIB
gotoxy(5,15)% wr:te( The plantation must be monitored before and
after sgrayln
gotoyy(q 16); wr:(e( The default cost of monitoring is $§ 1.50 per
acre.
otox{( 0,19); write('Enter the cost of monitoring, or 0 for the
efau )
readln(k); .
;{ k = 0 then SawflyMonitorCost := 1.50 else SawflyMonitorCost :=
h
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econ(OutbreakYearl.control := SawflyControlCost # (StandArea #*
SkRC3Percent);
econ[OutbreakYear - 13,monitor := SawflyMonitorCost;
econlOutbreakYearl.monitor := SawflyMonitorCost;
temp3d := round((SRC3Percent # TPA) * (1 - HortZ‘);
TPA := templ + temp2 + temp3;
end; { of if control choice = 2}
If ControlChoice = 3 then TPA := BugTPA;
end; {of Sawfly}

Overlay Procedure BugDisplayl; {called from Bugbrow}
var x: integer;
begin
ctlrscr; gotoxy(2,1); write('Stand 1 trees/ac = ‘,StartTPA1);

gotoxy(30,1); write('Stand 1 harvest a?e = ‘,HarvestAge);
gotoxy(é62,1); write('Stand 1 SI = ' ,SI H
gotoxy (2 ) write('Stand 2 trees/ac = *,StartTPA2);
gotoxy(36,2‘; write('Stand 2 harvest age = ‘,BugHarvestAge);
gotoxy(62,2); write(’'Stand 2 SI = ‘,BugSI);
gotoxy (2 3 write("Minimum pole dbh = ‘,PoleMin:2:1);
gotoxy(36,3 ; write('Minimum sawtimber dbh = ‘,SawMin:2:1);
otoxy(62,3); write(’ ‘)
or x:= 1 to 80 do begin gotoxy(x,4);write('-");end;
end; {ot BugDisplayl}
Overlay Procedure Displayl; {called from grow?
var x: integer;
begin

tlrscr; gotoxy(2,2); write('Stand age at start = ‘,StartAge);
gotoxy(62é2); write('Site index = *,31I)

gotoxy (2 write('Original BA/ac = ,§tartBA:3:l)°
gotoxy(36,3;; write('Original trees/ac = ',StartTPA;;
gotoxy(62,3); write('Ave, dbh =
y{sqrti{(Startba/StartTPA)*#183.3466)):2:1);
gotoxy(2,4); write('Minimum pole dbh = °',PoleMin:2:1);
gotoxy(36,4;; write( ' Minimum sawtimber dbh = ’',SawMin:2:1);
otoxy(62,4); write('Harvest age = ‘,HarvestAge);
or »:= 1 to B0 do begin gotoxy(x,5);write(’'-');end;
end; {of Displayl}
Overlay Procedure BugCurrentDisplay; {called from

BugGrow}
var g,i,z,%,y:integer; h: real;
begin
x:= (StandAge - 1);
y:= (StandAge - 1);
1f Standage >= Bugﬁarvestﬁge then X t= BugHarvestAge - 1;
otoxy(11,5); write('Stand 1: Per Acre Description at the
eginning of Year ',x+1);
?o oxy(9,6);
write( -=-----------c-mcm e e )3
gotoxy(lé7)' write(SBugChoice);
otoxy(20,7;; write('Poletimber’); gotoxy(38,7); write(’

awtimber ')

gotoxy(59,7); write(’ Pole + Saw');
gotoxy(24,8); write(’ -----; ----------------

]

gotoxy(1,9); write('Dom’); gotoxy(é,9); write(‘Trees’);
gotoxy(lé,9;; write('Ave. ); gotox§z25 9); write('Cu.'s;
gotoxy(39,9); write('Cu.’); gotoxy( 5,9;' write(’'Cu. )}
gotoxy (1 {oy; write('Ht. )3 gotoxy(7,10;; write('/ac. ' );
gotoxy(lg,lof; write('BA'); gotoxy(18,10); write('dbh’);
gotoxy(26,10); write('ft. ); gotoxy(3§ 10;; write('Cords’);
gotoxy(40,10);write('ft. ); gotoxy(47 {0)' write( 'MBF ')
gotoxy (56,1005 write('§t. ' }; gotoxy(sd,10}; write('MaI'];
gotoxy{(69,10); write{ 'Cords’); gotoxy(77,16); write( 'MAI");
gotoxy(l,ll); write('---  ----- -7; m===  mmmss m-eee- -——-
gotoxy(1,12); write(r(x).DomHt:3:0);
gotoxy(7,12): writelr(x1.TPA);
gotoxy(lo,lZi, write(r[x].BA:&:O);
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gotoxy{18,12); write(rix].@Mdbh:2:1);

gotoxy(24,12); write(rixl. HerchPoleC#V:4 10, %#%);

gotoxy(32,12); write(r{xl.PoleCords:3:1, %)

gotoxy(39,12); write(r{x).MerchSawCFV:4:0, '%");

gotoxy(46,12); write(r(x].MBFVollInt:2:1, '#+");

gotoxy(S54,12); write(r{x).MerchCFV:5:0, %°);

gotoxy(62,12); write{(rix]l.MerchCFV/x:3:1);

gotoxy(69,12); write(rix].MerchCords:2:1, %)

gotoxy(76,12); write(rixl.MerchCords/x:3:2);

gotoxy(24,12); write(r{x].PoleCFV: 4:0, ~')g

gotoxy(39,13); write(rix].SawCFV:4:0, “");

gotoxy(54,13); write((r{x].PoleCFV + rlx).SawCFV):5:0,'"") )3

gotoxy(62,13); write((r[x).PoleCFV + rix1.SawCFV)/x:4:1,"'%"});

gotox (1,!4); write('Total Non-Insect-Killed Trees =

,Mor alxtzTreeCount)'

tor z:= 1 to B0 do begin otox;(z y16)swrite(’'=")3end;

gotoxy(11,17); write( Stand er Acre Descrxptxon at the
inning of Year ',y+1);

gotoxy(9,18);

wr%te ---------------------------------------------------------
]

gotoxy(1,19); write(bugrly).DomHt:3:0);

gotoxy(7,19); write(bugriyl.TPA);

gotoxy(li,l?‘; write(bugriyl.BA: 3 :10)3

gotoxy(18,19); wrxte(bugr[y] @Mdbh:2:1)

gotoxy(24,19); write(bugrlyl. NerchPoleCfV:4:0, ')

gotoxy(32,19); write(bugr{yl.PoleCords:3:1, % );

gotoxy(39,19); write(bugrly]. MerchSawCFV:4:0,'%°);

gotoxy(46,19); write(bugrl{yl.MBFVollInt:2:1, #%");

gotoxy(54,19); write(bugriyl.MerchCFV:5:0, #°');

gotoxy(62,19); write(bugrlyl.MerchCFV/y:3:1);

gotoxy(69,19); write(buarl{yl.MerchCords:2:1, %)

gotoxy(74,19); write(bugrlyl. MerchCords/y:2:2);

gotoxy(24,20); write(bugrlyl.PoleCFV:4:0,°'"");

gotoxy(39,20); wrzte(bugr[{] .SawCFV:4:0, ~" )3

gotoxy(54,20); write((bugrlyl.PoleCFV + bugriy].SanCFV):S:O,'A');

gotoxy(62,20); write((bugrlyl.PoleCFV +

bugrlyJ.SawCFV)/y:3:1,""7);

ofoxy{1,21); write(’ total 'Non-Insect-Killed Trees =

.Bugﬂortalx€ TreeCount);

gotoxy(1,23); write( %3 § ¥%6 in. min. tog diams. inside bark.’');

gotoxy(43,23$. write('~ Tot stem vol, no top diam lim.’);

end; {of BugCurrentDisplayl

Overlay Frocedure CurrentDisplay: {called from Grow}

var g,i,z,x:integer; h: real;

begin

x:= (Standfge-1);

gotoxy(13,7)3 wrxte( Per Acre Stand Description at the Beginning
6f Year “,x+l);

gotoxy(13 8);

Write( ' —=----cemc o e m e e oo oo B
otoxy(25,10); write('Foletimber’); gotoxy(38,10); write(’

awtimber ")
gotaxy(59 10) )3 write(' Pole + Saw’)j
gotoxy(24,11); write{’' ------------ ——cccc-—---
]

gotoxy(1,12): write('Dom’); gotoxy(6,12); write('Trees’);
gotoxy(lé.lQ’; write( Ave, ' ); otox§z25 12), write('Cu, ;;
gotoxy(39,12); write('Cu.’)j gotoxy(33 li); write(’'Cu.’);
gotoxy (1 {3): write('Ht. ) gotoxy(?,iS); write('/ac.');
gotoxy(li,lS); write('BA’); gotoxy(1B,13); write(’'dbh’);
gotoxy(26,13); write('4t. ‘, gutoxy(3i 13;; write('Cords’);
gotoxy(40,13);write( ft.”’ gotoxy (47 13); write(” MBF ‘) s
gotoxy(S6,13); write( ' ft.’ ;, gotoxy(bf 13]; write(’ MAT" 3
gotoxy(69,13); write( 'Cords*); qotoxy(77 1&), write( MAI');
qotoxy(l,i4); write('---  ----- -7; m===  mmses seeee- ----

y
gotoxy(1,15); write(r[x).DomHt:3:0);
gotoxy(7,13)3 rxte(r[x].TPA)i
gotoxy(13,15); write(rix].BA:3:0);
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gotoxy(18,15); write(r[x].@Mdbh:2:1);
gotoxy(24,15); urite(r[x].MerchPoleCﬁV:4 0, #°);
gotoxy(32,15); write(rlx]l.PoleCords:3:1, # );
gotoxy(39,15); write(rIx].MerchSawCFV:4:0, #°);
gotoxy(46,15); write(r[x1.MBFVolInt:2:1, #%");
gotoxy(54,15); write(rix].MerchCFV:5:0, #');
gotoxy(62,15); write(r(x].MerchCFV/x:3:1);
gotoxy(69,15); write(rix).MerchCords:2:1, '#’);
gotoxy(76,15); write(rixl.MerchCords/x:3:2);
gotoxy(24,16); write(rix].PoleCFV:4: 0, ~ );
gotoxy(39,16); write(rlx1.SawCFV:4:0, H
gotoxy(54,16); write((ri{x].PoleCFV ¢ r[x] SawCFV):5:0,°*") 3
gotoxy(62,16); write((r(xl.PoleCFV + rix1.SawCFV)/x:4:1,'~");
gotox (5,18); write('Total Mortality Trees =
yMortalityTreeCount);
gotoxy(4,21); write('* 3 in. min. top diam. inside bark.');
gotoxy(4,22); write('*#% & in., ain. g diam. inside bark.’};
gotoxy(4,23); write('~ Total stem volume, no top diam. limit.’);
end; (o} CurrentDisplay}
Overlay Procedure BugThinningYearDisplay; {called from
BugGrow}

var z,y,z:integer;

begin

Xi= StandAue'

g?texy(lg,q)' write{('Stand 1 Per Acre Description at the Beginning
o ear

gotoxy (9, &)
ur}te( ---------------------------------------------------------
aotoxy(24 y7); write(‘Poletimber’); gotoxy(38,7); write(’

awtimber ' );
gotoxy (359, 7}: write(’ Pole + Saw’ )3 gotoxy(1,7);
urlte(SBugCh01ce)
gotoxy(24,8); wrlée(

")
write('Dom’); gotoxy!

gotoxy(1,9); wr 6,9); write('Trees’);
qotory(lé.?); write( Ave. ); otoxngS,?); write( 'Cu.’ ;
gotoxy(39,9); write('Cu.’); gotoxy(095,9); write('Cu.’);
gotoxy (1 {o); write( 'Ht. ) gotoxy(7,10;; write( '/ac.’);
gotoxy(13,10); write('BA'); gotoxy(18,10); write( 'dbh');
gotoxy (24,1005 write('ft. }; gotoxy(32,10}; write('Cords’);
gotoxy(40,10)swrite( " ft. ); gotoxy(47 {o); write( 'MBF');
gotoxy(56,10); write(*ft. '}; gotoxy(s3,10); write('MAL"];
gotoxy(69,10); write('Cords’); gotoxy(77,16); write( 'MAI");
gotoxy(1,11); write(' === ---I- IR TR ----
]
gotoxy(1,12); write(rix].DomHt:3:0);
gotoxy(7,12); write(r[x1.TPA);
gotoxy(l&,lZ‘; write(r(x1.BA:3: 0);
gotoxy(18,12); write(r(xJ.@Mdbh:2:1);
gotoxy(24,12); write(rCx]. nerchpolecﬁv:4.o, )
gotoxy(32,12); write(rixl.PoleCords:3:1, % )3
gotoxy(39,12); write(rix]. MerchSawCFV:4:0, % )3
gotoxy(46,12); write(r[x].MBFVolInt:2:l, ¥x)g
gotoxy(54,12); write(rix].MerchCFV:5:0, #');
gotoxy(62,12); write(rixJ).MerchCFV/x:3:1);
gotoxy(69,12); write(r{xl.MerchCords:2:1, %");
gotoxy(76,12); write(rix]. HerchCords/x:B:Z);
gotoxy(1,13); write(" CuT’ 3 5
gotoxy(7,13); write(-1 * tix1.ThinnedTPA);
gotoxy(13,13; write (-1 & Lix1 ThinnedBAl:3: 0);
gotoxy(18,13); write(r[x].8Mdbh:2:1);
gotoxy(24,13); write((-1 * t(x]. TMerchPuleCFV):4:0);
gotoxy(32,13)3 write((-1 ¥ tIx].TPoleCords):3:1)3
gotoxy(39,13); write((-1 # tix1. TMerchSauCFV):4:6):
gotoxy{(46,13); write((-1 % t(x].TMBFVollInt):2:2);
gotoxy(S4,13); write((-1 # tIx1,TMerchCFV):5:0);
gotoxy(69,13); write((-1 # t[x]. THerghCords):Z:l)i
gocoxy(l,i4;, for y t= 1 to 80 do begin gotoxy(y,14);
write('-")j;end;
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gotoxy(1,15); write(rix].DomHt:3:0);
gotoxy(7,15); write((ri{x].TPA - tix).ThinnedTPA ))s
gotoxy(l%,ls); write((r(x1.BA - t[x] ThinnedBA):3:0);
gotoxy(18,15); write(rix].@Mdbh:2:1);
gotoxy(24,15); write((rix]. MecchPolebry -
[x].TMerchPoleCFV):4:0);
gotoxy(32,15); write((r[(xJ).PoleCords - tix].TPoleCords):3:1);
gotoxy(39,15); write((r(x].MerchSawCFV - t(x].THerchSauCFV):i:O);
gotoxy(46,15); write((r(x].MBFVollInt - t(x1. THBFVolInt):2:2);
gotoxy(54,15); write((r(xJ].MerchCFV - tIx].TMerchCFV):5:0);
otoxy(69,15); write((rix).MerchCords - t(x1]. THerchCords):b 1)
or z:= 1 to 80 do begin gotoxy(z 17);write(’'=");end;
otoxy(11,18); writel Stan Per Acre’ Descrxptlon at the
eginning of Year ‘,x+1);
gotoxy (9,19);
ur;te( ---------------------------------------------------------
s
gotoxy(1,20); write(bugrix]. DomHt 3:0);
gotoxy(7,20); write(bugrixl.T
Sotoxy (13200 ; write (bugrix]. BAr ks 0);
gotoxy(18,20); write(bugrixl.@Mdbh:2:1);
gotoxy(24,20); write(bugrix]. HerchPoleCfV:4 $0,°%°);
gotoxy(32,20); write(bugr{xl.PoleCords:3:1, %" );
gotoxy(39,20); write(bugrixl.MerchSawCFV:4:0, %" );
gotoxy (46, 20); write(bugr(x]l.MBFVollInt: 2:1,’**');
gotoxy(54,20); write(bugrfx].MerchCFV:5:0, #');
gotoxy(b?,LO); write(bugrix].MerchCFV/x:3:1)3
getoxy (69, 20); write(bugrlxl.MerchCords:2:1, %#');
goto,y(76% 20) 5 write(bugrixl. MerchCords/x'2:2);
gotn>y(1,A1). write('CUT )3
gotoxy(7,21); write(-1 # bugtlix]. ThxnnedTPA)'
gutn\y'l‘,ili; write((-1 % bugtCx).ThinnedBA}:3: 0)3;
gotony(18,21); write(bugr{xl.G@Mdbh:2:1);
gotoxy(24,21); write((-1 * bugtix]. TMerchPoleCFV):4:0):
gotoxy(32,21); write((-1 * bugt(x].TPolelords):3:1);
gotoxy(39,21); write((-1 * bugt[x] THerchSawCFV):4:6);
qotoxy(46,21); write((-1 # bugt(x].TMBFVollInt):2:2);
gotoxy(54,21); write((-1 * bugtix].TMerchCFV):5:0);
gotoxy\69A2l); write((-1 * bugtlx].TMerchCords):2:1);
gotoxy(1,22); for y := 1 to B0 do begin gotoxy(y,22);
write('-");end;
gotoxy(1,23); write(bugrlx].DomHt:3:0);
gotoxy(7,23); write((bugr{x].TPA - bug tix1.ThinnedTPA A));
gotoxy(13,23); write((bugrlxl.BA - buqt[x] ThinnedBA):3:0);
gotoxy(18,23); write(bugr(x].@Mdbh:
gotoxy(24,23); write((bugrfx]. MerchPoletFV -
bugt(x]).TMerchFolelFV):4:0);
gotoxy(32,23); write((bugrixl.PoleCords -
bugt(x1.TFoleCords):3:1);
gofoxy(??,ZS): write((bugr[x] .MerchSauwCFV -
u?t[x] TMerchSawCFV) :4:
otoxy(46,23); write((bugrfx] MBFVolInt -
ugt{x1.TMBFVolInt):2:2);
gotoxy(54,23); write((bugrix].MerchCFV - bugtix]).TMerchCFV):5:0);
gotoxy(49,23); write((bugrixl.MerchCords -
bugtlx].TMerchCords):2:1)
end; ( of BugThinningYearDisplay }
Overlay Procedure ThinningYearDisplay; {called from Grow}
var x,y:integer;
begin

x:= StandAge;

gotoxy (23, ): write('Stand Description (per acre)’);

gotoxy(25 Bljwrite( —-------=---ommmcemeo e L
otoxy(TB,Q/- write('Poletimber'); gotoxy(51,9); write(’
awtimber ")

gotoxy (65 ,9‘: write(’ All Trees');

gotohy(?7 10); write(’ ----=-----2’  —occooeoon ceoemoooooo )3
qoto»y 4 {1)' write(’'Stand’); gotoxy(11,11); write('Dom’');
gotoxy( 17,113; write('Trees’ 3, gotox¥(3b,113; write('Ave. );
gotoxy(38,11); write('Cu.’'); gotoxy(52,11); write('Cu.’);
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gotoxy(66,11); write( 'Cu.

gotoxy(4 i2)- write(’'Age ) gotoxy(ll 12): write('Ht. );

gotoxy(17,125; write{'/ac. ), gotoxy(24 12‘; write('BA’);

gotoxy(30,12)5 write('dbh’); gotoxy(39 12); write ft.l";

gotoxy(44,12);write('Cords#’); gotoxy(éS,lﬁ); write('ft.%°);

gotoxy(5B8,12); write( MBF##’ )3 gotoxy(67,12); write( 'ft.#°);

gotoxy(72,12); write( Cords#};

gotoxy(4,13); write(’ ----7) ——— === --- -—=  ===--

’

gotoxy(1,14); write('%°);

gotoxy(4,14); write(r(x].StandAge); gotoxy(i1,14);

write(r{x),DomHt:3:0);

gotoxy(17,14); write(rix].TPA); gotoxy(24,14);

write(rix}.BA:3:0);

gotoxy(30,14); write(rCx1.QMdbh: t2:1); 3otoxy(37,14);

write(rix]. MerchPoleCFV:4:0); gotoxy(4 )3

write(rf{x],PoleCords:3:1);

gotoxy(51,14); write(rix]).MerchSawCFV:4:0); gotoxy(58,14);

write(r{x}.MBFVOlInt:2:2); gotoxy(s5,14);

write(rlxl.MerchCFV:5:0);

gotoxy(72,14); wrxte(r[x].ﬂerchtords 2:1);

gotoxy(1,15): write( CUT ——=---==-- V3

gotoxy(l’,lS); write(-1 * t[x1, ThlnnedTPA)°

gotoxy(23,15); write((-1 ¥ tix]. ThlnnedBA)'3=0);

gotoxy(30,15); write(rix].@Mdbh:2:1); gotoxy(36,15);

write((-1 % tfx].THerchPoleCFV):4:0);

gotoxy(43,15); write((-1 * t(x]. TPoleCords) :3:1);

gotoxy (51,15)5 write((-1 x tix]. .TMerchSawCFV):4:0);

gotoxy(S7, H

write((-1'# tix].TMBFVolInt):2:2); gotoxy(65,15);

write((-1 * ti{x].TMerchCFV):5:0);

gotoxy(71,15); write((-1 # t{x].TMerchCords):2:1);

gotoxy(4,ib); for y t= 1 to 80 do begin gotoxy(y,lé);

write(’'-")send;

gotoxy(1,17); write( #%°');

gotoxy(4,17); write(r{x]J. étandAge)' gotoxy(11,17);

writel(r{x].DamhHt:3:0);

gotoxy(17,17); urlte((r[x] TPA - tlx).ThinnedTPA));

gotoxy(24,17); write((r{x].BA - tIx1]. ThinnedBA): 6),

gotoxy(30,17); write(rix].QMdbh:2:1);

2otox (37,17); write((rlx1]. MerchPoleéFV -
[x).TMerchFoleCFV):4:0);

gotoxy(45,17); write((rix).PoleCords - t[x].TPoleCords):3:1)

gotoxy(52,17); write((rixl.MerchSawCFV - t[x] THerchSawCFV):

gotoxy(59,17); write((r[x).MBFVolInt - tOx).TMBFVollInt):2:2)

gotoxy(45,17); write((rix].MerchCFV - tIx).TMerchCFV):5:0);

gntoxy(73A17), write((rix).MerchCords - t(x1. THerchCords):

gotoxy(1,20); write('# Stand Before Thinning.’ RE

gotoxy(Sé 20); write('#¥ GStand After Thinning.');

gotoxy(l 22)3 write('# 3 in. ain, tog dianm. 1nsxde bark.);

gotoxy(40,22); write('#% 6 in. min. top diam. inside bark.

end; { of fhinningYearDisplay }

Procedure CompInt(value:real; age:integer); Forward;

Overlay Procedure NPV;
var xt 1nteger;

temp2,tempg,tempi tempS,cp,sp,pp,dcp,dsp,dpp,sv,cv,pv,dsv,

dcv,dpv: real;
begin

{ calculate discounted costs for .anageaent activities 1}
temp2:=0; temp3:=0; temp4:=0; tempS:
for x := 1 to HarvestAge do begin
with econlx] do be

if _monitor <> O hen begin
CompInt (monitor,x)

monitor := stcnun&edValue.

:0);

2: )3
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temp2 := temp2 + monitor;
end; { of amcnitor 2}
if control <> 0 then begin
CompInt (control,x);
control := DiscouniedValue;
temp3 := temp3 + control;
end; { of control
if inventory <> 0 then begin
CompInt(inventory,x);
inventory := DiscounéedValue;
temp4 := teamp4d + inventory;
end; { of inventorg}
if fayout <> 0 then begin
CompInt{(layout,x);
layout := iscouniedValue;
tempd := teepd + layout;
end; { of layout 1}
end; { of with - do ?
endg {of for - do }
temp2 := temp2 + econlOl.monitor;
templ := tempd + econl{Ol.control;

{calculate discounted revenues for controlled stand}
cp:=0; sp:=0; pp:=0; dcp:=0; dsp:=0; dpp:=0;
for x 1= 1 to HarvestAge do begin
with tix] do begin
if thinnedBA <> 0 then begin
cp := TMerchCords # PriceferCord;
sp := TMBFVollnt * PricePerMBF;
p := TPoleCords * PricePerCord;
ompInt (cp,x);
dcp := dcp + DiscountedValue;
CompInti{sp,x)}
dsp := dsp + DiscountedValue;
CompInt(pp,x);
dpp := dpp + 6iscountedValue;
end; { of if - then }
end; { of with - do }
end; { of for - do }

sv 1= r[HarvestAge-11.MBFVolInt # PricePerMBF;
CompInt (sv,Harvestfge);

dsv := DiscountedValue;

cv 3= r[HarvestAge-l].ﬁerchCords # PricePerCord;
CompInt(cv,HarvestAge);

dcv 2= DiscountedValuey

gv := r(HarvestAge-1].PoleCords # PricePerCord;
ompInt (pv,HarvestAge);

dpv := DiscountedValue;

DiscountedCordsRevenue := dcp + dcv;
DiscountedSawRevenue := dsg + dpp + dsv + dpv;
AllCostsDiscounted := SitePrepCost + Plantingéost + teap2 +
tempd + teme4 + temp5;
InsectControlCostsDiscounted := temp2 + temp3;
{ calculate discounted revenues for bug stand }

cp:=0; sp:=0; pp:=0; dcp:=0; dsp:=0; dpp:=0;
for x := 1 to BugHarvestAge do begin
with bugtix] do begin

if thinnedBA (> then begin

cp := TMerchCords # PricePerCord;
sp ¢= TMBFVolInt *# PricePerMBF;
Ep t= TPoleCords # PricePerCord;

omplnt(cp,x);

decp = dcp + 6iscountedValue;
CompInt{sp,x);

dsp := dsp + biscountedValue;
CompInt(pp,x);

dpp := dpp + biscountedValue;
end; ( of if - then }
ndy { of with - do )
’

e
end { of for - do }
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sv := bugrl{BugHarvestAge-11.MBFVolInt # PricePerMBF;
CompInt(sv,BugHarvestAge);

dsv := DiscountedValue;

cv := buagrlBugHarvestAge-1].MerchCords # PricePerCord;
CompInt(cv,BugHarvestAge);

dcv := DiscountedValue; )

Ev := bugr{BugHarvestAge-11.PoleCords # PricePerCord;
ompInt (pv,BugHarvestAge);

dpv := DiscountedValue;

BugDiscountedCordsRevenue := dcp + dcv;
BugDiscountedSawRevenue := dsp + dpp + dsv + dpv;

end; { of NPV }

Overlay Procedure VolumeSummary;
var x,y: 1nteger;

begin
TMerchCords:=0; TTMBFVolInt:=0; TTPoleCords:=
BugTTMerchCords:=0; BugTTHBFVolint:=0; BugTTPo
BugTTTotalCFV:=0;
for x := 1 to HarvestAge do begin
with tlx] do begin
if ThinnedBA <> O then begin
TTMerchCords := TTMerchCords + TMerchCords;
TTMEFVolInt := TTMEFVolInt + TMBFVollInt;
TTPoleCords := TTPoleCords + TPoleCords;
TTTotalCFV := TTTotalCFV + TMerchPoleCFY + TMerchSawCFV;
TThinnedTPA := TThinnedTPA + ThinnedTPA;
end; ( of if - then }
end; { of with - do )}
end; { of for - do 7
for Z t= 1 to BugHarvestAge do begin
with bugtly]l do begin
if BuaThinnedBA <> 0 then begin
BugTTMerchCords := BuqTTMerchCords + TMerchCords;
BugTTMBFVolInt := BuglTMEFVolint + TMBFVollnt;
BugTTFoleCords := BugT7TPoleCords + TPoleCords;
BugTTTotalCFV := BugTTTotalCFV + TMerchPoleCFV + TMerchSawCFV;
BugTThinnedTPA := BugTThinnedTPA + ThinnedTPA;
end; +( of i+ - then }
end; { of with - do }
end; { of for - do }
end; { of VolumeSummary ?

0; TTTotalCFV:=0;
leCo

eC rds:=0;

Overlay Procedure DisplayVolumeSummary;
var %: 1integer;

begin

clrscr;

xi=HarvestAge-1;

if Choicel = 1 Ehen begin

gotoxy(30,1); write('Stand Volume Summary’);
goSoxy(28,2); write('-===------cmmmmmmmmm oo RE
end;

if Choicel = 2 then begin

gotoxy(16,1);

write('Stand 1 Volume Summary (with insect management) ');
gotoxy(14,2);

uréte(' --------------------------------------------------- ")
end;
gotoxy(5,4); write('Harvested merchantable cordwood volume = ')}
gotozy(5§é4); write(r{xl.MerchCords:4:1, ' cords/acre.’ '}
otoxy(5,3); write('Merchantable cordwood volume removed in
hinnxngs = ')y
ctoxy(29,9); write(ITMerchCords:4:1 cords/acre. ');
gotoxy(s,é); write( ' Total merchantable cordwood voluhe produced =

)i
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gotoxy(59,6); write((rixl.MerchCords + TTMerchCords):4:1,"
cords/acre. ;

gotoxy(5,7); write (‘MAI for merchantable cordwood voluae
gotoxy(Sé ;

wrxte(((rtx] HerchCords+TTMerchCords)/HarvestAge) 2:2,°
cords/acre/year.

90toxy(u,9), nrxte( Harvested International 1/4" bd. ft. volume =

go{oxy(59 9); write(r{x).MBFVolint:3:1, " MBF/acre.');
gtox (9, 10) )urxte( Int. 1/4" bd. ft. volume removed in all
innin s =

:);

gotoxy(39,10); write(TTMBFVolInt:3:1,' MBF/acre.’

gotoxy (5, 11)' write('Total International 1/4° bd. *t. volume
produced = ;

gé?xy(59 }1) write((r(x].MBFVolInt+TTMBFVoOlInt):3:14,"

acre

gotoxy(S 12‘; write('MAI for International 1/4" bd. ft. volume =
ao{oxy(q9 12); write((rfx].MBFVolInt+TTMBFVolInt)/HarvestAge:2:2,"

BF/acre/year ")
gotoxy(3,14); write('Cordwood poles harvested in addition to
sawtimber = )3
gotoxy(59,14); "write(r[x3.PoleCards:3: 1, cords/acre. ');
gotoxy (S {5): write{ ' Cordwood poles removed in all thxnnxngs = ')
gotoxy(sé 15); write(TTPoleCords:3:1,' cords/acre.’
gotoxy(S,ib); write('Total pole volume produced in addition to
sawtimber = ')
gotoxy(39,16); write((rfx]).PoleCords+TTPoleCords):4:1,"’

cords/acre )
gotoxy(S 18);

goto>y(59 18); write((rfx].MerchPoleCFV + r(x].MerchSawCFV):5:0,
Cu ft/acre, ; )
gﬁto>y(5 19); write('Merchantable cubic foot volume removed in
innings = ;
gotoxy (59 19);,write(TTTotaICFV:S:O,' cu ft/acre. ')
goto,y(q éO)' write('Total merchantable cubic foot volume produced
)3

write('Harvested merchantable cubic foot volume =

gotoxy(49,40)

write((rixl. HerchPoleCFV+r[x] MerchSawCFV+TTTotalCFV):5:0,  cu
ft(acre "
otox :

gotoAZ(Sé 1)
write(((rfx3.MerchPoleCFV+rix].MerchSanCFV+TTTotalCFV) /Har

vestAgel:4:1,’ cu ft/acre/year.’);
end; { of DisplayVolumeSummary ?

B

write('MAl for merchantable cubic foot volume = ');

N e

Overlay Frocedure DisplayBugVolumeSummary;
var x: integer;

begin

clrscr; gotox (15 1);

xi=BugHarvest i

write(’'Stand 2 Volume Summary (without insect management)’

gotoxy(13,2);

L - ')i
s

gotoxy(5,4);: write('Harvested merchantable cordwood volume =
gotoxy(Sé 4; write(bugr(xl.MerchCords:4:1," cords/acre.’)j
otoxy ,5). wrxte( Herchantable cordwood volume removed in
hxnnlngs = 3
gotoxy(59,5); urxte(Bu TTMerchCords:4:1, ' cords/acre. ')
go}oxy( ,A) write('Total merchantable cordwood volume produced =
’
gotoxy(59,6); write((bugrfxl.MerchCords + BugTTMerchCords):4:1,
cords/acre. ');
gotoxy(5,7); write('MAl for merchantable cordwood volume = ")
otoxy(5§,7); write(((bugr[x] .MerchCords +
ugTTHerchCords) /Harvestfge):2 ' cords/acre/year.’
gotoxy(5,9); write( 'Harvested In%ernatxonal 1/4" bd. ;t. volume =
gotoxy(59,9); write(bugr{xJ.MBFVolInt:3:1," MBF/acre.');
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ggtoxy(s 10),)ur1te( Int. 1/4" bd. ft. volume resoved in all
innings =

gotoxy(99,10); write(BugTTMBFVolInt:3:1," MBF/acre.’);

gotoxy (S, 11)- write( ' Tofal International 1/4" bd. t. volume
produced = ;,

aotoxy(59,ll); write((bugrixl.MBFVolInt + BugTTMBFVolInt):3:1,

BF/acre. )
; write('MAl for International 1/4" bd. ft. volume =

gotoxy(S 12
go{ox (59,12); write((bugrlx1,MBFVollnt +
BFVolIni)/HarvestAae 2:2,° MBF/acre/year.’);

gotoxy(5,14); write('Cordwood poles harvested in addition to

sawtimber = ")
gotoxy(59,14); write(bugrixl.PoleCords:3:1 cords/acre. ')
gotoxy (S 15);’write( ' Cordwood poles removed in all thxnnlngs = )
gotoyy(Sé 15;; urxte(BugTTPole ords:3:1,’ cords/acre.’
gotoxy(S,ib); write{'Total pole volume produced in addxixon to
sawtimber = ');
gotoxy(59,16); write((bugrix).PoleCords + BugTTPoleCords):4:1,
cords/acre. ');
gotuxy(S,lB); write('Harvested merchantable cubic foot volume =
go{oxy(59,18)' write((bugrix]. HerchPoleCFV +

r[x] Merch8awCFV):5: 0, cu ft/acre.’
h oxy 5,19),)wrxte( Merchantable cubic ‘oot volume removed in

innings = H
gotoxy(39,19); ite(BugTTTotalCFV:5:0,' cu ft/acre.’);
gotoyy(S,io )3 u te('Total nerchantable cubic foot volume produced
gotox¥ 59,20); write((bugrix]. MerchPoleCFV + bugrixl.MerchSawCFV +
ugTTTo afCFV }:5:0," cu tt/acre.’
gotoxy(S 21)3 write('MAI for merchantable cubic foot volume = H
gotox 4,21): write(((bugrixl.MerchPoleCFV + bugrixl]. ﬂerchSauC 6
+ Bug TTntalCFV)/HarvestAge)-4 1 cu ft/acre/year.’');
end; { of DisplayBugVolumeSummary 1}

Frocedure Displa¥Econ;

var y: real;
begin
clrscr;
yi= In=ectControlCostsstcounted'
gotoxy(28,2); write('Final Economic Analysis’);
gotoxy(QbéB); write('------------ccmem o )3
gotoxy(5,5); write( Insect Managed Stand’ ),
gotoxy(5,6); write( ' ==-----ce—cooamooaao
g?toxy(S,B); write('Discounted value of to{al cordwood volume =
gotoxy(65,8); write('$ ’,DiscountedCordsRevenue:5:2);
gotoxy(S,é)' write('Discounted value of sawtimber plus pole
cordwood voiume = H
gotoxy(65,9); write('$ ' ,DiscountedSawRevenue:5:2);
gotoxy (S 1o); writet” Discounted value of all costs = ")j
gotoxy (65,1005 write('$ ',Al1CostsDiscounted:5:2);
gotnxy(S,iZ); write('Net present value of the stand in year of
plantxn? (¥ear 0) is: ')
gotoxy (10,13); write(’ Cordwood NPV = ¢ *,(DiscountedCordsRevenue
- AllCostsDiscounted):3:2)
gotoxy(40,13); write(’ Sautxnber NPV = ¢ *,(DiscountedSawRevenue
- AllCostsDiscounted) :3:2)
gotoxy(3,15); write(’ Evaluat:on of Insect Management Efforts’);
gotoxy(5,16); write('-----------cc-ccce e H
gotoyy(5,17); write('Discounted value of cordwood voluame saved
go(oxy(65,17)- write(’'$ ",(DiscountedCordsRevenue -
ugDiscountedlo rdsRevenue) 5:2);
gotoxy(9,18)5 write(’ Discounted value of sawtimber volume saved
otoxy(65,1B8); write(’'$ ‘', (DiscountedSawRevenue -
u DiscountedéauRevenue) 3, 2);
gotoxy(5,19); write(’ Discounted value of insect management costs

= ');
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gotoxy(
gotox

S rite('s “,InsectControlCostsDiscounted:5:2);
effor s ;
10

w ite('Discounted value of insect management

19);
It
otoxy(10,22); write(‘Cordwood NPV = $
y ({DiscountedCordsRevenue - BungscountedCordsRevenue) y):3:2);
gotoxy(40,22); write('Sawtimber NPV = ¢ ,((stcountedSauRevenue
- Bug iscountedSawRevenue) -y):3:2);
end; { of DisplayEcon }

Program RPPest;

il kel lanie)
LR 2 2 K E_2 X % 2
laa o N o N N R N N ]

vardec.inc Variable, type, and constant declarations.}
randomize.inc 1}

inp.inc )

initial.inc Setting initial stand conditions.}

bugs.inc 3

Display2.inc 1}

CD2.inc J
TYD.inc }
final.inc }

-

Procedure WaitABit;

var ch: char;

beqin

gotoxy(24,25); write('Press the Space Bar to continue.’);
range := L¥i 13,#32]1;

repeat

read(kbd,ch);

unt1l ch in [#13,4321;
deiline;

end;

Procedure AvEA1l;

be
gveBA := BA / TPA
end;

Procedure BugAvRBA;

be
gugAveBA := BugBA / BugTFPA;
end;

Frccedure QMDI1;
begin
vBAl;
@Mdbh := sqrt (AveEA *# 1B3.346626);
end;

Procedure Bug@MD;

beguuAvBA

gquMdbh t= sqrt(BugAveBA * 1B3.346626);
end;

Procedure MDIi;
begin
gaxbxamlncr := 0.007 *# S1 * exp(-0.01 *# BHA); {Lundgren, 1981}
end;

Prgcedure BugMDI;
e
gugMaxDxamIncr = 0.007 # BugSI * exp(-0.01 % BuEBHA)'

undgren, 1981}
end;

Procedure DGRate;

B
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if StandAge <> StartAge then begin
DGR := @MDbh - rlStandAge - 1).@Mdbh;
1fdr[5tandﬂge - 11.GMdbh = 0 then DGR := MaxDiamlncr;
en
else DGR := MaxDiamlIncr;
if DGR <= 0 then DGR := 0.0001;
end; {of DBRate}

Frocedure BugDGRate;

beg
ugDBR := 03
if StandAge (> StartAge then begin
BugDGR := Bug@MDbh - Bu r[Stan Age - 11,QMdbh;
1deugr[Stan Age - 1].G@Mdbh = then BugD6R := BugMaxDiamIncr;
en
else BugDGR := BugMaxDiamlncr;
if BugDGR <= 0 then BugDGR := 0.0001;
end; {of BugDBGRate}

Frocedure MBAIL;

be
aa>BAIncr t= 0.00545415 * TPA * (2 % @Mdbh % MaxDiamiIncr +
sqr (MaxDiamlncr));
end;

Procedure BugMEAI;

be

auqHa>BAIncr :1= 0.00545415 +* BuBTPA * (2 % BugB@Mdbh #
d BugMaxDiamlncr + sqr(BugMaxDiamlncr));

end;

Prgcedure DKH1;
e
gomHt = 1int(1.89 * SI % (exp(1.3B92 # 1In(1 - exp(-0.01979 +
SeedAgeli)));
end;
Procedure BugDH;

be
augDomHt t= int (1,69 % BugSI % (exp(1.3892 % 1n(l - exp(-0.01979
* SeedAge )) ):

end;
Frocedure DSDI;
begin
iamSD = 0.37628 % QMdbh ¥ (exp((-0.093346 % @Mdbh)));
end;

Procedure BugDSD;

be
BungamSD 1= 0.37628 ¥ Bug@Mdbh * (exp((-0.093346 +*
Bug@Mdbh)));
end;

Procedure ConvertBFtoCF1i;

be
gF erCF := -8.76 + (1.985 # @Mdbh) - (0.07253 # sqr (GMdbh)) +
(0 0008421 # exp(3 # In(@Mdbh))) + (0.04951 * DomHt) -
(0.00892 * @Mdbh # DomHt) + (0.0003169 * DomHt * exg(Z *
In(QMdER))) - (0.000002786 # DomHt * exp(3 # ln(Q@Mdbh)))
if BFperCF <0 then BFperCF := 03
end; {of ConvertBFtoCF1i}

Prgcedure BugConvertBFtoCF;
e
gugBFperCF 1= -B.76 + (

1.985 % Bug@Mdbh) - (0,07253 #
%r(Bu gQMdbh)) + (0.0008421 * exp(3 # ln(BquHdbh))) +
04951 % BugDomHt) - (0.00892 * Bug@Mdbh BugDomHt) +
(0 0003169 * BugDomHt #*# exp(2 # ln(BugQ@Mdbh))) - (0.00000278é
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* BugDomHt # exp(3 % 1n{(Bug@Mdbh)));
if BugBfperCF <0 then BugBFgerCF = 03
end; {of BugConvertBFtoCF

Procedure NumbersFerClass (ARTPA:integer; AGMdbh:real;
VAR ADiamSD:real); (called from NunbersPerClassl)

aul,all sduavel sduaveu,ztl,ztu,avelz,aveuz,l11,
uul, Tsdu duuul ztlll, ztuul lflz 1ulz ullz,
uulz: real

cl,c2,x teopl temp2,teap3,tempd : integer;

begin
illChar (A, szeUf(A),O)

templ :=0; temp2 :=0; ten 3 1=0; tempd := 0;

if fractnénnsn) ='0.50000 then AveClass := round(AGMDBH) - 1

else AveClass := round(A@Mdbh);

AUL := AveClass + 0.5 {define upper linmit ?f d?h
class

ALL := AveClass - 0.49999999; {p.73 Avery & Burkharthas}

SDUAvel := abs((ALL - A@Mdbh) / ADiamSD);
abs ((AUL - AQMdbh) / ADiamSD);

SDUAvel :=
ITL := 1 / (1 + IP # SDUAvelL);
ITU :=1 / (1 + IP # SDUAvelU);
AvelLl := 0.5 - ((1 / sqrt(2 # pi)) * (exp(-sqr (SDUAvel) / 2))
;Bét%)*;zbl + ITL # (IB2 + LTL % (IB3 + ITL #* (ZB4 + ITL +*
1))) )y
AveUl := 0.5 - ((1 / sqrt (2 # 1)) * (exp( sqr (SDUAvelU) / 2))
;BZT?)?;zbl + ztu * (I1B2 + # (1B3 ZTU * (B4 + 1ITU »
3) :
AlAveClass] := round((AvelZ + AvelUZ) * ATPA);
LULZ := Avell;
ULLZ := AvelUl;
¥ 1= 0;
repeat {calculate NOT/diam class}
X 1= x + 1; {& assign them to array
Class?
LowClass := Avellass - x;
UECAass t= Avellass + x3
L := LowClass - 0.499§9999;
UUL := UpClass + 0.5;
SDULLL :- abs((LLL - A@Mdbh) / ADiamSD);
SDULUL == abs((UUL - A@Mdbh) / ADiamSD);
ITLLL =1 / (1 + ZIP # SDULLL);
ITUUL s= 1 / (1 + ZIP % SDUUUL);

LLLZ := 0.5 - ((lls?rt(Zip i)) + (exg( sqr (SDULLL)/2)) # ZTLLL +*

éé%},f,ft’ll # (IB2 + ITLLL * (ZB3 + ITLLL * (ZB4 + ITLLL #
’

UuLZ := 0.5 - ((1/s?rt(2 pi)) #* (exg -sqr (SDUUUL) /72)) # ZITUUL #*
(zbl + ztuul * (IB2 TUUL # ( + ITUUL & (21B4 + ZITUUL #*
1B5)))));

AlLowClass] := round((LLLZ - LULZ) ¥ ATPA);
AlUpClass] := round((UULZ - ULLZ) ® ATPA);
it AlLowClass]) (> 0 then templ := LouClass,
if AlUpClass] <> 0 then tenm := Upclass;
temgS 1= templ + Allowclass] + Alupclassl;
LULZ := LLLZ;

ULLZ := UULZ;

until (AlLowClass] = 0) and (ACUpclassl = 0);

temp4 := templ + Alaveclassl;

if tempd < ATPA then A[AveClass] := AlAveClass) + (ATPA -
Temp4) else

AlAveClass]) := AlAveClass] - (tempd - ATPA);

SmallestClass := templ;

BugSmallestClass := templ-
BiggestClass := temp2;

BugBiggestClass := tempZ;
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end; {of NumbersPerClass}
Procedure NumbersPerClassi; {called from Grow}
;ar‘y: integer;
egin

umbersPerClass (TPA,BMdbh,DiamSD);
for y:=SmallestClass to BxggsstClass do Classlyl := Alyl;

end; {of NumbersPerClass
Procedure BugNumbersPerClass; {called from Grow}
var y: integer;
begin
NumbersPerClass(BuETPA,BquHdbh,BugDialSD);
K?r]y:=8ug8mallest lass to BugBiggestClass do BugClass(yl :=
end;y ’ {of BugNumbersPerClass}

Procedure TNumbersFerClass;
var ysinteger;
begin
NumbersPerClass(ThinnedTPR,@Mdbh,DiamSD);
for y:=SmallestClass to Biggesttfass do fhinnedClass[y]:= Alyl;
end; {of TNumbersPerClass}

Procedure BugqTNumbersPerClass;
var y:integer;
begin
NumbersPerClass(BuEThinnedTPA,Bug@Hdbh BugDiaeSD);
for y:=BugSmallestClass to BugB1ggesthass do
BugThinne Class[m]:= Alyl;
end; {of BugTNumbersPerClass}

Frocedure SawFoleBA (BClass:p2; BTPA:integer; BBA:real;
ASmallestClass: integer;
AkiggestClass:integer);

Var
z: integer; tempd4,Q: real;
begin
awClass := 0; PoleClass := 0;
FillChar (BB,S12e0f(BB),0);
if frac(PoleMin) = 0.50000 then PoleClass := round(PoleMin) -

1 else

PoleClass := round(PoleMin);

if {rac(SawHin) = 0.50000 tﬂen SawClass := round{(SawMin) - |
else

SawClass := round(SawMin);

tempd := 0;
for z := ASmallestClass to ABi?qestClass do begin
BB{z] := BClasslz] * (sqri{z) # 0,00545415};
4 temp4 := temp4 + BBlz1];
end;

if tempd4 <> BBA then begin <{modify BA/class array so it = BA}

for z 1= ASmallestClass to ABigaestClass do begin
@ := (abs(temp4 - BBA) # (BBl[zl/tempd));
BRlz] := BBlz] - @;

end;
end;
2 1= 03 CPoleERA := 03
for z = gg%eglass to (Sawllass - 1) do CPoleBR := CPoleBA +
z2lj
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CSawBA := 0; 2z := 0;
for z := SawClass to ABiggestClass do CSawBA := CSawBA +
BB(z2];
z 1= 0; CSmallBA := 0;
for z := 4 to (PoleClass - 1) do CSmallBA := CSmallBA +
BB(z1;
end; {of SawPoleBA}
Procedure SawPoleBAl; {called from Grow}

var y:integer;

begin
gawPoleBA(Class TPA,BA,SmallestClass,BiggestClass);
for y:= SmallesfClass fo BiggestClass do BACIyl:= Bb (yl;
SmallBA:= CSmallBA;
FPoleBA:= CPoleBA;
SawBA:= CSawBAj;
end; {of SawPoleBAl}

Procedure BugSawPoleBAR; {called from Grow}
var y:integer;
begin

SawPoleBA(BugClass Bu?TPA BugBA,BugSeallestClass,Bu BiggestClass);
for y:= gg é?a lestClass to BugBiggestClass do BugBAClyl:=
yls
BugSmallBA:= (SmallBA;
BugFoleEAR:= CPoleEA;
BugSawEA:= CSawBA;
end; {of SawPoleBAl}

Procedure TSawPoleBA;
var y:integer;

begin

ggyPol?BA(ThinnedClass,ThinnedTPA,ThinnedBA,SnallestCIass,Big
ges ass);

for y:= SmallestClass to BiggestClass do ThinnedBAC[yl:= BB (yIl;
ThinnedSmallBA:= CSmallBA;
ThinnedPoleBA:= CPoleBA;
ThinnedSawBA:= CSawBA;

end; {of TSawPoleBA}

Frocedure BugTSawPoleBA;
var y:integer;

begin

gauPoleBA(BugThinnedClass,BugThinnedTPA,BugThinnedBA,BugSmal
lestClass,

BugBiggestClass);

for y:= ggg?mallestClass to BugBiggestClass do BugThinnedBAC[yl:=

yl
BugThinnedSmailBA:= CSmal 1BA;
BugThinnedPoleBA:= CPoleBA;
BugThinnedSawBA:= CSawRA;
end; {of BugTSawPoleBA}

Procedure VolumeComputation (APoleBA:real; ASawBA:real;
ASmallBA:real; ADomHt:real); {called from Grow}

{per acre volume estimates of the entire central stenm, no‘tog}

limi
begin
AFoleCFV := 0.4085 * APoleBA * ADomHt; {Buckman, 1962}
ASawCFY := 0.4085 * ASawBA_ * ADomHt;
ASmallCFV := (0,4085 % ASmallBA * ADomht;
ATotalCFV := ASmallCFV + APoleCFV + ASawCFV;
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{per acre volume estimates of the central stem to 3I“ top, dib}
APoleCords := 0.003958 # APoleBA # ADomHt; {Buckean, 1962}
ASawCords := 0.003958 # ASawBA * ADomHt;

AMerchCords := APoleCords + ASawCords;

AMerchPoleCFV := 0,3127 # ADomHt # APoleBA; {Lundgren, 1981}
AMerchSawCFV := 0,3127 % ADomHt * ASawBA;

AMerchCFV := AMerchPoleCFV + AMerchSawCFV;

AMBFVolInt := (ASawCFV # BFperCF) / 1000; {Lundgren, 1981}
if AMBFVollInt < 0 then AMBFVellInt := 0;
AMBFVolScrib := (2.084 # ASawBA # ADomfAt) / 1000; {Buckman

194623
if AMBFVolScrib < 0 then AMBFVolScrib := 0;
end; {of VolumeComputation}

Prgcedure VolCompl;
egin
olumeComputation(PoleBA, SawBA, SmallBA, DomHt);
PoleCFV := AFoleCFV; SawCFV := ASawCFV; 'SeallCF{ := ASaallCFV;

TotalCFV := ATotalCFV; PoleCords := APoleCords; Sawlords :=
ASawCords;
MerchCords := AMerchCords; MerchPoleCFV := AMerchPoleCFV;
MerchSawCFV := AMerchSawCFV; MerchCFV := AMerchCFV;
MBFVolInt := AMBFVollnt; MBFVolScrib := AMBFVolScrib;
end; {end of VolCompl}

Prgcedure BugVolConmp;
egin
VolumeComputation(BugPoleBA, BugSawBA, BugSmallBA, BugDomHt);
BugPoleCFV := APoleCFV; BugSawCFV := ASawCFV; BugSmallCFV :=
ASmallCFb;
BugTotalCFV := ATotalCFV; BugPoleCords := APolelCords;
BugSawCords := ASawlords;
BugMerchCords := AMerchéords: BugMerchPoleCFV := AMerchPoleCFV;
BugMerchSawCFV := AMerchSawCFV; ugMerchCFV := AMerchCFV;
BugMBFVolInt := AMBFVolInt; BugMBFVolScrib := AMBFVolScrib;
end; {end of BugVolComp}

Procedure TVolComp;

begin
VolumeComputation(ThinnedPoleBA, ThinnedSawBA, ThinnegSna{}BA,
om H
TPoleCFV := APoleCFV; TSawCFV := ASawCFV; TSmallCFV := ’

ASmallCFV;
TTotalCFV := ATotalCFV; TPoleCords := APoleCords;
TSawCords := ASawCords;
TMerchCords := AMerchCords; TMerchPoleCFV := AMerchPoleCFV;
TMerchSawCFV := AHerchSawC%V; TMerchCFV := AMerchCFV;
TMBFVolInt := AMBFVolInt; TMBFVolScrib := AMBFVolScrib;
end; {end of TVolCoamp}

Prgcedure BugTVolComp;

egin
VolumeComputation(BugThinnedPoleBA, BugThinnedSawBA

BugThinnedSmallBA, ﬁugDonHt);
BugTPoleCFV := APoleCFV; BugTSawCFV := ASawCFV;
BugTSmalICFV s= ASmallCFV
BugTTotalCFV := ATotalCFV BugTPoleCords := APoleCords;
BugTSawCords := ASawCords
BugTMerchCords := AMerchCords; BugTMerchPoleCFV :=
AMerchPoleCfV:

BugTMerchSawCFV := AMerchSawCFV; BugTMerchCFV := AMerchCFV;
BugTMBFVelInt := AMBFVolInt; BugTMBFVolScrib := AMBFVolScrib;
end; {end of BugTVolComp}

Procedure BAGI1; {Lundgren, 19813 stand age { 25 yrs.}
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begin
x6 1= exp(1,1677 % ln(l-exg(-0.040172 *#(SeedAge+1))));
x7 1= 1-exp(-0.0018854 * TPA);
xB = exp(1.1677%1n(1-ex (-0.640172*SeedAge)));
%9 1= 1-exp(-0.0018854*%TPA);
BAGrowth!l := 6.5653%#SI*(xb¥x7-xB#x9);
end;
Prgcequre BugBAG1; {Lundgren, 1981; stand age < 25 yrs.}
egin
36 = exp(1.1677 % In(1-exp(-0.040172 *(SeedAge+1))));
x7 1= 1-exp(-0,0018854 * BugTPA);
xB := exp(1.1677%1n{1-exp(-0,040172%5eedAge)));
%9 1= 1-exp(-0,0018854%BugTPA);
BugBAGrowthl := 6.5653%BugSI*(xb*x7-x8#x9);
end;
Procedure BAG2;
begin

AGrowth2 := 1,689 + (0.04107 * BA) - (0.000163 # sgr (BAR)) -
(0.07696 * Seedage) + (0.0002274 * sqr(SeedAge)) +
(0.06441 % S]);

end;

Procedure BugBAG2;
begin
ugBAGrowth2 := 1.689 + (0.04107 ¥ BugBA) - (0.000143 *
sqr (BugBA)) - (0.07696 # Seedage) + (0.0002274 *
4 sqr (SeedAge)) + (0.06441 % BugSI);
end;

Prgcedure ThinOption; {called from ThinningOptions?
egin

clrscrygotoxy(5,10); )

wriﬁe('go y?u want to thin this stand during this rotation (Y

or N) 2 ")j

range := ['Ea,'n' ‘Y','N"1;

readln(ThinChoicel;

end; {of ThinDption}

Procedure NM(ASmallestClass:integer; ABiggestClass:integer;
AClass:p2; DGh:real);
var n:real; Temp2,Templ,x,y,z: integer;

begin
FillChar (AMortalityClass,Size0f (AMortalityClass),0);
18904(6AClass) )

FillChar (GAClass,S 0
AHortalityéA ¢= 0; AMortalityTPA :=0; CTPA

Templ 6=0; Temp2 :
if ASmallestClass
if ASmallestClass

SurvivalRate :=
AMortalityClassl( AClass{1] - (round(AClass[1] #
SurvivalRate));
CMortalityBA := CMortalityBA + (AMortalityClass[1) * (sqr(x) *
0.005454135));
GAClass[1) := AClass[t] - Ahortalitytlass[l];

templ! := templ + GAClass(11;

temp2 := temp2 + AMortalityClass[13;

1 then z := 2 else I := ASmallestClass;
A then begin

9295,
] =

O A

end; {of if - then}
for x 1= z to ABiggestClass do
begin
ni= 1.9953 + (57.97 % exp(1.012 # 1n(ADGR))) + (00,2648 *
exp(l1.626 # ln(x-1))) * (exp(-0.1273 * (x-1)));
SurvivalRate := 0.9997 - (1/{1+(exp(n))));
AMortalityClass{x] := AClassix] - (round(AClass(x] #
) SurvivalRate));
CMortalityBA := CMortali Y + (AHor%alityClass[x] * (sqgrix) #
0.00545415));

GAClass(x] := AClass[x] - AMortalityClassix1;
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Temp! + GAClassix];
IempZ + AMortalxtyélass[x]

f for - do loop}
CTPA := TemB H
CHortalityT := Temp2;

end; of NormalMortality?

Procedure NormalMortality;
var y,z: integer;
begin
NM(SmallestClass,BiggestClass,Class,DGR);
for y := Snallesétlass to BxggestClass do MortalityClasslyl :=
AMortalxtyClass[r
for z := SmallestClass to BiggestClass do Classlyl :=
GAClass[y]
TPA := CTP
nortalxtyTPA 1= CMortalityTPA;
MortalityBA := CMortalitybA;
NMCFV :=0; NMSawCFV :=0; NMSawBF :=0;
end; {of NornalHortalliy

Frocedure BugNormalMortality;
var y,z: integer;
begin
NM(BugSmallestClass BuaB:ggestClass yBugClass,BugDB6R);
for y := BugSmalles Class to BugBigges Class do
Buunortallt{Class[y] := AMortalityClass(yl;
for z := BugSmallestClass to BungggestClass do BugClass[y] HS
GAC]ass(xJ
BugTPA := CTP
EugﬁortalxtyTPA = CMortalityTPA;
BugMortalityBA :- CMortalityBA;
BugNMCFV :=0; BugNMSawCFV :=0; BugNMSawBF :=0;
end; {of BugNormalNortallty}

Froceoure NMV (ASmallestClass:integer; ABx%aestClass integer;
SawClass:integer; AMortalityClass: p2)' aile, et.al., 1982}

Var GSmallestClass,x,65awClass : _integer;
templ,temp2, tempo temp4d,al,a2,ad,cl, c2 c3,d1,d2,d3 : real;

empl:=0; ANMCFV:=0; ANMSawcfv := 0; ANMSawBF:=0; temp2:=0;
temp3:=0; temp4:=0; GSmallestClass:=0;
al:=114.%; c1:=0.07601; di:=3.928;
a2:=344.9; c2:=0.14728; d2:=7.536;
33:=63.09; €3:=0.12942; d3:=6.202;
if ASmallestCiass < 5 then GSmallestClass:=5 else
GSmallestClass:= ASmallestClass
fog x:= b6SmallestClass to ABlgges{Class do
egin
tegp1:= exp(di*ln(al#¥(1-exp(- ci*x))));
temp2:= AMortalityClassix] # teng
ANMcfv:= ANMcfv + temp2; {4" top, outside bark}
end;
end; ! {of NormalMortVol}

Procedure NormalMortVol;

be
aMV(SmallestCIass yBiggestClass,S5awClass,MortalityClass);
NMCFV := ANHMCF
NMSawCFV 1= ANMéauCFv
NMSawBF := ANMSawBF;

end;

Procedure BugNormalMortVol;
begin
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NHV(BugSmallestClass,BugBiggestClass,SauClass,BugHortalityClass);
BugNMCFV 3= ANMCFV;
BugNMSawCFV := ANMSawCFV;
gugNHSauBF := ANMSawBF;
end;

Procedure Thin;
Var frac: real; teapl: integer;

begin

frac:=0;

case ThinningType of

{: begin
frac:= TreesToRemove/TPA;
TPA:= TPA - TreesToRemove;
ThinnedTPA:= TreesToRemove;
ThinnedBA:= BA # frac;
BA:= BA - ThinnedBA;
end; {of ThinningType 1}

2: begin
ThinnedBA:= BAProToRemove ¥* BA;
BA:= BA - ThinnedBA;
ThinnedTPA:= round(éAProToRelove * TPA);
TPA:= TPA - ThinnedTPA;
end; {of Thinningfype 2)

3: begin
ThinnedBA:= BA - BAtolLeave;
frac:= BAtoleave/BA;
BA:= BAtolLeave;
Templ:= round(frac * TPA);
ThinnedTPA:= TPA - tempt;
TFA:= templ;
end; {of ThinningTYpe 33

end; {of case statement:

end; {of Thin}

Procedure BugThin;
Var frac: real; templ: integer;

beagin
trac:=0; BugThinnedBA :=0; BugThinnedTPA:=0;
case ThinningType of
{: begin
frac:= TreesToRemove/BugTPA;
BugTPA:= BugTPA - TreesToRemave;
BugThinnedTPA:= TreesToReamove;
BugThinnedBA:= BugBA #* fracg
BugEBA:= BugBA - BugThinnedBA;
end; {of ThinningType 1}

2: beqgin
BugThinnedBA:= BAProToRemove # BugBAj;
BugBA:= BugEA - BugThinnedBA;

BugThinnediPA:= round (BAProToRemove # BugTPA);
BugTPA:= BugTPA - BugThinnedTPA;
end; {of ThinningType 2}

3: begin
BugThinnedBA:= BugBAR - BAtolLeave;
frac:= BAtolLeave/BugBA;
BugBA:= BAtoleave;
Templ:= round(frac * BugqTPA);
BugThinnedTPA:= BugTPA - templ;
BugTPA:= templ;
end; {of ihinningType 33
; {of case statement

end; of
end; {of Thin}



Procedure NST;

begin
ﬁextScheduledTh ns

i
end; {of NST?
Procedure BAGrowth;
begin
BHAge;

case SeedRge of
1..24: begin
BAb !}
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= StandAge + ThinningIntervalj;

{called from Grow)}

if BHA (= -1 then BA := BA + 03
if (BHA > -1) and (BHA <= 0) then
BA := BA + (0.00545415 * TPA * (sqr(0.007 # SI *
(BHA+1))));
if BAGrowthi < 0 then BA := BA + 03
if BAGrowth! > MaxBAIncr then BA := BA + MaxBAlncr;
if BAGrowthl (= MaxBAIncr then BA := BA + BAGrouthi;

end;
25..250: begin
BAG2;

if BAGrowth? <
if BAGrowth2 > M
if BAGrowth2 <=

end;
end; {0t case}

0 then BA := BR + 03
xBAIncr then BA := BA + MaxBAlncr;
ax

a
MaxBAIncr then BA := BA + BABrowth?;

end; {of BAGrowth}

Frocedure BugEAGrowth;
begin
BugBHAge:
case SeedAge of
1..24: begin
Bu?EAGl'
i{ BughHA <=
if (BugBHA >
BugBA :=

{called from Grow?}

-1 then BugBA := BugBA + 0;
-1) and (BugBHA <= 0) then
BugBA + (0,00545415 # BugTPR #* (sqr(0.007 #

Bu?SI

* (BugBHA+1))));

if BugBAGrowthl < 0 then BugBA := BugBA + 0;

1f BugEAGrowthi > BugMaxBAIncr then BugBA := BugBA +
BugMaxBAlncr;

it BugBAbrowthl <= BugMaxBAlIncr then BugBA := BugBA +
BugBAGrowthli;

end;
25..120: begin
BugBAG24

if BugBAGrowth2 < 0 then BugBA := BugBA + 0;

if BugBAGrowth2 > BugMaxBAlIncr then BugBA := BugBA +
BugMaxBAIncr;

if BugBAGrowth2 (= BugMaxBAIncr then BugBA := BugBA +
BugBAGrowth2;

end;
end; {of case}

end; {of BugBAGrowth}

Procedure menul;

begin
clrscri gotoxy(5,5);

{called from procedure MainMenu}

writeln('Red pine growth & yield with no insects . . . . .

1°);go0toxy(S5,8);

Nriteln('éed.piAE growth {ie d with stochastic insect levels

2');gotoxy(S,11);

writeln('Exit the progc?m D
. j

repeat
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gotoxy{l,21);delline;jgotoxy(10,21);
write('Enter the number of your choice RE
range:= ["1',.,°3"];
readln(choicel);
until Choicel in [1..31;

end; {of Menul}

Procedure EditMenul; {called from MainMenu}
var choice:char;

begin

repeat
gotoxy(1,24); delline; gotoxy(10,24);
write('ls your selection 0K (Y or Nf 2 RN
range := ['n",'y",'N",'Y"1;
rea ln(choicef;

case upcasel(choice) of
‘N°: Menul;

end;

until] upcasel(choice) = #B89;

end;

Prgcedure InitialStandInfo; {called from Basics}
egin

SetSI;

SetPoieHin;

SetSawMing

SetEstablishAge;

SetAgeAtStart;

SetTPA;

SetBA:

SetDispla{Interval;

SetHarvestAge;

end; {of InitialStandInfol

Prgce¢ure SP; {called from BugBasics}
egin
etSitePrep;
SetSitePreplost;
SetPlantingMethod;
SetPlantingMethodCost;
SetWoodPrice;
SetInventoryCost;
SetLayoutCost;
SetInterestRate;
end; {of SP}

Prgcedure Basics; {called from Mainl}
egin
1l1Char(r,Size0f(r),0);
FillChar(t,Size0f(t),0);
InitialStandinfo;
EditISI;
end; tof Basics}

Prgcedure BugBasics; {called from Main2}
egin
illChar(r,Size0f(r)

FillChar(t,Size0f(t)
FillChar (bugr,Size0¢
FillChar(bugt,SizeOf
FillChar (econ,Size0Of
ChooseBug;
InitialStandInfo;
EditISI;
SFy

0);
] H
0);
zbug
(bug
(eco



EditSitePre
SetSeedlin

end;

Procedure
begin
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H
gurvival'
}

{of BugBasics

ThinningOptions;

hinOptiong

if upcase(fhinChoice) =

begin

ThinningTiming;
AThinningType;
EditThinningOptions;

end;

#89 then

end; {of ThinningOptions}
Procedure StoreValues; forward;
Procedure RunOptions; forward;
Procedure MainMenu; forward;
Procedure StoreThinValues; forward;
Procedure StoreBugValues; forward;
Procedure StoreBugThinValues; forward;
Procedure CountMortTrees; forward;
Procedure Growlt;
begin
MD13s
MDI1;
DGRate;
MBAIL;
DHI;
DSD1;
EAGrowth;

NumbersPerClassl;
NormalMortality;
SawPoleBAl;
ConvertBFtoCF1i;

VolConm
if Mor

StoreValues;

end;

Procedure
begin

{of Growlt}

BugGrowlt;

ugQMD;
BugMDI;
BugDGRate;
BugMBAI;

Bu
Bug

DH;
DSh;

BugBAGrowth;
BugNumbersPerClass;
BugNormalMortality;
BugSawPolePBA;
BugConvertBF(oCF;
BugVolComg;

if BugMortalityTPA > 0 then
StoreBugValues;

end;

Procedure
begin

{ot BugGrowlIt}

ThinIt;

1-
gaiityTPA > 0 then NormalMortVol;

NormalMortVol;
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Thin;
TNumbersPerClass;
TSawPoleBA;
TVolComp;
StoreThinValues;
end; { of Thinlt }

Procedure BugThinlt;
begin
ugThin;
BugTNumbersPerClass;
BugTSawPoleBA;
BugTVolComp;
StoreBugThinValues;
end; { of BugThinIt

(9]

Procedure OtherThin;
begin
isplayl;
ThjnningYearDisplay;
WaitaBit;
EditThinningOptions;
kRunOptions;

NST;
end; <{of OtherThin}

Procedure BugOtherThin;
begin
BugDisplayl;
BugThinningYearDisplay;
WaitaBit; ,
EditThinningOptions;
RunOptions;

NET;
end; {of BugOtherThin}

Procedure Grow; {called from

var y,count,x: inteqer;

begin
NexthheduledThin := MinTAge - 1;
¥o1= 13
clrscry
count := 0
repeat
BHAge;
it BHA1 » -1 then begin
it (BA = 0) and (SeedAge >=4) and
(SeedAge < 25) then begin
BAUL;
BA :=BAUnder25;
end;
repeat
y := 03
1 f r[S{andAge - 1]J.BA = 0 then begin
y:=
X 1=y + 1;
end
else
X 1= 13
while (x <= Displaylnterval
clrscry gotoxy(19,12);
writeln( 'Currently doa

gotoxy(79,25);
Growlt;

if StandAge =
?ﬁ?é?t:
OtherThing

ng calculations for year

Mainl}

count - (displayinterval * (trunc(count/displayinterval)));

) and (StandAge ¢ Harvestfge) do begin

‘yStandAge);

NextScheduledThin then
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end; {of thinning if - then}
StandAge := StandAge + 1;
SeedAge := StandAge + AgeAtEst;

x 1= x + 13
end; (of ‘while - do}
if ((StandAge - 1) <> (NextScheduledThin - ThinninglInterval))

or
((StandAge - 1) < MinTAge) or (StandAge > HarvestAge) then

egin
if (BHA1 > -1) and (r(StandAge-1].BA (> 0) then begin
CountMortTrees;
Displayl;
CurrentDisplay;
WaitABit;
RunOptions;
end; { of i¥{ BHAl > -1 then}
end; {of if - then}
until S(andAge >= HarvestAge;
end; {of major if BHAL > -1 then)
StandAge := StandAge + 1;
SeedAge := StandA?e + AgeAtEst;
count := count + 1;
until StandAge »= ﬁarvestAge;
end; {ot Grow}

Procedure BugGrow; {called froe Main2}
var vy,count,x: 1nteger;
begin
BHA1 :=0; BugBHAl :=03
NextScheduledThin := MinTAge - 1;
StartIPAI t= TPA; StartTPA2 := BugTPA;
x 1= 13
clrscr;
count := 0;
repeat
BHAge; BugBHAge;
if (BHA1 > -1) or (BugBHAl > -1) then begin
if (BA = 0) and (SeedAge >=4) and
(SeedAge ¢ 25) then begin
BAUL; BugBAUi
BA :=BAUnder23;
BugBA 1= BugBAUnder25;
end;

repeat

1= O3

{¢'rislandAge - 1.BA = 0 then begin

yt= count ~ (displayinterval # (trunc(count/displayinterval)));
Ey 13
3

e
"= 1;
while (x (= Disgla
clrscr; gotox
writeln( Curr
gotoxy(79,25)
Growlt;
if StandAge = NextScheduledThin then
begin
Thinlt;
if BugBHA1 (= -1 then OtherThin;
end; {of thinning if - then}
if (BugBHA1l > -1) and (StandAge < BugHarvestAge) then begin
BugGrowlt;
it S andh?e = NextScheduledThin then begin
BugThinlt;
BugUtherTﬁin;
econlStandAgel.inventory := InventoryCost;
econ(StandAgel.layout := LayoutCost;
end; {of.bug thinning if - then?
end; {of if ugBHAl >’ -1 if - then}
StandAge := StandAge + 13

X
en
el
X

) and (StandAge < HarvestAge) do begin

ng calculations for year °‘,StandAge);
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SeedAge :T StandAge + AgeAtEst;
X 1= x + 13

end; {of while - do)
if ((StandAge - 1) <> (NextScheduledThin - ThinningInterval))

or
((StandAge - 1) < MinTAge) or (StandAge > HarvestAge) then

begin
if (BHA? > =1) and (rfStandAge-1].BAR <> 0) then begin
CountMortTrees;
BugDisplazl;
BugCurrentDisplay;
Wai1tABit;
RunOptions;
end; { of if BHALl > -1 thenl
end; {(of if - then}
until StandAge »= HarvestAge;
end; {of major if BHALl > -1 then?
StandAge := StandAge + 1;
SeedAge := StandA?e + AgeAtkst;
count := count + {;
until StandAge »= ﬁarvestAge;

end; {ot BugbGrow}
Procedure StoreValues; {called from Grow}
var x: integer;
begfn

x:= StandAge;

r(xz).StandAge := StandAge;
rix).TPA := TFA;

r(=z].BA := BA;

rfx).AveBA := AveBA;

rix1.@Mdbh := @Mdbh;

r{x].DGR := DGR;

r{x1.DomHt := DomHt;
rix).PoleCFV := PoleCFV;
r{x).5awCFV := SawCFV;
rix).SmallCFV := SmallCFv;
rf{xz).TotalCFV := TotalCFV;
rl{x].PoleCords := PoleCords;
rix).5awCords := SawCords;
rfx).MerchCords := MerchCords;
rixl.MerchFoleCFV := MerchPoleCFV;
rixl.MerchSawCfv := MerchSawCFV;
rix].MerchCFV := MerchCFV;
rix).MBFVolInt := MBFVollInt;
rf{zx].MbfVolScrib := MBFVolScrib;
rix).MortalityTPA := MortalityTPA;
rlxl.NMcfv := NMctfv;

end; {of StoreValues}
Frocedure StoreBugValues; {called from Grow}

var x: integer;
begin
x:= StandAge;
bugrlx).StandAge := StandAge;
bugr{xl.TPA := bugTPA;
bugr{x1.BA := bugBA;
bugrlx]).AvePA := bugAveBA;
bugrix].@Mdbh 3= bquHdbh;
bugr(xJ.DB6R := bugD R
bugrlx].DomHt := bugDomHt;
bugri{xJ.PoleCFV := bugPoleCFV;
bugr(x1.S5awCFV := bugSawCFV;
bugrCx).SmallCFV := bugSmallCFv;
bugrixz].TotalCFV := bugTotalCFV;
bugr[x}.PoleCords $= bugPoleCords;
buérix].SawCords := bugSawCords;
bugrixl.MerchCords := bugMerchCords;
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bugrixJl.MerchPoleCFV := bugMerchPoleCFV;
bugrix).MerchSawCfv := bugMerchSawCFV;
bugrixl.MerchCFV := bugMerchCFV;
bugrixJ.MBFVollInt := bu HBFVolInt-
bugr(x).MbfVolScrib := ugHBFVolScrnb'
buarlx).MortalityTPAR := bugMortalityTPA;
bugr{x1.NMcfv := bu NMcFv;

end; {of StoreValues

Procedure StoreThinValues; {called from Grow?}
var x: integer;

begin
P = StandA e'

x
!

tandAge;
ThinnedTPA;
ThinnedBA;
PoleCFV;
a
T

-

-~
»”

u

U’J

pos
-
o}

a
Q.ID
e
n

nwm

WCF V3
SmaliCFv;

P el = 1)

]

1.7

1.7

1.7

1.TTotalC TTotalCFV'

].TPoleCords := TPoleCords-

l.7SawCords := TSawCords;

x].TMerchlards := TNerchCords'

] TMerchPoleCFV e THerchPoleCFV'

J.TMerchSawCfv := TMerchSawCFV;

J.TMerchCFV := THerchCFV'

J.TMEFVolInt := THBFVolInt'

#»1.TMbfVolScrib := THBFVolScrlb'
{of StoreThinValues}

(oW e e ke e o e dadededededsdsded
Bl lalalalalalalala o R ol ol
DT X X X X M X X M XN XXX

3]
oo

Frocedure StoreBugThinValues; {called from Grow}
var x: integer;

begin
x:= Standfge;
bugtlx], StandAge := StandAge;
bugtix]. ThinnedTPA := bu ThinnedTPA;
bugtl{xl.ThinnedBA := bugihinnedBA;
bugtlxJ.TPoleCFV := bugTPoleCFV;
bugtlx).TSawCFV := bugTSawCFV;
bugtlx]. TSmallCFV := bugTSnaliCFV'
[x]1.T7TotalCFV := bugTTotalCFV;
bugtixl.TPoleCords := bugTPoleCords;
[x].7SawCords := bugiSawCords;
[xl.TMerchCords := bugTMerchCords;
bugt[x] TMerchPoleCFV := bu THerchPoleCFV'
bugtixJ.TMerchSawCfv := bugTMerchSawCFV;
bugtlx1.TMerchCFV := bugTHerchCFV'
bugtlx1.TMBFVollInt := gTMBFVolInt,
u

bugtlx1]. TMbfVolScrib := TMBFVolScrib;

end; {of StoreBugThinValues}

Procedure RunOptions; {called from Grow}
begin
clrscry
gotoxy(S5,6); write('1. CONTINUE with this pro;ectxon
gotoxy(3,8); write('2, CHANBE harvest age.
gotoxy(S,lOi; write('3, START a thinning treatment, '
gotoxy(S5,12); write (‘4. REPEAT the prevxous output screen. ‘)
gotoxy(5,14); write(’'5S. CHANGE the dis a‘ interval.’
gotoxy{(5,16); write('6. QUIT & Return ain Menu at Gegxnnxng

of RPPEST.’
qotoxy(l?,LO),lurxte( Enter your choxce of these options. )
ran i =
readin(ROChoice);

Ease ROChoice of
begin

it BugChoice <> 3 then begin
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SetHarvestAge;
RunOptions;
end; { of if - then }
end;
begin
it (upcase(ThinChoice)
and
(upcase(ThinChoice) = "N’) then begin
ThinningTiming;
AThinningType;
EditThinningOptions;
NextScheduledThin := MinTAge;
end; ( of if - then}
Runbptions;
end;
4: beqgin
if Choicel = 1 then begin
Displazl;
CurrentDisplay;
Waitabit;
RunOptions;
end; { of Choice 1 }
if thoicel = 2 then begin
BugDisplayl;
BugCurrentDisplay;
Waitabit;
RunOptions;
end; { ot Choice 2 1}
end;

begxn
SetDisplaylnterval;
RunOptions;
end;
6: StandAge := Harvestfge + 1;
end; {of case}
end; {of RunOptions}

(2]
.e

#78) and (StandAge < HarvestAge)

wn

Procedure ZeroOut; {called from Mainl & Main2}

begin
gl :=03; PoleMin :=0; SawMin :=0; AgeAtEst :=0;
StartfAge :=0; BA :=0; TPA :=0; HarvestAge :=0;
Displaylnterval :=0
;hi?gingTyBe :=0; freesToRemove :=0; BAProToRemove :=0;

axTAge :=0;

BﬁgoLeave :;0; MinTAge :=0; MinTBA :=0; Thinninglnterval
ﬁex(ScheduledThin $=0; BugSI :=0; BugBA :=0; BugTPA :=0;
gugHarvestAge 1= 03

end;

Frocedure ComplInt;
begin
iscountedValue := 03
DiscountedValue := value / (EXP((age + 1) % 1ln( 1 +
InterestRate)));

end; { of ComplInt ?

Procedure CountMortTrees;
var ¥t integer;
begin
MortalityTreeCount:=0; BugMortalityTreeCount:=0; MortVolSum :=0;
BugMortVolSum :=0;
for x := 0 to StandAge do begin
with rix] do begin
if MortalityTPA > 0 then begin
MortalityTreeCount := MortalityTreeCount + MortalityTPA;
MortVolSum := MortVolSum + NMCFV;
end; E of if - then ;
end; of with - do
with bugrix] do begin
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if MortalityTPA > 0 then begin
BugMortalityTreeCount := BugMortalityTreeCount + MortalityTPA;
BugMortVolSum := BugMortVolSum + NMCFV;
end; { of if - then }
end; { of with - do }
end; { of for - do }
end; { of CountMortTrees ?

Procedure ImplementBug;
begin
case BugChoice of
1: Brubs;
2: Negvii;
J3: Spittlebug;
4; Sawfly;
end; (of case stmt.}
end; {of ImplementBug}

Procedure Mainli; {called from MainMenu}

begin
ero0ut;
Basics;
ThinningOptions;
Grow;
if ROChoice <> 6 then begin
VolumeSummary;
DisslayVolumeSumnary;
WaitABit;
end; { of if then }
end; { of Mainl }

Prgce¢ure Main2; {called from MainMenu}

egin
erolut;
BugBasics;
ImplementBug;
ThinningOptions;
Bugbrow;
if ROChoice (> 6 then begin
NPV
VolumeSummary;
DisplayVolumeSummary;
WaitAR1t;
DisplayBugVolumeSuammary;
WaitAB1t;
DisplayEcon;
WaitABi1t;
end; { of if then }

end; { of Main 2 }

Procedure MainMenu; {called from main program}

begin
repeat
Menul;
EditMenul;
case choicel of
1: Mainl;
2: Main2;
3: begin
clrscry gotoxy(17,10);
urételn( Normal termination of Program RPPest.’);
end;
end;
until choicel = 3;
end;
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