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ABSTRACT
Plant growth, production, competition and, to a limited degree,
secondary succession have been simulated for a mixed species forest eco-
system operating on a big-game winter range. The simulation was based
on empirically derived relationships. The major plant species investi-

gated included Pseudotsuga menziesii (Mirb.) Franco (Douglas—fir)l,

Amelanchier alnifolia, Ceanothus sanguineus, Shepherdia canadensis,

Prunus virginiana, Rosa nutkana, Symphoricarpos albus, Agropyron spicatum,

Poa compressa and scabrella, Calamagrostis rubescens and Koeleria cristata.

Distinction was not made among forb species.

The simulation model predicts plant commﬁnity development and
production by species for a maximum period of 100 years following estab-
lishment, with up to 20 calculation intervals. Individual plants form
the basic simulation unit. Variable data inputs include simulation period,
calculation interval, species composition, density, inherent biological
variability and site quality. Output is expressed in terms of wood
production, weight of annual twig production of shrubs, current annual
growth and carry-over of grasses, and current annual growth of forbs.

Designed to be used on the Wigwam big-game winter range in the
East Kootenay district of British Columbia, the model provides a quantitative
comparison of the land's capability to produce wood, browse, grasses and

forbs. It also provides a basis for the solution of forestry-wildlife

1 . .o . .y . .
All other common and scientific names with authorities are listed in

Appendix I.
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conflicts, such as assessment of the implications of management for wood
production on ungulate food production, and formulation and testing of

strategies designed to increase yields of wood, browse, grass and forbs.
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GROWTH SIMULATION OF
TREES, SHRUBS, GRASSES AND FORBS

ON A BIG-GAME WINTER RANGE

INTRODUCTION

The purpose of the study is to develop a means of predicting the
effect of plant community development on ungulate food production. The method
used is computer simulation of plant growth and competition. Abstract mathe-
matical representation of the system in a computer allows (1) incorporation
of an otherwise prohibitive number of inter-relationships, (2) manipulation
and study not feasible in real life, and (3) representation of years of plant
community development in seconds.

The simulation model to be constructed would attempt to duplicate,
albeit in a simpler manner, the growth and competitive interactions of trees,

shrubs, grasses and forbs.

JUSTIFICATION FOR THE STUDY

Quantitative assessment of the land's capability to produce wood
and ungulate food is essential for the rational solution of forestry-wildlife
conflicts and maximization of land productivity. The number and complexity
of interactions among individual plants and species necessitates a large and
complex bookkeeping system if more than an extremely superficial and often
incomplete assessment of the interactions is to be made.

The primary application of the model would be the assessment of

productive capability for wood, shrubs, grasses and forbs under different



-2 -

plant community structures and isolation of critical interactions affecting
productivity. The ability to simulate tree growth alone allows the model
to be used for estimations of growth and yield and other related forestry
problems.

Growth, yield and response to competition under different spacing
patterns, stand densities and species composition should be capable of being
tested. The model should approximate the development of mixed species plant
communities and provide estimates of (1) mortality, height and diameter
frequency distributions, crown closure, height to base of live crown, crown
width and volumes for trees, (2) mortality, crown diameter frequency distri-
butions and production for shrubs and (3) mortality and production for
grasses and forbs. Knowledge of inter- and intra specific dynamics will
allow assessment of the implications of management for wood production on
ungulate food production, and testing of strategies designed to increase

yields of wood, browse, grass and forbs.

OBJECTIVES

The objectives of the study were to:

(1) Quantitatively assess the capability of land to produce wood,
browse, grass and forbs.

(2) Assess the implications of management for wood production on
range carrying capacity for ungulates.

(3) Allow formulation and testing of strategies of plant community
manipulation designed to increase yields of wood, browse, grass and forb

production.



-3 -

(4) Determine trade-off functions between wood and ungulate food

production.

The model would be structured to allow general application through
the inclusion of additional growth and competitive functions. However, for
initial development and testing of its bredictive capability, application was
restricted to two plant communities on the Wigwam big-game winter range in

the East Kootenay District of British Columbia.

METHODS
The basic structure of the model and the components of tree growth
and competition incorporate the approach taken by Mitchell (1967) in the

Simulation of the Growth of Even-Aged Stands of White Spruce. Determination

of the growth and competitive functions, and construction and programming
of the model were performed by the investigator. The model employs empiri-
cally derived functions, three dimensional spatial distribution of aerial
growing space, and normal random deviates with specified means and standard
deviations (henceforth termed "normal random deviates'") to express genetic
variability in situations where relationships are incapable of rigorous

solution or data are incomplete.

The Approach
Definition of the basic processes operating within the system (the
vegetative ecosystem of the Wigw;m big-game winter range) was approached on
the basis of an experimental components analysis (Holling, 1963) which implies

that a process can be explained by the action and interaction of a number of
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discrete components. Each process is studied individually but in sueh a
manner that it can be integrated into a biologically realistic whole.

The achievement of a realistic representation of the system under
consideration depends on the attainment of a sufficient degree of:

(1) Realism, the ability of the model to duplicate the general
form of the real system.

(2) Precision, the ability to predict the time course of the
variables.

(3) Resolution, the number of attributes of the system represented
in the model.
The diversity and size of the system precluded detailed examination of all
components; however, the model adequately represents those aspects regarded

as essential.

The Variables
The current variables used in the model include age, site quality,

plant community, species composition, density, competition and inherent
biological variability. Such variables as water regimes, root competition
and grafting, phytotoxicity and damaging agencies were not investigated due
to their complexity.
Age - The maximum simulatioﬁ period is 100 years with a maximum of 20

calculation intervals. Both simulation period and calculation

interval are variable within the limits prescribed.

Site Quality -~ Site index of Douglas-fir is used as the integrated expression

of environmental factors influencing plant growth.
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Plant Community - The model is capable of handling two plant communities,

a Pseudotsuga-Agropyron and a Pseudotsuga-Poa community.

Species Composition - Due to the large number of plant species on the study

area, only the most commonly occurring species are treated individu-

ally. They include Pseudotsuga menziesii, Amelanchier alnifolia,

Ceonothus sanguineus, Shepherdia canadensis, Prunus emarginata, Rosa

nutkana, Symphoricarpos albus, Agropyron spicatum, Poa compressa and

scabrella, Festuca idahoensis, Calamagrostis rubescens and Koeleria

cristata. Forbs were treated as a group rather than as separate species.
Density - Variable density of all species can be accommodated.
Competition - The degree of competition is indirectly controlled through

changes in density.

The System

For the purpose of the study, the system was defined as the vegetative
ecosystem operating on the Wigwam big-game winter range. It was classified
into subsystems on the basis of the concept of levels of organization
(0dum and Odum, 1959). These include the vegetative ecosystem (System),
plant communities (Subsystem 1), populations (Subsystem 2), organisms
(Subsystem 3), organ systems (Subsystem 4) and the components or variables
that affect the development‘of the organ systems (Figure 1).

The model incorporates the concept that the internal forces moulding
the development of the ecosystem are generated by individual organisms,
be they trees, grasses, shrubs or forbs; hence the individual plant forms

the basis unit of simulation. Emphasis was placed on the growth and



WIGWAM BIG~GAME WINTER RANGE

SYSTEM vegetative ecosystem other
ecosystems
Subsystem 1 Pseudotsuga-Agropyron Pseudotsuga-Poa
community community
Subsystem 2 treg/m’ forbs
: other ' other other l
Subsystem 3 Douglas-fir Ceanothus ropyron all
\ l forbs
Subsystem 4 crown bole crown crown crown
Components branch height annual annual
growth growth growth growth
diameter
competitive
competitive status
status
volume annual
growth twig
competitive growth
status competitive

status

Figure 1. The system and its levels of organization.
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competitive ability of the few species which were judged to be dominaﬁt, the
theory being that these species largely control the community and thereby the
occurrence of rarer species (Odum and Odum, 1959).

The growth and competitive status of individual plants was expressed
through the development of their organ systems, namely, crowns and stems.
The components determining crown and stem development were the lowest level
of organization intensively investigated., Each level of organization repre-

sents the components of the next higher level.

The Components

Isolation of the components thought to be important features of the
system was accomplished by constructing a simplified flow chart of the system
(Figure 2). The boxes represent the components investigated. The variables
associated with each component are too numerous to list by individual com-
ponents. They include such factors as age, species, relative spatial
distribution and density, growth rates, crown growth and size, crown closure
of trees and shrubs, competitive ability, inherent biological variability,
unexplained variability and envirommental factors, including soil and climate.

The arrows depict the direction and flow of interactions in the model.

'The Functions
Since the model predicts plant community development, the functions
derived must, of necessity, reflect a time-course development, or be directly
and easily related to some other variable exhibiting a time-course develop-

ment. In addition, the functions should be expressed in unambiguous terms
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if they are to be applied elsewhere. For instance, basaliarea or age of

a forest stand used as a measure of competition are somewhat ambiguous since
they only imply, and do not specify, crown closure or degree of crown
competition.

Despite a considerable volume of literature, it was deemed advisable
to derive all necessary functions to ensure that they adequately represen-
ted (1) the actions and interactions occurring on the particular study area,
and (2) a time-course development. The functions derived by Mitchell (1967)
for white spruce growth met the requirements of this study and hence were
used as a basis for derivation of similar functions fof Douglas-fir., Mean
height, diameter and surface area (Ferguson, 1968) as well as mean volume
were used as measures of shrub growth. Non-random sampling was used to
evaluate variability in density of all species (Lyon, 1968) as well as the
use of 1/10th-meter plots to determine floristic composition of shrubs,
grasses and forbs (Daubenmire, 1959). Production of grasses and forbs was
determined on both square-yard and 1/10th-meter plots. Response of under-
story vegetation to the présence of a forest canopy has been reported in
numerous studies (Young, McArthur and Hendrick, 1967; Jameson, 1967;
Anderson, Loucks and Swain, 1969; and others). In the vast majority of
these studies, stand development was expressed as number of stems per unit
area, basal area or stand agé, rather than as a complete stand description
including such factors as crown closure and crown width to diameter ratios.
Consequently, the degree of competition exerted by the forest stand is
uncertain. The most detailed and applicable study is that of Kemper (1971)

conducted on Premier Ridge in the East Kootenay District of British Columbia.
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Kemper (1971) expressed stand development in terms of both age and crown
closure and hence his relationships can be applied elsewhere. Competition
between individual understory plants have been studied by Donald (1951),
Hozumi, Koyama and Kira (1955), Mead (1968) and others, using spatial
relationships as a measure of competition. Determination of competitive
response between understory plants in this study was based on both plant
density and spatial relationships, depending on the size of the individual
plants. Density measures were made where the individual plants were small,

and spatial relationships were used where the individual plants were large.

The Analytical Methods

In the analyses, the components were segregated into those deter-
mining (1) growth and (2) competitive response. The components of growth
should ideally be derived from individuals or populations not subject to
competition. In the absence of competition, growth is a direct expression
of age, site quality and genetics. 1In actdélity, it was not always possible
to derive the components of growth for individuals or populations completely
free from competition. The degree of competition to which an individual was
subjected.was used to adjust its growth rate during simulation. Measurement
of competitive stress was based on the availability of aerial growing space
and the degree of light interception. While this method does not take root
competition into account, and hence has obvious limitations, it is easily

measured and appears to be a fairly good indirect measure of competition.
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If root spread is approximately proportional to crown width, as shown‘by
Smith (1964) for Douglas-fir and other tree species, then crown competition
can be used as an approximation of root competition. In considering com-—
petition, it was necessary to distinguish between inter- and intra-specific
competition. In intra-specific competition, competitive advantage was
assumed to be proportional to growth rate. In inter-specific competition,
competitive advantage was assigned on the basis of plant height, trees

were assumed to have the greatest competitive advantage, followed by shrubs,
grasses and finally forbs. While this is obviously a simplistic approach
which ignores such factors as density, age, root competition and phytotoxicity,
it was deemed acceptable for the initial development of the model.

The functional relationships shown throughout this paper were
derived empirically except where otherwise shown. Direct descriptive
techniques (Jensen, 1964) were used in curve fitting. The expected spatial
relationship between dependent and independent variables was initially
expressed graphically, and then algebraicaily. Where a single algebraic
expression could not bhe fitted, two or more expressions were used. In
these cases the expressions were fitted to pass through common points.
Because of the nature of the data, the change from one to another equation
is often quite abrupt. Iterative techniques were used to reduce algebraically
introduced curve form bias. ' Following each iteration the equation was
solved for the predicted Y values. Simple linear regressions of the form

Y=a+ bX where: Y= predicted Y value

X= actual Y value

were used to select the best fitting equation.



- 12 -

In cases where the intensity of association of actual to prédicted
Y values was low (R2 less than 0.7), normal random deviates with specified
means and standard deviations were generated. Generation of normal random
deviates along the fitted curves allowed close approximation of naturally
occurring variability and circumvented the problems normally associated with
inconclusive relationships.

Where plant community structure precluded derivation of relation-
ships required for the model, theoretical functions were constructed based
on the response of similar species. For example, the response of Amelanchier
alnifolia to increasing crown closure of Douglas-fir could not be determined
due to the lack of sufficient areas on which the two species occurred in

association. The function derived for Ceonothus sanguineus was applied in

its place.

THE STUDY AREA
) The study was conducted on the wigwam big-game winter range located

between the Elk and Wigwam rivers (latitude 4%° 15' N, longitude 115° 10' W),
near Elko in the East Kootenay District of British Columbia.

Climatically, the area corresponds to Kopens' (Trewartha, 1954) Dsk
zone. The average total annual precipitation at Elko is 19.6 inches.

Geologically, the area is highly diverse. It includes such surficial
deposits as glacial tills, lacustrine silts, colluvial deposts, talus slopes,
outwash gravel terraces and a glacial outwash delta,

The range supports significant wintering populations of elk, mule

deer and Rocky mountain bighorn sheep.
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The study was centered on two plant communities occurring on the

winter range, a Pseudotsuga-Agropyron and a Pseudotsuga—Poa community

(Figure 3). The major plant species occurring in the Pseudotsuga-Agropyron

community included Pseudotsuga menziesii, Acer glabrum, Shepherdia

canadensis, Prunus emarginata, Rosa nutkana, Juniperis horizontalis,

Apocyanum androsaemifolium, Agropyron spicatum, Calamagrostis rubescens,

Koeleria cristata, Festuca idahoensis, Achillea millefolium, Aster

conspicuus, Erigeron spp., Monarda fistulosa and Phlox caespitosa. The

major plant species occurring in the Pseudotsuga-Poa community included

Pseudotsuga menziesii, Acer glabrum, Populus tremuloides, Amelanchier

alnifolia, Ceanothus sanguineus, Rosa nutkana, Symphoricarpos albus,

Berberis repens, Poa compressa and scabrella, Calamagrostis rubescens,

Stipa columbiana, Bromus tectorum, Aster conspicuus, Balsamorhiza sagittata,

Erigeron spp., Fragaria spp., and Penstemon spp.

As a result of a number of severe forest fires, the last occurring
in 1931, the plant communities exhibit a wide diversity in age, plant
density, productivity and species composition. While no attempt was made
to describe the variability in detail, it would be worthwhile to present
a general description of the communities and to show the variability found
on the sample plots.
The plant communities on the area are very similar to those described

for the Pseudotsuga menziesii zone of Mclean (1969) and comparable to those

of the lower grassland zone of Tisdale (1947), the Agropyron spicatum

(grassland) associations of Brayshaw (1955, 1965) and the Agropyrion spicati

order, alliances Agropyretum spicati and Agropyro (spicati) - Juniperetum

scopulorum of Beil (1969).
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Figure 3. Study area showing location and extent of Pseudotsuga-Agropyron

and Pseudotsuga-~Poa communities.
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The vegetation is characterized by large grassland openings, the

predominant species being Agropyron spicatum on coarse dry soils and Poa

compressa and scabrella on the finer textured wetter soils, interspersed

with stands of Douglas-fir. Of the major shrub species, Amelanchier alnifolia,

Prunus emarginata and Shepherdia canadensis occur predominantly in the

Agropyron grasslands while Ceanothus sanguineus, Rosa nutkana and

Symphoricarpos albus occur in the Poa grasslands. The predominant species

occurring beneath Douglas-fir stands include Symphoricarpos albus,

Calamagrostis rubescens and Koeleria cristata.

Douglas-fir occurs in stands ranging in age from 20 to 130 years,
in density from single scattered trees to approximately 200Q stems per acre
and in site index (base 100 years) from 50 to 80. Table 1 shows the
variability found on seven 1/10-th acre plots which were measured to provide
a basis for determining the predictive accuracy of the model. All values
were converted to a per acre basis., The variability among individual trees
within the plot having a density of 500 trees per acre is shown in Table 2.

Measurements of density and productivity in shrub and grass stands
were made to evaluate growth capability and the effect of competition and
hence can not be used to properly describe the variability occurring omn the
study area. Table 3 shows the approximate variability in density found for
the mostbcommonly occurring shrub species. The distribution of shrub species
was found to be highly variable, depending on plant association and particular
species. The presence of trees appeared to control both the distribution

and density of shrubs. 1In the absence of trees, Amelanchier, Ceanothus,

Shepherdia and Symphoricarpos individuals appear to be independent and

randomly distributed while Prunus and Rosa appear to occur in clones.
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Table 1. The degree of variability found on seven 1/10-th acre

Douglas-fir sample plots.

Variable Values

Minimum Average Maximum
Number of trees per acre 1" + DBH 20 253 500
Volume -cu ft per acre 1" + DBH 357 1344 2121
DBH -ins 2.4 7.33 16.6
Height -ft 17.0 37.8 68.5
Basal area -sq ft 0.031 0.337 1.503
Basal area -sq ft per acre 21.9 85.2 124.2
Total age -yrs 72 92 lQ6
Crown width/DBH 0.978 1.544 2.620

Table 2. The degree of variability found within a 1/10-th acre Douglas-

fir plot having a density of 500 stems per acre.

Variable Values

Minimum  Average  Maximum SD C;
Height -ft 20.0 35.5 61.5 10.13 28.5
DBH -in 2.6 6.3 15.5 2.9 45.4
Basal area -sq ft 0.037 0.26 1.31 0.26 98.3
Volume ~cu ft 0.32 4,03 26.4 4.8 119.0
CW/DBH 0.978 1.53 2.37 0.33 21.4
Age -yrs 56 95 111 14.0 14.8

Where: SD is standard deviation
CV is coefficient of wvariation
CW is crown width
DBH is diameter at breast height
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Table 3. Maximum and minimum densities found for the most commonly
occurring shrub species.

Density per 1/40 acre

Species Minimum Maximum
Amelanchier alnifolia 0 30
Ceanothus sanguineus 0 42
Shepherdia canadensis 0 b4

Density per sq yd

Minimum Maximum
Prunus emarginata 0 18
Rosa nutkana 0 16
Symphoricarpos albus 0 35

Measurement of grasses and forbs was restricted to the weight of
current annual growth and carryover. Again, the variability in production
was high. Table 4 shows.the maximum and minimum weights of current annual
growth measured after the cessation of growth in stands not sﬁbject to

shading by trees or shrubs.

Table 4. Variability found in current annual growth for Agropyron, Poa

and forbs in the absence of tree and shrub shade.

Species Production gms/sq yd
Minimum Maximum
Agropyron 13.5 66.3
Poa 10.1 72.3

Forbs 0.3 22.4
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ANALYSIS OF PLANT GROWTH
The primary aim in the plant growth portion of the simulation was
to define patterns of growth, variation in growth rates due to genetic and
unexplained variation, and growth rate as a function of site quality, age

and competition.

COMPONENTS OF TREE GROWTH

Several tree growth simulation models have been developed, using
different approaches (Newnham, 1964; Lee, 1967; Mitchell, 1967; Lin, 1969;
Bella, 1970; Arney, 1971). The method adopted was based on Mitchell's
(1967) approach because it appeared to be realistic in a biological sense
and also allowed a highly detailed bookkeeping of occurrences in each unit
of growing space. The components investigated included site quality, height,
crown, diameter and volume growth, height to maximum crown width and height
to base of live crown.

Site quality was measured indirectly through its effect on tree
growth by determining site index of dominant and codominant Douglas-fir
trees (B.C.F.S., Field Pocket Manual). No. attempt was made to explain site

quality in terms of environmental factors.

Height Growth
Height-age curves, used here to define the pattern of height growth,
were adjusted by site index and normal random deviates drawn from a measured
height frequency distribution to give the growth rate of individual simulated
trees. This procedure allowed the generation of populations of simulated
trees having the same site indices and height frequency distributions as

measured stands.
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Height-age curves were derived by conducting stem analyses on five
open-grown trees selected as being representative of the maximum attainable
growth rate. The average height (HT) at each five year interval (Figure 4)
was ﬁsed to derive the height-age relationship (Equations 1 and 2). The
stem analyses were conducted on open-grown trees to remove the effect of
competition; however, growth rate can be reduced to allow for the effect
of competition during the course of simulation.

The five trees used to derive the height-age curve (Equations 1 and
2) had a mean site index of 76 feet at 100 years. To adjust the curve for
a different site index, the equations are multiplied by the new site index
divided by 76. This procedure adjusts the curve either upward or downward
depending on the magnitude of the new site index.

The plotted "average' line on the height-age curve (Figure 4) does
not exhibit the expected decline in growth rate with advanced age. This
discrepancy is probably attributable to the small number of sample trees.
Until such time as the number of sample trees is increased, the B. C. Forest
Service site index curves (Forestry Handbook for British Columbia, 1971)
for interior Douglas-fir will be used in the model.

The variability in growth rate of individual trees was determined
by constructing a height frequency distribution from two hundred 20-year-old
open—grown Douglas-fir trees (Figure 5). Normal random deviates drawn from
the distribution were used to adjust the growth rate of individual trees,
thereby duplicating the naturally occurring variability. The somewhat
skewed distribution probably resulted from browsing damage to the trees
in the 2~, 4- and 6-foot height classes. Sections taken through the pith

showed that leader damage had occurred over a number of years.
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HT = 18.05(SIN(Age(ll/50) - II/2) + 1) ft (1)

if Age > 45 yrs

HT = 1.87 + (0.74066) (Age)
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Figure 4. Relationship between height and age for dominant Douglas-fir.
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Height frequency distribution for 20-year-old open-grown
Douglas-fir.

Crown Growth

Prediction of crown expansion was based on the relationship derived

between branch length (BL) and height above the branch base (HTAB) (See

Appendix II for definition of terms). The relationship was obtained by

measuring total branch length and tree height above the branch base on

115 trees, both juvenile and mature (Figure 6, Equation 3). Branches were

measured at and above the point of maximum crown width.
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BL = (0.98) (TAB’'7)  ft (3)
where: ©No. of Obs. = 404
R = 0.920
SEE = 1.18 ft
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6. Relationship between branch length and height above branch base.

Crown width was measured as the vertical projection from the edge

crown. Since branch angle and total branch length determine crown
it was necessary to convert total branch length to horizontal branch
(HBL) (Figure 7, Equation 4). Equation 4 represents potential crown

in the absence of competition, but where branches compete for growing
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HBL = (0.9) (BL) - (3.3)((BL/20)>) ft (%)
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Figure 7. Relationship between horizontal branch length and total branch
length.

space at points of crown contact, potential crown radius will not be realized.
Branch competition is discussed in the Model section.

Since simulation of tree crowns was restricted to the visible crown
area (the area of that portion of the crown which forms a photographic image
when viewed directly from above), it was necessary to define the point of

maximum crown width. Prediction of the height of maximum crown width was based
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on the measurement of total tree height (HT) and height to maximum crown
width (HTCW max) on 94 open-grown Douglas-fir (Figure 8, Equations 5 and
6). Equations 5 and 6 apply only to those trees free from competition.

Otherwise, height to maximum crown width is simulated.

if HT < 30 ft

HTCWmax = (0.06) (HT) + (0.008) (HT %)  ft (5)
1f HT > 30 ft
HTCWmax = - 5.5 + (0.425) (HT) £t (6)
where: No. Obs. = 94
2 = 0.828
SE = 2.63 ft
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Figure 8. Relationship between height to maximum crown width (HTCW max)
and total tree height.
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Estimation of height to the base of the live crown (HTblc) és a
function of height to maximum crown width circumvents the restriction imposed
by simulating only the visible crown area. Measurements were made on 50
trees selected from various stocking densities and age classes (Figure 9,
Equations 7 and 8). All sample trees were highlined; that is, their lower
branches had been killed through browsing by ungulates. Where trees are
highlined, HTblc is approximately 7 feet.

if HICHWmax < 10 ft

HTble = 0.0 ft (7)

1f HTCWmax > 10 ft

HTblc = - 10 + HTCWmax (8)
where: No. of Obs. = 50
R2 = 0.694
SEE = 9,84 ft

&

50 (- o
1 ..,o
:
e)-l 4 0 — ‘. .0..
] '0'
5
w3 30 |- Kod
W -
o
)
@ 20
m
3
“ 10
< highlined
e
2 0 il !

0 10 20 30 40 50 60

Height to Maximum Crown Width - ft

Figure 9. Relationship between height to base of live crown and height to

maximum crown width.
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Diameter Growth
Prediction of diameter at breast height (DBH) was based on the

derived relationship of DBH against tree height minus 4.5 feet (breast

height) and crown area (CA) (Figure 10, Equation 9). The relationship

DBH = (0.165) ((CAGHT - 4.5))°°%8) — (0.0011) (CA(ET -4.5)) ins (9)

where: No. of Obs, = 299
R2 = 0.908
SEE = 1.08 ins

DBH -~ ins

A B A A 1 J

0 5 10 15 20 25 30 x 10°

Crown Area x (Height - 4.5)

Figure 10. Relationship between diameter at breast height and the product

of crown area and tree height minus 4.5 feet.
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was derived from open~grown, open, normal and overstocked stands from various
age classes. Crown area was calculated from four measures of crown radius
taken at right angles. The data were not analyzed by individual stocking or

age classes,

Volume Growth
Volume (V) estimations were based on the application of the simulated
tree height and DBH to the B, C. Forest Service volume equations for Interior
Douglas-fir (Browne, 1962). No attempt was made to localize the equation,

or to estimate effects of dbh limits or decay, waste, and breakage.

Log V = =-2.734532 + 1.739418Log D + 1.166033 Log H (10)

SEE for single trees: * 11.3 per cent

COMPONENTS OF SHRUB GROWTH
The components of shrub growth investigated included site quality,
height and crown growth and annual twig production. The species examined

were Amelanchier alnifolia, Ceanothus sanguineus, Shepherdia canadensis,

Prunus emarginatg, Rosa nutkana and Symphoricarpos albus. Preliminary

regressions of age and annual twig production against shrub height, volume,
surface area and diameter growth indicated that crown diameter growth was
the best independent variable. Shrub age was determined by making cross-
sections of the stem, or where suckering was prevalent rootstocks, and
counting the number of annual rings. Annual twig production was determined
by taking the oven-dry weight (24 hrs at 105°C) of the current annual twig

growth immediately after leaf fall. Shrub height was measured as height to
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the highest part of the general crown profile (Figure 11). The average of

Height

T T

Figure 11. Measurement of shrub height.

two measures of crown width, taken at right angles, were used to calculate
shrub diameter. Volume was calculated as the volume of a hemisphere with a
radius equal to the shrub radius. Surface area was calculated as the surface
area of a circle with a diameter equal to the shrub diameter.

Large variations in rate of growth and small variations in site

quality precluded definition of variations in growth rate due to site.
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Crown Diameter Growth

As previously stated, two measures of crown diameter (D) taken at
right angles, were made on each shrub and expressed as a function of age.

The relationships are presented in Figures 12, 14, 16 and 17, and Equations

11 to 21.
Amelanchier
D=-1+ (0.15) (Age) + (1 - Age/30)1-7%® (11)
where: No. of Obs. = 64
R2 = 0.471
SEE = 1.246 ft

Ceanothus

2.8(SIN(Age(1l/60) - 1I/5.2) + .5) ft (12)

if Age < 40 yrs D

if Age > 40 yrs D = 4.1 + (0.016667) (Age) ft (13)
where: No. of Obs., = 96
r? = 0.127
SE, = 1,30 ft
Shepherdia
if Age < 50 yrs D = 4.5(SIN(Age(ll/70) - II/4) + .6) ft (14)
if Age > 50 yrs D = 7.17 + (0.0046) (Age) ft (15)
where: No. of Obs. = 54
RZ = 0.438
SE = 1.287 ft

E
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Prunus
if Age < 16 yrs D = SIN(Age(1I/18) - 11/2.5) + 1) ft (16)
if Age > 16 yrs D= 2.0 ft (17)
where: No. of Obs. = 100
R? = 0.488
SEE = (0,228 ft
Rosa
if Age < 16 yrs D = SIN(Age([/18) - 11/2.5) + 1) ft (18)
if Age > 16 yrs D= 2,0 ft (19)
where: No. of Obs. = 98
R? = 0.166
SEE = 0.445 ft
Symphoricarpos
if Age < 18 yrs D = 0.8(SIN(Age(ll/26) - II/6) + 1) ft (20)
if Age > 18 yrs D = 1.2 ft (21)
where: WNo. of Obs. = 48
R? = 0.352
SEE = 0.802 ft

The prediction of crown diameter was complicated by the fact that the measured
age fell short of the time period (100 years) used in the simulation.

Stebbins (1951) stated that the lifespan of individual plants sprouting

from roots or crowns cannot be estimated because, barring the influence of
man, they can only be killed by disease, competition from other plants or

by radical changes in habitat. He further stated that in stable plant
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communities seriously diseased plants are rare, so the age of the plant must

approach that of the community itself. In the model, those species which

exhibited sprouting from crowns or rootstocks, Amelanchier, Ceanothus, Prunus
and Rosa, were, in the absence of competition, assumed to have a lifespan
exceeding the simulation period. The remaining species, Shepherdia and

Symphoricarpos, were replaced when the age of individual plants exceeded

the maximum measured age. The application of normal random deviates, as

shown in the simulated populations of Amelanchier and Ceanothus (Figures 13

and 15) having the same age distributions as the real populations shown in

Figures 12 and 14, allows duplication of the naturally occurring variability.
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Figure 12. Crown diameter to age relationship for Amelanchliier.
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Annual Twig Production

Prediction of the weight of annual twig production (WT) was based
on the relationship between weight of the current year's production of twigs
and shrub diameter (D). Shrub diameter was converted to area for Amelanchier,
Ceanothus and Shepherdia to simplify modelling procedures. These species
occupy and compete for specific volumes of growing space and hence may
develop asymmetrical crowns, Weight of leaf production was not investigated,
as fallen leaves do not contribute directly to the winter food supply of
ungulates., The relationships are presented in Figures 18 and 19, and
Equations 22 to 28. Data used to derive these relationships were collected

from individuals free from competition.

Amelanchier
WT = (4.1) (Area) gms (22)
where: WNo. of Obs, = 8
R’ = 0.981
SEE = 9.05 gms
Ceanothus

WT = 810 - (1.45454) (110 - Area) - (700) ((1 - Area/110)2*7y  (23)

gms
where: No. of Obs. = 10
R = 0.992
SE = 17.17 gms

E
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Shepherdia

WT = 250 - (254.92)((1 - Area/100)*'1)  gms (24)
where: No. of Obs. = 10
R = 0.580
SE; = 36.27 gms
Prunus
if D < 1.37
WT = 0.4 + (0.6) (D) gms (25)
if D > 1.37
WT = -8.8 + (7.1)(D) gms (26)
where: No. of Obs. = 20
R? = 0.995
SE, = 0.221 gnms
Rosa
WL = 0.1+ (1.4)(®'*°)  gms 27
where: No. of Obs. = 20
r? = 0.527
SEg = 1,078 gms
Symphoricarpos
WT = (0.4) (D) gms (28)
where: No. of Obs. = 20
r? = 0.503
SE = 0.119 gms

E



- 39 -

COMPONENTS OF GRASS AND FORB GROWTH
The components of grass growth investigated include rate and pattern
of growth, carryover and total annual growth. Investigation of rate and

pattern of growth was restricted to an Agropyron spicatum community. Measure-

ments of carryover and annual growth were made on Agropyron spicatum, Poa

compressa and scabrella, Festuca idahoensis, Stipa columbiana and Calamagrstis

rubescens communities.

Rate and Pattern of Growth

Measurement of rate and pattern of Agropyron growth was made on an
80~ by 80-ft enclosure containiﬁg an Agropyron stand free from shrub and tree
competition. The experimental procedure was designed to allow the derivation
of mathematical relationships describing both the shape and slope of the
growth curves from the time of initiation of spring growth until cessation
of growth in the fall., Spring growth, as denoted by the germination of forbs
and the obvious presence of new grass was initiated in the last week of April.
The cessation of growth in the fall occurred in the second week of September,
based on the maturation of Agropyron seed heads and a continuous period of
10 weeks of production measurements showing no upward trend. These production
measurements were made during the course of the experiment. The procedures
used may be summarized as follows:

(1) Two hundred and thirty square-yard plots were laid out and their
boundaries were strung with haywire.

(2) Twenty control plots (2'sets of 10 plots) were not subjected to

any treatment until cessation of growth in the fall (17 weeks after initiation
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of spring growth). The plots were then clipped to a height of 1’5 inches
and the clippings were separated into carryover and current annual growth,
The clippings were then oven-dried and weighed.

(3) The remaining 210 plots were clipped to a height of 1% inches
prior to the initiation of spring growth (April 1 to 3, 1970). The clippings
(carryover) were oven—-dried and weighed.

(4) The treatments consisted of clipping and weighing the current
annual growth. The plots (10 plots per treatment) in treatment 1 were
clipped at the end of the first week (May 1), and in treatment 2, at the end
of the second week (May 8), etc. The treatments were continued until the end
of the 17th week (September 11), at which time growth had ceased.

(5) All weights represent oven-dried weight (24 hrs at lOSOC).

(6) A completely randomized design was used in the allocation of

control and treatment plots.

Figures 20 and 21 show the mean and range in weight of current
annual growth by weekly intervals for Agropyron and forbs. The wide
variations in current annual growth within treatments for Agropyron can be
reduced by plotting current annual growth (CAG) against carryover (C) by
weekly intervals (Figure 22). The 17 curves, one for each week, fitted to
the data have the general form

CAG = aTANH(Cb)
where "a" represents the maximum attainable growth and '"b" represents the

shape of the growth curve as a function of carryover. The use of this

procedure assumes that carryover, in the absence of utilization by ungulates,
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is an approximate measure of the productive capacity of the site. To
simplify calculation and modelling procedures, both the "a" and "b" variables
were expressed as a function of their respective week (Figure 23, Equations

29 to 31).

variable 'a'

if Week _ 9
a = (2.833) (Week!*?) | (29)
if Week 9
a = 38 + (11)TANH((Week - 9)(0.43)) (30)
variable 'b'
b = 0.037 - (0.016) (TANH( (Week) (0.13))) (31)

— ' a' variable

'p' Variable

60
==« 'b' variable

40 -
o
a
- 0.002
5
o>
—m 20 -

0 1 | i i 1 } { J 0.037

0 2 4 6 8 10 12 14 16

Weeks since Initiation of Spring Growth

Figure 23. Plot of the 'a' and 'b' variables from the equation CAG =

aTANH(Cb) expressed as a function of weeks since the

initiation of spring growth.
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These functions were then applied in the general equation and tested against
actual weekly production. Growth was slightly overestimated from week 1 to
9. The relationships shown in equations 29 to 31 were combined and are pre-

sented in Equations 32 and 33.

if Week _ 9
CAG = ((2.833) (Week!*?)) TANH((CX0.037 - (0.016) (TANH
((Week) (0.13))))) gms (32)
if Week 9
CAG = (38 + (11)TANH((Week - 9) (0.43)) TANH((C) (0.037

- (0.016) (TANH ( (Week) (0.13))))) gms (33)

In applying these equations to grass species other than Agropyronm,
it was assumed that the species differences are expressed only in terms of
maximum attainable growth ("a" variable). Consequently,only equations 29
and 30 will require modification for species change.

The foregoing relationships were derived from data collected
during a single growing season (1970). Modifications of the "a" variable

will accommodate variations in annual growth.

Total Grass and Forb Production
Twenty-four enclosures, each containing 16 square-yard plots, and
the 80~ by 80~foot enclosure were used to measure total annual growth for

Agropyron spicatum, Poa compressa and scabrella, Festuca idahoensis, Stipa

columbiana, Calamagrostis rubescens and forbs. Forbs were treated as a

group rather than as individual species, due to the large number of species

represented by relatively few individuals. The 24 enclosures were clipped
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to a height of 1% inches prior to initiation of spring growth and theﬁ
reclipped after cessation of growth in the fall. The clippings were
separated into grasses and forbs, oven dried, and weighed. Clippings
made on the 80— by 80-foot enclosure fron the 10th to the 17th week,
inclusive, were included. The measured values were used to define

production levels and variability in production on different sites.
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ANALYSTIS OF PLANT COMPETITION

The primary aim of the competition portion of the simulation model
was to permit modification of growth potential and survival rates of indi-
viduals and populations subject to inter- and intra-specific competition.
Emphasis was placed on the ability to duplicate changes in growth response
and survival rather than on understanding the underlying processes. The
components of tree, shrub, forb and grass growth derived in the Plant Growth
section provide benchmarks for growth potential and survival in the absence
of competition. The functions derived in this section serve to modify the

above-mentioned components,

Components of Tree Competition

The components of tree competition investigated include branch
competition for aerial growing space, height and diameter growth response
to crown competition, and criteria for mortality. The effect of competition
from shrubs, grasses and forbs was not investigated.

Observation of crowns of competing trees indicated that branches
of adjacent crowns seldom interlocked in immature and mature stands. Main-
tenance of crown integrity is probably due to cessation of apical growth
resulting from severe shading or mechanical injury due to wind-induced branch
motion (Mitchell, 1967). Crowns of juvenile trees, less subject to both
shading and wind-induced motion, exhibit extensive interlocking. Modification
of the branch length functions in the presence 6f crown competition was based
on the availability of aerial growing space during simulation. Simulation of

actual branch length, and hence crown area, was accomplished by allowing
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branches to compete for growing space in a three~dimensional matrix. The
simulation is discuséed in the Model section.

Tree height-growth response to crown competition was not investigated
in detail. Four suppressed Douglas-fir were analyzed and their pattern of
growth was compared to that of the five open-grown dominants. The shape of
the curves was found to be essentially similar, the only difference being in
the slope of the curve., Until further investigation, inter-tree competition
is assumed to have no effect on rate of height growth, except when crown area
becomes so restricted that mortality occurs. Simulating variability in rate
of height growth was accomplished by applying normal random deviates, sampled
from the height frequency distribution described earlier, to the height-age
relationship (Figure 4, Equations 1 and 2).

Diameter—-growth response to crown competition is implicit in the
relationship between DBH, crown area and height (Figure 10, Equation 9).

This relationship was derived from sample trees selected as being represen-
tative of open~grown individuals and individuals occurring in stands of
various densities.

The ability to duplicate tree mortality during stand development
is an essential feature in the model. The removal of trees subjected to
insufficient growing space or excessive shading prevents abnormal stand
stagnation and allows competing tree crowns to increase in size. In the
model, a tree is eliminated if the ratio of the simulated crown area in the
presence of competition to the simulated crown area in the absence of com-

petition is less than or equal to 0.1, regardless of tree age. The value
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(0.1) was derived by testing the model on stands where the history of natural
mortality was known. Mortality due to causes other than crown competition
was not included in the model,

Removal of understory vegetation has been shown to increase height
growth, limb diameter and volume increment of ponderosa pine (Barrett, 1970).
Exclusion of the effect of understory vegetation does not seriously affect
the tree growth simulation because all of the tree growth functions were
derived on individuals subject to understory competition, and the model is

not structured to allow its complete removal.

Components of Shrub Competition

The components of shrub competition investigated included crown
competition between shrubs and the effect of forest crown closure on shrub
survival. Shrub response to competition from grasses and forbs was not
investigated.

Large variations in the rate of height and diameter growth,
irregular crown shape and extensive interlocking of crowns precluded direct
assessment of the effect of inter-shrub competition on both shrub crown
growth and production. General observations indicated that the crowns of

species achieving a relatively large size (Amelanchier, Ceanothus and

Shepherdia) competed for aerial growing space, while small shrub species

(Prunus, Rosa and Symphoricarpos) did not appear to compete for aerial

growing space to any extent. The absence of small shrub species in the

immediate proximity of large shrub species, in areas where the two grew in
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association was, for the purpose of modelling, assumed to indicate that
crown competition between the two resulted in the mortality of the small
shrub species.

Modification of the shrub crown diameter to age relationships,
in the presence of competition, was based on the availability of aerial
growing space during the course of simulation. Distinction was made between

what were defined as large shrub species (Amelanchier, Ceanothus and

Shepherdia) and small shrub species (Prunus, Rosa and Symphoricarpos). This

distinction was necessary because the units of growing space allocated for
shrub growth in the simulation (% square foot) were too large to accommodate
the growth increments of the small shrub species. Allocation of units of
growing space of less than % square feet was impractical because of the
associated increase in both calculation time and computer storage require-
ments,

Investigation of shrub mortality was restricted to the measurement
of shrub density as a function of degree of shading, the inference being
that tree shade provides a measure of the degree of competition exerted by

the forest stand. Ceanothus and Prunus shrub density was measured through

a range of crown closures and plotted as a function of crown closure
(Figures 24 and 25). Ceanothus density (Equations 34 and 35) was measured
on 20 1/40th-acre plots ranging from 0 to 83 percent crown closure, and

Symphoricarpos density (Equations 36 and 37) was measured on 60 square-yard

plots ranging from O to 85 percent crown closure. The lack of associations

between Douglas-fir and Amelanchier, Shepherdia, Prunus and Rosa precluded

derivation of relationships for these species. The relationship derived
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for Ceanothus (Equations 34 and 35) was applied to Amelanchier and Shepherdia
in the simulation model. Theoretical functions were applied to Prunus and

Rosa (Figure 26, Equations 38 and 39). The use of the Ceanothus function for

Amelanchier and Shegherdia and the theoretical functions for Prunus and Rosa

reduces the accuracy of the model. However, they can be replaced with more

accurate functions at a later date.

30 +
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Crown Closure - %

Figure 26. Theoretical relationship between number of Prunus and Rosa

and crown closure of trees.
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Ceanothus (Applied to Amelanchier and Shepherdia)

if CC < 75%

N = 8 - (0.10606) (CC) + (19) ((1 - cc/75)2"%) (34)
if CC > 75%

N = 0.0 | (35)

where: No. of Obs., = 20

N = number of
individuals
Symphoricarpos
if CC < 90%
N = 35 - (0.38889) (CC) ‘ (36)
if CcC > 907
N = 0.0 (37
where: No. of Obs., = 60
Prunus and Rosa (Theoretical)
if CC < 65%
N =7 - (0.1167)(CC) + (9)((1 - cc/65)%) (38)
if CC > 65%
N = 0.0 (39)

The curves for Ceanothus and Symphoricarpos were fitted to pass

through the maximum values and consequently regression analyses were not
used to determine the goodness of fit., Points lower than the maximum values
were assumed to be the result of low initial stocking densities rather than
competition. For example, where 8 Ceanothus per 1/40th acre were found for
crown closures of 12, 24 and 33 percent (Figure 24), the density at 12 and

24 percent crown closure was assumed to reflect low initial stocking, while
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the density at 33 percent was assumed to represent the maximum density for
that crown closure.

Exclusion of the effect of grass and forb competition on shrub
production should not seriously affect the accuracy of the simulation as
all shrubs measured were growing in association with grasses and forbs,

and the model is not structured to allow the removal of these plants.

Components of Grass and Forb Competition

The components of grass and forb competition investigated include
response to crown closure, shading by large shrub species, and to changes
in density of small shrub species. Competition between grasses and forbs
was not investigated.

Productivity and species composition for both grasses and forbs
was determined on 1/40th-acre plots ranging 0 to 85 percent crown closure.
On each plot, 40 floristic descriptions (Daubenmire, 1959) and 10 clippings,

segregated into Agropyron or Poa, other grasses (Calamagrostis, Koeleria

and Bromus), were made on 1/10th square-meter sub-plots. The relationships
between the oven-dry weight of the clippings and crown closure (CC)  are

shown in Figures 27, 28 and 29, and Equations 41 to 46,
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Agropyron
if CC 5_85%

WT = (0.2353)(85 - CC) + (63.3)((1 - CC)°)  gms/m> (40)

if CC > 85%

WI = 0.0 gms/m> (41)
where: No. of Obs, = 120
R2 = 0.706
2
SEE = 13.39 gms/m
Koeleria, Calamagrostis and Bromus
1f CC < 80%
WI = (0.05625)(CC)  gms/m’ (42)
if CC > 80%
W = 0.0 gms/m? (43)
where: No. of Obs. = 120
R? = 0.50-
2
SEE = 1,219 gms/m
Forbs
1f CC < 18.75%
WT = 10(SIN(cC(I/28) - II/6) + 1) gms/m2 (44)
if CC > 18.75
W = 0.5 + (18/60%°7) (100 - ¢€)%*°%)  gms/m® (45)
where: No. of Obs, = 120
R? = 0.505
2
SE = 4,606 gms/m

E
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In determining the response of grasses and forbs to shrubs,
distinction was made between large and small shrub species. Competitive
response to large shrub species was determined by comparing production in

the open, along the border of the shrub and beneath the shrub (Figure 30).

E‘ Sphere of Influence >
: R + 0.82 ft
E Open N
: -"‘ Border
: <
] -
: ~
H AN
H AN
. N
1 Inside \
< \
R - 0.82 ft \
\
'
/
i
:‘ Radius (R) -

Figure 30. Definition of zones of influence for large shrub species.
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Production was measured using a 1/10th-meter frame and clipping and weighing
grass and forb production. A strip of the shrub, running east-west one-foot
wide, was removed prior to clipping. The frame was initially placed straddling
the eastern edge of the shrub, corresponding to the border area, and the
vegetation was clipped. The width of the border area, 1.64 feet, equals the
length of the 1/10th-meter frame. Successive clips were made to the centre
of the shrub and two clips were made on the outside of the shrub. Mean
production was calculated for the open, border and inside areas of the shrubs.
The values, presented in Table 5, are expressed as a percentage of the pro-
duction outside the shrub. Competitive response of grasses and forbs to
small shrub-species was determined by expressing production as a function of
the number of shrubs per square yard. The plots, located to cover a range

in shrub density, were clipped and the clippings separated into grasses and
forbs and weighed. The relationship found for Prunus, the only species
investigated in the Agropyron community, is shown in Figure 31 and Equations
46 to 48.

Table 5. Comparative productivity of Agropyron, Poa and forbs growing in
association with Amelanchier, Ceanothus and Shepherdia.

SHRUB SPECIES # of Shrubs Position Production as % of open
examined
Poa Forbs
Amelanchier 10 Open 100 100
Border 68.5 106.3
Inside 13.4 53.9
Poa Forbs
Ceanothus 10 Open 100 100
Border 89.5 46 .5
Inside 13.7 77.0
Agropyron Forbs
Shepherdia 7 Open 100 100
Border 136.5 30.6

Inside 1.8 20.6
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Agropyron
if N < 14
WT = (PDN/85) (3 + (0.13334) (15 - N) + (0.0918)
(15 - M%) gus/yd? (46)
if N> 14
WD = (0.0353)(PDN)  gms/yd %7)
where: No. of Obs. = 10
r? = 0.898
SEg = 7.15 gms/yd2
N = number of Prunus
PDN = Agropyron production in
absence of Prunus
Forbs
WD = - 12.3 + (3.6) (N) — (0.80752) (N - 7.5)1"7)  gms/ya®  (48)
where: No. of Obs. = 10
r? = 0.580
SEg = 5.06 gms/yd2

N = number of Prunus
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THE MODEL

Simulation of complex forest ecosystems is a logical outgrowth of
tree growth models. Models of individual tree and stand growth have been
developed by Newnham (1964), Lee (1967), Mitchell (1967), Bella (1970),
Paille (1970), Arney (1971), Goulding (1972) and others. Botkin, Janak and
Wallis (1971) developed the first mixed species, mixed age model. Their
model reproduces the major characteristics of competition, secondary
succession and changes in vegetation accompanying changes in elevation from
a conceptual basis. The model described here attempts to duplicate growth,
competition, production and, to a limited degree, secondary succession from
an empirical basis. An empirical rather than a conceptual approach was taken
in order to achieve a high predictive ability.

The model simulates growth, competition and production of trees,
shrubs, grasses and forbs. Variable inputs include site quality, species
composition, density and spatial distribution of individual plants. Output
is expressed in terms of wood production, weight of annual twig production
of shrubs, current annual growth and carryover of grasses, and current annual
growth of forbs. Procedures allowing cultural practices during the course

of the simulation have yet to be included.

STRUCTURE

The computer program written to simulate the growth, competition
and production of trees, shrubs, grasses and forbs can conveniently be
divided into three sections: the main program, the tree-growth subroutines
and the understory (shrubs, grasses and forbs) growth subroutines. A listing

of the program is contained in Appendix III.
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The Main Program

The main program controls the optional pathways through the tree
and understory subroutines (Figure 32). Variable data inputs allow by-
passing of either the tree or understory subroutines, thereby allowing (1)
simulation of trees alone, (2) shrubs, grasses and forbs in the absence of
trees, and (3) the entire plant community. Application of the model to the

Pseudotsuga-Poa community is accomplished by substitution of a "POA AND

FORB PRODUCTION" subroutine in place of the "AGROPYRON AND FORB PRODUCTION"
subroutine. Where shrub, grass and forb growth is simulated in the absence
of trees, crown closure of an actual or hypothetical forest stand can be
read in as data. The crown closure can remain constant or be incremented
at a pre-specified rate. A simplified flow chart of the main program is
presented in Figure 33.

The organization, and hence sequence of calculations and decisiohs,
of the model is based on an assumed hierarchy of competitive ability among
trees, shrubs, grasses and forbé. Trees are assumed to have the greatest
competitive ability, followed by shrubs and finally grasses and forbs. The
hierarchial order is directly related to the height at which plant crowns
compete for, and occupy, aerial growing space. Development of a hierarchial
order of computation was necessary because simulated systems are not able to
duplicate the simultaneous occurrence of growth found in natural systems.
Assessment of the degree of inter-specific competition exerted on an indi-
vidual plant is accomplished by the transfer of information summaries
between the tree and understory-growth subroutines. The transfers, following

a definite time sequence, are as follows:
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Figure 32. Flow chart of subroutines showing optional pathways.
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tree and understory
options specified?

A

Proceed to tree
growth subroutines

Proceed to tree
growth subroutines

Proceed to understory
growth subroutines

understory growth
option specified?

Proceed to understory
growth subroutines

Figure 33. Simplified flow chart of the main program showing its control

over optional pathways through the model.
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(1) Computation - Tree height and branch growth, competition for
growing space and mortality.

Transfer -~ Locations occupied by branches and percent crown
closure to shrub, grass and forb sub-arrays.

(2) Computation - Differential mortality, crown diameter growth
and competition for growing space of large shrub species.

Transfer ~ Locations occupied by branches and crown closure
of trees, and locations océupied by large shrub species
to the subroutine responsible for small shrub species growth.

(3) Computation - Differential mortality and crown diameter growth
for small shrub species.

Transfer ~ Locations occupied by branches and crown closure of
trees, locations occupied by large shrub species and area
of border and inside zones, and density of small shrub
species to the subroutine responsible for grass and forb
growth,

(4) Computation - Mortality, species change and crown growth of

grasses and forbs.

Simulation of Tree Growth

In the tree growth simulation, growth of the stand is based on the
aggregate growth of individual trees occupying a 1/10th-acre plot subdivided
into square-foot units of growing space (66 x 66). A simplified flow chart

of the sequence of calculations and decisions is presented in Figure 34.
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Is actual
crown area < 0.1 of
expected crown area in absence
of competition?

Remove
tree
No Have
< all trees been

considered?

Is
understory option

Yes Call understory
subroutines

specified?

Y

Increment age by one
calculation interval

Calculate the following tree and stand parameters
Height Crown width
Diameter Crown length
Volume Crown area
Basal area Height to base of live crown
v

Print results

No Is

4

simulation period
exceeded?

Figure 34. Simplified flow chart of tree-growth subroutines.
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Briefly, trees are assigned to locations within the plot, height and‘crown
radius are incremented, and branches test for and occupy available units of
growing space within a three-dimensional matrix. Diameter is incremented,
based on simulated crown area and height. Overtopped trees are removed

from the stand, thereby freeing growing space for adjacent trees. Individual
tree and stand parameters are calculated for each period. A more detailed
discussion of the tree-growth simulation is presented in the remainder of
this section.

The data requirements include specification of site index at 100
years, number of trees per 1/10th acre, mean and variance of a measured
height-growth frequency distribution for immature open-grown Douglas-fir,
option to read or randomly assign tree locations, simulation period to a
maximum of 100 years and number of calculation intervals to a maximum of 20.
If a simulation period of 100 years and 20 calculation intervals are specified,
the calculation interval is 5 years. Where random tree locations are
specified, a uniform random number generator is used to assign locations
with the proviso that no two trees occupy the same unit of growing space.

The growth rate and height of individual trees is determined by
(1) adjusting the slope of the height-age relationship derived for open-
grown dominant Douglas-fir (Equations 1 and 2) to give the pre-specified
site index, (2) drawing normal random deviates from the height frequency
distribution (Figure 5), and (3) solving the relaéionship for the particular
stand age in questionm.

Crown growth of trees is simulated on the 1/10th-acre plot which
is subdivided into units of growing space referenced by their location in

a two-dimensional matrix or array; the third, or vertical dimension, is
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referenced by coded values held in each unit. The array may be visuélized
as square units of growing space containing a numeric code designating plant
occupancy. Prior to computation, the codes are initialized at 10000000,
signifying that the unit is unoccupied. The code, as illustrated below, is
broken down into element nests used to identify the individual plant, its

species and stem position, and the height at which the unit is occupied.

10 0000 00
Free element nest Individual plant, species and
stem position (99 in this
location indicates the location
of the tree bole)
Height of occupancy
in hundredths of feet
In the simulation of crown growth, total branch length is calculated
by determining tree height above the branch node and solving the relationship
between branch length and height above branch (Equation 3). Total branch
length is then converted to horizontal branch length by solving the relation-
ship between horizontal branch length and total branch length (Equation 4).
Determination of the actual crown area of individual trees is accomplished by
allowing branches to compete at various heights in the two-dimensional matrix.
In the simulation of branch competition, it is assumed that a unit of growing
space can only be occupied By a single tree, and branches of competing trees

do not interlock. The sequence in the simulation of branch competition may

be summarized as follows:
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(1) Starting from the top of each tree, a circle, with radius equal
to horizontal branch length, is swept for each branch whorl being considered.
The number of branch whorls considered is equal to the number of calculation
intervals.

(2) Units of growing space are considered to be occupied if
horizontal branch length isvgreater than the distance from the tree bole
to the center of the unit.

(3) A previously occupied unit can only be reoccupied at a greater
height.

(4) When all trees have been processed, crown area is determined
for individual trees by counting the number of units occupied by each tree.

(5) The degree of competition exerted on each tree is expressed
as a function of actual crown area (CAact ) to expected crown area in the
absence of competition (CAexp ). If the ratio Qf CAact to CAexp is less
than or equal to 0.1, the tree is assumed to die and is removed from the

plot.

Figure 35 illustrates the coding of two Douglas-fir occupying growing space
(refer to Figure 34 for mechanism of branch competition). Codes 10008499
and 10044299 represent the bole position and heights of trees 11 and 18,
respectively. Codes 10000118 and 10013418 represent the units occupied by
branches originating from nodes at 0.01 and 1.34 feet on tree 18. Code
10000111 represents the units occupied by branches originating from a node
at 0.01 feet on tree 11. The array coding can be printed in the form of
developmental stand maps showing vertical and cross-~sectional projections.

Inevitably tree crowns will attempt to grow beyond the plot confines. Any
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Array coding for two Douglas—fir occupying growing space.
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portion of a plant crossing the boundary is returned on the opposite side of
the plot (Figure 36). This procedure prevents the loss of those portions of
plants crossing the boundary and approximates competition from plants growing
near the plot periphery.

Estimation of crown width, crown length and height to live crown
base are derived from the results of the crown-growth simulation. Crown width
is determined by calculating the diameter of a circle having an area equal to
the simulated crown area.. Calculation of crown length is more complex. In
the absence of inter-tree competition, height to maximum crown width is deter-
mined as a function of total tree height (Equations 5 and 6) and then height
to base of live crown is determined as a function of height to maximum crown
width (Equations 7 and 8). Crown length is determined by subtracting the
height to base of live crown from total tree height. Where crowns are subject
to competition for aerial growing space, the height of the longest branch is
taken to represent the point at which crown width is maximum, The calculation
sequence follows that for trees not subject to inter-tree competition.

Diameter at breast height (DBH) is calculated by solving the relation-
ship between DBH, height and crown area (Equation 9). Volume estimation is
based on the application of the simulated height and DBH to the B.C. Forest
Service volume equation for interior Douglas-fir (Equatioh 1Ql Basal area is
calculated from the simulated DBH.

The sequence of decisions and calculations involved in the simulation
of tree growth are repeated at each calculation interval until the simulation
period is exceeded. The information and array coding generated at each

calculation interval are retained for incrementation at the next calculation
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interval and, where the understory option is specified, are passed fo the
understory-growth subroutines.

The degree of detail required in the simulation results is specified
by output options supplied as data. At the most detailed level, the following
information is summarized at each calculation interval:

(1) 1Internal coding of the tree matrix.

(2) Develop stand maps showing vertical and cross-sectional
profiles of the stand.

(3) Detailed information on each individual tree, including
location, height, diameter, basal area, volume, height to crown base and
crown width, area and length.

(4) Mean tree height, diameter, basal area, volume, height to
crown base, and crown width, area and length.

(5) 1Initial and current number of trees.

(6) Number of trees having died.

(7) Crown closure for entire plot.

(8) Crown closure for each quarter of the tree plot.

At the lowest level of detail, total volume, crown closure, number
of trees and mean tree height, diameter, basal area, volume, height to crown

base and crown width, area and length are printed.

Simulation of Understory Growth
In the understory simulation shrub growth is based on the aggregate
growth of individuals, grass on the aggregate growth of species and forbs on

the aggregate growth of communities. The small size of individual grasses
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and forbs and the great diversity of forb species precluded simulation of
individuals. Growth is simulated on a 1/10th-acre plot underlying, and
receiving information from the 1/10th-~acre tree array. The understory array
is subdivided into % square foot units (132 by 132) partitioned into 4

independent 66 by 66 element sub-arrays (Figure 37); each sub-array is

Tree array\\\*

Sub-array 3 Sub-array 4

—————————————— 132-——-:\———————--

Shrub, grass and forb arrays

Figure 37. Arrangement of arrays showing relationship between tree and

shrub, grass and forb arrays.
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associated with a specific quarter of the tree array. A flow chart sﬁowing
the sequence of calculations and decisions made during the course of simulation
is presented in Figure 38. In general terms, the sequence may be summarized
as follows.
(1) Input data are read.

(2) Locations of large shrub species (Amelanchier, Ceanothus and

Shepherdia) are either directly or randomly assigned.

(3) Crown closure of the overstory (Douglas-fir stand) is set at
zero, specified at a constant level, set at zero and incremented at a pre-
specified rate, or passed from the tree~growth simulation.

(4) Mortality of large shrub species is determined as a function of
direct tree shading, crown closure of the forest stand or both.

(5) Crown diameter of large shrub species is incremented and crowns
are allowed to compete for aerial growing space.

(6) Density of small shrub species (Prunus, Rosa and Symphoricarpos)

is determined as a function of crown closure of trees and large shrub species.
Crown diameter of individual shrubs is then incremented.

(7) Diameter, area and production are calculated for individual
shrubs, and mortality by species, total number and production by species and
the area occupied by trees, and large and small shrub species are summarized.

(8) Production of Agropyron (or Poa), other grasses (Koelaria,

Calamagrostis and Bromus) and forbs is calculated in the absence of both

trees and shrubs.
(9) Their production is then readjusted as a function of tree shading,
location beneath large shrub species (i.e. border and inside areas) and density

and age of small shrub species.
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A more detailed discussion of the simulation is presented in the
remainder of this section.

The data requirements for the simulation of the understory develop-
ment include specification of (1) the number of large shrub species,

(Amelanchier, Ceanothus and Shepherdia), by species per 1/40th acre, for

each of the four sub-plots, (2) number of small shrub species (Prunus,

Rosa and Symphoricarpos), by species per square yard, for each sub-plot,

(3) mean and variance of crown diameter frequency distributions for all

shrub species, and (4) carryover of Agropyron or Poa in grams per square

yard. If tree growth is not simulated, it is necessary to specify the
calculation interval, simulation period and the crown closure of the forest
stand. As previously stated, crown closure can be specified at zero, a
constant value, or set at zero and incremented during the course of simulation.
Where large shrub species are assigned specific locations, their locations

are read in as data; otherwise, a uniform random number generator is used

to assign locatioms.

The first step in the understory simulation is to evaluate the
influence of the forest stand, whether simulated or specified in terms of
crown closure, on shrub mortality. Two methods are used to "kill" shrubs,.
In the first method, shrubs are tested for shade tolerance (read as input
data); if shade tolerant, they survive in direct shade; if shade intolerant,
they "die'" when directly shaded. Large shrub species are only shaded by
trees, while small shrub species may be shaded by trees and large shrub
species. Surviving shrubs are then counted by species and the number

surviving is compared to the potential number capable of surviving at the
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particular crown closure in question (Equations 34 to 39). If the actual
number exceeds the potential number, shrubs are randomly "killed" until the
two are equal. This sequence in mortality is important in that it ensures
that shade intolerant shrubs closest to trees die first. Shrubs subject to
mortality are removed from the plot, thereby freeing aerial growing space.
Growth of individual shrubs is expressed in terms of crown diameter
which is derived from the relationships between crown diameter and age
(Equations 11 to 21) distributions. In simulating crown diameter growth
and competition for aerial growing space, distinction is made between
small and large shrub species. Large shrub species compete for designated
units of growing space held in the sub-arrays; small shrub species are
allocated to those units of growing space not occupied by large shrub
species. Crown competition among large shrub species is handled in the
same manner as tree crowns except that height of occupancy is not taken
into account. The near vertical growth habit of shrub branches and more
or less similar heights precludes the mnecessity of allowing over-topping.
Following simulation of crown growth and competition among individuals
belonging to the large shrub species, the total number of small shrub
species individuals is calculated. The number of individuals is calculated
by determining the area available to small shrub species and multiplying
this area by the density of surviving individuals. If the species being
considered is shade intolerant, the available area is that portion of the
plot not shaded by trees or large shrubs; if the species is shade tolerant,
the area is that portion of the plot not shaded by large shrub species.

Crown competition among small shrub species individuals is not simulated
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due to their small size and the tremendously increased computey memory
requirements and calculation time which would be necessary (approximately
310,000 additional words of computer memory and up to 29,000,000 additional
decisions and calculations - present storage requirement is 75,000 ﬁords).

The determination of crown diameter and area of the simulated large
shrub species is accomplished by counting the number of units of growing
space occupied by each individual, expressing the result in square feet
(each unit represents 0.25 square feet), and calculating the diameter of a
circle whose area is equal to the area of the individual shrub. At the same
time, the area occupied by each shrub is segregated into those portions
representing the inside and border areas of the shrub (Figure 11). Where
the crowns of two or more shrubs are in contact, the border area is expressed
as a function of the perimeter of the group, and the remaining area consti-
tutes the inside area. For small shrub species, the diameters calculated
from the diameter-age relationships (Equations 16 to 21) are not modified.

Conversion of shrub diameter (small shrub species) or area (large
shrub species) to production is accomplished by substituting the simulated
values in Equations 22 to 28.

Following calculation of diameter, area and production for individual
shrubs, the simulated results are summarized in terms of total number and
production of shrubs by species and mortality by species. The calculated
values for the border and inside areas of large shrub species, the areas
shaded by trees, large shrub species, trees and large shrub species combined
and the unshaded area, and the density of small shrub species is passed to

the subroutine responsible for grass and forb growth.
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The sequence of calculations in the determination of grass aﬁd
forb production is to calculate production (1) in the absence of intex-
specific competition, (2) adjust production as a function of forest crown
closure (Equations 40 to 45), (3) readjust production for border and inside
areas of large shrubs (Table 2) and (4) finally readjust production as a
function of age and density of small shrub species (Equations 46 to 49).

Production in the absence of interspecific competition is based
on the measurement of the previous year's carryover of grass (Agropyron or
Poa) which has noﬁ been subject to grazing by ungulates. The conversion of
carryover to the current year's production is achieved by substituting the
value for carryover in Equations 32 and 33 and defining the number of weeké
since the initiation of spring growth. Modification of the equations to
accommodate variations in annual growth requires the derivation of cause-
effect relationships between climatic influences and annual grass growth,
Since these relationships were not investigated, growth is based on the
growing season of 1970. The produétion of forbs is based on the relation-
ship between forb weight and weeks since the initiation of spring growth
(Figure 21). The weight of forbs produced refers to the standing crop
present at the time of clipping.

Adjustment of grass and forb production in response to increasing
crown closure of trees is accomplished by solving the relationships between
production and crown closure (Equations 40 to 45), calculating the per-
centage decrease as compared to production at zero crown closure, and then

reducing current annual production by this percentage.
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The adjusted production of grasses and forbs is then readjusfed in
response to the presence of large and small shrub species. In the case of
large shrub species, production is readjusted as a percentage of production
in the open, according to the location beneath the shrub. The correction
factors applied are shown in Table 1. Where grasses and forbs ére growing
in association with small shrub species, production is adjusted as a function
of small shrub density (Equations 46 to 49). Obviously, the size of the
individual shrubs will affect the degree of reduction in productivity.
Equations 46 to 48 represent relationships derived in a Prunus community
with a mean age of 15 years. For shrub stands of less than 15 years of
age, the effect is reduced in direct proportion to the reduction in age
as shown in Figure 39.

The sequence of calculations and decisions described for the growth
of shrubs, grasses and forbs is conducted on each of the four sub-plots at
each calculation interval until the simulation period is exceeded. The level
of output detail requiréd is specified by data statements. At the most
detailed level, output is summarized in terms of:

(1) Developmental stand map showing a vertical projection of the
shrub stand,

(2) 1Initial and current number of shrubs by species.

(3) Number of shrubs having died by species.

(4) Cause of mortality (from direct shading or as a function of
crown closure of the forest stand).

(5) Detailed information on Amelanchier, Ceanothus and Shepherdia

including diameter, inside and border areas, total area and production.
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Figure 39. Relationship between Agropyron production and Prunus
density by shrub age.

(6) Total production by shrub species.
(7) Area in tree shade.

(8) Area shaded by Amelanchier, Ceanothus and Shepherdia.

(9) Area not shaded.

(10) Production of grass by species.
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(11) Carryover of grasses.

(12) Forb production.

At the lowest level of detail, output is in the form of summary tables showing

the number of individuals and production by species (Table 6).

CURRENT STATUS OF THE MODEL

The mathematical model, programmed in Fortran IV on a dual IBM 360/67
at the University of British Columbia, represents a prototype simulator of
growth, competition, production and, to a limited degree, secondary succession
in a mixed species forest ecosystem. The current version of the model

handles 1 tree species (Douglas-fir), 6 shrub species (Amelanchier, Ceanothus,

Shepherdia, Prunus, Rosa and Symphoricarpos), and 4 grass species (Agropyrom,

Poa, Calamagrostis and Koeleria); distinction is not made among forb species.

The model is presently being converted for application on a PDP 11/20, with
a 48K byte core, at the Pacific Forest Research Centre, of the Canada Depart-
ment of the Environment.

The model structure provides an adequate bookkeeping system for
the actions and interactions that occur during the development of a complex
forest ecosystem. However, refinement, expansion and testing of the system
and its components are necessary for achievement of its full potential as a

sound accurate predictive tool,

OUTPUT
The model can be applied as a tree growth, a shrub growth and a

grass and forb growth simulator, or as a vegetative community simulator



Table 6. Output at lowest level of detail for shrubs, grasses and forbs.

Parameter Age
0 10 20 30 40 50

Crown closure - 7% 0 8. 37. 64, 73.9 77.7
Agropyron production - kg/ha 475 223 180 156 10.7 3.6
Forb production - kg/ha 13.8 57. 45, 5. 3.1 4.1
Calamagrostis and Koeleria

production - kg/ha 0 1. 7. 16. 19.1 20.0
No. of Shepherdia per ha 988 889 593 98 0 0
Shepherdia production - kg/ha 0 10. 45, 17. 0 0
No. of Prunus per ha 95638 85363 28849 0 0 0
Prunus production - kg/ha 0 82. 38. 0 0 0

—18—
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which allows the inclusion of trees, shrubs, grasses and forbs. It can be
used to predict above ground plant production, to determine trade-offs
between products and to evaluate the consequence of management decisions.
Before presenting examples of the application of the model it is necessary

to discuss the problems validating the model.

Validation

The advantage in adopting a systems approach is that a number of
functional relationships can be linked in a computer program, thereby allowing
interactions among relationships and consequently providing dynamic rather
than static or average solutions. While the individual functions may
duplicate reality to a high degree, there is no guarantee that the model
as a whole is correct. Goulding (1972) summed up the validity problem in
saying "the problem of validity is that if the real system was known exactly
so that the model can be compared, there would have been little point in
creating the simulation model." The problem then is one of comparing
simulated results against static or average solutions which in themselves
represent simple models of the real system and in turn need not necessarily
be wvalid.

Van Horn (1968) defined validation as the process of building an
acceptable level of confidence that the inference about a simulated process
is a correct or valid inference of the actual process. This applies to the
individual functional relationships, the organization and linkage of the
functions and the results of the model itself. A number of procedures have

been proposed for testing the validity of simulation models, These include:
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1) Testing the model against other models (Forrester, 1968).

2) Empirical testing (Naylor and Finger, 1967).

3) Sensitivity testing (Van Horn, 1968).

4) Regression of simulated series on real series and testing whether the
coefficient was significantly different from one and the intercept sig-
nificantly different from zero (Cohen and Cyert, 1961).

5) Turing tests (Van Horn, 1968) in which people directly involved in the
field are asked to distinguish between real and simulated results without
prior knowledge as to which were which.

Testing of the tree simulation was relatively simple as compared
with the vegetative community simulations. The amount of data available for
testing the understory simulation results are severely limited, to the extent
that only sensitivity testing and some empirical testing could be carried
out.

Examples of the application of the model and the results of the

validity tests are presented in the remainder of this section.

Tree Growth Simulation
The principle application of tree growth simulations is in deter-
mining yield predictions for young stands. To date, yield tables, a term
applied to presentations of expected yields of forest stands based upon
growth inferred by the study of other stands, have been used in the
estimation of future yilelds. TFor example, in British Columbia, a kind
of empirical yield estimation called volume/age curves, of which more than

1000 are available, form the basis of the '"Forest Service Method" for
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determining annual allowable cut. Yield at culmination age and rotation
age are calculated from the curves which are based on empirical plot data
from variously aged natural stands. Localized curves may be necessary to
overcome particular differences caused by site, stand density and decay
factors (Forestry Handbook for British Columbia, 1971). Validated tree
growth simulation models could obviate the necessity for generating local
curves as site index and stand density can be varied.

The tree growth simulation was tested against the B. C. Forest
Service volume/age curves, Goulding's (1972) model, data collected on the
study area and by the Turing method.

Figures 40 and 41 show a comparison of the simulated results and
the B. C. Forest Service volume/age curves for F, F mixtures and Py on
medium and poor sites in the Cranbrook, Fernie, Upper Kootenay and
Windemere P. S. Y. U.'s. The simulated data are based on specific stand
conditions, namely a site index of 80 with 350 stems per acre for the
medium site and a site index of 65 with 400 stems per acre for the poor
site. Under these conditions the model adequately duplicates the volume
over age curves. Average DBH is adequately duplicated on the medium site
for both 7.1" + and 11.1" +, but is underestimated in the 11.1"+ class on
the poor site. By increasing the site index, but still remaining within
the range for poor site, and decreasing the number of stems, similar volumes
can be achieved but with an increase in average DBH.

Of six persons questioned, none was able to distinguish between
the B. C. Forest Service or simulated data. When asked to make a choice,
four guessed correctly but again none was able to give any valid reason for

the choice.
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The model was then tested against the growth curves for unthinned
stands prepared by Goulding (1972) to show gross volume and mean DBH for
site indices 90, 120 and 150 with 300 and 800 trees per acre at age 20.
Considerable difficulty was encountered in attempting to duplicate these
stand conditions. The model developed allows site index to change during
the course of the simulation and stand density is defined at age zero.

After numerous runsg, conditions approximating those of Goulding were achieved.
The results obtained show that the two models, derived independently and
using very different approaches, yield similar volumes with differences of

up to 250 cubic feet per acre on high sites (Figures 42, 43 and 44). The
simulated diameters of Goulding (Figure 45) are considerably lower than those
generated in this model for all site classes. This divergence is not con-
sidered to be serious as my model tends to underestimate DBH taken from the

B. C. Forest Service volume/age curves.

The simulation was tested against 6 stands measured on the study
area which were not used in thg derivation of any of the functional relation-
ships. Data collected on the stands included individual tree locations,

DBH, crown width, volume and number and location of trees having died since
stand establishment. Stumps were used to locate trees which had died.
While this method for determining past mortality is subject to under-
estimation, the absence of stands with recorded past histories of mortality
in the study area necessitated its use. Table 7 shows the actual and

simulated plot volumes in cubic feet per acre.
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Table 7. Comparison of simulated and actual stand volumes measured
on the study area.

Stand Actual Total Volume Simulated Total Volume Simulated as %

1" + DBH 1" + DBH of Actual
cu ft/acre cu ft/acre

1 1710 1510 88.3

2 2001 1991 ' 99.5

3 1832 2031 110.9

4 2131 2339 109.8

5 780 1000 128.2

6 857 7177 90.7

Stand 2 was also simulated at both 2- and 10-~year intervals to
ascertain the effect of reducing the calculation interval on both simulation
costs and results. Cost was found to be a direct function of the number
of calculation intervals; the costs at 2- and 1l0-~year intervals were
approximately $43 and $9, respectively. Decreasing the calculation interval
from 10 to 2 years had a minor effect on the simulated parameters. Selected
stand parameters are shown at 20 year intervals (Table 8).

On the basis of these results, the model appears to approximate
the real syétem. Obviously, the model will require further testing and
refinement if it is to be used to generate yield tables. However, it is
sufficiently accurate to give an approximation of yield for use in the

determination of trade-offs between wood and ungulate food production.
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Table 8. Comparison of selected mean tree parameters for calculation

Stand
Age
yrs

20

40

60

80

100

intervals of 2 and 10 years.

Calculation  Average  Average Average  No, of Trees
Interval Height DBH Volume per acre
yrs ft ins 1" + DBH
cu ft
2 5.3 0.63 0.007 840
10 5.2 0.59 0.007 830
2 14.0 2.6 0.360 770
10 14.8 2.7 0.381 660
2 20.6 3.8 1.020 650
10 21.3 3.9 1.076 540
2 29.4 5.2 2.451 550
10 30.8 5.6 2.648 450
2 38.0 6.5 5.038 450
10 38.9 6.7 4,940 410

The Vegetative Community Simulation

The models for shrub growth and grass and forb growth were con-

structed after completion of the tree growth model. Initial sensitivity

testing showed that the models were capable of approximating solutions in

the absence of trees. As was previously stated, difficulty was encountered

in validating the understory simulations due to the lack of data with which

to compare the simulated results.

Two types of sensitivity tests were undertaken, plant species

abundance was varied from absent to the highest densities encountered on

the study area and changes were made to the functional relationships and

growth rate frequency distributions,
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On the basis of the results obtained in testing the model over a
range of plant densities, it appeared that the model performed adequately
except at very low tree and shrub densities. The production of both trees
and shrubs appeared to be underestimated and the death of a single individual
at these low densities resulted in rather abrupt and marked increases in
grass production. Examination of height frequency distribution of naturally
occurring, mature, open-grown stands indicated the presence of a dis-
proportionate number of faster than average growing individuals, the reason
for which is not clear. The normal random deviates generated in the model
did not allow for this upward shift in average growth rate at low densities.
Therefore, an additional function which increases the mean value and reduces
the standard deviation at low densities was added. The addition of this
function has apparently solved the problem of growth underestimation. The
abrupt and marked increase in grass production following the death of a tree
or shrub is a result of the removal of the dead individual from the system,
thereby freeing a large amount of growing space. Modification to the system
to allow the gradual withdrawal of dead individuals is presently being
undertaken.

The changes made to the functional relationships and the growth
rate frequency distributions showed the system to be fairly stable; small
modifications to the functions resulted in small changes in the results and
large modifications resulted in large changes in the results.

The model was tested against the results obtained by Kemper (1971)

on Premier Ridge some 60 miles north of the study area. Unfortunately, due
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to the lack of uniformity in the calculation of productivity, the number of
comparisons that could be made is limited. Comparison of Kemper's (1971)
data for grass production as a function of forest crown closure with that
of the simulation shows that the simulated curve describes the data well
except at crown closures greater than 70 per cent, where it underestimated
production. The response of simulated forb production to changing crown
closure exhibits similar trends to those found by Kemper, but was signifi-
cantly lower. The lower production values probably result from the fact that
Kemper's measurements were made on plant communities in secondary grazing
succession in which forb production is greatly increased. Shrub production
follows the trends found by Kemper but can't be compared directly because
of the different metliods of measurement and presentation of results,

Insufficient data were collected to allow testing of the model's
predictive accuracy for understory production on the study area. On the
basis of the small amount of data available, the model appears to duplicate
observed production trends.

Extensive validity testing of the understory model must be carried
out before it can be used as a management tool for predicting future yields
of ungulate food production. Despite the uncertainty as to its predictive
accuracy, the understory model can be used to investigate plant interactions
and to isolate critical relationships affecting productivity.

The most interesting and instructive results obtained from the
vegetative community simulator are those showing response of shrubs, grasses
and forbs to the presence of trees and to competition among one another.

Production and density were converted to metric units because this is the
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usual system used in range studies.

Figure 46 shows the response of Amelanchier numbers and production
under two tree stands, site index 60 with 2224 and 1112 trees per hectare,
respectively, at age zero, as compared to growth in the absence of trees.

The initial number of Amelanchier was set at 2700 per hectare, representing

the upper density found. The most striking feature in the comparison is

the tremendous reduction in number and production when trees are introduced

into the system. Clearly, the production of wood and Amelanchier browse

are incompatible. Similar relationships were found for all shade intolerant
shrub species. Figure 47 shows a comparison of the rate of mortality and

production of a shade intolerant species, Prunus, and an intermediate shade

tolerant species, Symphoricarpos, as a function of changing forest crown
closure and time, Both species shoﬁ a decrease in numbers as crown closure
increases, the rate of decrease being greatest in the shade intolerant
species. In both cases production shows a lag effect; that is,production
initially increases despite a decrease in shrub numbers. The production
increase is explained by the fact that although the number of individuals
is decreésing, the relative size, and hence preductivity, of each individual
is increasing.

The response of Agropyron to the presence of trees is essentially
similar to that of shade intolerant shrubs. Figure 48 shows the response
of Agropyron production under the same conditions used to determine Amelanchier
response to tree shade. Production was set at 475 kilograms per hectare

which represents good production on the study area. Again production shows
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a very rapid decrease as tree crown closure increases. A change in crown
closure from O to 10 per cent causes a fifty per cent reduction in pro-

duction.

The production response of forbs and Calamagrostis and Koeleria

to changing crown closure as affected by the presence and absence of shrubs,

in this case Shepherdia, Prunus and Symphoricarpos, is shown in Figure 49.

The production curves are a product of a number of complex interactions.

Production of Calamagrostis and Koeleria increases in response to increasing

crown closure both in the presence and absence of shrubs. However, the
presence of shrubs depresses the rate of increase. In the absence of shrubs,
forb production shows an initial increase in response to increasing crown
closure, and decreases when crown closure exceeds 30 percent. In the presence
of shrubs, forb production initially shows a faster and more pronounced
increase, followed by a more rapid and pronounced decrease. The shift from

a pronounced increase to a pronounced decrease in production results from the

opposing effect of Shepherdia, Prunus and Symphoricarpos on forb production

and differing mortality rates for the shrubs. Shepherdia results in a

decrease in forb production, while Prunus and Symphoricarpos increase pro-

duction. The decrease in forb production resulting from the presence of
Shepherdia is masked by a greater increase due to the presence of Prunus and

Symphoricarpos until age 20. At age 20, or crown closure of approximately

12 percent, mortality of Prunus and Symphoricarpos reduces their compensatory

effect, and forb production shows a net decrease due to the effect of the

surviving Shepherdia.
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Forest crown closure appears to be the most critical factor
determining understory production. Therefore, the ungulate manager, faced
with the problem of providing browse and grazing, must be able to predict
future tree crown closures if he is to manage the resource., The tree growth
model can provide this information. Figure 50 illustrates the effect of
site index and stand density, the two most important factors affecting crown
closure, on the rate of crown closure for three stand densities, 2224, 988
and 247 trees per hectare at year zero, and two site indices, 80 and 60.
Tree locations were randomly assigned.

Determination of trade-off functions between production of wood
and Agropyron demonstrates even more clearly the degree of incompatibility
between the two products (Figure 51). Agropyron production was specified at
475 kilograms per acre and the tree stands were assigned a site index of 60
with 2224 and 741 trees per hectare at age zero. Wood production was con-
verted to cubic meters per hectare for the comparison. Under both stand
conditions Agropyron production was decreased by approximately 55 per cent
before any volume increment occurred. Reduction of stand density from 2224
to 741 trees per hectare resulted in a short term net increase in Agropyron
production at the cost of a loss of 111 cubic meters of wood per hectare.

The response of Agropyron to the presence of Amelanchier, and other
shrub species, is similar to that of tfees in that there is a reduction in
production, but this loss is compensated by the production of browse
(Figure 52).._Agrogzron production was specified at 475 kilograms per
hectare and Amelanchier density at 2700 individuals per hectare. The
trade-off function shows a straight line almost one-to-one conversion with

a slight loss in production in the change from Agropyrom to Amelanchier.
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The discussion of the simulation results gi?es a brief insigﬁt into
the complexity of interactions handled by the model and the form of output.
The model appears capable of predicting the production of trees, shrubs,
grasses and forbs in complex plant communities with a reasonable degree of
accuracy, allows isolation of the effect and response of individual plant
species and provides a basis for determining production trade-offs among
different plant species and hence providing a management tool for the
optimization of land productivity for specified management goals.

It would seem worth while to give a brief example of how the model
could be applied on the study area to evaluate the consequence of reducing
the density of Douglas-fir stands on the production of wood and ungulate

food. Amelanchier, Agropyron and forb production are compared under two

Douglas-fir densities, 2224 and 247 trees per hectare at year zerc with a
site index of 60. Amelanchier production was calculated for 2700 individuals
per hectare and Agropyron for a meanbproduction of 40 grams per square meter.
Table 9 shows the comparative productions. At 2224 trees per hectare, wood
production reaches 8,000 cubic feet per hectare,while the production of

Amelanchier, Agropyron and forbs is essentially confined to the first 30

years, Amelanchier production reaches a maximum of 25 kg/ha at 20 years

and then declines rapidly to zero at 32 years; Agropyron production reaches
a maximum of 210 kg/ha at 10 years and declines to zero at 36 years,and

forb produétion reaches a maximum of 535 kg/ha at 10 years and declines
gradually to 10 kg/ha at 100 years. Reduction of stand density to 247 stems
per hectare reduces wood production by approxiﬁately 70 per cent to 62.3

cubic meters per hectare but results in very significant increases in the



Table 9. Comparative productivities of wood, Amelanchier, Agropyron and forbs
for two Douglas—fir stands with 2224 and 247 stems per acre and site

index 60,
SITE INDEX 60
2224 trees per ha 247 trees per ha
Age Wood Amel. Agrop. Forbs Wood Amel. Agrop. Forbs
cu ft/ha kg/ha kg/ha kg/ha cu ft/ha kg/ha kg/ha kg/ha
0 0 0 0 0 0 0 0 0
10 0 12 210 55 0 11 400 40
20 0 25 60 25 0 25 390 45
30 250 3 10 12 8 31 375 50
40 1200 0 0 10 125 37 340 55
50 2500 0 0 10 250 38 310 60
60 3500 0 0 10 820 39 280 59
70 5000 0 0 10 1250 39 250 58
80 6300 0 0 10 1750 40 230 55
90 7500 0 0 10 2000 40 215 52
100 8000 0 0 10 2200 41 200 50

- €11 -
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production of Amelanchier, Agropyron and forbs. Amelanchier production

increases steadily to a maximum of 41 kg/ha at 100 years; Agropyron pro-
duction reaches a maximum of 400 kg/ha at 10 years and then declines to
200 kg/ha at 100 years,and forb production reaches a maximum of 60 kg/ha
at 50 years and then declines to 50 kg/ha at 100 years. In the absence
of trees,Amelanchier production would have reached 380 kg/ha, Agropyron
475 kg/ha and forbs 42 kg/ha. Whether the increase in ungulate food pro-
duction justifies the associated reduction in wood production is beyond

the scope of this study.
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POTENTIAL FOR APPLICATION

At the present stage of development, the model has a number of
limitations that should be overcome if it is to achieve its full potential
as a research, educational or management tool. The limitations may be
segregated into (1) system or (2) component oriented restraints.

The system oriented limitations result from system design and are
relatively easily overcome., They include:

(1) 1Inability to allow natural regeneration or cultural practices
during the course of simulation.

(2) Simulation plot must be square.

(3) Definite upper limit on number of species and individuals
within each species.

(4) Excessive amounts of information generated.

The component oriented limitations are of a more serious nature
than the system restraints, depending on the purpose of the study. As a
feasibility study in using mathematical modelling to simulate plant ecosystem
development, to approximate productive capabilities for alternate species or
combinations of species, isolate critical functional relationships, assess
probable implications of management for wood production on ungulate food
production or as a learning tool, the limitations are of little consequence.
However, if the model is to be used in management decision making, it will
be necessary to (1) improve and elaborate the functional relationships,
(2) derive additional relationships,and (3) undertake further validity

testing. Additional information required would include (1) a more precise
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definition of site quality, (2) the ability to account for large vafiations
in understory production due to annual climatic variations, (3) the ability
to allow mortality from causes other than competition,and (4) the development
of methods for converting total plént production to utilizable production
will be necessary.

Following these inclusions, the model would have direct application
in:

1) Determining production capabilities for alternate species or
combinations of species.

2) Testing various combinations of species to determine the best
combination in terms of ungulate food production.

3) Predicting food availability through the winter.

4) Predicting plant succession and the duration and amount of
food produced by individual species and combinations of species.

5) Deriving trade-off functions between wood and ungulate food
production.

6) Prediction of wood yield.
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APPENDIX I. COMMON AND SCIENTIFIC NAMES

PLANTS
Douglas-fir Pseudotsuga menziesii (Mirb.) Francol
Serviceberry Amelanchier alnifolia Nutt.
Buckbrush Ceanothus sanguineus Pursh.
Buffalo berry Shepherdia canadensis Nutt.
Cherry Prunus emarginata (Dougl.)
Rose Rosa nutkana Presl.
Snowberry Symphoricarpos albus (L.) Blake
Wheatgrass Agropyron spicatum (Pursh) Scribn. and Smith
Bluegrass Poa compressa L.
Poa scabrella (Churb.) Benth., ex Vasey,
Fescue Festuca idahoensis Elmer
Reedgrass Calamagrostis rubescens Buckl.
Junegrass Koeleria cristata Pers.
Brome grass Bromus tectorum L.
Trembling aspen Populus tremuloides Michx.
Douglas maple Acer glabrum Torr. var. douglasii (Hook.) Dipp.
Juniper Juniperus horizontalis Moench.
Mahonia Berberis repens Lindl.
Needlegrass Stipa columbiana Macoun.
Yarrow Achillea millefolium L.
1

Hitchecock, C. L., Cronquist, A., Ownby, M. and J. W. Thompson. 1969.
Vascular plants of the Pacific Northwest. University of Washington
Press. Seattle and London. 5 Vols,
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Large purple aster Aster conspicuus Lindl.
Pasture wormwood Artemesia frigida Willd.
Spring sunflower Balsamorhiza sagittata (Pursh.) Nutt,

Monarda fistulosa L.

Beardtongue Penstemon spp.

Tuffted phlox Phlox caespitosa Nutt.

UNGULATES

Elk Cervus canadensis nelsoni, Bailey2

Mule deer Odocoileus hemionus hemionus
(Rafinsque)

Rocky mountain big-horn Ovis canadensis canadensis Shaw

sheep

McTaggart Cowan, I. and C. J. Guiget. 1965. The mammals of British
Columbia, A. Sutton, Queen's Printer (B. C. Provincial Museum, Hand-
book No. 9).
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|

tree height (HT)

crown radius (CR)

height to live crown base (HTblc)
maximum crown width (CWmax)

horizontal branch length (HBL)

branch length (BL)
height above branch base (HTAB)

height to maximum crown width
(HTCWmax)

length of live crown

point of maximum crown width
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APPENDIX I11I

PROGKAM LISTING FOR
THE
GRUWTH SIMULATION OF
TREES, SHRUBS, GRASSES AND FORBS

ON & BIG=GAME WINTER RANGE -

MAIN PROGRAM

TREE GROWTH SIMULATION

TREE GROWTHM AND COMFETITION = SUBROUTINE TREE
STAND HMAPS = SUBROUTINE XSECT

VEGETATIVE COMMUNITY SIMULATION

SUBROUTINE AGROP
SUBROUTINE BRANCH
SUBROUTINE REM
SUBROUTINE AREA
SUBROQUTINE SGPDN
SUBROUTINE SUM

PROGRAM CONTROL AND SPECIFICATIONS
SHRUB GROWTH

SHrUB MORTALILITY

SHRUB AREA

SHRUB PRODUCTTON

GRASS AND FORB PRODUCTION

UTILITY PROGRAMS
UNIFORM AND RANDOM NUMBER GENERATORS



aOCoOOO0O0OnO0O0OGNoONOe

OO0

- 124 =

MAIN PROGRAM

SIMULATION OF THE GROWTH AND COMPETITIVE INTERACTIONS OF
TREES, SHRUBS AND GRASSES
ON & BIG=GAME WINTER RANGE IN THE EAST KOOTENAY DISTRICT

OF BRITISK COLUMBIA

QUMMY MAIN PROGRAM TO ALLOW BYPASS OF THE TREE GROWTH SIMULATION

DIMENSION IARRA(66,66),BL2(96),ACC(4,21),ATA(4,21),AT6(4,21),ATF (4
£1,21) ,APONAC4,21) ,APDNC(4,21) ,APONS(4,21) APDNPR(4,21),APDNRD(4,21)
2)APDNSY(4,21)

INTEGER®¢ JARRA(66,66) ,NSET(96),I100(96,5),JRAA(96,5) 4NAGE(50),NNAME
1LC4) yNNCEON(CY) )NNSHEP (4) ,NNPRUNC(CY4) ,NNROSE (4) ,NNSYMP (4) ,JRAND(SQ) ,K
2RAND (S@) ,LRAND(S2),JIJRAND(10202) ,KKRAND(1P0) ,LLRAND(1Q2), J
Z3AMEL (20) , JCEOQON(20) ,JSHEP (20) ,JPRUN(20),JROSE(2R),JSYMP(20), 1
SCOM(152),JCcam(150),I0EADL (152),I0EAR2(190) ,IDEADI(15Q),I0€A04(150Q)
6,LARRI(65,66),LARR2(66,66) ,LARRI(66,66),LARR4(66,66),IAREA(153),1D
TIAMI(15Q),INIAM2(1SQ@),IDIAM3I(150),101AMA(150) ,PER(153),EPER(16),KA
BMEL (4,21) ,KCEON(4,21) ,KSHEP (4,21) ,kPRUN(4,21) ,KROSE(4,21) yxSYMP (4,
921),)RCHAR(16V),IMT(100,97),1ICHAR(99),IBB(5Q@,97),IRAND(IT)  IXX(97),
1JIXXC(97),IVOL(97),10BR(97),ICL(9T7),IAPER(OT),ICW(9T),ICB(97),1BA(97
1), JCHAR(R) , IDEAD(ST7)

COMMUN TARRA,BL2,ACC,ATA,8TG,ATF,APDNA,APONC, APONS, APDNPR, APDNRO, A
1PONSY,CSURL,CSUB2,CSUR3,CSUBU,RAN,BORDA,XINA,UTILA,BORDC, XINC,UTIL
2C,80rRDS, XINS,UTILS,4GE,C,CC, TAUT,TAUTS, TAUTT, TAUD,UNDCC, YUNOCC,PDN
1y ITHRU, M, ISTRY,IINY,IEND,IYUNOC, IAUTTY, TUNOCC,ILOOP,IX, ISUB,ICOUNT
3,IMT,IB88,JARKA,LARRYL,LARR2,LARR3,LARRY4,1U4Q,JUQ, IAREA,PER,KCHAR,ICOD
4M, JCOM,IDEADL,IDEADS,IDEAD3,INEAD4,IDTIAML,IDIAM2,I0IAM3,IDIAMY,JJR
SANDKKRAND , LLRKAND, ICHAR, IRAND, IXX,JXX,IV0L,108H,ICL,TIAPER,ICW,ICB,
oIBa,IDEAD,NSET ) KAMEL yKCEON,KSHEP ,KPRUN,KROSE ,KSYMP ,NAGE , JRAND , KRAN
TD)LRAND,JAMEL , JCEQON,) JSHEP , JPRUN,JROSE ,JSYMP,EPER,NNAMEL yNNCEON,NNS
BHEP ,NNPRUN ,NNRDOSE,NNSYMP,JCHAR

IRD=S

I0UTs®e

ITHRUSsY

DO 2 121,66

0o 2 Jsi, 66

TARRA(I,J)=i20020000

JARRA(L,J) =0

READS BRANCH LENGTH=UCCUPANCY DATA DECK
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47

5
5%

60

62

DO 3 Isi,96
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READ(IRD,S) BL(I),NS,(I0Q(CTI,11),JQ0(CX,I1),1I=L,NS)

NSET (I)=aNS
FORMAT(F644,1313)

DELOPT w»wx DELETE OPTION FOR TREE SUBROUTINE L)

xewwnx [F DELOPT LE, @

READ(IRD,12) DELAQPT
FORMAT (12)

READS STARTING AGE

READ(IxD,15) ISTRY
FORMAT(I3)

READS GROWTH INTERVAL

READCIRD,20) TINT
FORMAT(13)

READS UPPER AGE LIMIT

REaD(IRD, 32) IEND
FORMAT(IZ3)

IF(OELOPT) 1w@,100,40¢
JEp

W0 5@ IsISTRT,IEND,IINT
JaJe]

NAGE (J)s[=1
READ(IRD,S55) IX
FORMAT (ID)

TINTSIINT
NINTSIEND/TIINT

INCREMENTS CROWN CLOSURE IF

csusl=a,
csuBesi0Q,
csuB3=zo,
CSUBR4=3D,
GO TO 65
CsuB1aCSUBL+40,
Csub2aCsudesdn,
CSuB3=sCSUR3+40,
CSUB4=CSUN4+»4Q,
GO TOQ bS
CSuBiasCS8UB1+40,
CSuBesCSuBeg+udo,
CSUB3aCSUB3+40,
CSUB4sCSUB4w4D,

TREE SUB CALLED wwwnww

TREE SUBROQUTINE NOT CALLEOD
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Ma@
CALLS UNDERSTORY ROUTINES

CALL AGRQOP
00 7¢ Ie]l,NINT
Ma]

CALLS UNDERSTORY ROUTINES

CALL AGROP
IF(CSUBY,LT,10,.,) GO TO &0

IF(C8U8L,LT,50,) GO TO 62

M & STAND AGE

ITREE = ITm TREE

IPOS = ITH BRANCH

HABM = HEIGHT TO MAXIMUM CROWN WIDTH

BL ® BRANCH LENGTH '

HBL = HORIZONTAL BRANCH LENGTH

INCC = TEST VALUE FOR HBRANCH OCCUPANCY

BB, IBB &8 HEIGHT TO BRANCH BASFE

HT,InT,HTA,HTS= TREE HEIGHTS

ICW,CWS,CW,ACW = MEASURES OF CROWN WIDTH
IVOL,VOL,VOLS,)AVOL = MEASURES OF VOLUME
IDBH,DBHS,DBH,ADBH 8 MEASURES OF DIAMETER AT BREAST HEIGHT
18A,BAS,BA,ABA & MEASURES OF BASAL AREA
ICL,CLS,ClL,ACL = MEASURES OF CROWN LENGTH

IAPER & % CROWN CLOSURE

IRD=S
10UTs6

IDELAG =wwwx QPTION TO DELETE AGROPYRON SUBROUTINE CALL wwwws
$88%8 IF IDELAG ,6T, @ = CALL SUBROUTINE AGRD $$8$8%

READ(IRD,3)IDELAG
FORMAT (I2)

INTEGER TO START GAUSS

READ(IRD,12)1X
FORMAT(15)

SI www READS SITE INDEX awx

READCIRD,20)SI
FORMAT (F5,2)

ALL TREES INITIALIZED AS BEING ALIVE wew IDEAD wwe
NUMTR wwx QOPTION TO CHANGE NUMBER OF TREES www
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READCIRD,30)INUMTR
FORMAT(I3)

MATRIX www OPTION TO ALLOCATE TREE LOCATIONS RANDOMLY wux

REAV(IRD,31) MATRIX
FORMAT(Ig)
IF(MATRIX,6T,1) GO TO 51

DO 55 I=1,NUMTR

CALL RANDU (IX,1Y,YFL)
IXX(I)eYFL*85, +1,
IDEAD(I) =@

IX=1Y

DO %56 Isi,NUMTR

CALL RANDU (IX,lY,YFL)
JXX(I)sYFLemS,+4,

IXxsly

ICHK=Q

DO 39 I=sl,NUMTK

DO 39 J=1,HUNTR
IF(1.EQ.J) GO TO 39
IFQIXX(I)Y NELIXX(J)) GO TO 39
IF(JIXAXCI)LNE,JXXx(J)) GO TO 39
LXsJxX(J)

CaLlL RaNbu (IX,IY,YFL)
JXX(JIBYFL*65,+1,

IXsly

IF(JXX(J),EQ,LX) GO TO 38
ICHK=]

CONTINUE

IF(ICHKYSY, 59,37

DO 4@ I=l,NUMTR
IDEAD(I) =D
READ(IRD,S@)YIXX(I),dXX(T)
FUORMAT (21S)

READ(IKD,60) ICHAR
FORMAT(40A2)

READS OPTIONS
IPRIN www QPTION TO PRINT QUT STAND MAP www
knawaw  JF LE, 1 B NO MAP wxwx IF ,GT, § s MAP

READ(IRD,T8)IPRIN
FORMAT(12)

NCODE #w#x CPTIUNM TUO PRINT IARRA CODE www

kR wh
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90

o000

22

230

o000

24

aooo0

25¢

310

o OO0

sawweww IF LE, |}

READ(IRD,82)YwWCORE
FORMAT(IZ)

NTREE w«wxx (QPYION
kawwwn 1F LLE, 1

KEAD(IRD,90)NTREE
FORMAT (I2)

ITRFN =#x%x (QPTION
xaxwuen  IF [E, 1

READLIRD, 220) ITRFN
FORMAT (I2)

READ (IRD,232) JCHAR
FORMAT (2A1)

LINPR wxx OPTIGN
*wewnwx IF LE, @

PRINTED THROUGH LINE = TO VALUE OF LINPR

READ(IRD,24@)LINFR
FORMAT (12)
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s NO CODE

L T8 ] 1F

o5T,

1 s

CODE

TO PRINT INDIVIDUAL TREE PARAMETERS
6T,

& NO TREES

whK

IF

TRE

TO PRIMT TREE FUNCTIONS AS GRAPHS
& NO FUNCTIONS wanx
e

IF

GT,

i

Wk W

kWR
ES wwawsgw

"R
FUNCTIONS

TU DISPLAY VERTICAL XSECT THROUGH STAND wwn
WGE,

& NU XxSECT

wxw IF

1 AND

RRNNAN

oLE,

66 XSECT

GENEKATES RANDOM NUMBERS FOR ALLOCATION TO INDIVIOUAL TREES

UMTRE®NUMTR

VVEB 19 40% ((10C,=UMTRE) ww6,/100,%%6,)
AMB 82314 ,25x( (100, «UMTRE) #nb,/100,uxb,)

VO 25¢ Isi,NUMTR

CALL GAUSS(IX,.2322,8M,V)

IF(V LT VV) vaVvy
IF(V,6T,1,1) v=si,!
IRAND (1)aVx1v00,

CO 310 II®1,19
00 312 JJ=1,19
IMT(11,JJ)=0
IRE(I1,Jd)s=0

ILOOF= (JEND=ISTRT)/1INT+}

JLCOFaIL0UP=]

CALCULATES TREE HEIGHTS FOR SPECIFIED AGE INTERVAL

TREE HEIGHTS PLACED IN ARRAY

JEQ

PO 35¢ IsISTRY,IEND,IINT

"
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JeJel

NAGE (J)alm=1

Xele)

PO 352 K=1,NUMTR

RANDI=IRAND (R)

KANDSRAND1/30C0Q,

IF(x=45,) 320,332,330

NTERAND® (S1/76,)% (18,05« (SIN(X®3,14159/50,=3,14159/2,)+1,)+,7=,0238
175x=X)

GO TG 349

HTaRANDW (SI/76,)w(1,66222+,7044nX)
IF(NT.LT,.21) HT=,21

HT2sHT=104Q,

IHT(J,K)=rHT2

CALCULATES HEIGHMT AT AGE | * REPRESENTS LOWEST BRANCH WHMORL
DO 36@ Jai,1

DO 360 K=si,NUMTR

RAND1®IRANC (K)

RANDIRANDY/16CE,

BBERAND®1805,% (SIN(3,14159/50,3,14159/2,)+1,)

IF(ed,LT,1.) EBs},
188 (J,K)=BH '

PLACES HEIGHTS TO BRANCH EBASE FROM AGE INTERVAL 2 TO IMAX IN ARRAY

WO 37a J=2,IL00P
LaJ=}

vl 37@ K=1,NUMTR
IBB(J,K)SIHT(L,K)

PRINTS HEIGHT AND BRANCH BASE ARRAYS FOR TREES | TO 9

WRITE(IOUT,38Q)
FORMAT(?1*,S%, ’TREE HEIGHTS STORED IN ARRAY?,/)

WRITE(IOUT,390)

FORMAT(3X,* TREE { TREE 2 TREE 3 TREE 4 TREE 5 TREE & TREE
17 TREE & TREE 9°)

DO 4p@ Is1,IL00P

WRITECIQUT,410) (IHT(I,Jd),J81,9)
FORMAT (3X,1213)

WRITE(IOUT,42¢)
FDRMAT(////,SX,'HEIGHT& TO BRANCH BASE aTORED IN ARRAY*,/)
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WRITECIOUT,394)

- LO 432 Is1,ILOUP

430 WRITE (10UT,412) (IBB(I,J),Js1,9)
E' SETS IARRA(L,J) ® 10000000

z DO 44@ Ist,66

0O 44@ Jsi,66
440 TIARRA(L,J)=212000000
450 Mag

WRITE(IQUT,d51)
451 FORMAT(/,Sx,*STAND AGE = © YRS, w»x TREES NOT YET ESTABLISHED®)
csydisa
csuBesy
CSuUB3aQ
csuB4so
IF(IDELAG,LE,®) GO TO 460

GO TG 132
CALLS TREE GROWTH ROUTINES

oOoOn [ 9]

1086 CALL TREE
130 CALL EXIT
STOP
END

Qo0

SUBROUTINE GAUSS(IX,S,AM,V)
KANDOM NUMBER GENERATOR FOR NORMAL OISTRIBUTION

GO0

ARQ, 0
DO 5@ I=i,12
CALL RANDUCIX,1Y,Y)
IXely
59 AzAeY
VB (Amwb,@) aS+AM
RETURN
END

SUBROUTINE RANDUCIX,1Y,YFL)

o0 o0

RANDOM NUMBER GENERATOR



IyaIx#65539
IF(IY)3S,646
IV3IY+214T48364T7+1
YFL=]Y

YFLaYFLx ,4056613E=9
RETURN

END

= 1351 =
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SUBROUTINE TREE
STANU GROWTH SIMULATION FOR INTERIOR DOUGLAS=FIR

DIMENSION IARRA(GG,66),BL2(96),ACC(4,21),ATA(4,21),ATG(4,21),ATF (4
1,21),APDNA(4,21) /APDNC(4,21) ,APDONS(4,21),APDNPR(4,21),APONRD(4,21)
2, APDNSY (4,21)

INTEGERw®2 JARRA(66,66) ,NSET(96),I0Q(96,5),J00(96,5) ,NAGE(5@) ,NNAME
1LCG)  NNCEON(4) (NNSHEP (4) yNNPRUN(4) ;NNROSE(4) ,NNSYMP(4) ,JRAND(5Y),K

2RAND(SQ) ,LRAND(59) ,JJRAND(120) ,KKRAND(12E),LLRAND (100), J
3AMEL (2@) JCEON(20) yJSHEP (20) ) JPRUN(2WV) ,JROSE(22),JSYMP (20), I

SCOM(150),JCOM(150), IDEADL (15@), IDEAD2(150),IDEAD3(150) ,IDEAD4(150)
6,LARRY(66,66))LARR2(66,66) ,LARR3(66,66),LARR4(66,66),TAREA(153),10
71AM1(15@),101AM2(15@),I0IAM3(152),1D1AM4(15@) ,PERCIS3),EPER(16),KA
BMEL (4,21) ) KCEON(4,21) ,KSHEP (4,21) yKPRUN(4,21) ,KROSE (4,21) )KSYMP (4,
921),KCHAR(160), IKT (100,97), ICHAR(99),188(50,97), IRAND(97),IXX(97),
1JXX(97),IVOL(97), IDBH(97),ICL(97), IAPER(9T),ICW(97),1CB(97),IBA(ST
1),JCHAR(2),TDEAD(9T)

COMMON 1ARRA,BL2,ACC,ATA,ATG,ATF,APDNA,APDONC,APDNS,APONPR,APONRU, A
tPONSY,CSUB1,CSUB2,CSUBY, CSUB4L,RAD,RORDA, XINA,UTILA,BORDC,XINC,UTIL
2C,BORDS, XINS,UTILS,AGE,C,CC,TAUT, TAUTS, TAUTT, TAUO,UNOCC, YUNOCC,PON
1,ITHRU,M, ISTRT, IINT, IEND,IYUNOC,IAUTTY, IUNOCC, ILOOP,IX,ISUB, ICOUNT
3,IHT,I86,JARRA,LARR],LARR2,LARR3,LARRY,100,J00, IAREA,PER,KCHAR,ICO
4N, JCUM,IDEADL,IDEAD2,IDEAD3, IDEADY, IDTAML, IDIAM2, TDIAM3, IDIAM4, JJUR
SAND,KKRAND,LLRAND, ICHAR, IRAND, IXX,JXX,IVOL,I08H,ICL,IAPER,ICwW,IC8,
6IBA, IDEAD,NSET,KAMEL ,KCEON, KSHEP , KPRUN, KROSE ,KSYMP ,NAGE , JRAND , KR AN
T0,LRAND, JAMEL ) JCEON, JSHEP, JPRUN, JROSE , JSYMF,EPER, NNAMEL  NNCEON, NNS
8HEP , NNPRUN , NNROSE , NNSYMP , JCHAR

IARRA = ARRAY HREPRESENTING 1/12 ACRE PLOT
JARRA = ARRAY FOR PLOTTING CROWN PRQFILES
CSUBl,ene4 3 CROWN CLOSURE OF SUB=PLOTS
SLBY,).0e% 3 CROWN AREAS FOR 1/42TH ACRE PLOTS
HTAB 3 HEIGHT ABOUVE BRANCK

CAE » EXPECTED CROWN AREA

NUMTR = % OF TREES

ICHAR = TREE NUMBERS

IXx, Jxx = I,J TREE LOCATIONS

IRAND s TREE GROWTH POTENTIAL

CALL AGROP

INCREMENTS AGE INTERVAL
Mamel

DO Sv@ 1s1,66

D0 520 Jsi,66

JARRA(I,J)s2
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ITREE=Q
STARTS NeW TREE

ITREESITREE+L

Le=al

KTHBRaY
IF(ITREE=~NUMTR)S30,530,79%0
HTisIHT (M, lTREE)
IF(HT1,LE.¥,)G0 TO 520

GOES TO NEXT LOWER BRANCH AND CALCULATES BRANCH LENGTH

DO 782 1BRsi,M
IPOSEM+l=]BR
BB81=IB8B(IFQS,ITREE)
IF(BB1,LE.2,)G0 TO S22
BH=BBl/ivQ,
HTaMT1/100,=8B8
MHTA2HTL/100,

HABMz2®5 ,54,425«HTA
IF(HT.6T,@,) GO TO 539
HT=,1
IF(HABM)S58Q,5608,542

TESTS AND ADJUSTS HEIGHT TO CROWN WIODTH MAX

IF((MTA=HABM)=HT 556,550,560
BLE 98w (HTAmHABM) %n,7

L0 TO S7T¢

blLE,98wMTxx,7

MBLB, IwBL =3, 3% (BLan3,/20,%%3,)
JXaJXX (ITREE)

IXsIXX(ITREE)

CESIGNATES POSITION OF TREE BOLE

JARRA(IX,JdX)s 97«IHT (M, ITREE)n1002+10000000
KTHBR3 &

DO 762 LeKTHYR,96
NSeNSET (L)
Lesl

CROWN GROWTH AND COMPETITION
CROWN GROWTH

DO 760 K=i,N8
IF (HBL=BL2(L))770,580,580
INCR=D

INCREINCR#4
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GO TO (6v2,610,620,632,760),INCR
600 JasJX+JOA(L,K)
I2IXe1aQ (L, K)
GO YO 640
610 JeJX=JaG(L,K)
. IRIX=1GO (LK)
GO TO 642
620 JeJX+JRA(L,K)
I12Ix=1a0(L,K)
GO TO 640
630 JsJX=JAG(L,K)
18IX+IQQCL,K)
o640 [F(I)B7Q,67@Q,6%0
650 IF(Imb6)670,670,560
660 Ialwbb
670 1F(J)700,700,680
680 IF(Jeb6)T700,700,690

698 JuJebb
Te@ IF(I)710,710,720
712 Iseb+]
720 IF(J)T30,732,740
732 JmeerJ
TEST FOR NCCUPANCY

T4p 10CC=1900000p+(IBB(IPOS,ITREE)»120)
IF(IARRA(I,J)/1RQ0~]I0CC/10@)T750,59D,592

750 TARRA(I,J)1510000000
TIARRACI,J)=IARRA(I,J)+ITREE+IBB(IPOS,ITREE)»100
GO TO 592

7@ CONTINUE

772 GO TO 780

T80 CONTINUE

GOES TO NEXT TKEE
GO TO 52¢
PRINTS MATRIX CODES IN IARRA (CROWN COMPETITION)
790 IF(NCODE~1)8802,882,800
80 WRITE(IOUT,99@)NAGE (M)
WRITE(IOUT,810)
812 FORMAT(2x,*CODES STORED IN IARRA MATRIX=LOCATIONS Isi@ TO 4@
1 J=t TO 147)
U0 82@ ICODEs4d,50

629 WRITE(IOUT,830) (IARRA(ICODE,JCODE),JCODESL,14)
830 FORMAT(2X,1419)
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890

920
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992
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WRITE(IOUT,849)
FORMAT(*1*,2X,*LOCATIONS J815 TO €8°*)

DO 859 ICOUE=m4D,5Q
WRITE(IOUT,832) (JARRA(ICODE,JCODE),JCODE=15,28)

WRITECIOUT,86Q)
FORMAT(?1°*,2X,°LOCATIONS J 8 29 TO 42°)

U0 87¢ ICODEs4@,5@
WRITE(IOUT,B83@) (1ARRA (ICODE,JCODE),JCODES29,42)

©0 B892 Li=1,NUMTR
ICW(LL) =D
IvoL(LL)=2
I10BH(LL)=®D
IBa(LL)=d
ICL(LL)®=Y
IAPER(LL) =D
IAREA(LL) =1

DO 92 LL=1,NUMTK
ICB(LL)®9999
JCR(97)=2

DO 983 Isl,ss

DETERMINES HEIGRT TO CROWM WIDTH MAX

VO S8R Jsi,60

NEWSIARRA(I,J) /7100100

LTREESTARRA(I,J)~NEW

IF(LTREE)930,93@,91¢

IF((NEW/100=100000) ~ICB(LTREE))S20,930,9302
ICB(LTREE)sNEW/102=1000020
JARRA(I,J)BIARRA(I,J)=NEwW

NBmJARRA(I,J)

IF(NB)960,96Q,948

IF(NB=97)950,960,960

CALCULATION OF CROWN AREA

TIAREA(NB)STAREA(NB) +1
IF(NB)9T7Y,970,980
NB=98 .
JARRA(I,J)=ICHAR(NH)

WRITE(IOUT,99Q)NAGE (M)
FCRMAT(*1°,2X,*STAND AGEs’,2Xx,13,//)
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c CALCULATES STAND PARAMETERS

1@ U0 1129 MM=1,NLMTR
HTL1aIHT (M, MM)

: ATeHTLi/128,

1619 CRARsIAREA(MM)

o NATURAL MORTALITY

HABMB @S, 5+, 425wHT
IF(HABM)1201,1001,1002

14@1 HTABEAT
GO TO 10u3

1002 HTABeHT=HABM
IF(HTAB,LE,Q,) HTAB=,}

1003 BLe ,98wHTABww,7
HblL8,9%xBL=3, 3« (Bl.w23,/20,%x3,)
1IF(HBL,LE,.PA,) HBLE, 1
CAEsS,14159nnblxe2,
IF((CRAR/CAE) ,GTaal) GO TO 1845
MAGE=M#1
IKT(MAGE,MM)aIHT (M, MM)

IDEAQ (MM) =y
1219 IF(CRAR®(HT=d,5))tuew,1022,1030
102g ovBHed,
GO TO 19242
1030 08He 143w (CRAR®(HTm»4,5)) %%, 48
1640 10BHM(MM)=0BHx1U0,
IF(DBH) 11850, 1050,1969
1950 IBA(MM)=9
GO TD 1o7@
1060 IBA(MM)s(DBH/2,)%%2,x3,14)59%100,
1070 1CL(MM)=IHT(M,MM)=1ICB(MM)
AREISTAREA (MM)
ICW(MM)a2 , «SART(AREL1/3,14159) =100,
IF(DaH) w8, 1280,10902
1482 vOL®uv,

GO TO 11292

1099 VOLB=2,734532+(1.735410xAL0G(0DBH)*1,160833%xAL0OG(HT))/2,302585
VOL=1@,®xvUL

110@  IVOL(MM)svVQLw1U@,

c

C PRINTS MAP OF CROWN OCCUPANCY

c

IF(IPRIN=1)1150,1150,1110

1119 WwWRITEC(IOUT,112@)
1126 FORMAT(*9°*,128( %))

00 1130 I=1,66
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130 WRITE(IOQUT,114%) (JARRA(I,J),J=1,685)
1149 FORMAT(?3°¢,6542)

WRITE(IOUT,112@)
1S5¢ HTS®Y
. DBHS=2

BASz@

CBSa0Q

CLSmD

Cus=y

AREASED

voLs=@

APERSE)

IF(NTREE=1)4170,1170,1160

160 WRITE(ICUT,1288)

1172 NEWTREY
DO 1222 NBsi,NLMTR
MORT=IDEAD (Ni)
IF(MORT,GT,0) GO TO 1220
NEWTRENEWTR+1
HTI=sIHT(M,NB)
HY=sHWTI/Z100,
OBHI=IDBH(NR)
DBH=DBNI/102,
BAIslBA(NR)
BAsBAI/14400,
CBI=ICB(NR)
IF(CBI=-900R@)11%92,1190,1188

ige CBIs=sa,
192 Co=sChl/siae,
CLsHT=CH

CWlsICw(NG)
CwaCwWl/iva,
AREASTAREA (NB)
LPER=130,%AREA/4356,
VOLI=IVOL (NB)
vOLsVvOLI/ 1020,
AT8SHTS*HT
DBHS3DBHS+DAH
BAS=HBAS+DA
CBSsCBS+Chb
CLS=CLS+CL
CwssCwseCH
AREASSAREAS+AREA
VOLSaVOLS+VOL

PRINTS InNDIVIDUAL TREE PARAMETERS

IF(NTREE=1) 1242,1240,1210
1200 FORMAT(///,1%s" TREE # 1 J HEIGHT

DBH
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1. CR,BASE CR,LENGTH C.W, C, AREA C,A, AS X% VOLU
eME?, /)
Saza WRITECIOUT, 1238)NB, IXX(NB) , JXX (NB) ,HT,DBH,BA,CB,CL,CW,)AREA, APER,
1220 lzg;TINuE
E CALCULATES STAND AVERAGES

1230 FORMAT(3X,316,%F11,2)

1248 TREES3ENEWTR
AHTaHTS/TREES
ADBH=DBHS /TREES
ABASBAS/TREES
ACBSCBS/TREES
ACLsCLS/1REES
ACWSCWS/TREES
AAREABAREAS/TREES
AAPER®AREAS/4356,2180,
AVOLSVOLS/TREES

c PRINTS STAND AVERAGES

WRITE CIOUT,1250)
1250 FORMAT(/////,5%s *STAND TCTALS®,/)

c
WRITE(IOUT,1260)
c
1260 FORMAT(2X, NUMBER OF TREES  HWEIGHT DBH BaAs CR, BAS
1E CR, LENGTH Cw £, AREA VOLUME*)
c

WRITE(IOUT, 2TQINEWTR,HTS,DBHS,BAS,CBS,CL.S,CwWS,AREAS,VOLS
1272 FORMAT(7X,13,5X,7F11,.,2,F22,2)
LOSTRaNUMTR=NEWTR

c
WRITE(IOLT,1280)L0STR
1280 FORMAT(’9’,2X, *NUMBER OF TREES HAVING DIED SINCE YEAR 1m*,]S)
c
WRITE(IOQUT,129@)
1290 FORMAT(////,5X%,*STAND AVERAGES*,//,2X,"NUMBER OF TREES HEIGHT
1 DEH B.A. HT. CwM CR, LENGTH Caloe C, AREA C,
2A, 438 X VOLUME*, /)

WRITECIOUT,13UAINEWTR, AHT,AUBMH,AA,aCB,ACL,ACW,AAREA, AAPER,AVOL
302  FORMAT(6X,135,5%,9F11,2)

CALCULATES CROWN AREAS AND CROWN CLOSURES FOR SUBSETS
SUBSETS FORM BASIS FOR EVALUATION OF SHRUB AND GRASS RESPONSE TO
STAND CONGCITIONS

QOO0 -
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1329

1330
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DO 1320 I=i,68

00 1320 J=1,68
JARRA(I,J)=0

DO 1332 I=1,66

00 1339 J=1,68
NEWsIARRA(I,J)/100wi00
JARRA(I,J)3IARRA(I,J)=NEW

SyBi=o

5uB239

SUB3=0

SUB4a8

IsuB=2

IsuesIsupey

GO TO (1352,1372,1390,1410),15UbB

SUBSET 4 { «x 21,33} Jei,33 w=»

PO 1360 I=1,33

PO 1360 Jsy,32
NBsJARRA(L,J)
IF(ND,GE,1) SUB1I&SUBLl+]
CONTINUE

GD TC 1340

SUBSET # 2 ¢ T & {,33} J 8 34,66 an

DO 1380 131,33

VO 138p Ja34, bk
NBasJARRA(I,J)
IF(NBoGE,1) SUB2BSUBZ+1
CONTLNUE

GO TO 1340

SUBSET # 3 % I 3 34,66} J = 1,33 «ax
DO 1400 I=34,66

DO 1400 J=1,33

NBasJARRA(L,J)

IF(NBaGE,1) SUB3=SUR3+|

CONTINUE

GO TO 1340

SUBSET # 4 we I 8 34,661 J & 34,66 wn
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)

1440

1450

1462

1463

c

1472

1480
1498

.- 140 »

DO 1420 1334,66

DO 1422 Ja34,66
NBeJARRA(CI,J)
IF(NB,GE,1) SUB4ESUBY+]
CONTINUE
CSuB1mSUB1/1089,x100,
CSuBesSuB2/1089,w120,
CSUB3a3Un3/1089, =10,
CSUB4m3UBY4/s1289, 100,

WRITECIOUT,1430)
FORMAT (//7/7,5%,'CRONN AREA AND CROWN CLOSURES FOR SUBSETS*,///)

WRITE(IOUT, 1440)

FORMAT (12X, ?SUB=PLOT § = I%1,33 Jsy,33°,2X,”SUB=PLOT 2 = 151,33
1J834,66%,2X, SUB=PLOT 3 = I234,66 Jal,33%,2X, SUB=PLOT 4 = I=34,66
2 J334,66°,//)

WRITE(IOUT,1450)S8UBL,SuB2,SUBS,SUBY
FORMAT (1Xx,*CROWN AREA ®*,F15,2,3F29,2,//)

WRITE(IDUT,1460)CSuUBL,C8UB2,CSUR3,CSUBY
FORMAT (31X, CRCWN CLOSURE o*,F12,2,3F29,2)
IF(LINPR,LE,Q) GO TO 1463

CALL XSECT (LINFR)
IF(IDELAG,LE,.B) GO TO 460

CALL AGROP
GO TO 4ed
IFCITRFN=1)14902,149Q2,1480

CALL TRFUN
RETURN
END
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SUBROUTINE XSECT (LINPR)
PRINTS VERTICAL X SECTION THROUGH STAND

DIMENSION TARKRA(GG,66),BL2(96),ACC(4,21),ATA(4,21),ATG(4,21),ATF (4
1,21),APDONACG4,21) ,APONC(4,21) ,APDNS(4,21),APDNPR(4,21) ,)APDNRO(4,21)
2, APDNSY (4,21)

INTEGERw2 JARRA(66,66) ,NSET(96),I00(96,5),JRQ(96,5) ., NAGE(50) ,NNAME
1LC4) ,NNCEGNCH) yNNSHEP (4) )NNPRUNCY) ,NNROSE (4) ,NNSYMP (4) , JRAND(50) ,K
2RAND (52) ,LRAND (S©) ,JIJRAND (100) ,KKRAND(10@),LLRAND(100), J
IAMEL (22) ,JCEON(2Q) ,JSMEP (20) , JPRUN(202),JROSE(20),J8YMP(2@), I
SCOMC152),JCOM(150),IDEADL(150),IDEAD2(15Q),IDEAD3(1SR),IDEAD4(L5D)
6,LARR]1 (6b,66) LARR2(66,66) ,LARRI(66,66),LARR4(66,66),1AREA(153),10
TIaMIC152),I01AM2(150),I0IAM3(150),IDIAM4(150),PERCL1S3),EPER(16),KA
E6MEL (4,21) ,KCEONC(4,21) ,KSHEP(4,21) KPRUN(&,21) ,KROSEC(4,2L) 1KSYMP (4,
$21),KCHAR(162),INT(10C,97),ICHAR(99),1BB(SB,97), IRAND(9T)  IXX(9T),
1JRX(97),IVOL(97),IDBH(97),1CLCI9T),IAPER(97),ICW(97),ICB(97),IBA(97?
$1))JCHAR(2),IDEAD(9T)

COMMON TARRA,BL2,ACC,ATA,ATG,ATF,APDNA,APDNC, APDNS, APDNPR)APDNRO, A
1PONSY,CSUB1,CSUB2,CSUB3,CEUB4, #AD,BORDA, XINA,UTILA,BORDC,XINC,UTIL
eC,BORDS, XINS,UTILS,AGE,C,CC,TAUT, TAUTS, TAUTT, TAUD,UNOCC, YUNOCC,PDN
1y ITHRU, M, ISTRT, IINT,IEND, IYUNOC, TAUTTY, IUNOCC,ILOOP,IX,ISUB,ICOUNT
3,1nT,18B,JARKA,LARRY,LARR2,LARR3,LARR4,100,JQ0,IAREA,PER,KCHAR,ICO
GM,JCOM, IDEADL,ICEADZ,IDEAD3,IOEAD4, IOTIAML,INIAM2,IDIAMS, IDIAMY, IR
SAND ) KKRAND ,LLRAND, ICHAR, IRAND , IXX,JXX,IVOL,I0BH,ICL,IAPER,ICW,ICB,
6IBA,IDEAD,NSET,KAMEL ,KCEON,KSHEP , KPRUN,KROSE ;KSYMP ,NAGE , JRAND ,KRAN
70,LRAND,JAMEL ,JCEON, JSHEP,JPRUN, JROSE, JSYMP,EPER,NNAMEL NNCEON,NNS
BHEP , NNPRUN,NNRGSE ,NNSYMP, JCHAR

JLOC = LOCATION ON LINE
ILIMNE = LINE

ISCLE = SCALING FACTOR

NB s CHARACTER TO BE PRINTED

IGUT=6
ISCLE=Q

DO 992 KCLsy,66

00 992 JCLai,bs
JARRA (KCL,JCL) 32

DO 993 JLOC=},66

ILINESIARRA (LINPR,JLOC)
NsILINE=ILINE/100%100

ILOCS CILINE+5020/10000%10000~10000000) /10000
IF(ILOC,LT,1) ILOCs}

IF(ISCLE,GT,2) GU TO 995

IF(ILOC.GT.66) ISCLEs=?
IF(ISCLE=1)994,994,991
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994 JARRA(ILOC,JLOC)=N
GO TD 993

995 ILOCs(ILGC+1)/2
IF(ILOC,LT,1) ILOC=1
JARRA (ILOC,JLOC)=N

993 CONTINUE

00 998 Jsi, b6

DO 998 I=i,66
996 NHsJARRA(I,J)
IF(NB)997,997,998
997 NBmSS9
998 JARRA(I,J)=ICHAR(NH)
.
WRITECIOQUT,981)LINPR
981 FORMAT(*1%,7///,20%,7CROSS=SECTIONAL PROFILE OF STAND = SECTION T
1HROUGH LINE *,12,7/7/7)
IF(ISCLE.GT,.1) GO TO 987

WRITE(IOUT,S82) »
982 FORMAT (60X, VERTICAL SCALE = $FT, = 1 LINE®,//,58X%, HORIZONTAL SC
1ALE = 1FT, = 2 SPACES®,///)
GO TO 988
c
987 WRITE(IOUT,983)
983 FORMAT (6@X, *VERTICAL SCALE = 2FT, = § LINE’,//,58X,’HORIZONTAL SCA
ILE = IFT, ® 2 SPACES*,///)
c
988 WRITE(IOUT,984)
984 FORMAT (63X, *LEGEND?,//,65X, *NUMBERS REFER TO TREE NUMBER?,//,65X,*
18 REPRESENTS BOLE POSITION?,///,126%X,*LINES?)

00 985 Isq,66
KagTel

985 WRITE(IOUT,S586) (JARRA(K,J),J81,63),K
986 FORMAT(’S’,63h2,12)

WRITE(IOUT,971)

971 FORMAT(*9*,131("%°))
RETURN
END
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SUBROUTINE AGRQP

DIMENSION IARRA(66,66),BL2(96),ACC(4,21),ATA(4,21),ATG(4,21),ATF (4
1,21),APDNA(4,21),APDNC(4,21),)APDNS(4,21) ,APDNPR(4,21),APDNRO(4,21)
2,APONSY (4,21)

INTEGER®2 JARRA(66,66) ,NSET(96),100(96,5),JRG(96,5) ,NAGE(50) ,NNAME
1L (4) )NNCEONC4)  NNSHEP (4) yNNPRUN(4) ,NNROSE (4) ,NNSYMP (4) ,JRAND(S0Q) ,K
2RAND(52) y LRAND(53),JJRAND(120) ,KKRAND (102@),LLRAND(10D), J
SAMEL(29),JCEON(20Q),JSHEP(20) ,JPRUN(20),JROSE(20),J8YMP(20), I
ScoM(15@),JCcOM(150),IDEADL (15@),IDEADR2(150),IDEAD3(150),I0EAD4(150)
6,LARRLI (66,66) LARR2(66,66) ,LARR3I(66,66),LARR4(66,66),IAREA(153),]ID
T1AM{(152),IDIAM2(150),IDIAM3(15@),IDIAM4(158),PER(IS53) ,EPER(16),KA
8MEL (4,21) ,KCEON(4,21) ,KSHEP(4,21) ,KPRUN(4,21) ,KROSE(4,21) ,KSYMP (4,
921) )KCHAR(160) ,INT(100,97),I1CHAR(99),168(50,97),IRAND(O7) IXX(97),
LJXX(97),IVOL(ST),I0BAH(97),TCL(97),1APER(ST),ICW(97),ICB(97),1IBA(97
1) ,JCHAR(2),IDEAD(STY)

COMMON IARRA,B(L2,ACC,ATA,ATG,ATF,APDNA,APDNC,APDNS,APDNPR,APDNRD, A
{PDNSY,CSUBL,CSUB2,CS8UB3,CSUB4,RAD,BORDA, XINA,UTILA,BORDC,XINC,UTIL
eC,BORDS, XINS,UTILS,AGE,C,CC,TAUT, TAUTS, TAUTT, TAUO,UNOCC, YUNOCC,PDN
14 ITHRU,M, ISTRT,IINT,IEND,IYUNOC,IAUTTY, JUNOCC,ILOOP,IX,ISUB, ICOUNT
3,InT,188,JARRA,LARRY,LARR2,LARR3,LARR4,1Q00,JQQ,1AREA,PER,KCHAR,ICO
4mM,JCOM, IDEADL,IDEADR2,I0EAD3,IDEADG,IDIAML,1DIAM2,IDIAMS, IDIAM4,JJR
SAND,KKRAND ,LLRAND, ICHAR, IRAND, IXX,JXX,IVOL,IDBH,ICL,I1APER,ICW,]ICB,
6184, IDEAD,NSET,KAMEL ,KCEON,KSHEP , KPRUN,KROSE KSYMP ,NAGE , JRAND,KRAN
70,LRAND,JAMEL ,JCEON,JSHEP,JPRUN,JROSE,JSYMP ,EPER, NNAMEL ,NNCEON,NNS
8HEP , NNPRUN,NNROSE,NNSYMP, JCHAR

LARRY,,,4 & SHRUH,GRASS & FORB GROWTH ARRAYS

ITHRU a COUNTER

KCHAR = SHRUB NUMBER

EPER ® EXPECTED PERIMETER OF SHRUBS

IOIAML,,,4 3 SHRUB DIAMETER

IDEADL, 44 8 LEAD SHRUBS

LAMEL jae, LSYMP 8 VARIABILITY IN SIZE OF SHRUB SPECIES
NNAMEL oo/ NNSYMP ® NUMBER OF SHRUBS BY SPECIES / SuB=PLOT
ZERO ARRAYS FOR PRINTING # SHRUBS AND PRODUCTION, AGE, CROWN
CLOSURE

JRAND, ¢ oy l,LLRAND = SHRUB SPECIES GROWTH POTENTIAL
TAREA,AREAS,AAREAS = CROWN AREA MEASUREMENTS

IRDs=S
I0UT=6

DO 3 I=i,66
DO 3 Jag, 68
JARRA(L,J)=0

IF(ITHRUGT,.¥) GO TO 150
IF(M,GT,2) GO TO 150

READ(IRD,2)EPER



» 144 =

FORMAT (1613)

READ(IRD,4)KCHAR
FORMAT (d2A2)

Do S Is1,159
IDIAMY (1) =0
IOTAM2(I) =0
IDIAM3(1) 3D
INDIAMY (T )y
INDEAQI(1) =0
IDEAD2(I) =0
IDEADI(]) =0
IDEAD4 (1) =D

DO 7 131,66

UD 7 Jﬂl.ﬁﬁ
LARRI(I,J)=0
LARREZ2(I,J)s@
LARR3I(I,J)=Q
LARRE(I,J) =0

READ(IRD,10) LAMEL,LCEUN,([SHEP,LPRUN,LROSE,LSYMP
FORMAT (615) _

READ(IRD,15) ISHWUB,INDISH
FORMAT (213)

READ(IRD,22)1D0D
FORMAT (I13)

DO 32 I=1;4

READ(IRD, 4p) NNAMEL(I),MNCEON(CI),NNSHEP(I),NNPRUNCI) ,NNROSE(I),NNS
LYMP (1)
FORMAT (614)

00 45 I=1,4

DO 45 Jei,21
ACC(I,J)=Q,
ATA(I,J)=Q,
ATG(I,Jd)=0,
ATF(1,J)=8,
APONA(I,J)=0,
APDNC(I,J)=0,
APDNS(I,J) =0,
APDNPR(1,J)=0,
APDNRO(I,J) o0,
APONSY(I,J) =0,
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L34

7@

89

990

109

KAMEL(1,J) =@
KCEONC(I,J)=0
KSHEP(I,J)=02
KPRUN(I,)J)=0
KROSE(I,J)=0
KSYMP(I,J)=0

YAMEL 3L AMEL
VAMEL SVAMEL /10000,
VCEONSLCEON
VCEQONsYCEQON/1Q@GRO,
VSHEPsS[ SHEP
VSHEP3VSHEP/iR0RD,
VERUNZ{PHUN
VERUNEVPRUN/1B00Y,
YROSES_ROSE
VROSE=VRUSE/1800Au,
VSYMP=E| SYMP
VSYMPsVSYMP/l2000,

DO ey 181,52
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CALCULATE SHRUB SPECIES GROWTH POTENTIAL

CALL GAUSS (1X,VAMEL,1,000Q,V)

IF(VeLTael) Ve,
IF(V.GT,1,6) VEl,.6
JRAND (1) =Vx10da,

Do 7v I=1,50

CALL GAUSS (1X,VCEQN,1,8000,V)

IF(VaLlTeal) va,1
IF(V.GT.llb) V=106
KRAND(I)=sVaiolo,

DO By I=1,50

CALL GAUSS (IX,VSHEP,!1,0020,V)

IF(V.LT..l) V‘.l
IF(V.GT,1,6) V=1,6
LRAND(I)=sVxiQ0w,

o0 9¢ I=1,100

CALL GAUSS (IX,VPRUN,1,0000,V)

IF(VelTaul) V3,1
IF(V‘GT.1.6) v‘l.b
JJRAND (1) =Vwa1200,

DO 10 Is1,100Q

CALL GAUSS (1X,VROSE,1.002@,V)

IF(VelTsaldVaal
IF(V.GT,1.6) VEL1,6
KKRAND(I)svwiiiaQ,
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DO 112 Is1,100
CALL GAUSS (IX,VSYMP,1,000@,V)
IF(VelToal) Vs,
IF(V.6T,1.6) V81,6

112 LLRAND(I)svV*104@,

oo

132 READ(IRD,142)PDNM
149 FORMAT(F6,2)

150 WRITE(CIOUT,160)
160 FORMAT(2x, *NUMBER OF SHRUBS BY SPECIES AT AGE {°*,//,TR24,"AMEL’,T34
1,)*CEON*,T44,°SHEP*,TS4,*PRUN’,T64,"ROSE",TT74,°SYMP*,//)
00 1790 Is4,4
1780 WRITECIOUT,188)1,NNAMEL CI),NNCEONCI) ,NNSHEP(I),NNPRUNCI),NNRCSE(I)
1)NNSYMP(I)
180 FORMAT(2X,”SUB=PLOTS*,I2,5X,6110Q)
ISUR=@

INCREMENTS SUB=SETS

o000 00

1920 ISyBsISUB+}
IF(ISUB.GT,.4) GO TO 4020
NAMEL aNNAME] (I5uB)
NCEONSNNCEON(ISUB)
NSHEPaNNSHEP (ISUB)
NPRUNSNNPRUN(ISUB)
NROSEsNNROUSE (ISUB)

NSYMPeNNSYMP (ISUB)

c
ITABSNAMEL
IF(MeGT4d) GO TO 199
WRITE(IOUT,200)18U8,M
GO 70 2tvw

C

199 WRITE(IOUT,220) 1SUB,NAGE (M)
200 FORMAT(’1°,2X,128(***),//,5X,?SUB=PLOT =*,15,10X,15("%"),10X, AGE

197,18%8)
210 CONTINUE
c
DO 220 Is1,66
c

DO 221 Js1,66
220 JARRA(I,J)=0

IF(ITHRU,GT,@) GO TO 439

IF(18UB,6T,1) GO TO 430
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28p

290
3p0

310

32¢e

430
431

435
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ASSIGNS SHRUB LOCATIONS

D0 29p l=y,150

CALL RANDU (IX,1Y,YFL)
ICOM(I)aYFLweS,+1,
IXsIy

CALL RANDU (IX,IY,YFL)
JCOM(I)sYFLwES,+1,
IX=1Y

ICHKSED
00 320 181,150

DO %2@ Jsi,150

IF(I,EQ.J) GO TO 329

IF(ICOMCI) NELICOM(J)) GO TO 320
IF(JCOMCI)  NEL,JCOM(J)) GO TO 320
IXLaJCOM(J)

CALL RANDUCIX,IY,YFL)
JCOM(J)sYFL®65,+1,

IX=ly

IF(JCOM(J),EG,IXL) GO TO 310
ICHKS®m

CONTINUE

IF(ICHKS ,GE,1) GO TO 300

SHRUB MORTALITY DUE TO SHADING
AMELANCHIER

CEONQOTHUS

SHEPHERDIA

PRUNUS

ROSA

SYMPHORICARPUS

WRITE(IOUT,431)

FORMAT (2%, *MORTALITY DUE TQO TREE SHRUB COMPETITION?,//)
IF(ITALEQ,2) GO TO 481

INUM=Q

DO 480 Is1,ITA
KsICOM(I)
LesJCOM(I)
INUMaINUM+ ]

ITs(Ket)/2
JJe(Le1) /2
LARRL(K,L)®=15])
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GO TO 455

442 JIz(Ke¢1)/2
JIs(L+1) /233
LARR2(K,L)=151
GO TO 455

445 IIs(K+1)/2+33
JJs(L+1)/2
LARR3I(K,L)3151
GO YO 455
4520 IIs(Kei)/2+33
JJa(L+1)/2+33
LARRG4(K,L)=151
455 IF((IARRA(II,JJ)=10000020),EQ.8) GO TO 460
INUMEINUM®Y

GO TO (460,465,470,475),15UB
46 IDEADLI (1) =}
LARRi (K,L) =0
GO TO 489
465 IDEAD2(I)=)
LARR2(K,L) =0
GO TO 483
478 IDEAD3I(I)=1
LARR3I(K,L)>2
60 YO 480
475 IDEAD4(I) =)
LARR4(K,L)=0O
482 CONTIMNUE
IKILLAaITA=INUM
NAMELaNAMEL=IKILLA
WRITECIOUT,2050)ISUB,IKILLA,NAMEL
2250 FORMAT(2X,*SUB=PLOT a8*7,1I2,5%X,°N0, AMEL, ULEAD, a’,I12,5X,°N0, AMEL.'
{a*,I2)
(o
481 ITC=S2¢NCEQON
1F(ITC,EG,5¢) GO TO 545

INUMBQE

c
DO S4p I=54,I7C
KaICOM(I)
LeaJCOM(I)
INUMSINUM*Y

c

GO TO (485,490,495,506),18UB
485 1II=s(K+1)/2

JIs(L+1)/2

LARRL(K,L)®152

GO TO 510
450 IIs(Kel)/e

JIs(L+1)/2+33

LARR2(K,L)=152
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GO0 TO S1@

495 Ila(x*1)/2+33
JJas(L+1)/2
LARRI(K,L)®152
GO TO 510

S0 lls(K+1)/2+33
JJz(L+1)/2+33
LARR4(K,L) =152

510 IF((IARRA(II,JJ)=tp0000Q00),EQ,8) GD TO 5S40
INUMSINUM=

c
GO TO (515,529,525,530),IsUB

815 IDEAD1(I)=}
LARRY(K,L)=0
GO TO S4¢

52¢ IDEAD2(I)=}
LARR2(K,L) =2
GO TO 547

525 IDEAD3(I)=l
LARRI(K,L)s0
GO TO s4@

532 10EAD4(I) =)
LARR4(K,L)=0

540 CONTINUE
IKILLCsNCEUN=INUM
NCEONSNCEON=IKILLC
WRITECIOUT,2c60)ISUB,IKILLC,NCEON

2368 FORMAT(2X,*SUB=PLOT =*,12,5X,’N0, CEON, DEAD =u¢,12,5X,°NO, CEON, =
1*,12)

c

545 ITS®10PQ¢NSHEP
IF(ITS,EQ,1920) GO TO eQe2

c
INUM=Q
00 620 I=i{egt,ITS
KsICOM(I)
LeJCOM(I)
INUMBINUM®L

C

c

GO TO (552,560,565,57@),18U8B

550 IlIs(K+i)/2
JJs(L+1)/2
LARRI(K,L)=153
GO TO S75

562 Ils(ke+i)/2
JJas(L+1)/2+33
LARR2(K,L)=8153
GO TO S75

565 IIs(Ke1)/2+33
JJs(L+1)/2
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LARR3I(K,L)={S3

GO TO 575

Ils(Kel) /2433

JIs(Le))/2+32

LARR4(XK,L)m153
IF(CIARRA(II,JJ)~10000C00) ,EQ,2) GO TO 6i®
INUMBINUM=]

GO TO (%6Q,565,590,595),15UB
IDEADLI (1) =} :
LARRLI(n, L) =0

GO TO e
IDEAD2(I)=1
|.LARRZ (K ,L.) =0

GO TOo s@¢
IDEAG3(I) =1
LARRI(K,L) =@

GO TO 608
INEADL(I) =1
LARRAG(K,L) =0
CONTINUE

IKILLS=NSHEP=INUM
NSHEPSNSHEP=«IKILLS

WRITECIOUT,2070)1SUB, IKILLS,NSHEP

2070 FORMAT(2X, SUB=PLOY =&*,12,5X, N0, SHEP, DEAD =7,12,5x,”N0. SHEP,

b
625

610
615
620
625

635
672

18°,1¢2)

GO TO (6uS5,610,615,620),IS5U8

CC=CsUBY

GO TQ ees

CCsCS8UB2

GO TO ée5

CCaCsuB3

GO TO 625

CC=CsUB4

CONTINUE

CacC

WRITE(IOUT,635) CC :
FORMAT (//,12("*%),5X, *CROWN CLOSURE 8’ ,Fb,2,5X,108(*2*))
IF(CC GT,74,5) CCs74,5

IF(CC.,LE,@) CCs,21

IF(M,EQ,2) GO TO 695

DETERMINES NO, OF CEONOTHUS AS A FUNCTION OF CROWN CLOSURE

IF (NAMEL ,EQ,2) GO TO 675

MAMEL 28 ,« , 1 P6QOXCC+19, 2 ( (TS ~CC)aw2 ,S/75,%%2,5)+,5
IF(NAMEL .GT  MAMEL) NAMELEMAMEL

ITasNAMEL+IKILLA
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UETERMINES NQ, OF AMELANCHIER AS A FUNCTION OF CROWN CLOSURE

IF (NCEON,.EQG,Q) GO TO 680

MCEON®8 ,w, 1 0606%CC+19 % ((TS,=CCIwn2,5/75,#%2,5)¢,5
IF (NCEON,GT ,MCEON) NCEONEMCEON

ITCaNCEON+IKILLC 50

LETERMINES NO, OF SHEPHERDIA AS A FUNCTIUN OF CROWN CLOSURE

IF (NSHEP,EG,Q) GO TO 685

MSHEPZ8 ,», 10606#CC+1G , x((75,~CCI)x%2 ,5/75,%%2,5)+,5
IF(NSHEP,GT ,MSHEP) NSHEPEMSHEP

ITSaNSHEP+IKILLS + l@@

DETERMINES NO, OF PRUNUS AS A FUNMCTION OF CROWN CLOSURE

IF(CC,GT,65,) NPRUNZY

IF (NPRUN,EG,0) GO TO 688

MPRUNEBT7 w1 16T*CC+9,w((65,=CCIww2,/65,4n2,)4,5
IF(NPRUN,GT,MPRUN) NPRUNZMPRUN

DETERMINES NO, OF ROSES AS A FUNCTION OF CROWN CLOSURE

IF(CC,06T.85,) NROSE®®

IF(NROSE EQ,R) GO TO 692

MROSEST 4w, 4 16TxCC+9 w((6S,=CC)nng,/65,0%2,)+,5
IF(NROSE,GT ,MRCSE) NROSEsMRCSE

DETERMINES NO, OF SYMPHORICARPOS AS A FUNCTION OF CROWN CLOSURE

IF(C ,6T,92,) NSYMPs®Q
IF(NSYMP,EQ,B) GO TO 695
MEYMP=35,=,38889%C+,5
IF(NSYMP,GT ,MSYMP) NSYMP&MSYMP

SETS BORDER, INSIDE AND TOTAL AREA OF AMELANCHIER TO ZERO
BOKDA=Q,

XINABD,

UTILARQ,

SETS BORDER, INSIDE AND TOTAL AREA OF CEOUNOTHUS TO Z2ERO
BOROCaQ,

XINC®Q,

UTILC=Q,

SETS BORDER, INSIDE AND TOTAL AREA OF SHEPHERDIA TO ZERO

BORDS=2,
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xIns=0,
uUTi1L8s8,

SETS PRODUCTION OF AMELANCHIER, CEONOTHUS, SHEPHERDIA, PRUNUS,
ROSE AND SYMPHORICARPOS TO ZERQ

PDMNA®D,

PONC=Q,

PONERO,

PONPRSQ,

PONRO=DR,

PONSY=UW,

IF(M,EQ. &) GO TO 2000
AGEaNAGE (M)

XLIAM=Y,

WRITECIOUT,6499)I5UB)NAMEL,NCEON,NSHEP,NPRUN,NROSE ,NSYMP

FORMAT (//,5X, *SHRUB #,5 SURVIVING IN UNSHADED AREA’,//,5X,’SUB=PLO
1T =¢,15,2%,*s AMel =°,1I9,2X,"# CEON =*,I5,2X,"# SHEP 3°,I5,2X,*’# P
2RUM =*,15,2X,%& ROSE &7,15,2X,*# SYMP =8°,15,///)

IDIAMICI), ., 4(I) = DIAMETER OF INDIVIDUAL SHRUBS

AMELANCHIER CALCULATIONS
NCOUN1=@
DO 745 Is1,5@

GO TO (79@,79S,710,715),I8UB

IF (NCOUN1 ,GE ,NAMEL) IDEALI(1)s=)
IF(IDEADL(I) LEQ 1) GO TQ 745

GO TO 729

IF(NCOUNL ,GE NAMEL) IDEAD2(I)s}
IF(IDEANZ2(I)L.EQ,1) GO TO 745

G0 TO 720

IF(NCOUNT ,GE.NAMEL) TDEAD3(I)=
IFCIDEADI(I)EQ,L1) GO TO 745

G0 YO 720

IF(NCOUN] ,GE ,NAMEL) IDEAD4(I)=)
IFC(IDEADGCI) EQ,1) GO TO 74S
NCOUNL=sNCOUNL+)

RANDJBJRAND(I)
RAWNDJaRANDJ /10 0Q@,
X2ami w3 ,xwf,996

IF (AGE=302,)725,738,730

X{sm) w(wil «(AGE=30,))a%} , 996
GO TO 735
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X155 (AGE=30,)%%1,996
DIAMBRANDIw (m) ,+,1SwAGE+L ,w(X1/X2))

GO YO (737,739,741,743),18UB
IDIAMI(I)=DIAMNIQO,

GO YO 745
10IAM2(I)=aDIAMX1Q0,

GO TO 745
IDIAM3(I)=DIAM®iOO,

G0 TQ 745
IDIAMA(YI)=DIAMX1GO,

CONTINUE

CALCULATES DIAMETER OF CEONOTHUS
NCOUNZ2=Y
DO B@S 151,100

GO TO (76Q,753,769,772),18UB

1F (NCOUNEZ,GE.NCEON) IDEAD1(I)m}
IF(IDEADI(I),EQ,1) GO TO 805

GO TO 778

IF (NCOUN2,GE NCEON) IDEADR2(I)=¢
IF(IDEAD2(I) EQ,1) GO TO 8@5

GO0 TO 7758 :

IF(NCOUNZ.GE JNCEQON) IDEAD3(I)=1}
IF(IDEAD3(I).EG.,1) GO TO 8825

GO TO 775 »

IF (NCOUN2 ,GE ,NCEON) IDEAD4(I)s={
IF(IDEAD&4(I) ,EG,1) GO TO 805
NCOUN@sNCOUNZ+!

RANDKBKRAND (I=»50)

RANDRBRANDK /1000,
DIAMBRANUK® (S, SoTANM(AGEX,23))
GO TO (780,785,7908,795),18UB

IDIAML(I)sDIAMRIQO,

GO TO 8@5
IDIAMZ(I)sDIAM®IQO,
GO TO 825 '
IDIAMI(I)=DIAMRIRD,
GO TO 805
IDIAMA(I)sDIAMXYIDRO,
CONTINUE

SHEPHEROIA CALCULATIONS
NCOUN3=p

L0 865 Isipi,150
GO TO (815,820,825,830),1I5UB
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IF(NCOUN3,GE,NSHEP) IDEADI(I)a1}
IFCIDEADI(I),EQ,1) GO TO 865

GO TD 835

IF (NCOUN3,GE ,NSHEP) IDEAD2(I)s}
IFCIDEADZC(I) .EQ.L) GO TO 865

GO TO 835

IF (NCOUN3 ,GE ,NSHEP) IDEAD3I(1)=34
IF(IDEAD3(I),EQ,1) GO YO 865

GO TG 835

IF (NCOUN3 ,GE ,NSHEP) IDEAD4(I) =}
IF(IDEAD4C(I) LEQ,.1) GO TN B&S
NCOUNJIaNCOUN3+]

KANDL={ RAND(I=1002)
RANDL=RANDL/1GQQ,

IF(AGE,LT,28,) DIAMSRANDLw(,18wAGE)
IF (AGE ,GE,28,) DIAMSRANDL&(S,42,5*TANH((AGE=28,)%w,033))

GO TO (B47,849,851,853),1I8UB
IDIAMI(I)=DTIAMeLEO,

GO YO 865
IDIAM2(I)=sDIAMx10Q,

GO TO 865
IDIAM3(1)=DIAM«100,

GO TO 865
IDIAMA(I)SDIAM«LDO,

CONTINUE

CONTINUE

ICOUNTs=D

ICOUNTSICOUNT+Y

STARTS NEW SHRUB
IFCICOUNT,GT,ITS) GO TO 997

CALCULATES SHRUB RADIUS
RAD® RADIUS

GO TO (885,8%90,895,980),I8UE
IF(ICEAD1(ICOUNT) ,EG,.1) GO TO 882
IFCIDIAME (ICOUNT) EQ,2) GO TO &8¢
RAD=IDIAML (ICOUNT)

RADSRAD/200,

IIXxsICOMCICOUNT)

JIX3JCOM(ICOUNT)

GO TO 905

IF (IDEAD2 (ICOUNT) ,EQ,1) GO TQ 880
IF(I0OIAMR(ICCUNT) ,E@,2) GO TO &80
RADsSIDIAM2(ICOUNT)

RAD=sRAD/200,

IIXsICOM(ICOUNT)

JJXsJCOM(ICOUNT)

GO TO 985
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IF{ICEAD3(1COUNT) ,EQ,1) GO TO 880
IF(IDIAM3I(ICOUNT) ,,EQ,@) GO TO 88Q
RAOSIDIAM3I(ICOUNT)

RAD3RAQ/COQ,

IIXsICOM(CICOQUNT)

JIXaJCOM(CICOUNT)

GO TO 9@5

IF(IDEAD4(ICOUNT) EG,1) GO TO 88e
IF(IOIAMAC(ICOUNT) sEQG,@) GO TO 880
RAD=IDIAMA4 (ICOUNT)

RAD=RAD/20U,

IIX=aICOM{ICOUNT)

JIX®JCOM(ICOUNT)

CONTINUE

IF(ISHRUB,.6T,2) GO TO 995
IF(ICOUNT,GT,50,AND,ICOUNT,LE,180) GO TO 918
IF(ICOUNT ,G7,120) GO TO 929

WRITE(CIOUT,906)ICOUNT,RAD,ICOMCICOUNT),JCOMCICOUNT)
FORMAT (2X, PAMEL # =*,14,5X,’RADIUS IN FT, &*,F8,2,5X,"IL0C ®*,15,5
1%,°J3 LOC =¢,153)

GO0 TO 995

WRITE(IQUT,915S)ICOUNT,RAD,ICOM(ICOUNT),JCOMCICOUNT)

FORMAT (2X,*CEON # =°*,14,5X,*RADIUS IN FT, &*,F8,2,5X,*IL0OC a*,]15,S
1x,*J LOC =°%,1I5)

GO TO 995

WRITE(IOUT,925)ICOUNT,RAD,ICOM(ICOUNT),JCOMCICOUNT)
FORMAT (2X, *SHEP # =*,14,5X,’RADIUS IN FT, 3*,F8,2,5X,°ILOC =*,]15,5
1X,°J LOC =3*,15)

SHRUB GROWTH
CALL BRANCH
GO TO 884

L0 998 Is1,153
TAREA(I) =1
PER(I)=0

SHRUB REMOVAL IF DEAD
CALL REM

SHRUB AREA CALCULATION

CALL AREA (NAMEL yNCEON,NSHEP, NPRUN, NROSE ,NSYMP,PONS,PDNA,PD
INC,PONPR,PONRO,PDONSY, INDLISH)

PRODUCTION CALC FOR SHRUBS, GRASSES & FURBS
CALL SGPON (NAMEL ,NCEON,NSHEP, NPRUN,NROSE ,NSYMP ,PONS ,PDNA,PD
{NC,PDNPR,PONRO,PDNSY, INDISH)



- 156 =

C
2000 CALL SUM (NAMEL ,NCEON,NSHEP, NPRUN,NROSE ,NSYMP,PDNS,PONA,PD
{NC,PUNPR, PDNRO,PONSY, INDISH)
c
IF(ISUB,LE.3) GO TO 190
IF(IDD,LE.D) GO TO 3900
c
c PRINTS SHRUB MAPS
C

DO 3600w I=1,66

DO 3602 J=1,66

NBaLARRLI(I,J)

IF(NB,EG,R) NB=154
3600 JARRA(],J)=KCHAR(NB)

WRITE(IOUT,3700)
3700 FORMAT(*1°,2X, *SUB=PLOT # 1°,//,2X,*SHRUB MAP?,//,1X,130( **))

D0 380y Iai,6d

c
38p2 WRITE(IDUT,3850) (JARRA(I,J),J=1,64)
c
WRITECIOUT,3889)
IF(IDD,LE,1) GO TO 3900
c

DO 3801 l=1,66

DO 3001 J=1,66

NBsLARR2(I,J)

IF(NB,EQ,0) NBa154
3621 JARRA(I,J)sKCHAR(NB)

c
WRITECIOUT,3701)
3701 FORMAT(’1°,2X)*SUB=PLOT # 2°%,//7,2X,*SHRUB MAP*,//,1X,138("»*))
c
LO 3&p1 Isy,66
C
38@1 WRITE(IOUT,3850@) (JARRA(I,J),J51,64)
C
WRITE(IOUT,3889)
IF(IOD.LE.2) GO TO 3902
c
D0 3602 Isy,66
C

DO 3602 J=1,66

NBsLARRI(I,J)

IF(NB,EQ,@) NB=3154
3602 JARRA(I,J)aKCHAR(NB)

WRITECIOUT,3702) |
3702 FORMAT(*17,2X,*SUB=PLOT # 3°,//,2X, SHRUB MAP’,//,1X,130("*"))
DO 3882 Is1,66
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c
3802 WRITE(IOUT,3850) (JARRA(I,J),Js1,64)
c .
WRITE(IOUT,3889)
IF(IDD,LE,3) GO TO 39p2
c

D0 3603 Is},66

DD 3603 Js1,66

NBaLARR4(I,J)

IF(NB,EQ,0) NBm=31S54
3603 JARRA(I,J)3KCHAR(NB)

WRITE(IOUT,3703)
3703 FORMAT(*1*,2X,*SUB=PLOT # 4°,//,2X%,*SHRUB MAP?,//,1X,130("="))
DO 3603 lwi,66

38035 WRITE(IOUT,3850@) (JARRACI,J),J=1,64)
3850 FORMAT(?9%,1X,64A2)

WRITE(IOUT,3889)
3889 FORMAT(2X,128(f%*))
3902 ITHRUSITHRU+!
4000 RETURN

END
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SUBROUTINE AREA (NAMEL,NCEON,NSHEP,NPRUN,NROSE,NSYMP,PDONS,PDNA,PD
INC,PONPR,PDONRO,PDNSY, INDISH)

DIMENSION IARRA(6E,66),BL2(96),ACC(4,21),ATA(4,21),ATG(4,21),ATF (4
1,21) ,APDNA(4,21) ,APDNC(4,21),APDNS(4,21),APDNPR(4,21),APDNRO(4,21)
2,APDONSY(4,21)

INTEGER#2 JARRA(b6,66),NSET(96),IQQ(96,5),JQ0Q(96,5),NAGE(50) ,NNAME
1L C4) ) NNCEON(4) ¢NNSHEP (4) ) NNPRUNC4) yNNROSE(4) yNNSYMP (4) , JRAND (58) ,K
2RAND (58) ,LRAND(50) ,JJRAND(100) ,KKRAND(10@) ,LLRAND(120), J
3AMEL (2@) ,JCEON(2@) ,JSHEP (20) ,JPRUN(208),JROSE(2R),JSYMP(20), I
SCoOMC1%R),JC0M(159) ,IDEADLI(150),1IDEAD2(C150),IDEAD3(150),IDEAD4(150)
6,LARR1(65,686) LARR2(066,66),LLARR3I(66,66),L.ARR4(66,66),IAREA(153),10
TIAMI(15Q),I0IAME(150),IDIAM3(150),I0TIAM4(150),PER(1IS3),,EPER(L16),KA
BMEL (4,21) JKCEON(4,21) ,KSHEP(4,21) KPRUN(4,21) ,KROSE(4,21) ,KSYMP (4,
921),KCHAR(162),INT(120,97),ICHAR(99),IBB(50,97),IRAND(I7),IXX(97),
1IXXC97), IVUL(97),T0BH(IT) ,ICL(97),IAPER(IT),ICW(97),1ICB(9T7),IBA(97
1) ,JCHAR(2) ,IDEAD(97)

COMMON IARRA,BL2,ACC,ATA,ATG,ATF,APONA,APDNC,APONS, APDNPR,APDNRO, A
{1PDNSY,C8uBY ,CSUB2,CSUB3,CSUB4,RAD,BORDA,XINA,UTILA,BORDC,XINC,UTIL
eC,BORDS,XINS,UTILS,AGE,C,CC,TAUT, TAUTS, TAUTT, TAUD,UNDCC,YUNOCC,PDN
1, ITHRU,M, ISTRT,IINT,IEND, IVUNOC, IAUTTY, IUNQCC,ILOOP,IX,ISUB,ICOUNT
3,IMT,IB88,JARRA,LARR]Y,LARRR,LARR3,LARR4,100,J0Q,IAREA,PER,KCHAR,ICO
4™, JCOM,IDEADL,IDEAD2,IDEAD3,IDEAD4,IDIAML,IDIAMZ,IDIAMS3,IDIAMY,JJR
S5AND ) KKRAND,LLRAND, ICHAR, IRAND, IXX,JXX,IVOL,I0BH,ICL,IAPER,ICW,ICB,
6IBA,IDEAD NSET,KAMEL )KCEON, XSHEP, KPRUN,KROSE,KSYMP ,NAGE ) JRAND , KRAN
TO,LRAND, JAMEL ,JCEON, JSHEP,JPRUN, JROSE, JSYMP,EPER, NNAMEL ) NNCEON,NNS
BHEP ; NNPRUN,NNROSE ,NNSYMP, JCHAR

IQUTs6

IF(AGE.EG,@) GO TO 2000

OCCUPATION OF AREA BY SHRUBS
DO 1g4y Isy,66

00 1249 J=i,66

Keje}

IF(XK,EQ,0) Kabb

Lel=}

IF(L;EQoW) Lebé

GO TO (iuvo0,10i10,10206,10230),1IS5U8B

NBHLARRI(I'J)

IBaARRI(I,K)

JBaLARRLI(L,J)

IF(NB,GT,2) TAREA(NB)SIAREA(NB)+}
IF(LARRL(I,J).6T,0,AND,LARRLI(1,K),NE,@) GO TO 1003
IF(NB,EG,@) GC TO 10023

PER(NB)aPER(NB) 1

IF(LARRY{ (I,J) NE,Q,AND,LARRI(I,K),6T,0) GO TO 1006
IF(I8,EQ,Q) GO TO 10206

PER(IB)=PER(IB)+}
IF(LARR1(I,J),GT,0,AND,LARRY (L,J) «NE,B) GO TO 1209
IF(NB,EQ,2) GO TO 1009
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PER(NB)=SPER(NB)+1

IF(LARRI(I,J) NE,O,AND,LARRI(L,J)6T7,Q)
IF(JB,EQ,D) GO TO 1040
PER(JB)®PER(JB)+}

GO TO 1042

NB'LARRZ(IpJ)

JBeLARRZ(L,J)

IBslLARR2(I,K)

IF(NB,GT,B) IAREA(NB)®wIAREA(NB)+1
IF(LARR2(I,J)GT,B,AND,LARR2(1,K) (NE,Q)
IF(NB,EQ,Q) GO TO 1013
PER(NBY®PER(NB) #1
IF(LARR2(I,J)NE,2,AND ,LARR2(I,K) 6T,2)
IF(IBEQ.Q) GO TO 1016
PER(IB)SPER(IB)+}{
IF(LARR2(I,J),6T,2,AND,LARR2(L,J) «NE,Q)
IF(NB,EG,2) GO TO 1019
PER(NB)=PER(NB)+1

IF(LARR2(I,J) ,NE,@2,AND,LARRR2(L)J)+6T,0Q)
IF(JB,EG,Q) GO TO 1040
PER(JB)SPER(JB) +1

GO TO 1249

NBsLARRI(I,J)

JBeLARRI(L,J)

IB= ARRI(I,K)

IF(NB,.GT,2) IAREA(NBISIAREA(NB) e«
IFCLARRI(I,J) eGT 0, AND,LARRI(I,K) +NE,D)
IF(NBL,EG,?) GO TO 1023
PER(NB)SPER(NB) +}
IF(LARR3(I,J).NE,2,AND LARR3I(I,K)GT,2)
IF(IB.EQ,Q) GO TO 1@26
PER(IB)=sPER(IB)+}

IF(LARR3I(I,J) ¢6T,Q,AND,LARR3I(L,J)NE,D)
IF(NB,EG,Q) GO YO 1029
PER(NB)RPER(NB) +¢

IF(LARRI(I,J) NE,Q,ANDLARRI(L,J):6T,Q)
IF(JB.EQ,Q@) GO TO 10402
PER(JB)SPER(JE)*}

GO TO 1040

NBE LARR4(1,J)

JBBLARR4 (L,J)

IBRLARRG(I,X)

IF(NB,GT,.2) IAREA(NBYSIAREA(NB)+1}
IFC(LARRA(I,J) GT,0,ANDLARRY(I,K) (NE,D)
IF(NB,EQ,2) GO TO 1233
PER(NB)SPER(NB)+1
IF(LARRY4(I,J) ,NE,O,AND ,LARR4(I,K) 6T,2)
IF(IBEQG,@) GO TO 10236
PER(IB)=PER(IB)+1

IFCLARRA(I,J) oGT,Q,ANDLARRAC(L,J)aNE,.D)
IF(NB,EQ.@) GO TO 1039

GO

GO

GO

GO

60

GO

GO

GO

GO

GO

GO

GO

TO

TO0

TO

TO

TO

T0

TO

T0

TO

TO

TQ

T0

1040

1043

1016

1019

1040

1023

1226

1029

1040

1933

1036

1039
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PER(NB)SPEK(NB) +}
1839 IF(LARRA(I,J) NE,O,AND,LARR4(L,J) GT,B) GO TO 10@40
IF(JB,ER.2) GO YO 1040
PER(JB)=PER(JB) +!
1¢48 CONTINUE
1041 CONTINUE
2020 RETURN
END
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SUBROUTINE BRANCH

DIMENSION IARRAC(66,66),BL2(96),ACC(4,21),ATACE,21),ATG(4,21),ATF (4
1,21),APDNA(4,28) ) APDNC (4,21) ,APDNS (4,21, APDNPR(4,21), APONRO (4,21)
2,APDNSY (4,21)

INTEGER*2 JARRA(66,66) ,NSET(96),16Q(96,5),J00(96,5) ,NAGE (58) ,NNAME
1L€4) ) NNCEONC4) NNSHEP (4) ,NNPRUN(4) NNROSE (4) ) NNSYMP (4) , JRAND (5@) , K
2RAND (50), LRAND (58), JJRAND (100) ,KKRAND (18¥) ,LLRAND(120), J
IAMEL (22) , JCEON (20) , JSHEP (2@) , JPRUN(20) , JROSE (20) , JSYMP (22) 1
5COM(1508),JCOM(15@), IDEADL (150), I0EADR(15@) ,I0EAD3(150) , IDEAD4 (150)
6,)LARRL(66,66) LARR2(66,66) LARRS(66,66) ,LARR4(66,66),IAREA(153),1D
7IAML(15@) ,ID1AM2(158) ,101AM3(15@), IDTAMA(15@) ,PER(C153) ,EPER(16) KA
BMEL (4,21) ,KCEONC4,21) ,KSHEP (4,21) ,KPRUN(4,21) ,KROSE(4,21) yKSYMP (4,
921),KCHAR (160), IHT(122,97), ICHAR (99),IBB(58,97), IRAND(IT) , IXX(97),
1JXX (97),IVOL(97),10BH(9T),ICL(97), IAPERCST), 1CH(97),1CB(9T),I8A (ST
1), JCHAR(2),I0EAD(97)

COMMON IARRA,8.2,ACC,ATA,ATG,ATF,APDNA, APONC,APDNS, APDNPR, APDNRO, A
1PUNSY,CSUB1,CSUB2,CSUB3,CSUBY,RAD,BORDA,XINA,UTILA,BORDC, XINC,UTIL
2C,BORDS, XINS,UTILS,AGE,C,CC, TAUT, TAUTS, TAUTT, TAUO,UNOCC, YUNOCC,PON
1,ITHRU,M, ISTRT, IINT, IEND, IYUNOC,TAUTTY, IUNOCC, ILOOP,IX,18UB, ICOUNT
3,1IHT,188,JARRA,LARRL,LARR2,LARR3,ARRY, IGQ, 0, TAREA,PER,KCHAR,ICO
4M, JCOM, IDEADY, IDEAD2, IDEADZ, IDEAD4, IDIAMY, IDIAM2, IDIAM3, IDIAMA,JJR
SAND, KKRAND ,L.LRAND , ICHAR, IRAND, IXX,JXX,1VOL,I0BH,ICL,IAPER,ICW,ICB,
6184, IDEAD,NSET,KAMEL ,KCEON,KSHEP, KPRUN,KROSE ,KSYMP ,NAGE , JRAND , KRAN
70, LRAND, JAMEL , JCEGN, JSHEP , JPRUN, JROSt,JSYMP EPER, NNAMEL » NNCEON , NNS
BHEP , NNPRUN , NNROSE , NNSYMP , JCHAR

DETERMINES SHRUB SPECIES
11X,JJX = LOCATIONS OCCUPIED

IIx=sICOM(ICOUNT)

JIXsJCOM(ICOUNT)

60O TO (BQ0,810,820,830),1suB

IFC(ICOUNT (LE, 50 ) LARRI(IIX:JJX)‘lSl

IF(ICOUNT ,GT, 50 ,AND,ICOUNT, LE,100) LARRI(IIX JJx)mise
IFCICOUNT 6T, 1@@) LARRI(IIX JJXJ‘153

60 70 9@

IF(ICOUNT, LE,S2,) LARR2(IIX,JJX)®1514

IFCICOUNT ,GT,S5@AND,ICOUNT,LE,1P0) LARR2(IIX,JJ¥X)®miS2
IFCICOUNT 6T,100) LARRR(IIX,JJIXx)s153

GO TO 929

IF(ICOUNT LE,S@s) LARR3I(IIX,JJX)=iS}

IF(ICOUNT ,GT,S50,AND,ICOUNT LE,120) LARR3I(IIX,JJX)®152
IFCICOUNT,GT,127) LARRI(IIX,JJIX)=153

GO TO 9@e@

IFCICOUNT LE.S@,) LARRU(IIX,JJX)B151

IFCICOUNT ,GT,S0,AND,ICOUNT ,LE,1R20) LARRA(IIX,JJIX)B152
IFCICOUNT ,6T,1002) LARRA(IIX,JJX)&153

DO 1202 Le=1,96

NSaNSET(L)

DO 1008 Kai,NS

IF (RAD%2,<BL2(L))996,910,910



910
915

920

925

930

935

940
945
950
9SS
960
965
970
97s
980
985

992
991

992
993
994
995

1000
996
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INCR®Q
INCR®INCR+1
GO TO (920,925,9302,935,10200), INCR
JeJJIX«Jea(l,K)
IalIXeIQQA(L,K)
GO TOU 949
JEJJIX=JRG (L,X)
Isllx=IQQ(L,K)
GO TD 940
JeJIX+JRA(L,K)
IslIX=10G(L,K)
GO YO 942
JeJJIX=JauwlL,K)
IsIIX+IGU(CL,K)
IF(I)955,955,94%
IF(I=66)955,955,950
Isl=b66
IF(J)970,9702,960
IF(J=66)970,978,965
RE-NET-Y)
IF(1)975,9715,98¢02
Is6b6+1
IF(J)985,985,990
Jesebe)
GO TO (991,992,993,994),1ISUB
IF(LARR1(I,J),6T,0) GO TO 915
LARRL1(I,J)=sICOUNT
GO TO 995
IF(LARR2(I,J).GT,.@) GO YO 915
LARR(I,J)=ICOUNT
GO TO 99%
IFCLARR3(I,J)«6GT,@) GO TO 915
LARR3I(1,J)sICOUNT
GO0 Y0 995
TFCLARRAG(I,J)GT.2) GO TO 915
LARRG(I,J)SICOUNT
GO TO 945
CONTINUE
RETURN
END
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SUBROUTINE REM

DIMENSION IARRA(66,66),BL2(96),ACC(4,21),ATA(4,21),ATG(4,21),ATF (4
1,21))APONA(4,21),APDNC(4,21) ,APDNS(4,21) ,APDNPR(4,21),APDNRO(4,28)
2,APDNSY(4,21)

INTEGER*2 JARRA(66,66) /NSET(96),100(96,5),J080(96,5) ,NAGE(SQ) ,NNAME
1LC4) ,NNCEONC4) yNNSHEP (4) JNNPRUNC4) )NNROSE (4) s NNSYMP (4) ,JRAND(5@),K
2RAND (50) ,LRAND (S0) , JJRAND (120) ,KKRAND(100),LLRAND(120), J
3AMEL (20),JCEON(20),JSHEP (2) ,JPRUN(20@) ,JROSE (20) ,JSYMP (22), 1
S5COMC15Sa),JCOMC15B),I0EADL (150),IDEAD2(L50),I0EAD3(150),IDEADG(L15Q)
€, LARR]1 (66,66) )LARR2(66,66),LARRI(66,66),LARR4(66,686),IAREA(153),1D
TIAMI(150) ,IDIAMR(150),IDIAM3(15@),IDIAMYU(150) ,PER(L153) )EPER(LI6) KA
BMEL (4,21) ,KCEON(4,21) ,KSHEP(4,23) /KPRUN(4,21) ,KROSE(4,21) ,KSYMP (4,
921) ,KCHAR(160) ,IHT(122,97),ICHAR(99),IBB(5@,97),IRAND(ST),IXX(97),
LIXXL97),1VOLC9T), IDBH(ST),ICL(97),IAPER(9T),ICW(97),ICB(97),1BA(97
1), JCHAR(2),IDEAD(97)

COMMON TARRA,BLR2,ACC,ATA,ATG,ATF,APDNA,APONC, APONS,APONPR, APONROD, A
{PDNSY,CSUB),CSUBR,CSUB3,CSUB4,RAD,BORDA, XINA,UTILA,BORDC,XINC,UTIL
2C,BORDS, XINS,UTILS,AGE,C,CC,TAUT, TAUTS, TAUTT, TAUO,UNOCC, YUNOCC,PDN
1, ITHRU,M, ISTRT, IINT,IEND, IYUNOC, TAUTTY, IUNOCC, ILOOP,IX,ISUB, ICOUNT
3,IHT,IB8,JARRA,LARRL,LARR2,LARRS,LARRY,100,J0Q, IAREA,PER,KCHRAR,ICO
4M,JCOM, IDEADL,IDEAD2,IDEAD3, IDEAD4,IDIAML,IDIAM2, IDIAM3, IDIAMG, JJR
SAND,KKRAND,LLRAND, ICHAR, IRAND, IXX,JXX,IVOL,I0BH,ICL,IAPER,ICHW,ICB,
61BA, IDEAD,NSET,KAMEL ,KCEON,KSHEP, KPRUN,KROSE )KSYMP,NAGE , JRAND, KRAN
70,LRAND, JAMEL , JCEON, JSHEP, JPRUN, JROSE, JSYMP ,EPER,NNAMEL ,NNCEQON,NNS
8HEP,NNPRUN,NNROSE,NNSYMP, JCHAR

REMOVES DEAD SHRUBS AND CALCULATES DEGREE OF INTERSHRUB
COMPETITION

D0 62 181,66

DO 59 Jsi,66
GO TO (S5,13,15,20),1SUB
NBELARRE (1,J)

IF(NB,GT,150) GO TO 58

IF(IDEADL (NB),EG,1) LARRL(I,J)s=d
GO TO S8 :
NBaLARR2(I,J)
IF(NB,GT,158) GO TO 56
IF (1DEAD2(NB),EQ,1) LAKR2(I,J)sd
GO TO S8
NBSLARR3(1,J)

1F (NB,GT,158) GO TO S8
IF(IDEADS(NB) EQ,1) LARR3(I,J)=0
GO TO 58
NBaLARR4 (I,J)

IF(NB,GT,150) GO TO 58

IF(IDEAD4 (NB),EQ,1) LARR4(I,J)s@
GO TO 58

CONTINUE
CONTINUE
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602 CONTINUE
RETURN
END
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SUBROUTINE SGFON (NAMEL ,NCEON,NSHEP,NPRUN,NRUSE,NSYMP,PONS,PDNA,PD
INC,PDNPR,PONRO,PDNSY, INDISH)

DIMENSION IARRA(66,66),BL2(96),ACC(4,21),ATA(4,21),ATG(4,21),ATF (4
1,21) )APDNA(4,21),APONC(4,21) ,APONSC(4,21) ,APDNPR(4,21),APDNRO(4,21)
2,APDNSY (4,21)

INTEGER#*2 JARRA(66,66) ,NSET(96),I0Q0(96,5),J0R(96,5) ,NAGE(52) ,NNAME
1LC4) s NNCEONCQ) ¢y NNSHEP (4) NNPRUN(C4) ,NNROSE(4) )NNSYMP (4) ,JRAND(SB),K
2RAND(S3) ,LRAND(SQ),JJRAND(10D) ,KKRAND(123),LLRAND(12Q), J
IAMEL (23),JCEON(20),JSHEP(22) ,JPRUNC(R®),JROSE(20),JSYMP (2@), I
sScoMc152),JCcomM(1SR), IDEADLI(15Q@),IDEAD2(150),I1DEAD3(15@),IDEAD4(L50)
6,LARRL (66,66) )LARR2(66,66),LARR3I(66,66) ,LARRU(66,66),1AREA(1S53),1D
TIAML (150),1ID1AM2(150),IDIAM3(15Q),IDIAM4(15Q),PER(L1S53) ,EPER(16),KA
BMEL (4,21) yKCEON(4,21) ,KSHEP(4,21) ,KPRUN(4,21) ,KROSEC4,21) yKSYMP (4,
921),KCHAR (162),InT(102,97),1CRAR(99),IBB(SQ,97),IRANDCIT)  IXX(97),
LIXX(97),IVOL(ST7),IDBH(97),ICL(9T7),TAPER(97),ICW(97),1CB(97),IBA(97
1),JCHAR(2),I0EAD(97)

COMMON I1ARRA,BL2,ACC,ATA,ATG,ATF,APDNA,APONC, APDNS,APDNPK,APDNRO, A
1PDNSY,CSUBL,CSUB2,CSUB3,CSUBY4,RAD,BORDA, XINA,UTILA,BORDC,XINC,UTIL
2C,BORDS, XINS,UTILS,AGE,C,CC,TAUT, TAUTS, TAUTT, TAUD,UNQCC, YUNDOCC,PDN
1,1TMRU,M, ISTRT, IINT,IEND, IYUNOC,IAUTYY, IUNDCC,ILO0OP,2IX,I15UB, ICOUNT
3,IRT,188,JARRA,LARRL,LARR2,LARR3,LARRY,IQR,J0Q, IAREA,PER,KCHAR,ICO
4M,JCQM, IDEADYL, IDEAD2, IDEAD3, IDEAD4, IDIAML, IDIAMA, IDIAM3,IDIAM4,JJR
SAND , KKRAND,LLRAND, ICHAR, IRAND, IXX,JXX,IVOL,IDBH,ICL,1APER,ICW,ICB,
618A, IDEAD,NSET,KAMEL ,KCEON,KSHEP, KPRUN, KROSE ,KSYMP ,NAGE, JRAND,KRAN
70,LRAND,JAMEL yJCEON, JSHEP,JPRUN, JROSE, JSYMP,EPER,NNAMEL )NNCEON,NNS
8HEP,NNPRUN,NNROSE ,NNSYMP, JCHAR

IOUTss

CALCULATES NUMBER AND PRODUCTIVITY OF SHRUBS

SETS PRODUCTION TG @,
FONABQ,

PONC®@,

PONSE0,

PONPREQ,

PONROZY,

PDNSYEY,

IF(AGE,.EG,@) GO TO 1289
DO 1202 1=1,150

GO TO (1045,1050,1e55,1060),18U8
DIAMBIDIAML(Y)
IMORTSIOEADYI(])

G0 TO 1065
OIaMsIDIAME(])
IMORTRIDEAD2(I)

GC TO 1@65
DIAMeIDIAMZ(])
IMCRT®IDEAD3(I)

GO YO 1065
DIAMeIDIAM4(])
IMORTaIREALA(])



»~ 166 =

1065 IF(IMORT,.EG,1) GO TO 1200

CALCULATES BORDER AND INSIDE AREA OF SHRUBS AND PRQDUCTION

XINS= INSIDE AREA
BORDS = BORDER AREA

OO0 00

IF(DIAM,EQ,Q) GO TO 1200
RAD=DIAM/10GQ,
DIAMaRAD
RDSsRAD/2,
IRAD=RAD
KsIRAD#+!
IF(PER(CI) LT.EPER(K)) GO TO tQ90
IF(RDS,LY,.82) GO TO 1@7Q
BORD=u (RNS+,82) w2, %3,14159»(RDS»,82)ww2, #3,14159
XIN3(RDS», 82)%%2,*#3,14159
IF(I.LEL.S®) XINASXINA+XIN
IF(I.GT 5@, AND,I,LE,1P0) XINCSXINC#XIN
IF(1.,GT,1002) XINSaXxINS+XIN
GO TO 1@75
1270 BORD=a(RDS+,82)wx2,%x3,14159
XIN=Q,

107s 1IF(1,G7,52) 60 TO 1@7¢
BORDAZBOR0OA+B0ORD
XINABXINA+XIN
XAREABRDSwwe ,%35,14159
AMELP=4,1*XAREA
GO TO 1139

1676 IF(I,GT.1@0) GO TO 1@79
BORDC=BORDOC+B0RD
XINCaXINCeXIN
XAREA2RDS»#2 ,n3,14159
IF(XAREA,LE,b4) CEUONPRBQ, /6%l TaXAREARw],T7
IF(XAREA,GT,6s) CEONPuB81Q,w1,45454w(110,"XAREA)«TEQ , v (110, ,-XAREA)
1wn2,7/110,e02,7
% GO TO 13132

i

e

1079 BORDS®BORDS+BORD
XINSEXINS+XIN
XAREABRDS#%2,%3,14159
IF(XAREA,LE,%,) SHEPPE25,/3,%w2,6wXAREA®x2,6
IF(XAREA,GT,3.) SHEPPRZSQ,=250,% (100, ~XAREAI #nd ,1/100,,wnd,}
GO TO 1130

1092 DIFPBPER(I)
DIFESEPER (K)
DIFsDIFP/DIFE
ACTARSBIAREA(])
ACTARSACTAR/4,
IF(EPER(K) JNE,4) GO TO 1094



1294

1295

1100

1185

1115
1120

1130

1140

115¢

1180
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BORD=s (RDS+,B82)x#2,43,14159
XIN®Q
GO TO tia0
IF(RDS,LE,.82) GO TO 1@95
EXPINS= (RDSw,82) #%2,%3,14159
BOROBDIFx ((RDS+,82)ww2 3,14 159=EXPINS)
EXPAR=3,14159nRDSnw2,
ACTINSSACTARKEXPINS/EXPAR
BORDIN=DIF« (EXPAR=EXPINS)
IFC(BORDIN+ACTINS) MELACTAR) ACTINSaACTAR=BORDIN
XINzACTINS
IF(XINGLT.E) XINsZ,
GO TO 11926
BORDsDIFs (ROS+,82) wwz  w3,14159
IF(BORD,EQ,B) XIN®ACTAR
IF(BORD,GT,2) XIN=2
AREAITAREA(I)
XAREA=AREA/4,
IF(1,GT.5@) GO TO 11@5
BORDA=30ORNA+BORD
XKINAXINA+XIN
AMELPs4,1¥XAREA
GO YO 1132
IF(1,67,108) GO TO 1120
BORDC=BOROC+pORD
XINCsXINC*XIN
IF(XAREA,LEabs) CEONPRAD,/6,wxl ,THXAREA#wY 7
1F(XAREAGT,6,) CEONP=810,1,45454u(110,=XAREA)TOA ,w(110,=XAREA)

1an2,T/7310,x%2,7

GO Y0 1130

BORDS=B0ORDS+BORD

XINSEXINSeXIN

IF(XAREA,LE,3,) SHEPPE25,/3,¢%x2,04XAREAw®2,6
IF(XAREA,GT,3,) SHEPP2250,«250,w(lB0,=XAREA) w4 ,1/100,9w4,1
IF(I,LE.52) PDNASPUNA+AMELP

IF(1.6T,50) GO TO 1140

IF(INDISHL.EQ,D) GO TO 1204

WRITE(IOUT,1180) I,PER(I),EPER(K),DIAM,XIN,BORD,AMELP,IAREAC(I)
GO TQO 12ed

IF(1,6T7,52,aND,I,LE,100) PONCBPDNC+CEONP

IF(1.,GT,130) GO TO 150

IF(INDISH,EQ,®) GO TO {200

WRITE(IOUT,4180) I,PER(I),EPER(K),DIAM,XIN,BORD,CEONP,IAREA(]I)
GO TO tecoe '
IF(I.67T,100) PONSePDNS+SHEPP

IF(INDISH,EQ,@) GO TO 1200

WRITE(IOQUT,118@) I,PER(I),EPER(K),DIAM,XIN,BORD,SHEPP,IAREA(])
FORMAT (2%,*# ®*13,3x,*PERs*?,15,3x,’EPER®?,]I5,3x,*DIAME?,F6,2,3X,*'X
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1IN’ ,F6,2,3%,°BORDs"?,F6,2,3X,"PDNS*,F8,2,3X,"AREAR?,19)
1200 CONTINUE

aoaoon

PONASPDNA/2S,
PONS®PUNS /25,
FONCSPONC/25S,
WRITE (IOUT,1201) PDNA,PONC,PDNS
12@1 FORMAT(//,2%X,"PDNA 8¢ ,F10,4,5%,"PONC 8°,F10,4,5X, *PONS a*,F10,4)
c XINCA,C,8) ® INSIDE AREA FOR LARGE SHRUBS
XINABXINAZ4,
XINCSXINC/4,
XINSEXINS/4,
¢ BORD(A,C,8) ® BORDER AREA FOR LARGE SHRUBS
BORDASBORDA/4,
BORDC=BORDC/4,
BORDS&BORDS/4,
¢ UTIL(A,C,S) = AREA UTILIZED (INSIDE + BORDER) FOR LARGE SHRUBS
UTILAZBORDA+XINA
UTILCSBORDC+XINC
UTILSSBORDS+XINS
TAUTS 8 TOTAL AREA OCCUPIED BY CEON, AMEL, AND SHEP
TAUTSSUTILA+UTILC#UTILS
TAUTT = AREA IN SHADE
TAUTT=1@89,%C/ 100,
TAUT =& AREA OCCUPIED BY TREES AND SHRUBS
TAUT2TAUTS+TAUTT |
TAUO = AREA NOT OCCUPIED BY TREES AND SHRUBS
TAUOR108%,=TAUT
IF(TAUOLLT.?) TAUO=D

o O O 0

c IAUTTY =& AREA IN SHADE IN 8Q, YDS,
UNQCC=1089,=TAUT ,
o IUNOCC ® OPEN AREA (AREA NOT 0CC, BY TREES AND SHRUBS) IN 8Q,.FT,
YUNOCCaunBCC/9,
¢ IYUNOC = OPEN AREA IN SQ, YDS,
IYUNOCSYUNOCC
TAUTTY=TAUTT/9,
IUNOCCaUNOCC
o

WRITECIOUT,1202) TAUTS,TAUTT,TAUT,IYUNOC
1202 FORMAY(///,2Xs*TAUTSS"F9,2,3X, TAUTTR"FY,2,3%, TAUT®?,F9,2,3X,*°IYU
iNOCs?,19)
IF (NPRUNLLT,1) GO TO 1225
Jaioe
IF(CNPRUN®IYUNDC),LT,120) JaNPRUN®IYUNOC
ITHaQ

00 1220 I=1,J
ITHRITH+!
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RANDJJsJJIRAND(I)
RANDJJ=RANDIJ/Z1000Q,
IF (AGE,GT,20,) GO YO 1212
xa"l.*(b.**a.l“)
IF(AGE=6,)1203,1203,1206
1203 Xiswl ,u(=l ,x(AGE=6,) ) nn2, 14
G0 TO 1209
1206 X1S(AGE=b,)s%2,14
1209 DPRIUNSRANDIJ* (=, 2%, 1 T8%AGE+,2%(X1/X2))
GO TG 1215
1212 OPRUNSRANDJJIx2,14
1215 IF(DIAM,LT, L, 37) PONPsB ,04¢, 6*DPRUN
IF(DIAM,GE,1,37) PDNPs=8, 8+7 1wDPRUN
12¢0 PDNPR=PDNPR+PDNP
PRUNSNPRUN
IF(ITH,LT,L1@@) GO TO 1225
BLUCK={0Q,.,/PRUN
XBLKasYUNQCC/BLOCK
PONPReEXBLK*PDNPR

1225 1IF(NKROSE.LT,1) GO TO 12492
Jsi12a
IF ((NROSE*IYUNOC) ,LT,100) JesNROSE*IYUNOC
ITH=Q
DO 1239 1s1,d
ITH3ITH]
KANDKKaKKRAND (1)
RaANDKK=RANDKK/1222,
DROSESRANDRK% (2, 3" TANH (AGEw,1776))
PONRS,1%] . 4xDROSE*%1,5
1230 PDONRD=PDONRO+PONK
RGSESNROSE
IF(ITH,LT,102) GO TO 1240
BLOCK=1Q0,/ROSE
XBLKBYUNGCC/BLOCK
PDNROsXBLK=xPONRO
1242 IF(NSYMP,L.T,1) GO TD 1262
Je 120
IFCCNSYMPRIYUNQOC) oLTo102) JasNSYMPXIYUNDC
ITHED

D0 t255 I=1,J
ITHEITH*Y
RANDLL=LLRANDC(I)
RANDLL=RANDLLZ10Q0O,
IF(AGE ,LE,18,) DSYMPERANDLLW" (a2 AGE=2 96 AGEwWR] ,4/2D2,%%],4)
IF(AGE,GT,18,) DSYMPaRANDLL*1,05
PONSMR ,283xDSYMP®x]{ 5
1255 PDNSYSPDNSY+PDNSM
SYMP&eNSYMP
IF(ITH,LT,128) GO TO 1260
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BLOCK=1RE,/SYMP
XBLKaYUNOCC/8LOCK
PONSYaxBLK*PONSY
1258 FORMAT(//,2%,*PONRO =s*,F12,4,5X,"PDNSY 3¢,F1d,4,5X, PONPR 2*,F9,4)
c
1ebg WRITE(IOCUT,1258) PONRO,PDNSY,PDNPR
1280 RETURN
END
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SUBROUTINE SuM (NAMEL NCEON,NSHEP ,NPRUN,NRUSE,NSYMP,PDNS,PDNA,PD
INC,PDNPR,PDNRO,PUNSY, INDISH)

DIMENSION IARRA(66,66),BL2(96),ACC(4,21),ATA(4,21),ATG(4,21),ATF (4
1,21))APDONAC(Y,21) ,APDNC(4,21) ,APDNS(4,21),APDNPR(4,21),APDNRO(4,21)

@ )APDNSY(4,21)

INTEGER®2 JARRA(66,66) ,NSET(9€),10Q(96,5),J0G0(96,5),NAGE(50),NNAME
1L (4) y)NNCEONC(4) NNSHEP (4) ,NNPRUN(4) ,NNROSE (4) yNNSYMP (4) ,JRAND (50) ,K

2RAND(59) ,LRAND(50),JJRAND(100) ,KKRAND(108@) , LLRAND (100), J
3AMEL (20),JCEON(2@2) ,JSHEP(2R),JPRUN(20),JROSE(2R),JSYMP(2Q), I

SCuM(150),JCOM(15@),IDEADL(150),10EAD2(150),IDEAD3(150),I0EAD4(150)
6y LARRL(66,66) )LARRCIES,66),LARRI(66,66) ,LARR4(66,66),IAREA(153),ID
T1AM1(150) ,I0IAM2(15@),IDIAMB(150),IDIAM4(150),PER(153) ,EPER(16),KA
8MEL (4,21) ,XCEON(4,21) ,KSHEP(4,21) yKPRUN(4,28),KROSE(4,21) )KSYMP (4,
921),KCHAR(160) ,IMT(102,97),ICHAR(99),IBB(SQ,97),IRAND(ST),IXX(ST7),
1IXX(97),IVOL(97),I0BH(97),ICL(97),IAPER(S7),ICW(97),ICB(97),IBA(OT7
1),JCHAR(2),IDEAD(97)

COMMON IARRA,BL2,ACC,ATA,ATG,ATF,APNDNA, APDNC,APDNS,APONPR, AFDNRO, A
1PDNSY,CSL8),CSUB2,CSUB3,CSUB4,;RAND,BORDA, XINA,UTILA,BORDC,XINC,UTIL
2C,BORDS, XINS,UTILS,AGE,C,CC,TAUT,TAUTS, TAUTT, TAUO,UNOCC, YUNOCCC,PDN
1 ITHRU, M, ISTRT, TINT,IEND, IYUNOC, IAUTTY, IUNOCC, ILOOP,IX,ISUB, ICOQUNTY
3,IHT,I8B,JARRA,LARR],LARR2,LARRSY,LARR4,IGQ,JQAQ,IAREA,PER,KCHAR,ICO
4M,JCOM, IDEADY,IDEAD2,I0EADS3, I0EADY, IDIAML,IDIAM2, IDIAM3, IDIAME,JJR
SAND, KKRAND,LLRAND, ICHAR, IRAND, IXX,JXX,IVOL,I08H,1CL,IAPER,ICW,ICB,
6IBA, IDEAD,NSET,KAMEL jKCEON,KSHEP, KPRUN,KROSE ,KSYMP,NAGE, JRAND,; KRAN
70,LRAND,JAMEL ,JCEON, JSHEP,JPRUN, JROSE, JSYMP,EPER,NNAMEL NNCEON,NNS
BHEP, NNPRUN, NNROSE ,NNSYMP, JCHAR

CALCULATES GRASS AND FORB PRODUCTION

CHECKS CROWN CLOSURE OF TREES AND ADJUSTS GRASS PRODUCTION
ADJUSTS GRASS AND FORB PKRODUCTION TO SHRUB INSIDE AND BORDER AREA

AND SHRUpP NUMBER

I0UTs6

IF(CoL.T,68,) PDNAGEPDN/83,3/9,2(27,+,885294u(68,aC)+50,5/68,nmb, w(
IOBQ'CJ**bn)

IF(CGGE.ba.AND.c.LE.7BOS) PDNAG'PDN/33.3/9.*Cabcliﬁ-.3231*C)
IF(C,GT,76,5) PONAG=@,

IF(C.LE.B84,) GRASBPDN/B3,3/9,%(,045=C)

IF(C,6GT,84,) GRAS=Q,

IF(C,LE,18,) FORBaPDN/E3 3/9,%(2,4+,87xC)
IF(CoGT 18, ANDCoLT,80,) FORBBPDN/B3 3/9 % (o4S5+18,/60,8%2,7n(80,=C
1)**207)

IF(C,GE,8¢#,) FORB=Q,

UBORL=Y,

UXInag,

UBORDSBORDA+BORDC+BORDS

UXINsXINA+XINC+XINS

AGROBIPDNAGaUBORDx) , 365725,

GRASBBGRAS#UBORD®Y ,3865/25,

FORBBaFORBa«UBORDO®L ,365/25,

AGRQISPDNAGWUXIN®,081/25,

GRASIRGRASxUXIN®,R81/25,
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FORBIZFORB®UXIN®,206/25,
AGU’Q;.

FOOsQ,

GRO=Q

AGTOSO,

FOTCs@,

GRO=D,

TA=PDNAG*43,56

TGaGRAS%43,56

TFsFORBwa2,56

IF(M,EQ.0) GO TO 2011

IF ((NPRUN*NRGSENSYNP) o GT,@) GO TO 1270
AGTO=PDNAG* (1289,=TALITS) /25,
FOTOsFORB* (1289,=TAUTS) /25,
GRTOSGRASw (1089 ,=TAUTS) /25,
_ GO TO 2040

1270 AGTDEPDNAGWRTAUTT/RS,
FOTOSFORB*TAUTT/2S,
GRTO=GRAS®TAUTT/2S,

IF (NSYMPL,EG,8) GO TO 1280
IF(NSYMP JLE,14) REDUCAZ(3,+,13334(15,~NSYMP )#(88,/15.,%%2,5)%(15
1.»NSYMP )uwng,5) /85,

IF(NSYMP ,GT,14) REDUCAs,@353
RED&],~REDUCA

IF (AGE ,LE,25,) REDPER=,04%AGE
IF(AGE,GT.25,) REDPERs!,
REDUCAE (1 .= (RED*REDPER))
INCFa(3,76¢1,M2%NSYMP) /3,76
AGTO=PDONAGWREDUCA®TAUTT/25,
GRTOEGRAS=REDUCA®TAUTT/2S,
FOTOBFORBXTAUTT/2S,

1280 NUMSSHSNPRUN+NROSE#NSYMP

IF (NUMSSH,LE,14) REDUCAE(3,+,13334wn(15,=NUMSSH)+(B88./15,%%2, sawcxs
1, =NUMSSH) k2 ,5) /85, _
IF (NUMSSH.GT,14) REDUCAB,0353

REDB1,=REDUCA

IF (AGE,LE,25,) REDPERS,04%AGE

IF(AGE,GT,25,) REDPER=1,

REQUCA® (] ,=(REC*REQPER))

INCFa(3,76+1 ,Q2«NLIMSSR) /3,76
AGOBPDNAG®TAUOWREDUCA/25,

FOOsFORB*TAUQ/25,

GROBGRAS*TAUDREDUCA/25,

2000 TASAGOAGTO+AGROB*AGROI
TGeGRO+GRTO+GRASI*GRASE
TFeF00+FOTO+FORRI+FORBE

2011 LsMe]

IFCISUB,NE,1,0R,M,NE,1) GO TO 2015
c
DO 2v12 J=i,51
c
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SUMMARY OF PRODUCTION OF SHRUBS,GRASSES AND FORBS

2912 IWT(J,97)=0

2015 IF(M.EQ,0) IYUNOC=12}
PDONPREPDNPR /25,
PDNRO=PDNRO/25,
PDNSYBPONSY/25,
IHT(L,97)SNAGE (M)
ACC(ISUB,L)sC
ATA(ISUB,L)=TA
ATG(1SUB,L)=TG
ATF(ISUB,L)sTF
KAMEL CISUB, L) BNAMEL
APDNA (ISUB,L)8PUNA
KCEONCISUB,L)sNCEON
APDNC (ISUB,L)EPDNC
KSHEP (ISUB,L)eNSHEP
APDNS (ISUB,L)BPDNS
KPRUNCISUB,L) SNPRUN*IYUNOC
APDNPR (ISUB,L)8PONPR
KROSE (ISUB,L) SNROSE«IYUNOC
APDNRO(ISUB, L) 3PDNRD
KSYMP CISUB,L)ENSYMP# ((1089=TAUTS)/9,)
APDNSY (ISUR,L)=PONSY
IPRUNSNPRUN®IYUNOC
IROSE=NROSE*IYUNDC
ISYMPaNSYMP#*IYUNDC

PRINT PRODUCTION SUMMARIES

WRITE(IQUT,2)
e FORMAT (2X,T1@,°CC’,T13, AGROP PDN*®,T23,"GRASS PON®,T34,°FORB PON’,
1T47,%2 AMEL*,T55,fAMEL PDN®,T67,¢# CEON’,T75,°CEON PDN’,T87,%# SHE
2R?,795,7SHEP PDN*)

WRITE(IOUT,S)C,TA,7G,TF,NAMEL,PDNA,NCEON,PDONC,NSHEP,PDNS
5 FDRMAT(EX;QFI@.Q,Iiﬁ,Fl@.a,Ilﬂ,FlQ.d,Ilﬂ,Flﬂsal

WRITE(IOUT,7)
7 FORMAT (2X,T7,’# PRUN’,T15,PRUN PDN*,T27,"% ROSA",T35,°R0OSA PDON’,T
147,%% SYMP?,TS5,7SYMP RON*)

WRITE(IOUT,12)IPRUN,PDNPR, IROSE,PONRD,ISYMP,PDNSY
19 FORMAT (2X,I110,F10.4,110,F19,4,110/,F10,4)
ILOOPa(IEND=ISTRT)/IINT +|
IF(I1SUB,EQ,4,AND, (M=ILOOP),EQ.Q) GO TO 2020
60 TO 39uv@
2eey ID0=d

2922 LO 2027 31,4 |
IF(100.6T.1) 60 TO 3020
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2925

epary

203
2031
2e3e
2033
2034
2p3s
2036
2a37
2e38
2y39
2049
2udl
éade
2043
2044
2045
246
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WRITE(IOUT,20e5) 1

FORMAT(*17,2X¢128(°%*),//,2X,756,°SUB=PLOT =°*,12,//,T2,"PARAMETER

1%,//,2X%,"AGE?)
Net

J=z1l

IF(IDO,6T,2) N=12
IF(N,EQ,12) J=2}

WRITECIOUT,2030) CIAT(K,97),KaN,J)
ARITECIOUT,2031) (ACC(I,K),KeN,J)
WRITECIOUT,2032) (ATA(CI,K) ,K&N,J)
WRITE(CIOUT,2433) (ATF(1,K),K8N,J)
WRITE(IOUT,2034) (ATG(I,K),K&N,J)
WRITECINUT,2035) (RAMEL (I,K),KaN,J)
WRITE(IOUT,2036) (APONA(I,K) ,K8N,J)
WRITECIOUT,20837) (KCEONC(CI,K),KaN,J)
WRITECIQUT,2038) (APDNC (I, K),KaN,J)
WRITECIQUT,2039) (KSHEP(I,K) ,Ka&N,J)
WRITE(CIQUT,2040) (APONS(I,K),K8N,J)
WRITECIQUT,)2041) (KPRUN(TI,K),KEN,J)
WRITE(IOUT,2042) (APDNPR(I,K),KaN,J)
WRITECIOUT,2043) (KROSE(I,K) ,KaN,J)
HRITECIOQOUT,2844) (APODNROCIK) ,KeN,J)
WRITE(IOUT,2245) (KSYMP({I,K) ,K3N,J)
WRYITECIOUT,2046) (APDNSY(I,K),KaN,d)

IF(11.00P.LE.1@) GO TO 3040
I0D0sIDO+1
GO TO 2aee

FORMAT (2X, "AGE®, 6X,1111¥)

FORMAT (2X,*CR, CLOSE,*,1X,11F102.1)
FORMAT(2X, fAGROP, PDN,’,11F10,3)
FORMAT (2%, *FORB PDN,*,eX,11F12,3)
FORMAT (24, "GRASS PDON,*,1X,11F12,3)
FORMAT (2X, *NO, AMELAN,',i!IlB)
FORMAT (2%, *AMEL . PONJ?,1X,11F10,3)

FORMAT (2X, N0, CEON,*,2X,11113)
FORMAT (24X, "CEON, PON.*,1X,11F12,3)
FORMAT (2X, *NO, SHEP.?,2X,1111@)
FORMAT (2X, *SHEP, PON,?,1X,11F1@8.3)
FORMAT (2X, 'NO, PRUN.',zx,11Iia)
FORMAT (X, *PRUN, PON,*,1X,11F10,3)
FORMAT (2X, *NO. ROSE’,3Xx,111102)

FORMAT (2x, *RQOSE PON,",2X,11F10,3)
FORMAT (22X, N0, SYMP,”,2X,41118)
FORMAT (2X, #SYMP, PON.’,1X,11F10,3)
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3000 RETURN
END



