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ABSTRACT

This otoady i an attempt to introduce a simulation technique into the
decision-making process  for multiple-use of natural resources. A
milti-object jve forest land use problem is evaluated to demonstrate the
Goe ot the alporithm developed. The management unit, E8, of the Berland
cubrepion, Fdson torest (Alberta) is used as a case study to obtain "he
data tor the problem

A deterministic, dynamic prototype simulation model was constructed
that mav help resonrce managers hridge the gap between strategic planning
and fmplement ot ion The model ¢ an be used for testing the long-term ettects
of  varions manage: . ctrategies and thus acts as a tonl to provide
decision-mikers with 1apid r(cedback on the consequences of management
alternatives,

The major components of the simulation model are five submodels which
predics timber wrowth, recreation potential, grazing improvement, wildlife
poprilations, and water vield changes using an increment period <1 one vear.
The most appropriate biological and phvsical process principles and
available data were used to construct mathematical equations for those
cubmodels . The model does not consider all the management operations, hence
it is currentlv restricted in a number of respects. The model simulates
“1mber harvest. hunting visitor-days. esthetic changes, grazing carryving
capacities, moose and caribou populations, and water vields. Simulation
results can be displaved in both tabular and graphic forms.

The computer program was written using dBASE IV, and, being menu driven,
is verv easy to use. Computer time required to simulate the changes on
208448 hectares over oue hundred years is in the order of seventeen days
on an IBM PS/2 Model 60 computer.

The model was validated by comparing predicted values with the Alberta
Forest Service vield tables over a period of a hundred and «ighty vears.
Results indicate that the mode] predictions are in generai agreement with
vield table data. Therefore it was concluded that the confidence in the

model’s ability to predict land use changes was fairly good. To demonstrate

iv



how the model could be used to help resource managers, three simuialiion

runs have been conducted using different management strateyices
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1 INTRODUCTION

1.1 Problem Definition

Integrated (multiple use) forest management is a multi-objective
problem. There are a number of interdependent but conflicting objectives
that need to be addressed simultaneously in the management planning process
The resource manager may, for example, wish to meet the following objectives:
to increase timber production, water yield, and forage production; to
maintain wildlife, fisheries, and natural beauty; to enhance recreational
use and to decrease any environmental degradation. Moreover, there is no
accepted common measure that can be used to satisfactorily compare all ot
these objectives.

Management of multiple use resources requires complicated decision
making. The manager is charged with obtaining a desired mix of goods and
services from limited resources, and will usually have several alternative
courses of action available. To choose among them, he must know both the
tradeoffs between one course of action and another, and the relative
desirability of the goods and services. For example, if he wants to provide
25 percent more recreation, what quantity of timber products (if any) must
be foregone? He also needs to know which goals are attainable with cxisting
resources. For instance, does he have enough money and land to provide
both the desired recreation facilities and the desired timber production
quantity?

Questions like these are difficult to answer because some of the gou
are complementary (some timber harvesting helps wildlife by improving
habitat), but others are competitive (full utilization of forage reduces
timber yield). Also, the values of some products are determined by the
market, but others, such as wildlife and recreation, are better understood
as non-market goods. The market valued goods have some common characteristics
that enable one to build models -> allocate resource between the production
activities required to produce these goods. These characteristics are: 1)

a single ective criterion; 2) an objective criterion that can be defined
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in terms of one measure; 3}) goods that are valued by users in terms of
that criterion: 4) use of resources also valued using the measures of the
objective criterion; and 5) looking for "best" allocation in terms of
maximum or minimum value for objective criterion.

Traditional investment models and linear programming models work quite
well in allocating resources for market-valued goods because of their
characteristics, but they may involve unrealistic assumptions when applied
to the kind of decision making situations common in multiple-use forest
planning (Schuler et al., 1977). Bell (1976) stated by some of these
assumptions. The first assumption is that the management operations on one
hectare will not affect the output on a neighboring hectare. In the case
of timber management this may be fairly true, but a clearcut next to a
campground could conceivably affect the number of visitor-days.

Second, linear programming assumes linearity of coefficients. This
means that if 1 hectare provides for 5 visitor-days, 10 hectares will
provide for 50 visitor-days. Again, in the case of timber, water, and
forage, this seems to be a reasonable assumption. However, in recreation
for instance, a certain number of hectares may be required before any
visitor-days are produced.

Third, to keep the model simple and within the limits of available
data, the effects of time and investments - . the alternatives are ignored.
That is, the outputs are expressed in terms of average annual potential
rather than potential that varies with “ime or investment level.

Fourth, linear programming allows only one objective or goal to be
maximized or minimized. In the multiple use management, however, numerous
(often conflicting) objectives exist.

The fourth assumption can be solved by using another mathematical
programming technique called goal programming. Goal programming is a
variation of linear programming in which the mathematical model is so
constructed that the single objective to be maximized or minimized really
is composed of several goals (Bell, 1977). Although goal programming may

correct the limitati. s of 1linear programming in dealing with



multi-objective optimization problems, it is still limited by the othet
assumptions. Goal programming requires, further, the explicit specification
of quantitative goals and any preference structure that may be associated
with those objectives.

Simulation techniques provide another way of allocating resources
efficiently in decision making situations that involve both multiple and
incommensurable goals. First of all, in a simulation approach, there fis
no requirement that the objectives be defined in the same value terms. In
fact, multiple goals mav be defined in terms of cubic metrers of timber,
visitor-days of recreation, number of horses, or acre-feet ot water, as
well as numbers of wildlife. Secondly, simulation models are not tied to
particular structures, mathematically, procedurally or otherwise.
Therefore, they can avoid some impracticul assumptions made by mathematical
programming models and permit a less abstract and relatively more falthful
representation of a real system. Thirdly, as comput.:r programs, simulation
models can flexibly and efficiently process large amounts of data and are
quick and inexpensive to execute. Fourthly, simulation approaches study
the dynamic behavior of systems so that they may consider the effec's of
time. Finally, simulation models are user-friendly and will produce the
quantitative values that users can compare using subjective frameworks to
select the most desirable strategies.

The main disadvantage of simulation is that unlike mathematical
programming techniques, it shows what happens under a particular set ot
assumptions and does not provide the single "best" solution directly and
in one quantitative measure. Simulation is a trial-and-error approach to
problem solving. As such, it can be a slow method of studying problems

(Garner, 1978).

1.2 Objectives and Significance
There are three objectives to be achieved in this project:
a) To explore the feasibility of using a numerical simulation

approach for integrated resource planning.



b) To examine the suitability of wusing spreadsheet/database
languages for the development of an integrated resource planning
simulation model.

¢) To examine the time spent on running such a simulation model on
a microcomputer, such as IBM personal system/2 for different
planning horizons.

The use of computer models in resource management and planning has
develnped rapidly in the last two decades. Recently, considerable emphasis
has been placed on the introduction of "user-friendly" microcomputers into
the workplace. In addition, user-friendly software, designed for
professionals with littie computer training, has enhanced the manager’'s
ability to implement highly technical projects at the work station (Gray,
1986). The significance of this study lies in the interest of developing
such a microcomputer-based simulation model for integrated resource planning
of the Berland subregion which would be user-oriented and would allow

managers to test different management strategies

1.3 The Study Area

1.3.1 Location

The study area was the E8 management unit of Berland subregion, Edson
forest of the Eastern Slopes of Alberta’s Rocky ‘ountains, located
approximately 45 Am north of the town of Hinton, and immediately north of
the Willmore Wilderness Area (Figure 1.1). Total area of the subregion is
approximately 5,700 km? (or 2,230 mt.? ) in size (Department of Forestry,
Land and Wildlife, 1987). The study area possesses a great wealth of
renewable and non-renewable resources -- water, scenery, timber, torage,
wildlife, fisheries and mineral resources. Demands for use of these resources
have increased at a rapid rate in recent years and the fact that the
resource base is not unlimited becomes more evident. Growing pressures for
resources and land in the area have led to conflicts in land allocation

(Government of Alberta, 1984).
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According to the Regional Plan for the Eastern Slopes, most of the
Berland forest is a multiple use zone. The intent of establishing this
zone is to provide for the management and development of the full range
of forest uses while meeting the objectives of watershed management and

environment protection in the long term.

1.3.2 Summaries and Issues of Berland Subregion Resources

Based on the information in the Alberta Forest Service draft report
"Berland Sub regional Integrated Resour.. Plan" (1987), the timber,
recreation, range, wildlife, and watershed resources and relevant issues
of Berland subregion may be summarized as follows:

TIMBER

The importance of the timber resource in the Berland subregion is
provincially significant. These timber resources are totally committed to
existing timber processing facilities and proposed timber developments.
Reductions from the existing merchantable timber land base would affect
the ability of the Government of Alberta to honor existing commitments in
this area.

An annual allowable cut (:\C) of over 480,000 m’® of timber has been
allocated to sustain existing quota and local use dispositions. The quota
volume is committed to two quota holders in the Grande Cache area. An
additional 76,000 m® has been allocated to Canadian Forest Products under
a Forest Management Agreement.

British Columbia Forest Product’s (BCFP) Grande Cache sawmill, a planer
mill complex, has been in operation since 1981. This complex has a mill
capacity of over 471947 .44 million m> (100 million board feet). This sawmill
relies entirely on the coniferous timber in the subregion for meeting its
mill capacity requirement.

Champion Forest Products (Alberta) Ltd. is also proposing a sawmill
expansion. Wood requirements for the proposed expansions will be met from
timber resources within the Berland planning area.

The primary issues relative to the timber resource zre the following:



a. The impact of aesthetic requirements on the land base on timbu«
management practices in the Grande Cache area and adjacent to Highway
40 and the Forest Trunk Road (SR 734).

b. The impact of wildlife and fish management requirements on tuture
and existing timber commitments., harvesting practices and
silviculture practices.

¢. Introduction of new practices, actl ties or changes in land use
could ‘reate abnormal fire hazard or risk, or might contribute to
the spread of forest disease or {insects Change in requirements
for forest protection might therefore be needed

d. Extensive areas of con:inuous forest cover in the Berland area
represent major forest fire hazards for existing .nd or future
settlement areas as well as a continuous supply of the timber
resource.

e. Maintaining existing annual allowable sustained harvest levels
essential to meet current timber commitments.

f. Maintaining timber resource development opportunities to permit
expansion of the forest industry.

RECREATION

Recreational use of the Berland subregion is low when compared 1o areas
of the Eastern Slopes further south. Currently, recreation activities are
concentrated along the Forest Trunk Road (Secondary Road 734). However.
levels of dispersed recreation occur throughout the area. Popular activit.es
include camping (e.g. at Pierre Greys Lakes), hunting and fishing. Other
activities such as canoeing, rafting, jet boating, horse use, hiking,
snowmobiling, and cross-country skiing also occur. A considerable amount
of hiking and equestrian use in the Willmore Wilderness is staged from tt-
western portion of the Berland area and the Grande Cache area. These
recreation activities are major attractions to visitors in the area.

There are two major issues on recreational use of the subregion:

a. Industrial resource developments (existing and proposed) may

conflict with recreational developments and growth of the region’s



tourism industry.
b Lands that contain high aesthetic qualities for recreation and
tourism activities may be affected by other land uses.
RANGE

The Berland subregion supports some domestic grazing in the vicinity
of Grande Cache and along Highway 40. Demand occurs largely from local
residents and from outfitters for horse holding areas and lands capable
of supporting horse grazing. The majority of the area is unsuitable for
domestic grazing The few .areas having unimproved grazing potential are
already allocated (in proximity to Grande Cache) or are very difficult to
access due to their long Jdistance from existing communities and the lack
of suitable roads into the areas.

The concerns about the ra:ge management in the subregion are listed
s follows:

a. There may be a limited supply of ar-ailable land to accommodate

local demand for grazing and horse holding areas in the Grande
Cache area by residents and outfitters.
b. Range management requirements for wildlife must be balanced with
domest ic grazing demand.
WATERSHED

The Berland area has significant levels of resource use and development.
Primary uses include timber harvesting, petroleum, natural gas exploration
and development, cual development, recreation and access development. The
protection and maintenance of environmental quality is a land management
commitment of considerable importance. The Victor Lake Basin is the major
water supply for the town of Grande Cache.

The major rivers in the area are (from west to east) the Sheep, Smoky,
Muskeg, Simonette, Little Smoky, Berland, Wildhay and Athabasca. Lakes
(west to east) include Victor, Grande Cache, Peavine, Pierre Greys, Joachim
and Donald.

The followings are the two issues on the watershed resource:

a. The 1impact of resource development (current/future) on existing



high water quality and soil productivity in the area, including
the Grande Cuache water supply

b. The impact of potential water quanticy increasces from vegetation
removal on water quality.

WILDLIFE AND FISHERIES

The Berland area supports a diverse wildlife and fisheries resource
which includes a number of sensitive species and habitats. The management
of bull trout, Arctic grayling, caribou, grizzly bear, elk, moose. rountain
goat and mountain sheep has intensified over the last fifteen vears as
demands for mineral, timber and recreational resources have escalated ove:
this once remote portion of Alberta. The creation of surface access by the
resource industries has warranted the development of extensive measures
to protect many sensitive regionally and provincially significant species.

The issues which has to be considered on wildlife and tisheriec may

be described as:

a. Habitat destruction from resource extraction could occur to a point
where regionally significant fish and wildlite populations are
critically depleted.

b. Proliferation of vehicle access would have the potential tor
severely affectinrg wildlife habitat utilization and viability of
fish and wildiife populations, as a result of increased legal
harvest (sport hunting and fishing, Native harvest) and illegal

harvest (poaching) and harassment.

1.4 Research Approach

The research for this thesis is conducted in three major compunents
First, a review of the literaturc was conducted to investigate the use of
a simulation approach as a tool for integrated resource planning. Simulatinn
approaches are compared to other forest management models. Second, an
analysis of inventory data in the Berland Sub-regional Planning was per formed
and used in the formulation of the models of timber growth, recreation

potential, grazing potential, wildlife productivity, and watershed water
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yield.

The last portion of the research involves an evaluation of the
microcomputer software available for simulation and the development o.” a
computer program. The comparison is used to select an appropriate language

to simula: the process of integrated resource planning.

1.5 Thesis Organization

This thesis consists of ten chapters. Chapter one consists of a
description of the study, a statement of objectives and an outline of the
research methods. The c.rcepts of forest management, integrated resource
management, and integrated resource planning are described in Chapter two.

Chapter three is composed of a literature review of the various modeling
techniques being used and their applications in integrated resource
planning. The use of integra.ed resource planning in Alberta is discussed
in Chapter four.

Chapter five is the explanation of the methodology used. It includes
a description of the development of the mathematical models of the resource
dynamics. Chapter six contains the discussions on the computer language
selection and the model building with dBASE IV programming language.

Validation of the simulation model of the Berland forest is discussed
in Chapter seven. Chapter eight presents the applications of the simulation
model. A summary of the results and the conclusions are found in Chapter

nine and Chapter ten contains recommendations for future work.



2 FOREST MANAGEMENT AND INTEGRATED RESOURCE MANAGEMENT AND PLANNING

2.1 Forest Management

Forest management is concerned with the sustained production of forest
products and services and the maintenance of high quality forest environment.
There is an increasing demand for timber and associated products. Man's
ability to manipulate the processes of nature is increasing through improved
technology and in so doing he is altering the balance .f relatively stable
ecosystems by polluting the atmosphere, by draining wet-lands, by clearing
forests, by afforesting using monocultures of exotic species, and by
building towns and roadways. Forests can play an imp “tant role in the
preservation of those ecosystems and in the conservation of the environmen’
as well as providing wildlife refuges for endangered species of fauna and
flora. The growing demand for outdoor re¢ eation and hunting has made ics
impact upon the forest often resulting in special areas being re 'r
their exclusive use, and particularly in times of recession ti
the forest in providing meaningful employment opportunities shoul: he
ignored.

While it is sometimes possible to reserve a forest area to one exclusive
use, the inevitable trend is towards a number of simultaneous uses. Pressute
on the forest to meet the needs of the people is rapidly increasing
everywhere and particularly so in the more densely populated countries.
For the forest manager this means striking a balance between competing

use or multiple use (Joyce, 1981).

2.2 Integrated Resource Management

Integrated resource management as a forest management concept is as
old as forest management itself but the term came to enjoy its great
popularity only in the mid-sixties, when it became a popular slogan meaning
different things to different people according to their interest (Davis,
197 ). Marczyk (1985) defined integrated resource management as a management

strategy which endeavors to optimize use of the resource base to achieve

11
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maximum benefits for the people now and in the future. The concept recognizes
that management and use of any resource inevitably affects management and
use of other resources. The approach attempts to minimize existing and
pOCentialconflictsandpromotepositiveinteractionsamonguses.Integrated
resource management, according to Watts (1983), refers to the exploitation
of two or more natural resources compatibly on a given land area. A simple
example of this idea is the cooperative use of a watershed for both forest
and fisheries resources. Duerr, et al. (1982) describe integrated resource
management as a program of managerial inputs rationally selected to produce
a desired set of forest services. According to this view, integrated

resource management is the result of a decision-making process.

2.3 Integrated Resource Planning

Social conflicts over integrated resource management in forestry tend
to be expressed in conflicts regarding land use and the processes of
integrated resource planning. Planning is the process; plans are its
outcome. A land use plan depicts the way land may be allocated during a
future period and explains the objectives sought, the expected flow of
services, the projects needed to implement the plan, the costs and benefits,
and other matters, ircluding environmental-impact analysis (Duerr, et al.,
1982).

Camp (1973) suggests that, for the forester, land use planning is
organizing the development and use of a forest and related lands and their
resources in a manner that will best meet the needs of people over time,
and to maintain maximum flexibility for a dynamic combination of resource
outputs for the future.

Integrated resource planning is an integral component of integrated
resource management and shares the same principles. Its relationship to
integrated resource management as a means to implement that concept has
been recognized for nearly two decades. Its major distinguishing feature
is that it provides future-oriented direction for action by means of a

dynamic, continuous and sometimes repetitive process of decision-making
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(Marczyk, 1985).

Some vital questions which must be considered during the planning
process are the following:

a. Where are the resources?

b. What is their condition?

c. How accessible are they?

d. What a e opportunities to improve production of individual
resoul
e. How will changes in one resource affect others?

Although answering all of the questions completely may not be possible,
the most current information and technology can help describe the complex
interactions among the resources involved.

Brown (1981) argues that the process for deciding how public land should
be managed involves a focus on tradeoffs. A tradeoff is a relationship
between two or more effects of a change in some condition (such as the
condition of the forest). The relationship signifies a difference between
the initial condition and the new one which the change would bring about.
The advantage of examining tradeoffs between forest conditions is that
attention is focused on actual quantities and values of those quantities
rather than on abstract values.

Abstract values, characterized by statements such as "Timber is more
important than range." generally are of little use in decision making
because they do not apply to specific management options in given locations.
Mu.h more important are comparisons of, for example, the value of an
increase of a certain quantity of timber with condition A to the value of
an increase of a given amount of forage with condition B. A process
incorporating this focus involves ten general <l~ps:

a. assessing management concerns, public issues, and resource use

and development opportunities;

b. deciding on planning criteria;

¢. collecting relevant data and information;

d. analyzing the management situation;
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formulating feasible, realistic alternatives responsive to such
assessments;

estimating the physical, bio.ogical, social, and economic effects
of the alternatives;

comparing the alternatives and evaluating their differences;
choosing a preferred alternative;

implementing the alternative; and

monitoring the implementation and its effects.



3 INTEGRATED RESOURCE MANAGEMENT AND PLANNING MODELS

The techniques used in multi-objective management and planning models
are usually referred to as either simulation models or mathematical
programming. Mathematical programming is the term applied to a group ot
optimization techniques including linear programming, goal programming,
integer and mixed integer programming, quadratic programming, geometric
programming, and dynamic programming. All of these techniques are designed
toselectanoptimalsolutionforz;setofvariables,oftencalledactivitivs.
The optimal outcome is the numerical maximum or minimum of some specitied
performance criterion or objective function (Joyce et al., 1983). Simulation
is another operations research technique. In contrast with mathematical
programming models, simulation models have no built-in algorithms, like

the simplex, that lead to an optimal solution.

3.1 Linear Programming

Linear programming (LP) is a mathematical programming technique which
can be used to maximize or minimize a linear objective function, subject
to a set of linear constraints. Linear programming models have three major
components (Joyce, et al., 1983):

a. A set of all possible activities under consideration. These are
also called the decision variables.

b. A set of limitations on the resources needed to carry out
the activities. These are called the constraints and, as linear
combinations of the decision variables, make up the rows in the
LP matrix. The sum of resources used by the activities must be
constrained to the total resourres available.

c. A performance criterion for selecting the optimal set of activities
and the level of each activity from all possible activities.

A simple representation of a linear programming problem follows:

Maximize:

Z=) C,X, (3.1)

~

15
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Subject to:

cALY L = loom (3.2)

X,20 y=1...n (3.3)

In this example, there are n activities, and /m constraints. The total
amount available of a specific resource /71 is represented by the coefficient

B, the activity level for a decision variable ; is represented by the 1\,

and the amount of resource used by cne unit of activity %, is 4,. Additionally,
activitiss [\,) wmay not take on a value less than zero.

Severa. wssumptions about the real system being modeled are necessary
before a linear programming model of that system can accurately describe
the system. First, one assumes that both the objective function and the
resource constraints can be represented as linear combinations of the
decision variables. This is not as restrictive as it would seem initially
as many nonlinear relationships can be represented using piecewise
approximations of nonlinear functions. Linearity 1is assured by two
requirements--proportionalicy and additivity. Each activity'’s contribution
to the objective function and its rate of resource use is proportional to
the level of that activity in the solution. That is, coefficients in both
the objective [C,] and constraints [4,] are constant for a.i levels of X ,.
The total contribution to the objective function and the total resource
use of engaging in two or more activities at the same time must equal the
sum of the individual contribution, or resource use, of each activity
engaged in separately.

Second, one assumes that activity levels are restricted to only positive
values. In the real world, a negative activity level does not make sense.
Third, one assumes that all decision variables must be divisible; that is,
they can take on fractional values.

Fourth, one assumes that values for coefficients [C, and 4,] can be
specified before the model is run and the values of these coefficients are
known with certainty. Thus, a linear programming model is a deterministic

model .
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Finally, one assumes that only one criterion is used at any one time

in selecting the optimum combination of activities.

3.1.1 The advantages and limitations of linear programming

Linear programming provides a useful approach to the decision maker
seeking to optimize some specific objectives. If the benefit from each
forest use can be given a monetary value the technique can be etfective
in providing opportunity cost information. The important thing to remember
is, however, that "optimal" solutions are best only in terms of the objective
function which is optimized. Nevertheless, the method provides usetul
information for making a choice and is a positive step towards evaluarion
of multiple use objectives (Joyce, 1981).

Although the assumptions incorporated in linear programming models are
well known, the implications of these assumptions are not usually consciously
considered by operations research analysts or the general users of linear
programming models. However, the interpretation of results and their
implementation by resource managers depend heavily on these assumptions
and their relationship to the "real world". Bare and Field (1987) give a
detailed discussion on this topic.

First, because of the linearity assumption, linear programming models
are often criticized as being too simplistic to model many real world
phenomena. "The world is not linear!" This is an often heard battle cry,
and is generally a valid observation. But, the implication of linearity
that is most often challenged is proportionally. This deficiency can be
overcome with proper formulation of the linear programming model. However,
the more insidious implication of linearity often is overlooked. This is
the additivity assumption. Additivity means that any combination of feasible
values for the decision variables produces a consequence which is the sum
of the individual values. No interactions between decision variables are
permitted to cause variations from this total.

Secondly, linear programming does not guarantee integer solutions

because of the divisibility assumption. In many linear programming models,
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however, integer-valued decision variables are required. Examples of such
decision variables include numbers of campgrounds, animals, etc. To permit
a noninteger value implies infeasibility in the real world, making such
a solution difficult to implement. This limitation is being overcome by
use of mixed integer solution packages.

Thirdly, a commonly cited criticism of the linear programming method
is that it is deterministic. This is because probability functions, which
are often nonlinear, are impossible to incorporate into linear programming
models. Hence, all coefficients in a linear programming model are assumed
to be known with certainty. In attempting to incorporate uncertainty into
a linear programming model, both model size and solution time increase
dramatically.

A final weakness of linear programming is that it explicitly assumes
there is a single decision criterion to be optimized and implicitly assumes
there is a single decision maker. Neither of these conditions hold for

public decision making in general.

3.1.2 Early applications of linear programming to integrated resource
planning

Over the past two decades, great progress has been made in developing
computer models as e tool for decision-making in forest management and
multiple use planning. There are a number of such applications described
in forestry literature but no great indication that linear programming is
being adnpted by individual forest managers or planners (Joyce, 1981).
Chappelle (1977) comments that the situation seems to be one of researchers
talking to other researchers and suggests a number of reasons; the type
of mathematics involved, the difficulty of isolating a primary goal that
could be expressed as an objective function, the high data requirements
and the difficulty of getting expert advice. Because of those obstacles,
the operational application of linear programming occurred only in the
larger organizations where the scale of operations was sufficiently large

to justify specialized staff. A number of "prepackaged" models have been
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developed for operational use in forest management and multiple use planning

Notable among those are Timber RAM and FORPLAN (Walker, 1982).

3.1.3 Major problems of linear programming planning models

Although linear programming models have played an important role in
forest planning, the definite shortcomings of those models should be
recognized. Rose (1984) gives a detailed discussion on several major
problems of linear programming models. A serious limitation of linear
programming in torest planning is model size. The decision variables in
the model represent specific management alternatives for specitic units
of land. The decision variables can be defined in a number of different
ways. However, a basic problem is that the number of distinct land units
that can be recognized in practice is limited.

The problem of uncertainty surrounding economic values, yield values,
demand projections and other entities is another area of concern, since
linear programming models have the distinct disadvantage of not permitting
extensive sensitivity analysis except at very high cost. Poor data are
problematic in any planning model. The problem with the forest planning
process is the use of data with varying amounts of precision in one overall
model structure. Data are treated as deterministic and the same degree of
confidence or weight is assigned to them.

Several factors stand in the way of actually achieving the optimal
solution. One problem is that different managers can develop different
implementation plans because of the aggregated nature of the solution.
More seriously is the requirement that attainment of the optimal solution
requires that the resource management schedule must be followed throughout
the planning horizon. Since aggregation can lead to increased sensitivity
of solutions to changes in assumptions, already taken actions will be more
likely to turn out to be non-optimal and often irreversible (Rose, 1981).

The cost effectiveness of the FORPLAN (Forest Planning Model) process
is an important, but difficult question to answer. Such an evaluation would

require a quantification of model inputs and outputs and comparison with
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other alternative evaluation procedures. Such an analysis and comparison
are not possible to date due to lack of information.

It would be misleading to not point to the positive aspects of the
linear programming planning models. FORPLAN certainly has provided a
structure for addressing the forest management problem. Considering,
however, all the problems «f applying linear programming models, it is
reasonable to question whether or not another operations research technique

like goal programming or simulation might be a more useful tool.

3.2 Goal programming

Linear programming, in its simplest formulation, is unable to handle
multiple goal situations which are extremel .omr 1 in resource management.
"Multiple use" solutions are not derivable :. r -imple linear programming
models since only one objective function can be specified at a time.
Multiple goal situations have been handled bv some analysts using linear
programming by using thc equation that contains the quantitative measures
of the major goal as the objective function and relegating equations
quantifying the lesser goals to the cunstraint area of the problem. This
is not the same as calculating a solution that will satisfy, to the extent
feasible, the entire set of goals given a relative preference ranking of
the alternative goals. This limitation can be overcome by using the
mathematical programming technique of goal programming.

Goal programming, probably, the most widely used technique for general
multi-objective programming, is certainly the one which has been most
extensively applied to natural resource management problems. It is an
extension of linear programming. Developed by Charnes and Cooper (1961),
goal programming minimizes deviations from multiple goals, or objectives,
subject to some constraints that are goal statements and others that are
physical constraints. Mathematically, the program can be expressed as:

Minimize:

S(u,d; ru,d)) (3.4)
AN
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Subject to:
N+ ld - 1d =G (4
B\ s (‘ O)

v 20 J=1...m (32

d,.d; 20 t=1....n (4 8)
where
ad, d = the vectors  of the negative and positive deviational
variables, respectively These represent the solution’s
deviation from the goal vector, G,

w,, W,; = the weights and/or priorities for the deviational

variables,
4 = thematrix representing the relationbetween the decision variables
vector, X, and the goal vector, G,

I = the identity matrix,
B = the matrix of coefficients which relate the decision variables

to the constraint vector, €, and

n, me= the number of goals and decision variables, respectively.

In contrast to physical constraints, the goal constraints are satisfied
as closely as possible but need not all be met completely. This flexibility
is obtained at a cost: goal programming requires the explicit quantification
not only of objectives but also of goal levels associated with these
objectives and a preference structure defining the decision makers’
preferences for each objective relative to the others. The difficulty of
specifying the goal levels and preference ratings in a satisfactory and

objective way has surrounded goal programming with considerable controversy.

3.2.1 The advantages of goal programming over linear programming
The main advantages of goal programming over linear programming is

that goal programming attempts to correct the limitations of linear
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programming in dealinpg with multi-objective optimization problems, while
retaining its useful basic structure and numerical solution.

Linear programming focuses on the problem of determining an optimal
allocation of scarce resources to meet a given set of objectives. Goal
programming, in a similar format, seeks a plan that comes as close as
possible to attaining specified goals. Both procedures deal with constrained
optimization. Both are limited by the assumptions that model variables are
intinitely divis..le and connected only by linear relations. Goal
programning requires, further, the explicit specification of quantitative
goals and any preference structure that may be associated with those
objectives. It is this orientation that provides the technique with the
flexibility necessary to circumvent two major weaknesses of ordinary
linear programming. A conventional linear programming model may incorporate
two classes of objectives: (1) an overall, single-dimensional, optimization
criterion such as profit maximization or cost minimization; (2) a set of
secondary requirements imposed by the decision-maker (distinct from absolute
physical or economic constraints) such as the attainment of certain minimal
production levels. Ordinary linear programming procedures yield an optimal
solution to a quantitative allocation problem only if a feasible solution
exists. Feasibilicy is assured if the requirements specified by the analyst
and the constraints imposed by the problem environment are all mutually
consistent. But, inconsistencies are not always readily apparent. For
example, it may not be obvious, prior to the analysis, that limited resources
preclude the simultaneous satisfaction of a minimum desired timber yield
goal and a watershed management objective. In contrast, the objectives
specified in a goal programming format are approached as closely as possible
but need not all be met completely. This flexibility allows the specification
of a problem in terms of multiple conflicting goals and the allocation of
resources according to subjective priorities.

Given the existence of a feasible solution to an ordinary linear
programming problem, a second shortcoming is the requirement of a

single-dimensional optimization criterion. Whatever the measure associated
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with the objective specified by this criterion, the outcomes of the several
activities included in the solution plan must be expressed in common units

This requirement has two particularly serious effects First, analysts
eager to apply linear programming to problems involving fncommensurable
values are rempted to search for indirect measures of relatively intangible
results in terms of those more easily valued. Thus, for example, vacation
expenditures are used as a surrogate gauge of outdoor recreation benefits,
and a wildeiness preserve is valued in terms of timber harvest. foregone.
Secondly, even when a clearly valid relationship between the optimization
criterion standard and a particular activity does exist, that relation may
be very difficult to specify. Goal programming allows not only the
simultaneous consideration of resource allocations to activities whose
outcomes cannot be valued in like terms but it also permits the analyst
to specify directly activities whose 'evels can be associated with a common
measure. For example, the consequences of a shortage of pulpwood at a mill
can be expressed in cords rather than requiring the difficult estimate of
the overall dollar impact of such a shortage on the firm’s operating costs

and sales revenues (Field, 1973).

3.2.2 Applications of goal programing to integrated resource planning
Goal programming is probably the most extensively used operations
research technique in the area of fores: management and land use planning.
The number of published applications of goal programming in this area has
been substantial, especially in multiple use contexts. Field (1973)
introduced goal programming to the forestry literature. Bottoms and Bartlectt
(1975) applied goal programming to integrated resource management of 9,050
acres of the Colorado State Forest. Their formulation used ordinal priority
ranking of goals. Bell (1976) further discussed transformation of a linear
program into a goal program with a composire weighted objective function.
Dane, Meador, and White (1977) used the composite weighted objective form
of goal programming on a 158,000-acre planning unit on the Mt. Hood National

Forest, Oregon. Schuler, Webster, and Meadows (1977) reported on their
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pilot application of goal programming on a 10,000-acre subunit of the Mark
Twain National Forest, Missouri, for the evaluation of tradeoffs between
timber management, outdoor recreation, grazing, and production of gan:

animals for hunting.

3.3 Simulation

Although the optimizatior methods such as linear programming and goal
programming have been widely used in solving integrated resource planning
problems, their limitations discussed previously have motivated the search
for alternative planning techniques. A simulation approach using heuristic

rules (trial and error) appears :o be promising (Rose, 1984).

3.3.1 Principle of simulation

Any attempt to discuss the overall field of simulation is a formidable
task simply because the term "simulation" has been so ill-used and abused.
Simulation appears to apply to almost anything unreal which reports to be
something like reality. It, therefore, has been used widely in industry,
agriculture, forestry, and government. However, simulation has differenc
definitions for different people. Simulation, according to Phillips, et
al. (1976), is the process of duplicating the essence of a system without
attaining the reality of that system. Simulation refers to mathematical
and statistical models that have been implemented on a computer (Joyce,
et al., 1983). Joyce (1981) indicated that to simulate is to copy the
process of an operation over a time period. Based on those definitions,
one may infer that any kind of process of developing computer models to
predict the future world could be called as "simulation". In fact, this
is not a precise definition of simulation. "Computer modeling" can be a
better name for this process rather than "simulation". Simulation is a
particular technique of operations research. Simulation models deal with
the study, essentially by trial and error, of dynamic problems which can
not be solved by common mathematical methods. For example, a simplistic

mathematical model of the growth of a deer population in a forest would
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state - .t the growth o»roceeds at a rate proportional to the number of
anima!:. this relationship can be expressed as a simple equation whose
solution gives the population size as a function of time. In fact, however,
the growth of the population is also a function of the amount of food
available in the fcrest, which itself changes at a rate that depends on
the way the forest is managed, and so on. To solve such problem properly,
one needs a system of equations for which there are no exact solutions,
only approximate ones. Buongiorno and Gilless (1987) described simulation
as the process of developing a model of a real system and conducting
experiments with the model.

As described by Pritsker (1984), in the general sense, simulation deals
with the study of (dynamic) systems over time, and is the representation
of the dynamic behavior ol the system by moving it from state to state in
accordance with well-defined operating rules. Similarly, Grant (1986)
defined simulation as the process of using a model to mimic, or trace
through, step by step, the behavior of the system under studying. He stated
the following:

"Simulation models are composed of a series of arithmetic and logical

operations that together represent the structure (state) and

behavior (change of state) of the system of interest. The system

of interest exists in different states at different points in time

and there are rules governing the manner in which the state of the

sKstem changes as time passes. The rule governing chan%e also may
change from time to time, since they are themselves a function of
the state of the system. If we choose appropriate variables to
describe the system and appropriately represent the rules governing
change, then we should be able to trace the state of the system

through time, which is to say we can simulate behavior o the
system."

3.3.2 The advantages and limitations of a simulation approach
Simulation models are designed to sam "he characteristics of the
system they represent by "observing" the sys «m over time and subsequently
gathering pertinent information. In essence, this would be very much the
same as observing a real system but with the advantage that the analyst
is controlling the simulated system rather than being confrolled by it

This means that the analyst can experiment with a system and study its
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performance while changing its parameters and decision rules at will.
Another important advantage is that the actual time span over which the
real system is simulated can be compressed so that its performance over
a one-year span may be examined in minutes on the microcomputer (Taha,
1976;

Simulation is perhaps the most versatile tool for deaiing with complex
(or nonconforming) systems. Simulation models have a degree of flexibility
not available in mathematical programming and have the great advantage
that individual solutions are inexpensive to obtain. The system can be
used to indicate the results of various courses of action thus allowing
the decision maker to select the rost desirable strategy.

Simulation models are not tied to particular structures, mathematically,
procedurally or otherwise. As computer programs, they can flexibly and
efficiently process large amounts of data and are quick and inexpensive
to execute. The reluctar e of forest managers to adopt simulation models
in forest management planning may be attributed to a number of reasons
including lack of expertise in constructing models, unfamiliarity with
computers and difficulty in obtaining access to computer terminals (Joyce,
198):. With the rapid technological developments in microprocessors,
relatively inexpensive microcomputers and mini-computers are now available
which will accommo: te sizable simulation packages.

Simulation answers questions of the tvpe: "What would happen if I did
this...?" Once a forest system has been modeled and the model found to be
acceptable, a manager has great flexibility in imposing changes on his
forest model. He can vary his management goals and the conditions of his
stands with no ill effects to the real stands from any undesirable
alternatives. With adequate mathematical relationships, the manager can
predict probable future performance and yie'd of his forest (Myers, 1973).
For the multiple use zones, in seconds, he can get an estimate of the
long-term effects of proposed timber harvesting on recreation, grazing,
wildlife and fishery, and watershed, etc.

The main disadvantage of simulation is that, unlike other operations
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research techniques, it does not provide optimal problem solutions directly.
Simulation is a trial-and-error (heuristic) approach to problem solving.

As such, it can be a slow method of studying problems.

3.3.3 Simulation model building

Joyce, et al. (1983) indicates that the process of constructing a
simulation model can be broken into the following five stages: conceptual,
diagrammatic, mathematical, computer programming, and validation/
verification.

In the conceptual stage, the mod: ler’'s experience and intuition suggests
important features about the system’s structure to be modeled, given the
questions being asked about the system. In the diagrammatic stage, word
models and diagrams are used to structure the model.

The complexity represented in the diagrammatic model is referred to
as the degree of aggregation. Because a model can never compietely replicate
the system, compartments of the real system may be combined in the model .
One example would be combining all minor tree species into one compartment
instead of modeling each tree species separately.

In the mathematical stage, the structure and function of the system
are described in equations. The relationship between the sta riables
and/or flows is determined from experimental wark, previous mode ., or the
modeler’s intuition. The fourth stage in the = celing process is the
computer programming stage where the mathematical equations are written
into a computer program.

The last stage in the modeling process is the validation/verification
stage. The model is tested under a variety of situations. An error analysis
may be performed to determine the magnitude of error propagation in the
model. A sensitivity analysis may be performed to determine how sensitive
the model is to changes in the parameters of the equations. Finally, the
model output is compared with different field data that were not used in
constructing the model to determine how well the model mimics the real

world.
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3.3.4 Applications of simulation models

Simulation has been applied to almost every aspect of forestry and
forest planning operations. Perhaps its most widely used application has
been in the devmlopment of models which simulate the growth of forest
stands. This enables the manager to study the problems arising because of
decisions to harvest and helps him to compare the outcome of alternative
strategies. Examples of such models are given in Fries (1974) and Fries,
et al.(:978). Simulation has been extended to an examination of the physical,
econo: ¢ and environmental consequences of alternative wildland use
decisions by Bare and Schreuder (1975) in which they use a set of simulation
models each of which de<cribes a major component or subsystem of a forest
ecosystem.

Some of the earliest applications of eccsystem simulations were those
o1 Odum (1960) and Olson (1963) on an analog computer, and Garfinkel (1962)
on a digital computer (Wiegert, 1975). Since these attempts, simulation
modeling has diversified greatly. Simulation models of ecosystems range
from large, complex systems of equations to small sets of differential
equations.

Models constructed for natural resource management differ in structure
from modeling approaches in ecological simulation. This difference was
, inted out by Spofford (1975) for aquatic systems models and Reed and
Clark (1979) for forest growth models. Hoganson and Rose (1984) describe
a simulation approach for optimal timber management scheduling.

Applications of simulation modeling vary greatly; in most cases, the
simulation model was built for a specific ecosystem, and often for a
specific set of management problems. Van Dyne and Abramsky (1975) compiled
a list of models used in agricultural and natural resource fields, including
both simulation and optimization models. Weigert (1975) and Frenkiel and
Goodall (1978) reviewed the development of simulation modeling and critiqued
simulation model building. Odum (1971) and Holling (1978) presented modeling
frameworks and several case examples. Potential users of simulation models

need to critique carefully the assumptions underlying the simulation models.



As Odum (1976) noted, no theoretical framework previously existed to
guarantee the same structure in each ecosystem model.

There are no simulation models for integrated resource planning found
in the literature, although some m :els (Myers, 1977; Betters, 1975) had

taken two different management activities into account.

3.4 The Role of Computer Models in Decision Making

A common misconception about computer models is that they provide
objective, error-free optimal solutions. This implies that decision making
can be automated if all variables are properly defined. However, decisions
are required throughout the process of developing models and, while the
assumptions are intended to be reasonable, these decisions are subjective.
Often a problem is influenced by non-quantifiable factors. So while a
solution may be found, modifying the solution to fit these other
considerations, and then successfully implementing the solution, continues
to require the experience, intuition and judgement of decision makers.
Therefore, models can only be used as an useful tool in decision making.

A simulation model can be an aid to use management planning, but it
does not design use-management systems or select an optimal use strategy.
A simulation model will give a manager the probable results of any use
level and pattern that he might want to consider. The manager might use
the results of earlier -imulations to help guide the design ot a new,
potential use strategy, but the initiative still comes from the manager,
not the computer. In designing a use strategy for simulation, the manager
must be guided by what is possible. A simulation model will present results
for any use strategy. The manager, not the computer, also evaluates the
results. Using professional judgment, aided where possible by research
knowledge, the manager decides if the amount of cimber harvests are
acceptable in light of management objectives. This also is what would be
done with an on-the-ground trial, except more information is available
much faster from a simulation model. The manager can consider many different

possible use-management plans, compare results both in terms of use and
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encounter levels, and also consider how much total use would take place
under each plan. With this sort of foreknowledge, better choices of

use-management plans should be possible (Shechter and Lucas, 1978).

3.5 Criteria for Evaluating Planning Models

In order to clearly delineate limitations of any model, it is necessary
to develop evaluative criteria that relate to the specific type of problem
that the model is designed to solve. However, it is difficult to define
one criterion to evaluate any type of planning model. More realistically,
a large r.unber of factors need to be considered. One might base an evaluation
on a number of questions (Rose, 1984):

a. Does the model generate solutions that are at least theoretically

sound (valid)?

b. Does the model develop an implementable plan or can results be

used to develop an implementable plan?

¢. How can the model fit into the general planning process?

d. Will the planning process be cost effective with this model?

e. Would different planners reach different results?

f. Can the plan be made flexible and responsive to questionable

model assumptions about the future?

g. Is the model large enough to recognize most of the pertinent data?

Is the planning model understandable or viewed as a black box?

i. Does the model deal effectively with uncertainty aspects?

j. Is the model transferable to other users?

k. Does the model allow for adjustments to specific situations?

1. Can model results help evaluate specific alternatives not

recognized in the model?

Furthermore, Chappelle et al. (1976) offered the following evaluation
criteria which ought to be met by all models if they are to be useful in
comprehensive multipi .se forest management planning:

a. the model should be capable of accepting data as inputs for the

physical, biological, economic and social variables that bear most
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importantly on the problem;

b. the model, even if constructed for a single-resource functional
analysis, should be capable of linkage with a comprehensive
multiple-use planning model;

¢. the model should be capable of handling both the temporal and
spatial dimensions of resource production and management;

d. outputs of the model should be presented in a format that can
provide ready guidelines to planners and managers,; and

e. the computer program should be efficient (i.e., compute model
outputs at least cost), be transferable to computer centers with
a variety of muchinery, and be documented to the extent that it
can be readily modified by a skilled computer programmer employed
outside of the group responsible for development of the program.

The integrated resource planning problem is too large and too complex

to expect that a single run of any computer model can produce the desired
plan. Therefore, to expect too much from any model can be dangerous. The
key to success is in recognizing both the advantages and the limitations

of a model.



4 INTEGRATED RESOURCE PLANNING IN ALBERTA

Approximately two-thirds of Alberta is public land, most of which is
forested. This land is the focus for many activities -- logging, trapping,
grazing, exploration for oil and gas, coal mining and many forms of
recreation, such as hunting, fishing, hiking, camping and use of off-highwav
vehicles. In the past, land-use decisions were often made by individual
agencies without consideration for other existing uses or possible fucure
uses. As the demands on Alberta’s public land and natural resources have
increased, the decision-making has also changed. Integrated resource
management has become the fundamental approach to decision-making for
public land and resources in Alberta. The key is shared decision-making.
Through this process, a balanced set of decisions result. Land-use conflicts
are minimized and the best uses for the forest resources are identified

(AFS, 1988a).

4.1 History of Integrated Resource Planning

Integrated resource planning in Alberta originated as a component cf
resource management in the Eastern Slopes region of the Rocky Mountains.
In 1973, the Environment Conservation Authority conducted major public
hearings on all aspects of land use and resource development in the Eastern
Slopes and in subsequent recommendations to the government strongly stressed
the need for integrated resource policies and land use planning for the
area. The government response in 1975 by forming the Eastern Slopes
Interdepartmental Planning Committee which reported to Cabinet and was
responsible for making recommendations on an integrated resource planning
approach for this strategic region of Alberta. In 1976, the Resource
Planning Branch of the Resource Evaluation and Planning Division of Alberta
Energy and Natural Resources was created to provide integrated resource
plans to facilitate the optimum use of public lands in Alberta (Fardoe,

1984).

32
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4.2 Characteristics of Integrated Resource Planning
Integrated resource planning attempts to integrate resource planning
activities through the following (Fardoe, 1984):

a. Providing coordination of resource planning activities. This is
accomplished by applying an organized., systematic approach to
planning.

b. Promoting comprehensive consideration of resource values. This is
accomplished by providing a wide range of opportunities for
participation in integrated resource planning.

c¢. Promoting cooperation and communication of resource values. This
is accomplished by providing a forum for discussion and development
of resource planning initiatives and a mechanism for resolution
of identified conflicts. A team or committee approach to plan

preparation and approval is used extensively.

4.3 Levels of Integrated Resource Planning

In an attempt to provia. a hierarchy of planning direction with
progressive refinement of direction from broad to specific, four levels
of integrated reso':cce planning have been identified. Each level of planning
provides resource management direction and a framework for more detailed
levels of planning. The levels of planning are based on the geographic
scale of the planning areas and the distinctions between levels are somewhat
arbitrary. The four levels of planning and the approximate scale of plannirg
areas are provincial (1:1 000 000), regional (1:250 000), sub-regional
(1:100 000) and local (1:50 000 - 1:10 000) (Marczyk, 1985).

P ncial level resource planning involves the development of
strategic, long-term policy statements or objectives for natural resource
throughout the province. This level of planning interprets resource
management legislation and political direction and is usually the
responsibility of senior executive levels within resource management
agencies.

Regional level resource planning deals with the development of planning



direction for'! .d areas of the prov.:ce. Regional plans provide a general
allocation of resources towards meeting provincial objectives and identify
planning priorities within the region.

Sub-regional level resource planning involves the development of
planning dire. ion for sub-regional throughout the provir:+« Sub-regional
plans identify desirable patterns of land use and an appropriate mix of
resource use activities. Field level resource managers are heavily involved
in development of sub-regional plans. Over the past several years, integrated
resource planning has focused mainly on sub-regional plans.

Local level resource planning provides direction for smaller planning
areas throughout the province by developing detailed land and resource use
parameters. The main participants in developing local plans are field-level

resource managers.

4.4 Integrated Resource Planning Process
The integrated resource planning process is a systematic series of
interrelated actions that leads to development of integrated resource
plans. The process is based on the decision-making fundamentals of
information-choice-action. The planning process is basically sequential
but may be interrupted to return to a previous step if required. Documents
are produced at key stages of the process and are approved by the appropriate
government committee. Although there are slight variations associated with
the four levels of planning, the process generally consists of the following
steps (Fardoe, 1984):
a. initiation of a plan,
b. collection and analysis of resource data,
c. development of integrated resource management policies and
objectives,
d. development of integrated resource management guidelines for
action,
e. consolidation of direction into a final plan,

f. development of a plan implementation strategy, and



35

g. review and revision of plan.

The planning process is rational in the sense that alternatives and
consequences of planning decisions are considered as fully as possible
given available time and resources. The best available |- formation is used
as a basis for development ot planning initiatives. Resource management
agencies are asked to provide information i{n the general categories ot
present use, demand, potential and capability for the resource sectors
under their jurisdiction. Integrated resource planning relies heavily on
existing information in order to shorten the time frame for preparation
of plans. Information is applied throughout the planning process to assist

in relation of identified conflicts.

4.5 Berland Sub-regional Integrated Resource Planning

A regional plan for the Eastern Slopes area was completed in 1977 and
updated in 1984. The regional plan requires further refinement to meet its
stated objectives (Government of Alberta, 1984).

Sub-regional integrated resource plans express the resource wrancgement
policy of the Alberta Government for provincially owned resources within
geographically defined planning areas. Sub-regional integrated resource
plans identify desirable patterns of land and resource use. Plans provide
integrated direction to field level resource managers to assist in their
day-to-day management activities. Therefore, to address potentially
conflicting uses the provincial valuable resources, the Berland Sub-regional
Integrated Resource Planning was initiated in the summer o*' .986.

The purpose of the Berland Sub-regional Integrated Resource Planning
is to (Department of Forestry, Land and Wildlife, 1987):

a. 1identify land and resource issues,

b. provide guidance for the resolution of these issues,

c. identify resource development opportunities in this sub-region,

d. indicate the best uses for the sub-region by determining

and evaluating the natural resource potential of the area, and
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e. accomplish the above through integration of information received

from all participants in the planning exercise.



5 METHODOLOGY

5.1 Development of the Mathematical Models of Fores- ‘stem Dynamics

If forestry is defined as the utilization of forest resources and their
management for the benefit of man, {i certainly has a longer history than
what is commonly called the oldest profession (Sw:da, 1984). In accordance
with this long history, through most .t which forestry has been practiced
empirically, forest mensuration, which provides management with vital
statistics, has been using yield tables in one form or another. The methods
of mensuration, accumulated empirically over centuries, have been ettective
and useful so far as they are mathematically easy to provide estimates
of stand parameters. For example, the stand l.-ight growth rate is only a

function of age. In fact, however, the increment of stand height is also

a function of current stand height, ' it may not follow a simple
mathematical relationship. For many ye: there were no easy ways to
approach such problems from a theoret “~int of view, because of the
difficulty of implementation. As ¢t velopment of computer and

quantitative modeling techniques, such as simulation, to study the torest
dynamics by using interrelated set of growth equations will be an
alternative.

The development of the mathematical models is directed at the following
problem: Given observational data on a dynamic system, what are the equations
governing its behavior? This is known as system identification and in its
broadest sense involves both unknown algebraic form and numerical constants
in the governing equations. Clearly, knowledge of the exact, or even
approximate, equations gov=rning a system makes effective control a
realistic possipility. The ability to control a dynamic forest system is
of concern in the many instances where man has developed preferences for
certain system states and is prepared to take action to ensure their
existence (Leary, 1970). The development of mathematical models of forest
system dynamics is the crucial step and is usually more time consuming in

the whole simulation procedure, since the adequate mathematical models

37
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make the simulation results meaningful. The acronym GIGO or "garbage in
garbage out” is a precise statement of the situation (Ingle, 1985).
An algorithm is derived to represent timber growth using the basic
biological principles that govern tree growth. In this project the Berland
forest is divided, by quarter section, into a number of planning units.
Only four main species, white spruce, black spruce, pine, and aspen, within
each planning unit are considered. The numerical integration technique of
Euler’s method is used for solving the differential equations. The time
interval used can be small or large. Here, the time interval is one year
since trees grow annually.
The mathematical models derived here are based orn the f»sllowing
assumptions:
a. The forest within each planning unit is even-aged and distrib.t.
uniformly.
b. The site quality within each cell remains constant over time
c. The trees of the same species have the same taper formr.
d. The height of each cell is the site height, which is the average
height of dominant and codominant trees weighted by basal area.
e. The diameter of each cell is the quadratic mean diameter, that is,
the dbh of the tree with average basal area for all trees above
minimum stump d.o.b. (diameter outside bark).

f. The stump diameter is equal to the dbh.

5.1.1 Diameter growth model

The first phase of the study develops equations to predict diameter
growth. Studies have shown that tree diameter is one of the important
factors affecting tree volume growth. The methods employed are based on
the work done by Leary (1973) for predicting forest dynamics.

In this study, each quarter section was considered tc be a forest stand
and it is changing over time. Leary (1973) describes a forest stand as an
aggregate of dynamic interactive energy transformers and accumulators.

This description, as opposed to some others, provides a useful frame crk



to derive the mathematicul equations governing forest dvnamics

Specifically, it shows:

a. a stand is an aggregate (set),
b. the set is dynamic,
c. the set 1s interactive, and

d. elements of the set function as both transformer and accumalator.
How can these help in deducing the governing equations? One wav thevw
help is as follows--consider the diameter as a dyvnamic variable which

changes from one state (¢,) to another ({,) as in Figure 5.1.

° 4

D(t1) ¢

D(to) | A0

0 tor 1§ t

Figure 5.1 The tree dianet.r at time !, and time ¢,

The mathematical relationship of diameter at two states is

D(t)=D(t,)+AD o
where

AD is the growth in diameter from state !, to state !,
and +he difference between this mathematical prediction and the real
diamcter growth is presented in Figure 5.2.

Thus, a necessary, bu: not sufficient condition for having identificd
the governing equatior . .s that the ¢ (error) be small for all ¢

One problem common to much of biology is that when rationalizing *he
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Real diameter growth
D (1)

Predicted diameter growth
D(t) = D(to) + AD

Figure 5.2 The comparison between predicted and real diameter growth

form of governing equations, "biological laws" are not known as they are
in the physical sciences. There are, however, some useful biological
"principles” (leary, 1973). One is as follows:
"That which results from biological growth is itself
typically capable of growing..."
Another useful "principle" is:
"In a fixed physical space the natural ecosystem resources
necessary for plant life are limited (as is the flow into
the physical space occupied by the plants)."
The third "principle" is:
"The biological growth rate varies over time."
These principles might be graphically showed as in Figure 5.3, Figure
5.4, and Figure 5.5.
The vertical arrow, in Figure 5.3, denotes a potential increase in
standing crop. In Fig: ¢ .4, t'ie downward slanting arrow indicates that
the porential increassr may not be realized. The length of the vertical

arrew in Figure 5.5, presents the increment of standing crop per unit

time.
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Figure 5.3 The first "principle" of standing crop growth (adapted from
Leary, 1973)

D(L) §

~¥

Figure 5.4 The second "principle” of standing crop growth (adapted from
Leary, 1973)
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Figure 5.5 The third "principle" of standing crop growth

Based on these "principles", the basic mathematical model of diameter
growth might be derived. For sim:licity, consider the length of the arrow
to be indicative of the rate at which diuzeter (D) is increasing, then the
rate of growth may be expressed as folliows:

diameter grouth rate=qg(D.t) (9.2)

or

\l)t(ll)
AYi dt

=g(D.1). (5.3)
The natural question at this point is "what form should the function
g(D.t) take?" Again by applying the three biological "principles" it is
possible to identify the potential forms of the function ¢g(D.t). First:
"That which results from biological growth 1is itself

typically cupable of growing..." (Figure 5.6)

that is

where

a is a constant.
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Figure 5.6 The potential diameter growth curve derived by using the first
"principle" (adapted from Leary, 1973)

Second:
"In a fixed physical space the natural ecosystem resources
necessary for plan- life are limited." (Figure 5.7)
that is
- p(D) D ()
where

p(D) = a function of diameter D.
A question which has received considerable attention in the literaturc
concerns the algebraic form of p(D) (Leary, 1973; Clutter et al., 1983)

1 dD
_— —- D H6
b ar PP (6

Possible forms tfor p(D) are the following:
a. The logistics function

dD
—_—- - DZ‘OD (' 7
ar @ )
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Figure 5.7 The potential diameter growth curve derived by using the second
"principle” (adapted from Leary. 1973)
pDY=-abD+b (L 8

where
a and b are constants.

b. The Chapman-Richards function

1D )
(-IT-uD‘-bD (5.9)
[¢

p(Yy=abD '-b (5.10)
where

a, b and ¢ are corstants.
c. The Mitscherlich function

(b )
2o k(M-D) (5.11)
ot

pLDY=kMD ' -k (5.12)
where
k and M are constants.

d. The exponential function
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dD 0/ 0
—eabD(] - Lo
dt ab( ¢ ) ¢

p(DY=a(l-e ") RERES
where

a and b are constants

« = base of natural logarithms.

"

In many cases, p(P) should "begin large and then decrease." such as

in Figure 5.8.

Figure 5.8 The potential curves of function p(0) (adapted from Leary,
1973)

The discussion to this point has dealt with some of the simplest types
of differential equation models:; i.e., those with constant coefficients
which are time (age, independent. According to the third "principle” (1. e
that biological growth rate varies over time), the equation coefficicnts
are thought to pe time (age) dependent. A case in point is the so-called

peneralized logistics equation (Leary, 1973):
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1D ..
(TI:'-RU)D“”»OU)D (5.15)
[

For simplicity, assuming that only coefficient Q and R are time dependent,

the diameter growth equation can be formulated as follows:

‘(ITII)'—ﬁ’(l)I)'of‘)(I)I) (5.16)

This formulation ~f mathematical models, where a potential -for change-
comporient is multiplied by a time dependent modifier to give a realired
change, is now becoming more widely used in modeling forest growth. It is,
of course, an old idea, dating back at least to Gause (1934) and Lotka
(1929).

The above discussions involved only the natural diameter growth of
trees and none of the management activities, such as thinning. These
operations, however, play important roles in managing the forest resource
to maximize the management objectives. Although thinning can certainly be
used for other objectives of managing forest vegetation, timber production
is the chief purpose.

Empirical evidence from thinning experiments has consistently indicated
increases in diameter growth with decreasing stand density (Johnstone,
1981, 1982). Stands with wider spacings or stands previously thinned, in
time, have larger average diameters than similar stands with closer spacings
or comparable unthinned stands (Clutter, et al. 1983). Therefore, stand
density is one of main factors affecting the diameter growth. There are
several parameters which can be considered as measures cf stand density,
such as the number of trees or the amount of basal area, wood volumes,
leaf cover, or any of a variety of less common parameters (West, 1983).
The simplest parameter is number of trees per unit area. But, this takes
no account of either the sizes of trees or the space they occupy. Therefore,
number of trees per unit area may not be used in the diameter growth model
as a measurement of stand density since it cannot reflect the effects or
different thinning methods, e.g., low thinning versus crown thinning.

Furthermore, it may confuse the thinning effect with the effect of density



changes on subsequent stand diameter growth.

Basal area is by far the most commonly used parameter although more
tradition may be involved for this practice than any biological reason.
Its main virtue is that it is a kind of integrated expression of numbers
f trees and their sizes (Smith, 1986).

The thinning effect on diameter development can be graphically

illustrated as in Figure 5.9:

~ Wit RAT:
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Figure 5.9 Possible thinning effe. - on diameter growth

The functional form for this relationship may be obtained by including the
ratio of basal area before thinning and basal area after thinning in the
equation (5.16), that is-

BA,

dD 2
= - + t B Lo/
p R()D Q( )DfB,'1a ( )

where
BA, = the basal area before thinning,
B4, = the basal area after thinning, and

f = model parameter, depending on the thinning method used.

The equation (5.16) and equation (5.17) give the increment rate of
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diameter of a stand. To obtain the diameter at certain time t, the equation
has to be integrated. However, this equation can not be integrated by
common mathematical methods. One way to solve such a problem is to obtain
an approximation to the solution through the use of the numerical integration
methods and computers. The most widely used numerical integration methods
are Euler (Rectangular), Simpson, and Runge-Kutta. The selection of the
me thod depends on the use of computing time and the requirement for accuracy.
In this study, Euler’'s method 1is wused because of the following
considerations:
a. Since this is a prototype numerical simulation model, it is easy
and reasonable to run initially using the simplest Euler’s method.
b. The Euler’s method involves evaluating only the first derivative
once per time step and requires less calculations, therefore, it
can result in less amount of computing time to run the model on
a microcomputer than other integration methnds.
c. The simulation using this method with a proper time intervals can
provide sufficient accuracy for most of biological systems (France
and Thornley, 1984).

Consider the mathematically unsolvable function D(!) graphed in Figure

5.10. Assuming that an initial value of the function D(t) at time n (0D,)
and the instantaneous rate of change at time n (dD,/dt) are known, the
objective of numerical approximation is to estimate the value of D(t) at
some future time n+! (D,.,). This estimate is calculated by assuming that
the instantaneous rate of change at time n is representative of the rate
of change over the entire finite time interval (A¢) from¢, to t,., Graphically
this means that the tangent to D(t) at point (t,. D,) At is projected into
the future to t,.,, thus obtaining an estimate of D,.. -- call it D,., If
dD/dt actually is changing from ¢, to t,., as is the case in Figure 5.10,
the estimate of D,., is wrong. However, the size of the error can be
controlled by adjusting the size of A¢. The smaller At is the smaller the
error will be. This procedure of projecting the instantaneous rate of

change over a finite time interval to estimate the value of the function



in the future is repeated.

Thus, by the Euler’s method, the diameter equation can be described

as:
D(1Yy=D(t,)* \D~D(t,)+ \:‘(I—# (ol
04
4o
dt/
(tnél, Dh+|) D(t)
| =e—error ‘
(tn, Dp) :(ln+l, Dn+t)
! |
i !
s s
i !
: i
n 1 >
0 tn tnet

Figure 5.10 Graphical representation of the Euler’s method of numcricil
approximation for differential equations.

5.1.2 Height growth model

Tree height is another important variable affecting tree volume growth
Since the height growth shows the same trend as diameter growth (Husch,
et al., 1982), the height growth function may be assumed to follow th.
same growth equation. The only differeace from diameter growth is tha:
variations in stand density, such as those induced by thinning, cau-..
remarkable little change in height growth (Smith, 1986). Thus, th.
mathematical model of height growth is obtained as

A N (YH?« M(YH (' 1
dt ' ' ’ !

and
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i
H(ty= H(L,)s NH = H(1,)+ \'(T (5.20)
(4

where

M(t) and N(t) are model coefficients which are time dependent.

5.1.3 Mortality model

At a certain point in time, the number of trees is finite, and each
tiee is either alive or dead. The dimensions of the living trees in the
stand are changing continuously. Hence, if the rate of change in dimensions
at the given point in time can be estimated, these estimates can be applied
to obtain the current rate of change in net volume produced

In homogeneous all-aged stands and in unthinned even-aged stands of
given age and site quality, the average number of trees per hectare is a
useful measure of stand density. It is a necessary variable in the development
of volume prediction equations. The change in the number of trees in a
stand is usually expressed by mortality functions. The development of
empirical mortality prediction equations generally requires data from the
remeasurement of monumented plots. However, some kinds of mortality rate
prediction equations may be derived from basic biological consider;tions.
One such equation, derived by Clutter et al. (1YB3) relates tc age and

site index in the following way

AN (B, R By, .
i —([&0 1 «(325)\ -(n l ).\ (5.21)

where

N = number of trees per unit area at age ¢,

S = site index,

3.8, and B, are constants, and

B=B,+B,S.

Past work (Leak, 1969a and 1969b) has also shown that numbers of tre:s
of a stand decrease as the stand average diameter D, increases ac~ordi:g

to a negative exponential distribution, which has the form:

No=ke 'O 5.22)



and

o\ Coan o dD Y
Ko

— - o

i K UT!
where

kK is a constaat,

In addition. some previous studies on tree mortality have also indicated
that the average diameter pgrowth rate dD,/dt and the mortality vate e
highly corvelated  Yane (1988) has developed such o peneaaliced foyion

mortality model, which can be expressed as

N\ A . |
- - . ('Lt
ot W ou e
[y ’ i
where
D, = average diameter,

dD,/dt = increment of average diameter, and
«,. u, and «, are constants.

By the Euler’'s method, the number of trees can be expressed as

d N
Ny = N (L)) e N — )
ot

5.1.4 Basal area model

Basal area is the cumulative cross-sectional arer per hectare, of tree
stems at breast height (1.3 m above ground level). It is a w.ctul
char.cteristic of a forest stand. For example, basal area is dircctly
related to stand volume and is a good measure of stand density (Huuch, o1
aiL., 1982).

As with number of trees per hectare, the utility of basal arca per
hectare as an indicator of crowding is limited when the prior stand history
i 'inknown. However, when used in he proper context, such as for a pgiven
age and site in unthinned even-aged stands (like the Berland torest) or
plantations, or inall-aged stands with a reasonably rcable age distribation
basal area has proved uscful in volume estimation. Since basal area per

hectare and the aumber or trees per hectare specify average tree size, the
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use of both will often give improved volure estimates in comparison to
those obtainable = 1 the use of only one of these measures (Clutter, et
al., 1983).

Basal area, b, in square meters (m*) for a tree of breast height diameter

d, cm is

nd?

b = = 0.00007854d’ 5 0¢
27 4(10000) > (5 20)

4and the total basal area 8 for a stand of N trees is

N ‘\‘
R = J__ b, =0.00007854 df (5.27)
o i

with a mean per-tree basal area of
B 1 X
LTy L b= 000007854 dl/N (5.28)
. [ o

The quadratic mean breast height diameter D is defined as

! , .
n-\ T (5.29)
. =1
so that
R R :
=0 0000/85 4D (5.30)
and
B=0.0000/8L 1N 0 (5.31)

This equation can be used to calculate basal area but the results could
be overestimated since diameter and number of trees are estimated using
Euler’s method. Therefore, basal areas may be integrated from the increment
rates which can be expressed as a function of diameter growth rate and
mortality rate. If the equation (5.31) is differentiated with respect to

time ¢, the increment rate of tho basal area of a stand is

{ ,d.N
(9. D-’d_) (5.32)

1B
i 0.0()OO?BS«I(ZDN <
ot dt ot

and the basal area at time (age) ¢ is

-8 I'A‘
B-[ dr- {0.00007854

-0

2DN == + D?Z=- | idt (5.33)

( dD L ,dN
dt dt ))

By Euler’s method, the above equation can be expressed approximately as
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dB
B(t)~ 1)+ M — O g
()= B(1g)+ M (540
where

B(ty,) is the initial basal area at time (,, and

At is the time increment.

5.1.5 Form factor model

Volume is a statistical estimate of the production of a torest stand
To make more accurate estimates, studies have been done on developing a
physical relation between the tree volume and stand variables such as
diameter and height. Because a tree diameter varies from the base to the
tip, there - ~ no simple ways to calculate a tree volume based on general
geometrical solid forms. Thus, the most commonly used method is using
regression techniques to define relations between volume and other stand
variable: In this stu’y, however, another method of employing tree torm
factors was applied.

As described by Husch et al. (1982), a form factor is the ratio of
tree volume to the volume of a geometrical <olid, such as a cylinder, a
cone, or a cone frustum, that has the same diameter and height as the trec
(The diameter of the geometrical solid is taken at its base; the diamete:
of the tree is taken at stump or breast height.) A form tactor is different
from other measures of form in that it can be calculated only after the
volume of the tree is known. In formula form the form factor F is

tolume of lroe

=tﬂbr.'ume? o/ ?e'ometrrtccﬁ soltd of suame diumeter & hewght
(') 'y
Early in the nineteenth century the form of tree stems was recognized
as approaching that of the solids mentioned above. But that there were
many variations in form, and that a tree was rarely of the exact form of
one of these solids were also recognized. Thus, the form factor was conceived
as a method of coordinating form and volume. That is to say, the main

objective of the early work was to derive factors that would be independent
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of diameter and height, and by which the volume of standard geometrical
solids could be multiplied to obtain the tree volume "Husch et al., 1982).

The cylindrical form factor, which has beenwidely used, may be expressed
by the equation

h
;o= (L.36)

wdh

where

1 - volume of tree, m’,

« - diameter of cylinder whose diameter equals tree diameter, i, and

h - height of cylinder whose height equals tree height, m.
The results of analyzing the data provided by the "Alberta Phase 3 Forest
Inventory: Yield Tables for Unmanaged Stands" (1985) show that the form
factors decrease as the ages of trzes increase. That is, a form factor is
a function of the age of tree. This function can be linear or non-linear,
depending upon several factors. For simplicity, the mathematical
relationship between a form factor and age of a tree was assumed to be a
linear function

F=at+b (H.37)
where

F = tform factor,

t = awve of _ree, and

a and b are constants.

5.1.6 Volume model

Volume is an important variable of forest dynamics because it is a
integrated measure of stand variables. Volume incremant rates have been
expressed in terms of net total volume growth. The periodic net incren aut
of volume is the subtraction of periodic gross increment and periodic
mortality. The rate of change of net volume with respect to time (dl'/dt)
is, approximately,

dl . \Y (porlodt( gross tncrement) = (periodic mortality)

L .38)
ot \t (periodic length)
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Since geometrically, the volume of a stand is a function of {ts heigh:

diameter, number of stems, and form factor, this rate can be expressed as

follows:
dt’
T fChetght . diameter . form factor . stems) (D 3
¢
dl = f(height! . dtameter . form factor . stems)dl (O 1)

Then, for a certain form factor, and with height, diameter., and number ot
stems as variables expressible as functions of age and previous state, the
cumulative net volume (V) is closely approximated by the integral of the

rate equation, evaluated from zero to the present age of the stand:

1 f

: {
| = /‘ dt = | fCheight. diameter. form factor . stoms)dt (b
-0

The problem now is to identify the form which the function / can take.
If + is the average volume of individual tree at time ¢, then it may be
expressed mathematically as the following equation.

nkFD H
+

t (' V)

where
F = average form factor,
D = quadratic mean diameter of the trees in the stand, and
H = site height of live trees in the stand.

Thus, for a stand having N stems, the total volume of live trees is:
= e e e o [ ‘3)
When the above equation is differentiated with respect to t,

dH n {d D o (1\\
D — |+ =NFDH| == |+ -FD H{ — ! (b
(dl) SVED [(u) } (.-11/ '

db

n
dt 3
In this -quation, (mFOD‘H /1) is the volume per tree; d\N/dl is the
mortality raze (<0), the change in number of trees per unit time; and
(MFD*H/ ) (dN/7dt) is the volume cf mortality per unit time (a negative

quantity). Therefore, the function f may be written in the form:

dv i dH) , ((11) o, {(1‘.)‘\ o
A N 34 =il IR SNY ¥ 7] el I LD 74 Rt () 4
a T vrP ( ar )Tl EpH dr) V77 /) :



and,

o L H 1D (A
| -'—'} (wu’\‘— J~2.w1)u(‘—)‘u)’//1 ‘—-)\m
1./, Cdt ) R, Vot )

By Euler’s method, the total volume V canr be expressed as:

i
Lty=t (t,)s NUfCH DN )y =1 (1,)+ \1‘71—'

where
( (t,) is the initial stand volume at time (,, and

\ is5 the time increment.

5.1.7 Determination of the model coefficients
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(5.146)

(9.47)

By summarizing the equations derived above, the mathematical models

ot torest dynamics are the following equations:
a. Diameter

dbD , .
— - = R(YDT - 2(YD
dt

dbD
DOy = D(ty)+ N—
ot
b. Height
S .
v m N (YH T M(DYVH
ot
dH
Ht)y=H(ty)« Nt —
() (o) ot
¢. Number ot trees
a\N \
dt a,7a Da
| +
N
N N - \l(——
ot

d. Basal area

(B . , AN
i ) ()()00/81)4(?0.‘.‘((1—9) . Dz((}—l))
ot dt i

dB
B(ty=B(ty)+ N\t —
()= B(Lo)» M —m

e. Volume

5. 48)

5. 49)

5.50)

;.51)

5.53)

. 04)

$.S5)



di’ n S dHN . (11)\ oo d N

— o | \NFD| — |+ 2NFDH, — 1+ FD H| — B

T »;( ( PTI AN \ dt \ i ﬂ Lomed
. dl

L)yt (1) M— (ho)

dt

Those growth equations are the general representation of forest dvnamics
used in this research. For different regions and different species, the
oefficients of the equations will differ. To develop an appropriate growth
model for the study are., the Alberta Phase 3 Forest Inveatory Nield
Tables for Unmanaged Stunds (1985) were used to determine the coetficient.
of the mathematical models. Since the possible mathematical forms ot K(1)
and Q(t) could not be found in the literature and since representative
functions could not be derived using a single equation over the time period
required, the piecewise approach was employed. Theoretically, the growth
rate curve can be plotted as shown in Figure 5.11.
To determine the mathematical forms of R(t) and < r) let us consider
“ne sp-cial case where R(t)and Q(t¢)are constants. In th - case, the equation
{>.48, becomes

(D ;
e RD D (o
ot

and graphically it can be shown as in Figure 5.12. Obviously, the comparison
of Figure 5.11 and 5.12 shows that equation (5 58) with constant coefticients
R and Q cannot be used to represent the changes of growth rate over the
whole growth period. However, it may be used *o mimic par: he growth
rate curve by dividing the curve shown in Figure 5.11 into several parts
and representing each part using the equation (5.58) with dif ferent constant
coefficients R and Q. Thus, R(f) and Q(!) are discrete function of time tor
the whole curve and are constants for each part of the curve. Based on the
characteristics of the growth rate curve and yield table data, the equation

(5.58) may be rewritten as

db ;
= - R0 (0<t<t,)
aD :
— =-R,D*+0,D (t <t<t,)

dt
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Figure 5.11 The theoretical diameter growth rate curve

Figure 5.12 The diameter growth rate curve represented by the equation
(5 58)



t, = 20 (or 30),
t, « 90,
t, = 170, and

C is a constan t.

A growth rate curve developed by

Figure 5.13

above equation

is

S

(O H)

shown

in

Figure 5.13 The diameter growth rate curve represented by the equation

(5.59)

The shape of the curve may be improved by dividing the growth period into

more parts. For simplicity, the growth rate curve was split into four parts

in this study. The coefficient R and Q for each part of ¢

by the following steps:

Jere estimated
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1. For each part, find the quadratic mean diameter and diameter growth
rate at starting point (f,) and ending point ¢y, D, (D)
andd D, /dt (dD,/dtl).

2. Replace dD/dt and D in equat..n (5.58) using dD./dt. D, aud
dD,/dt. D, respectively to get the followiag equations,

D, ,
2 kDI 0D,

ol

Dol kpison
dt Qb
3. Solve the above equations, then

d0 a0

. Do Dy
DiD,- DD,

at

ay

-+ RD}
D,

Q-
The predicted coefficients for equation (5.48) is shown in Table 5.1.
Similarly, the coefficient N and M of heiglit growth model may be estimated
as shown in Tab.. 5.2 As for the coefficients of mortality models, they
were determined by trail and error approach using equation (5.48), (5.49),
(5.52), and (5.53) and based on the coefficients of the model developed
by Yang (1988). The initial densities not available in the AFS Yield Tables
were estimated by the author from the data in the table. The results are
listed on Table 5.3.

Table 5.1 THE PREDICT™ " COEFFICIENTS OF THE DIAME"ER GROWTH MODELS

Species-Site R, Q, R, Q. R, Q,
White Spruce-G 0.09048 0.32589 0.00299 0.0747y 90.00030 0.01288
White Spruce-M 0.37531 0.51259 0.00513 0.09430 0.00027 0.01043
White Spruce-F 0.06519 0.18860 0.00693 0.08606 0.00045 0.01309
Black Spruce-G 0.21807 0.39876 0.00528 0.08169 0.00041 0.01217
Black Spruce-M 0.41250 0.48250 0.00790 0.07790 0.00074 0.01444
Black Spruce-F 0.25735 0.31287 0.02158 0.11246 0.00107 0.01564
Pine-G 0.05971 0.27999 0.00328 0.07908 0.00026 0.011" .
Pine-M 0.05331 0.20031 0.00519 0.09107 0.00035 0.011.¢
Pine-F 0.12508 0.2304) 0.00641 0.07852 0.00053 0.017:.1
Aspen-G 0.26492 0.74614 0.00257 0.07714 0.00025 0.01.77
Aspen-M 0.40373 0.73075 0.00392 0.08706 0.00032 0.01104
Aspen-F 0.87912 0.88791 0.00590 0.09328 0.00044 0.01097
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Table 5.2 THE PREDICTED COEFFTCIENTS OF THE HEIGHT GROWTH MODELS

Species-Site N, \r N M, N\, \r,
White Spruce-G 0.01981 0.16952 0.00249 0.06720 0.00040 0.01590
White S, ‘uce-M 0.01687 0.14114 0.00264 0.05585 (¢.00053 0.01786
White Spiruce-F 0.00893 0.C8084 0.00307 0.04535 0.00075 0.0201.
Black Spruce-G 0.06715 0.20682 0.00361 0.06702 0.00041 0.01288
Black Spruce-M 0.0352¢6 0.13534 0.00415 0.05229 0.00063 0.01%21
Black Spruce-F 0.01179 0.06213 (€.00422 0 03783 0 00111 0.01825%
Pine-G 0.01557 0 14265 O 00319 0 0’638 0 9004 0 01341
Pine-M 0.02760 0.1 Y 0.0036« C.06963 0.00033% 0.004Y84
Pine-F 0.02383 0 11960 0.00498 0.07322 0.00092 0 01946
Aspen-G 0.23453 0.90369 0.00313 0.08453 0.00036 0.01242
Aspen-M 0.28577 0.80715 0.00306 0.06930 0.00066 0.0185/
Aspen-F 0.50335 1.050353 0.00421 0.07203 0.00057 0.0131Y
Table 5.3 THE PREDICTED COEFFICIENTS OF THE MORTALITY MODELS

Species-Site gy a, o,
White Spruce-G 3.2700 0.0655 -1.5290
White Spruce-M 3.3250 0.0900 -3.2000
White Spruce-F 3.5080 0.1110 -4.0000
Black Spruce-G 3.2450 0.1450 -6.0000
Black Spruce-M 2.2500 0.2800 -2.8000
Black Spruce-F 3.5000 0.1700 -7.4500
Pine-G 3.4800 0.0700 -3.5000
Pine-M 3.2500 0.1250 -4.7300
Pine-F 3.1080 0.1500 -5.2000
Aspen-G 3.1050 0.1350 -3.8000
Aspen-M 3.0750 0.1600 -4.4000
Aspen-F 3.1560 0.1600 -5.4000

Table 5.4 lists the form factors of four species by stand quality.
They were predicted by using equation (5.36) and (5.37) and the data in
the "Alberta Phase 3 Forest Inventory: Yield Tables for Umanaged Stands”
tAlberta Forest Service, 1985). The procedure used was:

a. Determine gross ~»lume, quadratic mean diameter, and site height

at age (, and {, from the AFS Yield Tables.

b. Calculate F, and f, using equation (5.36).
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c. Replace F and t in equation (5.37) by #, (f,) and 1, (t,), that is

Fo=at, +b

]
Fo=at,+b

d. Using those two equations, then

b~ E

Table 5 4 THE FORM FACTORS OF WHITE SPRUCE, BLACK SPRUCE, PINE, AND ASPEN

Species Site

Good Medium Fair

White Spruce -0.00067t+0.41 -0.01t+0.5 -0.0018c+0.708

Black Spruce

-0.00078t+0.41

-0.0012t+0.55

-0.0019t+0.75

Pine

-0.00047¢t+0.44

-0.00059t+0.5

-0.0012c+0.6

Aspéen

-0.00046t+0 .41

-0.00053t+0.46

-0.00068t+0.53

5.2 Development of the Mathematical Models of Other Resources
There are several non-timber values or activities that must incorporated
in an integrated resource plan. These activities may be incorporated
separately or they may be in combined form. Most often they are combined
as they tend to be interactive, for example hunting and wildlife .“arlow,
1985). The activities considered in this study are the following:
a. recreation,
b. grazing,
c. wildlife, and
d. watershed.
To develop a simulation model for total integrated resource planning,
the mathematical relationships of these increments with timber growth need

to be established.
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5.2.1 Recreation

Recreation is a vital part of integrated resource planning. 1t is,
probably, the one non- :imber value which is most readilv identified with
by the general public. Recreational use of forest land areas has increased
dramatically in recent decades. A number of [orest management activities
alter the forest and iwpact on the recreation activities. The most vriticized
management activitv i1s timber harvesting. which has been considered the
most harmful to forest recreations. However, harvesting operations are not
totally bad. Construction of logging roads may improve the access to
wilderness and provide routes for skiing and hiking (Chappeli. 1988).
Quantitative ly approaching these problems may be useful for resource
managers to select the "best" management strategies.

FORESTRY AND NATURAL SCENIC BEAUTY

A major concern of forest land managers is the visual impact that
activities, such as timber harvest and rvad building, have on the forest
landscape. Management of the visual resource is a regular part of planning
and many public and private forest land managers are increasing their
efforts to protect and enhance this resource.

People unfamiliar with sound forestry and logging practices have
generally been critical of logging. In fact, logging only causes a temporary
loss of natural beauty (Cliff, 1965). A number of studies have been done
that attempt to measure and compare visual quality changes after harvesting.
Many psychome*:ric techniques have been used in attempting to measure
viewers' responses (Arthur and Boster 1976). The technique used in rhese
studies is the Scenic Beauty Estimation (SEE) Technique (Daniel and Bo . er,
1976). This procedure consists of showing a series of randomly selected
slides of an area to pancls of viewers who make a numerical rating between
0 (dislike) and 9 (like). An SBE score and a mean rating (raw arithmetic
mean) for each scene are developed from these ratings.

The SBE score is a sophisticated measure of viewers' response based
on mathematical transformatiors that take into account the fact that some

viewers use the rating scale differently than others. For homogeneous



groups of observers, the mean ratings and the SBE scores are usually closely
related. Benson and Ullrich (1981) used mean ratings in a study measuring
public response to various types of timber harvesting activities. They
hypothesized that changes in viewer ratings after harvest are related to
growth 1n vegetation, since this is the principal visual change on the
site. The results cf their study for lodgepole pine (LPP) and

Douglas-tir/Larch (DF/L) after hai.est in clearcuts are shown in Figure

5. 14.
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Figure 5 14 Esthetic rating over time following clearcutting (adapted
from Benson and Ullrich, 1981)

Both the Douglas-fir/Larch and the lodgepole pine harvest areas were rated

low initially. About 10 years after harvest the DF/L had reached a point

on the "like" portion of the scale, probably because these stands are on
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moist sites that "green up" quickly and trees begin to grow rapidly. LPP
took longer to reach this point reflecting the generally sparser vegetation
-~d slower tree growth. When stands had reached heights of about 25 to /%
feet and crowns were green and vigorous, ratings were the highest. In
mature stands aged |50 years or more, rating were lower. This is speculated
to be due to more dead material and debris, and also that the mature stands
with a high dense canopy are darker and more enclosed than vounger stand

Since the regeneration species in the study area are pine and white
spruce, the scenic beauty model can be derived based on work by Benson and
Ullrich (198.). Let mean rating (MR) of a unit area be expressed by

MR = f(4) (1.60)
where

* - age from regeneration.
The juation form was assumed to be

MR=a1+b (H.61)
where

.+ and b are constants.
Corsidering the site quality of the Berland forest, it may be assumed that
young trees begin tc¢ be distinguishable at age 15, reach the highest rating
at age /0, and are mature at age 180. Then the equation (5.61) can be

represented by <rhe following three equations

MR-I—%l (1 <195) (H.67)

AfR-i%(ﬂ~lS)*2 (15 4<70) (" 63

.uk-—glg(,~1—70)»7' (70< 1< 180) (.61
HUNTING

Sport hunting is one of most popular wildland recreation activities.
Previous research has not indicated any direct impact of timber growth on
hunting. However, hunting has been restricted by its effects on wildlite

which depends on the forest for food. The relationship between the amount
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of hunting use and wildlife impacts is not well understood. Very few studies
have systematically examined the effec s of varving numbers of visitors
on wildlife. Even fewer wildlife studies have determined an cccurate
population count of wild animals prior to the introduction of recreation.
Thus, it has been difficult to document a perftecr relationship between
number of visitors and wildlife impacts. While human-wildlife inte .cvions
are too complex to classify, an attempt to genera! some kinds ot relations
may be useful. Hammitt and Cole (1987, pp84) stated as the following:

"Recreational activities directly associated with the harvesting

of animals can lead to three major changes in the size of wildlife

populations that, in turn, affect the quality of these recreational

activities. These changes are (1) near elimination ot a game species

on a local level, {2) reduction beyond a viable breeding population,

and (3) reduction beyond a viable hunting or fishing population.”
This statement implied that recrea on use, such as hunting, should be
regulated and managed to avoid all three of these situations. From such

a consideraciu. it may be assumed that the visitors for sport hunting

must be proportional to the wildlife population. The equation form was
assumed to be

(N -b)

%)

(5.65)

Vhp = visit . for sport hunting,

N - wild .e populaticn,

a = successful harvest rate, and

b = minimum reserved population.
The parameter a and b would vary from one species to another according to
the increasing rate of population growth, the minimum population protected
and some environmental factors. The 1986 statistical data of the successful
harvest rate for the st .ly area was proided by the Alberta Forest Service
as shown in Tabi2 5.5. Based on this Table, the average successful harvest
rate is about 10%. Thus, the coefficient & was assumed to be equal to 0.1
in both the moose and the caribou models. The coefficient b was assumed
t. be 0.06u animal per quarter section (10 animals/100 rn for caribou

aini 0. 384 animal per quarter section (60 animals/100 am‘) respectively,
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n are the AFS wildlife resource objectives.

Ta e 5.5 THE 1986 STATISTICAL DATA OF SUCCESSFUL HARVEST RATE PER
VISITOR-DAY FOR HUNTING

Game species Successful harvest rate
Moose 7¢
Mule deer 9%
White tail deer 12%
5.2.2 Grazing
Grazing is another activityv involved in producing an inteviared resource

plan. Grazing by domestic livestock is an important land use in the “aste:nr
Slopes of Alberta. But, becausc of the old growth forest and diflicuit
of access in the study area, there is currently a limited supply of available
land to accommodate local demand for grazing. In general, logging operations
tend to increase grazing capacity significantly for a fe-. vears.

In managing forest areas, it is important for the production of timber
and forage that the stocking level for livestock be at a level to minimize
damage to tree reproduction. The number of livestock permitted to graze
should depend upon the kind and abundance of forage available--that is the
carryirg capacity. Carrying capacity is usually expressed in terms of
animal unit months (AUlMs) An animail »r.:. is the equivalent of 454 k¢ of
animal live weight, or a cow and a vai: (ivery, 1975). The carrying capscity
of a forest range depeids largely the number of openings in wtich
grasses can become established.

Timber management activities and changing land use affect the quality
and quantity of land available for forage production (Grelen, 1978). To
assess the impact of timber management and land area changes on the futu:e¢
supply of forage, forage production relationships on forestland must be
quantified and linked to the timber growth model.

Management of livestock under forests has traditionally been extensive,
rather than intensive (USDA, Forest Service, 1980), and models uscd to

estimate forage production under the . anging overstory «.uopy have been
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less detailed t..an the pasture models (Wolter et. al., 1982). Models for
both pasture and forest have focussed on specific sites for application,
and were typically regression models based on long-term data collected at
one site (Joyce and Baker, 1987).

According to Joyce (1986), a theoretical curve of forage production
as a function of timber stand ages on a specific site can be drawn (Figure
5.19). As the forest stand age (the x-axis could be age, timber volume,
hbasal arca, or canopy closure), a dramatic ¢-op in forage production is
observed. Factors surh as forest type, site class, -t . king level, and

timber management shift the siope and/or the intercept of this theoretical

curve.

Figure 5.15 Theoretical torage productioir under forested stands (adapted
from Joyce, 1987)

Matlenatically, this graph is of the following form:

TRRNS R (H.66)

Yo oge

where
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a,b c, and d are constants

e = base of natural logarithms.
Assuming that the study area has forage production similar tc that
shown on Figure 5.15 and if Y represents the annual number of AI'Ms instead

of forage production, and X is the basal area (BA) of a forest stand, then

the mathematical model for grazing is

.‘1[1\"119 AL AN + ('1 o)
where

a = 4 .94,

b =0 1.

¢ = 1.5, and

d = 0.99.
That is

A A= 1.94e 22N 1Y 0099 (40

and it can ke graghically shown as n Figure 5.16

Figure 5.16 The grazing capacity of forested stands in the study area
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5.2.3 Wildlife

A third resource to consider in integrate. planning is wildlife. or
more specifically the identification of wildlife population status. Wwildlife
is a product of the land. Forests provide a home, or habitat, for many
kinds of wildlite. Hundreds of kinds of plants make their home under the
forest canopy and could not exist without it. The important elements of
wildlife habitat are food and cover, and the combination and balance of
these factors determi s the kinds of wildlife to be found in any forest
area (Stoddard and Stoddard, 1987). The management of the wildlife resource
implies an ettorr to atty , deg:ve of balance between the food and cover
available and the animal populations that are favored.

Some of the well-rrowr, game animals, found mainlv ‘n the study area,
are moose., elk, bear, and caribou. The shade of dense old-growth forests
is often great to prov.de the shrubs and herbs +¢ for food by
animals, . .. a well m..aged forest with openings can produce abundant
supplies. Wildlife tends to pr:ter -he edges, betw-en the woods and the
openings, because food lies on uone =i e and e<cape cover on the other.

The evaluation of wildlife resources is more diffic .'t (and often less
preciser than similar assessments of range! nds because many game species
vbtain a large proportion of their forage fr. .n browse :pecies ' oody
; vunts), fruits, and nuts. Also, many w. ! animals are more mobile than
domesticated livestock, and their movements are ordinarily beyond huran
control. There isno simple and reliable technique for determining population
size, and uly rough estimates can be made of the numhber of animals be:ng
supported withitn a gi en area (Averv 19795).

The widely used differentizl equation representing sigmoid population

growth is (Grant, 19806,
(5 69)
where

N = wildlife population per ha,

d\/dt = instantaneot rate of change in size of popularion VN,



r = intrinsic :ate of increase ot population ¥

kK = carrying capacity of the environme: for population N,

(a constant) ,

and

The carrying capacity of a forested area for wildlife depends largeiv upon

the size of trees anu stand density, theretore it can be heavily influenced

by harvesting operations. For example, liclien, the main tood for caribou,

grows mostly in stands o ~r a hundred years old. and if the rotation age

is 90 years, then there will be little food left

totation period. In thi. caue, the carrving .apacity

dramatically.

avery (1979) indica: *har carroirg capacity

could be computed by the same proced. e used for

for caribou

tor wvarious

determining

rer ohwe

decreane

graring capacity Thus a simple mathematical model ot pac Ty
for wildlife such as moose, elk. 4 bear can be expressed

[\-(Iur' 0, (84 « ’(iu (.'/()’
where

BA = basal area per unit area, an!

cow- bu. ¢,. and d, are constants.
if ass g, that the forested lands provide game specles with the same
amount of forage as that w th livestock, and that the dry-weight forge

required to prcvide for one unit month on forest 1 lande .+ approximatel.

410 kg. the model parameters can be obfained as fol!

d, = 1.09.

Different from othcr game s,. -, the :arrying cdpacity fo-

car itbou

coule change as the forest stand age increases folluwing the cu. ¢ shown

in Figure 5 17 Again, for the mathematicall. oriented, the graph Figure

5.17) carn be presented by the follecwing equation:

R .
1¢ 0
A =u, '%—‘,— \ +d,

N + -{(Jp ;

ty /1y
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Figure 5.1/ Theoretical carrying capacitv chaage o1 caribou wunder
forested stand

where
1. = forest stand age

v, b . and «/, are constants,

and

i - ¥
C. - 100,
o, - 0.72.

«

hanson (1975) investigated the conflicts bet veen wildlife and domestic
grazing or forest lands in Alberta He indicated that "On the grazing land
examined, there was relativelv little serious damage  gamc range. The
tot.a: land graced by livestock is not g--at and the use or most are.  wa.
light . nough that the browse rcma.ned almost unused and other forage was
not damaged." Based on this work, o'« may consider that there are no

conpeti..ve reiarions between grazing ard wiidlife management.



5.2.4 Watershed

Wi-ershed is another resource output of land use. 1: is one of wost
dynaiic natural resources. and at times it may completely dominate or limi:
the use and management -t other re-.urces on the land. In Yoth liquid .itd
solid forms, water int uaences the procduction rates of timber, {o: gy« and
wildlife. In the form c¢f snow, water provides winter v+ «.t »nal
opportunities, and liquid water on wnd from wild lands attects tist gy,
swimming, boating, and other wate. baced recreational activities cAvery,
1975 .

™ V8 ma wtunit of the Berland «ub regional nnicocoarea ineludes
rhree major drainages. The Little Smoky River, the Simone'te River, and
Bnlton Cree+ fiow no'tlx into the Smoky River. As an integrated resourc
» anning a.ea, vegetavion manipulation to increase water vield is one
use alternative to be assessed. water vield or run-ott, is attected by
hvdromeceorr.ogical factors such as precipitation antity and typey,
<olar radiation, and wi..d speed. Yield is also a' “ecled by evapotranspivative

losses from existing vegetation. The hydrologic cycle (Figure 5 X1 can

be expressed by a simple water lance equation:
Q=1 i,-5 (/)
where

Q = water yield or run off,

P = precipi- tion,

F, = evapotranspiration, and

5 = change in storage.
Since with the change in soil moisture storage assumed to approact zero
over long-term, run-off is the difference between precipitation and
evapotrauspivation as in the following:

()-P_[‘! (';/{,

Vegetation manipulation done by harvesting can theretore increase yield
hy reducing evapotranspirative losses. Silvic.ltural acrivities cannot
increase the amount of precipitation entering the svstem but it can influence

the disposition of rain or scow in both time and space .n a small local
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] Evaprration

Fijur-s v..8 The .enera) water cycle (adapted from Hewlett, 1%

scole Overall, the removal ot ' getation m. increase the net precipitation
teowv.red by reducing the amourt ot interception storage (Troendle and Leat.
1980)

Numerou . studies throughout North America have been conducted to
determine the effects of turest co.er removal on water yield. A number of
factors affecting changes in water yield have been identified and considered
by Troendle and Leaf (19380) in the WRENSS (Water Resources Evaluation of
“on-Point Silvicultural Sources) procedure. These tactors are the following:

a. Vegetative cover, expressed as cover density, 1is an index

ot the capability of the stand to utilize incoming radiant energy
to transpire water. It is also significant in defining the energy

transmitted to the ground. Both vary according to crown closure,
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vertical toliage. distribution and species The removal ot torest
cover may change the aerodvnamic flow ot ait over the t rest
opening, leading to .. change in patter of snow accumulati.
Studies have shown (Golding and Sw .nson, 19/78) signiti oot
increases in snow accumulation near the center of the torest open
are largely offset bv decreases in snowpack in the adjacent torest
so that the t+ .l snow s.or.;e on the witershed subjected to cutting,
is no changed. However, w..n openings are greater than 14H (H -
height of «<urrounding trees) in diameter, the total stow may
decrea ttronyh sublio o ion losses and travgspor: ot cnowe ont ot
*he basin 'y win:scour. This repr. nts anet loss ot precipitation,
thus a net decr: ise of water avaiiable fcr streamflow.

Water equivalent ot th. snowpack provides useftul information
on the amount of liquid water stored in a winter snowpuack. Any
"arge retention of snow as a result of torest cutting can be
important in determining th amount o! spring runotf. [t is expected
that the change in snow accumulation patterns produced by timber
harvestingwiil persist until th: regeneration ot 'ew trees approach
the height of the surrounding torest.

Evapoiranspiration. referring tc the molsture loss through
evaporation and transpiration, provides the greatest mechanism .or
potential changes in the quantity «f water available for streamtlow
as compared to the other w. balance components.

The aspect of sites is of important signiticance in terms of the
energy available to melt snow and transpire water.

The condition of the analysis by WRENSS (Water Resources Evaluation
for Non-Point Silvicultural Sources) refers to the hydrologic
state of the watershed. Two ronditions are available: baseline and
proposcd. The basviine condition assumes comple’e hydrologic
utilization is achieved. This is usually thought as a fully forested
watershed (primarily coniferous trees) capable of maximum

evapotranspiration. The proposed condition is the hydrologic state
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tollowing a proposed silviculture activity.

Most hydroloy:c models (Leaf und Brink, 1973%; Troendle . .cat, 1980)
have dealt with time increments of an hourly or dailv re . 1n such
cases, processes of the hydrologic cycle such as >211 evaporation,

infiltration rates, transpiration, interception, and tt.roughfall become
cignificant in 'eveloping individual functional relationships.

This waterched model will use a yearly time scale for model parameters
and variables. In this time span, prediction of many of these individual
hydrologic processes is neither possible nor of major impo:itance. The
wa'vished mode!l therefore concentrates on developing - nily th o se processes
w'ich are pertinent to predicting long-term timber-water yield
relationships. fue to  the lack of data, the precipitation,
evapor ranspiratiosr, and water yield da: generated by Alber-a Forest Service
using WRENSS (AFS, 1988b) were used to determine the model parameters.

Based on the first principle, the evapotranspirar can be derived
4s a function of the timber stand characteristics, sur hasal area .ind
height. Simply, this relationship can be assumed tc be linear,

[,

=, +a,BAsu,Hl oo )

.
where

BA = basal area,

H = height . and

.. a_ ., and «a, are constantis.
And similarly, precipitation in the forest can be expressed as a linear
function of real precipitation and average tree height:

P,=b,P+b,H (5.79)
where

P = real precipitation,

£, = precipitation in forest, and

t, and b. are constants.
Thus, the water yield model can -1 as:

Q=/r,-F, (5.76)



Tables 5.6, 5. and 5.8 present the WRENSS ourput for the Little Swmokv.
Simonette and Bolton basin. Based on these data, the precipitation and
evapotranspiration models of the three basins were developed respectively

For Little Smoky basin:

P,=0.813P« L LOLH (H<0O0/1H) (S
P,=1167F (H20.0/1P) (o R
Foa2hbe L LRA« 1 BEH (4 )

For Simonette basin

P,=0.813P ¢« 1 664 (1 <0 069P) (" MO
P,= 1 16/P (H 20 06Y (h M
F,=746+« 1. GB1+«HL S/ H (H 8.

For Bolton basin:

I‘,-().HLH‘ VLBH (H 0050 (D M.
P,=1 L6/P (H2007%) (o
F,o=215+1 SBA1+5.956H (85

Table 5.6 Water balance tor Little Smoky basin per WRENSS model

Season Precipitation(mm) Evapotranspiration(mm) Flow(mm)
Forest Open Forest Open Forest Open
1 131 96 46 2/ 85 69
2 205 144 165 43 40 11
3 199 199 226 124 -27 75
Annual 535 439 437 284 98 159

Table 5.7 Water balance for Simonette basin per WRENSS model

Season Precipitation{mn) Evapotranspiration(mm) Pl w(mm)
Forest Open Forest Open Fore«t Open
1 131 96 36 21 94 75
2 207 144 149 124 58 20
3 199 199 226 100 -27 29
Annual 537 439 41 245 127/ 194




Table » 8 Water balance for Bolton basin per WRENGS model

78

Season Precipitation(mm) Evapotranspiration(mm) Flow(mm)
Forest Open Forest Open Forest Open
1 130 96 36 21 94 75
? 201 laa 147 124 53 20
3 199 199 226 100 -27 99

Annnal 510 439 409 245 120 194




6 IMPLEMENTATION OF THE SIMULATION MNDEL
Although mathematical models have been .ormu'ated, mathematics alone
cannot wmake them work. The reason is that only verv ple mathemat ical
models have exact analytical solutions. Therefcre, an up ropricote computer

program must be developed 'n do the simulation.

6.1 Selectlion of Computer Programming Language

Many computer simulation models in resource management and planning
have been developed in the last two decades. Most ot them were written
usiny « genei. |l . 1pose grat oy lanpuage such as FORTRAN  Re. ot i
consideratle emphasis has - enplaced on the introduction of "user-fr. ndly"”
software into the workplace The reason for this is well stated by Weis:
(1988)

"Our region is operating in a multiple level, multiple purpose

multi-resource, m-ltiple use, multi-year environment that has both

vertical and horicontal hierarchies and processes. We need a fast,
cheap, simple, efficient, and effective means ot acquiring,
analyzing, interpreting, displaying, and transmitting intormation

to planners and decision makers at each level of the organization

We need uniform and consistent information which can be used 1n

all related processes--dita which is credible and comprehen-ible

to ooth ourselves and to our interested publics. The software

utilized for processiry this information should be compatible with

existing office automation software utilized".
Designed for professionals with little computer training, user triendly
software has enhanced the manager’'  ability to implement highlv t« hnical
projects at th. work station (Gray, 1986).

A spre. isheet program like LOTUS 1-2-3 is one example of o commercially
available software package which can be used to address a variecty of
resource planning issues. Gary and Keith (1988) used a spreadsheet program
to model the habitat-species evaluation procedures in the Northwest
Territories, Canada. Weisz (1988) described the use¢ of spreadsheets in
rultiple use planning instead of mathematical programming.

At the beginning of this project, a spreadshcet software, LOTUS 1-7-3
Release 2.01, was used to develop the simulation model. However, the major

disadvancage of spread:heet packages of insufficient computer memory soon

become a limitation on the model. l!f the whole study area were to he

79



80

represented on a LOTUS 1-2-3 worksheet 195,420 cells would be required but
the available computer memory (640K) can only hold up to 77,056 cells. One
method to overcome this memory limitation is to provide additional memory
to the computer; a second is to split the data into two or more files.
However, database management packages have the capability to manipulate
large databases on disk files so the research was direct toward developing
the simulation model using a database management program.

The database management package called dBASE 1V is a very powertul and
user-friendly program that helps users collect and manage information ov
data. The data are stored in a database on disk storage. dBASE IV is not
only a complete database management system but it also includes a programming
language called dBASE (dBASE IV manual, 1988). With this programming
language, the user can create customized applications for specific needs,
allowingforcontrolofthedatabasemanagemenctasks.Thegreatescadvantage
of dBASE IV over LOTUS 1-2-3 is that it has no memory problems because it
does not load all the database into the computer memory at once. Another
advantage of dBASE IV is that it can load and run assembly language programs
without leaving the program. This feature can increase the speed of executing

simulation runs.

6.2 Establishment of Simulation Database

6.2.1 The Data
The study area consisted of 3257 quarter sections of old-growth trees,
most of which have never been harvested. A section, on basis of survey,
is an area of approximately one square mile (250 ha.). Expressed in metric
system, one quarter section is approximately sixty-four hectares. In 1981,
regular harvesting in the study area started by British Columbia Forest
Products (BCFP). The reforestation began two years later.

The timber data used in this study were provided by the Alberta Forest
Service (AFS) from their Phase 3 inventory database. Since the height data

provided by AFS are classified by height classes, the average values of
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each class were selected as average tree height. The diameter data were
only available for some cover types. Therefore estimates were made for the
rest. The tree form factors were estimated based on the Alberta Phase 3
Forest Inventory: Yield Tables for Unmanaged Stands (1985). The site indexes
also came from these tables. In addition, the number of trees per hectare
for each quarter section weie adjusted using the diameter, height, anrd
volume data and the equations developed in this study since some data were
unrealistic when compared to the volume.

As for other non-timber resources, there were no field data available
for the study. In order to make sample simulation runs, the data were
estimated based on available statistical information and existing research
results. The esthetics mean rating scale was developed by Eenson and Ullrich
(1981). It is a numerical rating between 0 (dislike) and 9 (like) selected
by different panels of viewers based on the visual quality of lodgepole
pine and Douglas-fir/larch forests. The rating decreases to the minimum
when the forest has been harvested (clearcut) and increases since then
until it is mature. After that, the rating will decrease slowly.

The grazing carrying capacity data were from Joyce's (1986) theoretical
forage production curves under pine stands. The curves illustrate that the
herbage biomass production varies from 2692.3 kg/ha. (2400 lb/acre) to
471.1 kg/ha. (420 lb/acre) as stand age increases. Because grazing carrying
capacity is usually expressed in terms of animal unit months (AUMs), the
above values can be converted by assuming one animal unit month to be
equivalent to 475 kg (1046 (b) so the grazing capacity varies from 5.67
AUMs/ha to 0.99 AUMs/ha.

The moose and caribou populations were estimated based on the Alberta
Forest Service wildlife resource statistics. The objective of AFS is to
increase caribou densities to 10 animals/100 km? (0.064/64 ha.) and to
increase the moose density to 60 animals/100 km? (0.384/64 ha.). The current
moose and caribou population were estimated to be 50 percent of the desired
populacion, that is 5 animals/100 km? (0.032/64 ha.) for caribou and 30

animals/100 km? (0.192/64 ha.) for moose. Recreational hunting use depends



on the wildlife population. For simplicity, the assumption was made that
no hunting activities occur presently in the study area.

The watershed for the study area consists of three basins; the Simonette
River basin, the Little Smoky River basin, and the Bolton Creek basin. The
water yield data for these basins were summarized from the predicted results
of the Alberta Forest Service using WRENSS. Only the two end values, water
yields of forested (old forest) areas and water ylelds of open areas were
used Any values between them were computed by the equations developed in
this study which are functions of the tree height and average basal area.

Precipitation vatues used were the recorded annual tota! for precipitation.

6.2.2 The structure of simulation database

The database file constructed for the simulation includes 90 fields
and 3257 records. The order and contents of these variables are listed in
the Appendix B.5. Fields 1 to 11 contain the site and location information.
Fields 12 to 71 contain the timber data for the four main species, in turn,
white spruce, black spruce, pine, and aspen. Fields 72 through 77 are
recreation activities. Fields 78 and 79 contain domesric grazing data.
Fields 80 to 83 contain wildlife variables. The last four fields (84 to
87) contain watershe” information.

Area control metncu was used to decide the annual allcwable cuts and
a two pass harvesting system was employed to identify the percentage of
land area to be harvested. For each planning unit (quarter section), 50
percent of the area can be harvested in the first pass, and the other 50
percent would be left for the second pass. To simulate these operatlions,
in setting up database, cach unit was divided into two subunits to represent

the areas for different passes.

6.3 Building the Simulation Model with dBASE v
The computer program (IRPM), which is listed in Appendix B.2, consists
of a main menu, five subprograms and a number of subroutines written in

dBASE 1V programming language . The programcan be executed on a microcomputer
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with 640K memory and a hard disk drive. The inputs of the management
strategies and the model contrvl parameters (i.e., the time interval and
the total length of the simulation time) can be entered by the user following
the screen menus. A sample of the model input screen is displayed in
Appendix B.3.

Three alternatives of simulation available for users are SIMULATA,
SIMULAIB and SIMULATC. The features and algorithms of these subprograms
are described below.

Main program (menu)

The main program (Figure B.1l) makes ro computations, but serves only
to coordinate the flow of the program. It performs the following operations:

a. Modify the database structure to add or delete the management
activities.

b. Add to or delete from the database.

c. Call the program SIMULATA to perform the calculations required to
simulate operations of harvesting, regenerating, growing, and
thinning for different rotation lengths.

d. Call the program SIMULATR tc simulate the s~me operations as the
SIMULATA does but only for the particular management units defined
by the users.

e. Call the program SIMULATC to simulate the resources changes over
time without any management operations.

Program SIMULATA, SIMULATB and SIMULATC

SIMULATA calls seven subroutines to perform computation and other
operations in the prope: sequence (Figure B.2). Each subunit is processed
for a given period (1 year preferred), and results for all subunits are
combined into a report which can be printed. Seven routines (HARREG, GROW,
THIN, GRAWLD, WATER, HUNTING and BEAUTY) are used to calculate the annual
changes in the area being simulated. Annual changes include tree growth,
thinnings, and regenerations, carrying capacity changes for grazing and
wildlife, water yield changes, hunting visitor-days changes, and natural

scenic beauty changes. The number and location of cutting blocks are
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determined by the program based on the annual allowable cuts and following
a sequential order from quarter section 1 to 3257.

SIMULATB performs the similar operations as SIMULATA, excep: it allows
the user to determine the number and location of areas to be harvested and
regenerated. As such, SIMULATB provides the user with the choice of testing
the management strategies as what exactly happens in the real world. The
d:isadvantage of this approach is that the input can be tedious and time
consuming.

SIMULATC , different from SIMULATA and SIMULATB, is designed to simulate
the changes of resources over time with no management operations and without
any uses. This alternative can be used to test the behavior of dynamic
growth equations of individual resource with different mathematical
structures and coefficients.

Subroutine GROWTH

GROWTH (Figure B.3) is called by program SIMULATA, SIMULATB, or SIMULATC
to compute diameter, height, basal area, number of trees, and volume.
Subroutine GROWTH contain growth equations for white spruce, black spruce,
pine, and aspen on three different sites. Based on the user’s input, GROWTH
can also modify growth equations to compute the post-thinning increase in
average tree diameter.

Sutroutine HARREG

HARREG (Figure B.4) 1is called by program SIMULATA to simulate
clearcutting and planting/seeding. HARREG consists of six subroutines
Harreggl,HarreggZ,Harregml,Harregm2,Harregfl,andHarreng.Theyperform
thesameoperationsbutfbrcﬁfferentsitesandcuttingpasses.Thefollowing
operations are performed:

a. Compute volume removed. (Volume is expressed in cubic meters.)

b. Simulate clearcutting and regenerating (planting or seeding)

operations. Average DBH, site height, basal area, and volume are
reduced to zero. The unit is assigned a new number of trees per
hectare (equal to the planting density selected by the model user).

A new seed/seedling stand is established after each clearcut. Stand
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age is set to a new value, depending on the delay period of
regeneration. This value varies from 0 to -7.

Subroutine THINNING

THINNING is called by program SIMULATA to s.mulate thinning operations.
Thinning will be made at the age specified by the model user, and options
include not thinning during the rotation. The number of trees and the basal
area to be reserved after thinning are determined by the user. The planning
area will not be thinned i f its density is already at or below the appropriate
residual.
Subroutine GRAWLD

For each time interval, GRAWLD is called by the program SIMULATA,
SIMULATB, or SIMULATC t: compu‘*e potential grazing carrying capacity, and
moose and caribou popuiation of each planning unit. The planning subunit
is first examined to see if any trees are present in the area. If not, the
unit is considered as a clearcut block and having the maximum carrying
capacity for grazing and moose, and the minimum carrying capacity for
caribou.
Subroutine ESTHETIC

This subrcutine, called by the program SIMULATA, SIMULATB, or SIMULATC,
computes the impact of tree growth and harvest on the natural scenic beauty.
The mean rating of esthetics is considered only as a function of years
after harvest.
Subroutine HUNTING

HUNTING is called by program SIMULATA, SIMULATB, or SIMULATC to compute
potential visitor-days of hunting use available from each subunit.
Potentials are based on the wildlife population and on the successful
harvesting rate which was assumed as 10 percent of total visitor-days. The
present subroutine estimates only the recreational use of moose hunting
and caribou hunting. It can be expanded to include other hunting activities.
In HUNTING, the number of animals harvested per year {is deducted

automatically from the total population.
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Subroutine WATERYLD

The subroutine WATERYLD is calied by program SIMULATA, SIMULATB, or
SIMULATC to compute the effects of timber growth and harvest on the
watershed. It calculate the annual water yields separately for each of the
three basins. The potential precipitation for forested and open areas is
estimated from the annual average precipitation.
Subroutine REPORT

REPORT is called at the end of each year simulated to print the simulated
results of each year. Array values computed and stored in the dBASE file
IRPRPT.DBF are printed using the dBASE report form ReportA and ReportB
(Appendix B.4), and transferred to LOTUS 1-2-3 file IRPRPT.WKS to draw
graphs.
Simulation execution steps

The flowchart of the simulation model can be found in Appendix B.l and

the execution procedure of SIMULATA can be detailed as follows:

a. Input the rotation length, the regeneration time, the species to
be regenerated, the method of regeneration, simulation control
parameters, and thinning operation parameters if applicable.

b. Calculate the annual allowable cuts (number of areas) according
to the area control method.

c. Calculate the annual timber harvests.

d. Harvest trees from subunit 1 of each area to be cut if the simulation
time is less or equal to the half of rotation length and from
subunit 2 if the simulation time is greater than the half or
rctation length and less or equal to rotation length. Until
simulation time reaches the half of rotation length or the total
rotation length, all areas left will be harvested even though there
may be more volume harvested than specified by the annual allowable
cut.

e. Regenerate all areas harvested. For different quality sites, che
different initial stand parameters will be assigned. If the

regeneration is not carried out in the same year as harvesting,
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the tree age will be given a negative values based on the
regeneration tine entered by the user.
f Calculate the timber growth for the whole areas. Dependent or the
site quality and age of stands, diameter, height, number of trees,
basal area and volume are calculated by employing the different
equations.
g. Calcul:" -he esthetics changes, hunting visitor-day changes, water
yield changes, grazing carrying capacity changes an’ wildlife
population changes for all subunits.
h. If a thinning operation is to be used, compare s.a. !t .Z€s of the
harvested areas to decide whether or not a thinning operation
should be performed.
i Summarize the annual timber harvests, esthetics changes, hunting
visitor-days, grazing carrying capacity changes, wildlife
populations and water yield. The results will be written in a
temporary database file so that they can be output later.
j. Simulation time is advanced and the above steps are repeated until
the simulation time re.ches the input value.
k. Results for the whole simulation period are transferred from the
temporary database file to Lotus 1-2-3 for making graphs and
printing in a tabular form.
SIMULATB and SIMULATC tollow the similar procedure. A sample simulation
report of SIMULATA is included in Appendix B.4.
Time interval

Unit time interval for the simulation may be varied by model users.
The choice is made ir the program SIMULATA. All variables will be computed
for each inteival. Theoretically, the smaller the time interval is, the
more accurate the simulation results are. But a smaller time interval also
will result in a longer computing time. Therefore, for most simulation
models, the problem is choosing the proper integration step-size or time
interval. It should be chosen such that it is sufficiently small to insure

an accurate solution and not too small to result in excessive run time.
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For the forest dynamic growth problem. the most often used time intervals
are from one month to ten years. In this project, the same range was
expected to be used. However, because of the difficulty of estimating the
coefficients for mortality models, the Euler’'s integration procedure with
time interval of one year was used to make predictions. This step determines
that those coefficients are dependent on integration time intervals. Figures
6 1 to 6.8 show the influence of time intervals on main stand variab..s
of pine on good site and black spruce on good site.

From Figure 6.1 to Figure 6.4, the simulation resalts of site helights
and average tree diamerers for both species are rarely affected by the
integration intervals which are less than 1 year. This means that a time
interval of 1 year will be small enough to provide accurate solutions for
site height and average DBH growth.

Figure 6.5 shows that the simulated number of trees of pine with a
small time interval (0.2 year) decreases slightiy faster than that with
a large time interval (1 year) as trees get older. Thus, the estimates
from the simulation model for mortality of trees will be greater as time
interval decreases. Correspondingly, the gross volume estimated using the
simulation model will decrease after age 90 as shown on Figure 6.7.

In general, simulation interval of 0.2 years is appropriate for most
computer runs and for the level of precision of the equations and constants
currently in the model, except for some number of trees equations. This
result indicates that the number of trees equations are sensitive to the
change of time interval. The simulation runs with different time intervals
suggested that the simulation model with the current coefficients would
provide reasonable results under the simulation time interval of 1 year.
A major corcern about the size of the time interval is that a smaller time

interval would result in a great amount of run time.
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Figure 6.1 Simulated site heights of good site pine with different
integration intervals

Figure 6.2 Simulated site heights of good site black spruce with different
integration intervals
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Figure 6.3 Simulated average DBHs of good site pine with different
integration intervals
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Figure 6.4 Simulated average DBHs of good site black spruce with different
integration intervals
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Figure 6.5 Simulated number of trees of good site pine with different
integration intervals
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Figure 6.6 Simulated number of trees of good site black spruce with
different integration intervals
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Figure 6.7 Simulated gross volumes of good site pine with different
integration intervals
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7 VALIDATION OF THE SIMULATION MODEL

Jalidation has been defined by various authors as any process which
examines the correspondence between the model and the system under study.
I this context, it is difficult to validate projection models in the
normal way because the system under study is the future, and the real data
i{s unobtainable within a short time and at a low cost. However, testing
4 mode]l with historical data or bv the first privciples inc: .ses the
accuracy of the model as a decision making tool and i ntifi. -oume of its
weak points.

Model validation was conducted in four separate parts. First, the timber
component of the model was validated by comparing estimaces for height,
diameter, number of trees, basal area, and gross voiume with other published
data. Second, the estimates in the model for grazing and wildlife carrying
capacity was compared with the theoretical curves. The third part was the
validation of the esthetic part of the model with Benson and Ullrich’'s
(1981) model. The final part of the validation involved the comparison of

the water yield estimates with the estimates produced by the WRENSS model.

7.1 Comparison of the Simulated Tree Growth with the AFS Yield Tables
In order to validate the tree growth models, the AFS Yield Tables were
assumed to be accurate indicators of tree growth for the four main species
in the study area. Checking the estima:e from the model against the AFS
Yield Tables provided a simple and reliable method of judging the validity,
reliability and accuracy of the model. The AFS Yield Tables with the
following utilization standards: minimum DOB (Diameter Outside Bark) at
0.30 /m, minimum top DIB (Diameter Inside Bark) = 0.0 cm, and stump = 0.0
cm, were used for each site in order to estimate the model coefficients.
The data on simulated pine growth on three different sites (good, medium,
and fair) arc shown in Figure 7.1 through to Figure 7.15 together with the
vield table data. The comparisons of the data from the simulation model
and vield table data for white spruce, black spruce, and aspen are included

in Appendix C.
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7.1.1 Height

Figures 7.1, 7.2, and 7.3 show the comparison of the simulation model
data and the AFS Yield Table data for site heights of pine on good, medium,
and fair sites for a growth period of 180 years, respectively. The yield
table data for site heights and average height growth rate at age 20 (or
30), 90, and 170 were used to determine the coefficients of height growth
functions in the simulation model. In cases where yield table data were
unavailable for age 10 (or 0), the author estimated values for those years
based on an interpolation between age 0 and the first data in the table.

A reasonable agreement of the two curves for each site was seen throughout
the growth period. The site heights estimated using the simulation model,
however, were observed to be higher than the yield table site heights after
age 40. For good sites (F rure 7.1), the height increases quickly after
age 40 and the deviation reaches a maximum (2.4 m) near age 65. Then,
height growth decreases gradually as the data from the simulation model
approaches the yield table height data. For the medium site (Figure 7.2),
the site height estimated using the simulation model is above the yield
table data starting from age 40 and by year 70 the deviation reaches the
maximum value 1.65 m. Following that, the error begins to decline and two
curves join at age 110. As age increases again, the site height estimated
using the simulation model is slightly less than the yield table data. For
the fair site (Figure 7.3), the comparison of site heights is different
from that of good and medium sites. Before age 55, the simulation model
produces estimates of site heights that are below the data in the yield
tables and beyond that point it starts to produce estimates that are greater
than those in the yield tables with a constant deviation of 1 meter.

The deviations of the data from the simulation model from the yleld
table data may be due to inaccurate growth rates for young forest stands
that were assumed in the development of the simulation model. These estimated
rates affect the whole growth curve since error is accumulated into the
later years. The effect of the initial height included in the model may

also contribute to the deviations (the model is capable of simulating the
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growth by starting from different initial heights). In addition, the few
data points for the simulation model taken from the yield tables to

determinate the coefficients may be responsible for some error.

7.1.2 Diameter

The comp-risons of the estimates on the average diameter of : ..« from
the simulation model with the AFS Yield Table data for three different
sites for a growth period cf 180 years are presented in Figure 7.4, 7.5
and 7.6, respectively. Good agreement of the two curves representing the
data for each of three sites was observed, especially for the young and
old forest. However, all three graphs have the same trend, showing some
deviation between the two data sets during the middle ages. For the good

site, the maximum deviation (about 3 cm) occurs between age 60 and age

70. For the
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Figure 7.1 Simulated and yield table site height of pine on good sites
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medium site, the deviation gets to the maximum (2.5 cm) at age 60. For
the fair site, the maximum deviation is 1.9 ecm which appears at age 65.

The cverestimates of diameter when using the simu’aties model (as shown
in Figures 7.4 to 7.6) occur for the same reasons as ci:ed for the differences
intheestimatesforsiteheight,sincebothmodelshavef\csamemathematical
structure. The other possible reason is that the consideration has been
made to develop sigmoid-shaped growth curves for height and diameter growth
and at the same time the effort has been made to keep the most parts of
twn curves close to each other.

In summary, the diameter growth model used in the simulation model
exhibits satisfactory behavior. Depending on the availability of field
data, both height and diameter growth models can be redeveloped to mimic
the real growth curves. The major difference of this simulation nodel from
widely used regression models is that past diameter (or height) and Jdiameter

(or height) growth rate are needed for predicting future diameter growth.
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Figure 7.4 Simulated and yield table average DBHs of pine on good sites
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7.1.3 Number of trees

Figures 7.7, 7.8 and 7.9 show the data for the number of pine stems
per unit area (tree density) obtained from the simulation model and obtained
from the AFS Yield Tables for good, medium and fair sites respectively for
a growth period of 180 years. Because the number of trees per unit area
is not available on the yield tables when age is under 20 years, possible
values were assumed for each of the three sites.

An indication of the goodness of fit of the model of tree density to
the yield table data is obtaineu by examining the differences between the

two sets of data as shown in Figure 7.7, 7.8 and 7.9.

7.1.4 Basal area

The comparisons of the estimates on the basal area of ine from the

simulation model and the AFS Yield Table data for the three different sites
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Figure 7.7 Simulated and yield table number of trees of pine on good sites
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for a period of 180 years are shown in Figure 7.10, 7.11 and 7.12,
respectively. According to the basic geometrical relationships, the basal
area per unit area was computed from the average tree diameter and the
number of trees per unit area.

A reasonable agreement of the curves for good and fair sites and a
fairly good agreement of the curves for the medium site were observed
throughout the growth period. The basal areas estimated by the simulation
model for good and fair sites, however, seem to be higher than the data
in the Yield Tables. Those errors are mainly brought about by the
overestimates of average diameter because the basal area is a function of
the square of average diameter. For the medium site, there should be the
similar error since a similar diameter growth curve was used(Figure 7.5).
However, since the number of trees estimated by the simulation model for
the medium .ite is below the data in the yield tables between age 40 to

120, the basal area curve appears to fit the vield table data very well.
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Figure 7.10 Simulated and yield table basal area of pine on good sites
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Therefore, the basal area per unit area is a combination of different
variables. Any inaccurate prediction of individual variables may restu.

in the deviation of predicted basal area from actual growth.

7.1.5 Volume

The comparisons of the estimates cf gross volumes per unit area from
~he simulation model and the AFS Yield Tables on good, medium and fair
sites for a growth period of 180 vears are presented in Figure 7.13, 7.14
and 7 15. The volumes estimated usi:y the simulation model were obtained
by multiplying the volumes of a geometrical solid of the same diameter and
height by the tree form factors, which were functions of tree ages derived
from the yield tablez In detail, the volumes are the product of basal
areas, heights, and form factors.

Similar to the basal area curves, a reasonable agreement of two curves
for good and fair sites and a fairly good agreement of the curves for the
medium site were seen throughout the growth period. The volume curves,
however, showed larger deviations than the basal area curves. For the good
site, maximum deviation is about 26% of the value give. .n the AFS Yield
Tables. For the fair site, it is 30% of the value given in the AFS Yield
Tables. The increase in deviations is caused by the overestimates of height
growth after age 40. Furthermore, comparing the volume growth curves (Figure
7.13 to 7.15) with the basal area growth curves (Figure 7.10 to 7.12), the
form factors might be considered as appropriate for the whole growth period.

A conclusion may be drawn that the mathematical equations employed in
the tree growth models are capable of describing forest growth dynamics
and depending on the accuracy of prediction for individual variables, the
volumes could be calculated accurately by using the first principles. Thus,
this approach is viable alternative to using regression analysis which was
the procedure used to develop the equations in the AFS yield tables.

The overall simulation model prediction of tree growth was satisfactory.
It closely followed the trend of the theoretical and actual performance,

and, therefore, constitutes a sort of logical validation of the computer
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model for simulating forest growth dynamics. For a complete validation,

the field data is needed in order to make the comparisons.

7.2 <Comparison of the Simulated Performance of Non-timber Resources
with Other Models or Theoretical Curves

The mathematical relationships describing non-timber resource changes
over time have not been well documented. The observed/measured data is
either costly or impossible to collect. Therefore, it might not be meaningful
at this point to validate the performance of non-timber models. However,
comparing the predictions against results from other models or against the
theoretical curves may provide a simple method of judging the model validity
to some extents.

Figure 7.16 shows the estimates on potential grazing carrying capacity
from the simulation model for good, medium and fair sites within the study
area. Comparing Figure 7.16 with Figure 5.15, the estimates from the

simulation model follow the same trend as the observed data, increasing
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or decreasing slightly and then decreasing dramatically as the tree age
increases. For the good site, the carrying capacity reduces to the minimum
value at a earlier age than the other two sites since trees grow fasteu
resulting in understories being eliminated quickly

Figure 7.17 shows the estimates on potential caribou population changes
from the simulation model on the three sites. They basically follow the
same curve since the caribou habitat was assumed to be a function ot tree
age. Food needed by caribou has been found only in the old growth forest.
The estimate of the caribou population using the simulation model fncreases
gradually to a certain level as the trees become old. Unlike caribou, moose
population tends to decline quickly as trees age. This is due to moosv
require browse available in stauds under 20 years old.

The estimates from the simulation model on moose and caribonu hunting
visitor-days are presented in Figure 7.19 and 7.20. Under a linear
assumption, the recreational use of game hunting can only be allowed when
the wildlife populations are greater than the minimum reserved populations.
For moose hunting, the annual visitor-day varies from O to 1.4,/q. sec. and
for caribou hunting it only changes from 0 to 0.23/q. sec.

Figure 7.21 shows the simulation model estimates on mean ratings of
forest scenic beauty change with trees growtt. for a period of 180 years.
Based on the esthetic model developed by Bensou and Ullrich (1981), the
esthetic rating curve estimated using simuiation model are in good agreement
with Benson and Ullrich’s curve (Figure 5.14).

The estimate of timber-water yield relationship on three different
sites of Bolton basin was produced by the simulation model and plotted in
Figure 7.22. Since the model was developed according to the WRENSS outputs
provided by the Alberta Forest Service, the annual water yields would
change from 194 mm to 120 mm over time following clearcuttinrg. The water
yields on a good site decline at the fastest rate since the total basal
area and site height increase more quickly than medium and fair sites.
Obviously, the water yield on a fair site has the lowest declining rate

and stops at the highest yield (145 mm) by year 180.
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Figure 7.22 Simulated water yield on three different sites

7.3 Discussions on Model Performance

Logically, the simulation model performed properly. This can be seen
from the validation parts of the model. The simulation model is capable
of illustrating the dynamics of joint production of multiple resources.
The submodels of the model have been validated only with the AFS Yield
Tables and a few other models. The validation showed that the simulated
tree growth was reasonably close to the AFS Yield Table data except for
some basal area and volume results. Ir .iost cases, the simulation model
provides data that overestimate basal area and gross volume to some degree.
This is because the equations used to simulate the site height and the
average DBH produce data that estimate the maturity of the forest to occur
earlier than the data shown in the AFS Yield Tables. Although the plotted
data from the tree growth model appear to be above those in the yield
table, its shape agree with the theoretical growth curves. With the

availability of field data, either the coefficients or the structure of
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the growth models can be modified so that a better prediction over the
range of the yield tables can be expected for the whole growth period by
using the simulation model.

Since the whole simulation model has not been validated with actual
measured data, the results predicted by the model can be interpreted only

as indications of what might be expected in a forest.



8 RESULTS AND DISCUSSIONS

8.1 Applications of the Simulation Model in Integrated Resource
Planning

To demonstrate how the simulation model might be used to analv:ze
management alternatives, two timber harvest strategies were simulated tor
on the Berland forest area. One such strategy attempted to develop the
best possible harvest schedule of clearcutting and thiunning in order to
convert the forest to a regulated state. A second strategy attempted to
increase caribou population and at the same time, to maintain other
activities at a uniform level.

One process for deciding how public land should be managed involves a
focus on tradeoffs. A tradeoff is a relationship between two or more etfects
of a change in some condition (such as the condition of the forest). The
relationship signifies a difference between the initial condition and the
new one which the change would bring about (Brown, 1981). For example, an
alternative maximizing timber yield--A--would require a longer (80 to 120
years) rotation. It would result in fairly low livestock forage production,
medium or better scenic quality depending on clearup of logging debris,
low moose habitat quality and recreational hunting uses, and medium caribou
habitat quality and medium water yield. An alternative based on maximizing
grazing carrying capacity--B--would require a shorter (approximately 50
years) rotation period resulting in low caribou population and scenic
quality, small diameter trees, high moose population, high water yield,
and high hunting visitor-days. The advantage of examining tradeoffs between
forest conditions is that attention is focused on actual quantities and
values of those quantities rather than on abstract values.

Charts depicting tradeoffs can be very helpful in formulating viable
alternatives (Brown, 1981). One common tradeoff chart uses individual
graphs to show how specific resources might respond to changes in one
element of the forest environment-in this ca.e, tree age. Figures £.1 to

Figure 8.11 represent 100 planning units (quarter sections) within the
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study area tha: are managed under a 50 year rotation and with/without
precommercial thinning. Figures 8.12 to Figurc 3.22 show the same sites
that are managed under two different rotation periods, 50 years and 100
years. Similar graphs could be developed with an element other than age
as the common variable.

Figures 8.1 to Figure 8.4 show the simulation results of timber volume
over a 100-year period. After the conversion period of 50 years to a normal
fores. the gross volumes to be harvested from all species, except the
regenerated pine species, decrease to zero. The pine volumes to be harvested
per year would fluctuate around an average value of 60000 cubic meters if
no thinning activities occur. With precommercial thinning at age 30,
however, the annual volumes to be harvested could decrease to an average
level of 40000 cubic meters with a residual of 50 percent of initial basal
area and 2000 stems per ha. which is less than a half of prethinning
density. Thinning would result in the timber growing larger and faster.

Responding to thinning, the livestock carrying capacity of the area
(Figure 8.5) would increase from age 30 and reached a steady state of about
45000 AUMs per year after the conversion period. This provides 2000 more
animal-unit months annually on the thinned sites tr.n on the unthinn~d
sites. For wildlife (Figure 8.6 and Figure 8.7), the caribou population
is unchanged, since thinning does not provide more food for them. Moose
population increases about 7.4 percent due to the decrease of basal area.

Figure 8.8 and Figure 8.9 show the recreational hunting changes brought
by thinning. Depending largely on the number of wildlife, those changes
follow the same trends as that of the wildlife populations. The caribou
hunting visitor-day reduces to zero, and the moose hunting visitor-day
decreases about 7.5 percent. According to Figure 8.10, the rating scale
esthetics is not influenced by thinning because it was assumed that the
scenic quality changes only as the age increases since clearcutting.

The effects of thinning on annual water yields are shown in Figure
8.11. From age 30, when thinning is implemented, the annual water yields

start to increase over that of unthinned sites and reach the value of 188
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mm at the end of the conversion period. This ifndicates a 3 mm surplus
yield gained from thinning.

By running the simulation with different thinning time and thinning
levels, the optimal thinning regime could be determined. Those simulation
predictions would provide the resource manager with some quantitative
information regarding how resources will respond when different management
strategies are actually implemented.

To increase caribou population to a certain level, the forest must be
managed under a longer rotation ( > 90 years). However, a longer rotation
will reduce the annual timber production, forage production, water yield,
and so on. In order to balance these problems, it is necessary to select

a optimal rotation to convert the forest to a regulated state.
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If a 100-year rotation, a conversion period of 100 years, and a cuttiny
interval of 1 year are assumed, an area regulation approach would require
64 hectares (1l quarter section) to be patch cut. If a 50-year rotation and
a conversion period of 50 years are used. this patch cut will be 128
hectares annualiy. Figure 8.12 to Figure 8.15 indicate the simulation
results over & 100-year period for the annual timber harvest under both
50-year and 100-year rotations. The average harvest rate is higher for
both conversion and post-conversion periods, if the forest is managed undel
50-year rotation.

The caribou population changes under two rotations are plotted in Figure
8.16. Obviously, caribou population under 100-year rotation is larger than
that under 50-year rotation. For the 100-year rotation forest, after a
period of approximately 80 years the caribou population begins to stabilize
at 11.5 animals per year. This represents an increased population of 18%
over the caribou population in the forest under 50-year rotation. Depending
on young forest to provide gocd habitat, moose population (Figure 8.1/)
is smaller if using a 100-year rotation. The reduction is around 10.6%.

For other resources, the impact of rotation is also significant. Figure
8 18 shows the simulated annual grazing carrying capacity changes under
50-year and 100-year rotation. The total animal nnit months of the shorter
rotation forest increase as the old trees are removed, and after year 30
it starts to decline. At the end of conversion period, they appear to
remain relatively stable. For the 100-year rota:ion forest, the carrying
capacity would drop to 31000 AUMs when it moves into a regulated state.
This represents a capacity loss of 28 % over that provided by the 50-yea~
rotation forest. From Figure 8.19 and Figure 8.20, when rotation age
increases from 50 to 100, the car‘buu hunting changes from prohibited to
6 visitor-days per year, and moose hunting reduces from 150 visitor-days
to 90 visitor-days. Figure 8..1 shows the comparison of scenic quality
changes. For both rotation periods, the mean rating will decrease. The
difference is that with a shorter rotation, this rating decreases quickly

and stops at a lower value (3.1), and with a longer rotation, the rating
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decreases gradually and ends up with a value of 4.6 because of more older
trees present. Figure 8.22 indicates water yield fluctuations under each
different rotation period. With a 50-year rotation, the water yields can
be expected to increase to 185 mm, and with the 100-year rotation, it can
only get to 182 mm.

These types of multiple production simulation could be applied to many
potential managerial problem analyses. Studies relating to determining
optionalunitconfigurationsforjointproductionmanagementwouldcertaiuly
be a possibility The impact of various forest regulation control measures
. ould be examined for the same planning area. The effects of social and
environmental impact constraints or logging needs could be estimated over
any time period. The scope of the simulation analysis in the joint production

area offers a wide array of capabilities.
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The previous application runs have been implemented only on 100 quarter

sections because it required seventeen days to simulate the whole study

area (E8 management unit). In order to illustrate the model‘s capability

ot applying to a large area, one simulation run under a 50 years rotation

was executed. Figure 8.23 to 8.30 show the simulation results. By comparing

with the annual timber harvests on a small area (Figure 8.14), the simulation

results on a large area (Figure 8.23) indicate

a smaller percentage

variation. Otherwise, the figure showing the changes to the other wildland

resources show

trends similar to that shown for the smaller area.
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8.2 Evaluation of the Simulation Model Developed with dBASE IV

As a general principle, the simpler the technique employed, the more
useful or generally applicable is the model (Bunnell, 1974). Many of the
advantages of using a database to develop and implement an integrated
resource planning simulation model revolve around this principle. The
user-friendly nature of the dBASE IV, whereby successful development and
implementation of a model using the dBASE IV program does not depend on
an experienced computer programmer, is a major advantage.

The dBASE IV package contains a full-screen program editor (like a word
processor) which facilitates rapid development of similar or exact copies
of desired commands and formulas and provides outstanding flexibility. The
dBASE 1V language also includes almost all of features (functions,
subroutines, arrays, loops, etc.) available from other general purpose
programming languages like BASIC, FORTRAN, and PASCAL. But over those

languages, it makes the data manipulation (inpuc and output) easier and
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more understandable. The REPLACE command can update any values on a database
file by their "record"” number and "field" name. In addition, dBASE 1V
contains an Application Generator whereby one can create a program through
menu choices without programming. The Applicatio: Generator is convenient
and an easy way to develop a program when the user’'s needs are relatively
straightforward. While it does not provide the flexibility of writing code,
it also does not require much specialized knowledge. This feature may help
foresters develop their own models.

Another advantage of using dBASE IV is that this software has a linkage
that enables the user to interchange data to the widely used LOTUS 1-2-3
quite easily. This will allow the dBASE simulation model user to access
the useful and convenient graphic functions in LOTUS.

This project and others (Silvert, 1983; Gray and Keith, 1986) have
shown that the spreadsheet approach is a useful modeling tool. However,
the amount of computer memory available can limit the modeler’s ability
to construct and run large models using spreadsheet packages. This is an
annoying limitation because even though some planning mndels can be simple,
they may require a large database (Gray and Keith, 1386) Different from
the spreadsheet packages, dBASE IV does not load the whole database file
into computer memory. Therefore, this package theoretically can handle a
database as large as 255 fields and 1 billion records depending on the
disk storage spaces available. For this simulation model, a database with
87 fields and 3257 records was established and it used about 2 megabytes
of space on the hard disk. Thus, the package is apable of running a
simulation model for a reasonably large planning area on a microcomputer.

This study also showed that dBASE IV's full-screen report design feature
is very convenient and quick for the model user to summarize the simulation
results and database files. The report format can be modified on the screen
at will.

The type of microcomputer used will determine the simulation execution
time required to run the model. The simulation program coded in dBASE

language for this study required approximately seventeen days to run a
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100-year simulation for all of 3257 quarter sections on an IBM PS/2 Model
60 computer. This is about 4-5 seconds for one quarrer section for each
time interval. From the computing efficiency point ot view, this is too
slow to run, and from the user point of view, the model may be impracctical
for the resource manager to use to obtain results for a large area. The
reason for the slow processing could be caused by the amount of numerical
calculation and bty the data-reading and data-writing process. This
limitation is not particularly formidable because dBASE package allows the
use of assembler language programs which can speed up the calculations
considerably. Moreover, the simulation time can be expected to decrease
greatly as the capacities of microcomputer systems increase.
Alternatively, this kind of simulation can be implemented on mainframe
computer by scarifying the user-friendly and popular characteristics of
the microcomputer and its software. New parallel processing computers
should be able to reduce the run time considerably because the same equations
are applied to each record for each time step. Present computers require
that the processing of each record be performed sequentially. If the
calculations could be performed simultaneously for several records, computer

execution time would be reduced dramatically.



9 CONCLUSIONS

This model shows that use of dBASE IV is an alternative lanpuaye to a
spreadsheet for simulation modeling integrated resource management
problems. Its use does not require any advanced e Stise in any particularv
programming language. This makes the tool particularly useful tor manapet
i, evaluate alternative strategies. aBASE TV is very casyv to use boevau e
of its various menus. The cot vptual model of the planning process s
always visible. There is little abstractness in the model, which is not
the case with many simulation models.

The simulation model, constructed by combining the five mathematical
models, does offer a means of predicting long-term timber, recreation,
grazing, wildlife, and watershed yields A comparison of the simulation
results with available inventory (yield table) data indicates that the

model is reasonable approximation of actual resource responses over longer

time spans. Complete validation w. require additional trials on other
integrated resource planning area . rurther refinement of the functional
relationships.

The model is capable of simulating integrated resource planning process
for a large area. The execution of the program on an IBM PS/2 Model 60
computer takes approximately seventeen days for 100-year-periods ot
simulation run for the whole study area. By linking dBASE IV (datubase)
with LOTUS 1-2-3 (spreadsheet), simulation results may be reported cithen
in tabular or graphic forms.

The literature review of this project did not contain any references
to an integrated numerical simulation model for multiple lund use plannin,
There are a number of models available for predicting individual resource
changes. Tew models, however, combine two mathematical models to study the
interactive influence of changing one resource product on another
Furthermore, these models are sensitive to fluctuations in conditions on
a site to site basis. The simulation model, used in this research, is for
analyzing the effects of integrated resource use on forestland, and is not

site specified in terms of mathematical model structures. The structure

134
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of the simulation model does not restrict the number of areas to be
evaluated but computer capacity will provide a potential limit.

The results of this research were limited by insufficient disk
input -output speed and by limited memory capacity of the computer used and
the limited number of validated mathematical functions used for simulating
the resource changes that were available to the modeler. The model is
currently limited in a number of respects. First, the current mathematical
models are not validated representations of the biological behavior. 5. ond
economic analysis is not incorporated. Finally, thinuing and harvest:ng
alternatives are the only stand-level treatments consicer: 1.

A fundamental knowledge of dynamic joint productior poss.nilit.. 1s
essential to evaluating alternatives and tradeoffs in integrat. esour’ e
planning.Thisbasicmethodology,thatofdevelopingindividgalmathematical
models ond of the combining of them into a computerized simuiation, offers
a means of analyzing complex multi-resource relationships and studying the
effectsofdifferentmanagerialoperations.Byprovidingthesecapabilities,
the simulation procedure acts as a gaming tool and aid for the manager in
testing and studying the effects of long-term management alternarives. It
provides a useful tool in the development of a systems approach to integrated

resource planning.



10 RECOMMENDATIONS FOR FUTURE WORK

The integrated resource planning simulation model developed in this
project is only a prototype decision making tool that may help resource
managers and foresters bridge the géep between strategic planning and
implementation. It can be useful to managers in implementing integr.
resource plarning However, much rerains to be done to make the model more
accurate and acce; "able. The following are recommended tor tuture work in
the same area:

a. Economic relationships cnould be included in the simulation model .
By employing fcononic values, the simulation model can be used to
select rotacion length based on maximizing forest use benetits.

b. The calculation parts of the programs can be programmed in assembly
language to reduce the computing time. Since the program works
with the computer’'s microprocessor, assembly language is closer
to the actual hardware of the computer than dBASE. Assembly language
programs can be run within dBASE IV. Another alternative is to use
the computer which has a higher speed and more capacity.

¢. To use the model as a simulator of integrated resource planningy
processes, “better” mathematical models for individual natural
resource dynamics are needed to improve the wvalidity of the
simulation modei. Moreover, the natural resources such as fisherices
and minerals should be included in the model if suitable
mathematical models are available.

d. The outputs of the simulation model, if possible, may be entered
into a geographic information system (GIS) to show the spatial
changes of natural resources over time under different management
decisions.

¢ (e simulation model requires further validation with field data
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APPENDIX B.l: FLOWCHART OF THE SIMULATION MODEL
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Figure B.1 Flowchart of the main program.
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APPENDIX B.2: PROGRAM LISTING OF THE SIMULATION MODEL

uuzaannnx&uannnazaznnnxannaa#a##ndﬁcu##ﬁ##cﬁanzwﬂawzaazaxau:zz:zzazz

MAIN PROGRAM IRPM
FOR THESIS PROJECT - SIMULATION MODELING
BY
DALI ZHANG
LEPARTMENT OF AGRICULTURAL ENGINEERING
UNIVERSITY G%¥ ALBERTA
nuaunw&annnauuaunnxaaauanww#nw#aa#»#wRaccww#axwaznnaan:zzznzzn:zazcz
Date of start: October 1, 1988
Supervised by Prof. A. W. Anderson

This is a computer simulation model which mimics the decision

making, process of the Berland Sub-regional integrated rescurce

planning in Alberta, “anada. The model consists of seven

programs -- main, add record, modify record, modify structure,
simulatA, simulatB, ard s..ulatC.

The programs were written in dBASE IV programming language.

SET TALK OFF

SET BELL OFF

SET DECIMALS TO 6

SET PROCEDURE TO Procudt
SET PROCEDURE TO Procedfl

K3

initialize memory variables

CLEAR

COPY FILE IRPF.DBF TO IRPFT.DBF
SELECT 1

USE IRPT

townsh = TOWNSHIP

ranpe = RANGE

sect = SECTION

qsect = QSECTION

DO WHILE . T.

C1.EAR

@« .15 TO 18,65 DOUBLE

W 7,24 SAY " MAIN MENU "
@ 8,24 SAY 7 E s ——— "

@ 9,20 SAY "

@ 10,24 SAY 1. Add Record "
w 11,24 SAY 2. Modify Record "
W 12,24 SAY 3. Modify structure "
@ 13,24 SAY 4. Simulate A "
W la, 24 SAY ¢ 5. Simulate B
e 1o, 24 SAY " 6. Simulate C "
@ 16,24 SAY " 7. Exit b
@ 17,2 say " "
[NPUT ® Please enter a proper number tor action " TO Num
[F Num>»7

2

o Wrong entrv, please try again'!! "

SET ESCAPI OFF

WAIT SPACE(19)+"Press any key to continue.”
ENDIF '
SET ESCAPE ON
DO CASE

CASE Num=1

APPEND
CASE Num=2
CLEAR

@ 6,25 SALY "Enter township number:
@ 6,60 GET townsh
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8,60 GET range
10,60 GET sect

PNMEEABDD

12,60 GET gsect
READ

LOCATE FOR TOWNSHIP = townsh .AND.

SECTION = sect
EDIT
CASE Num=3
DO Modify
CASE Num=4
DO SimulatA
CASE Num=5
DO SimulatB
CASE Num=6
DO SimulatC
CASE Num=7
CLEAR
@ 9,3 say " "
7 "
CLOSE ALL
RETURN
ENDCASE
ENDDO
PROGRAM SIMULATA
SET TALK OFF
* initialize memory variables
rep7 = SPACE(1)
rep8 = SPACE(1l)
rep9 = SPACE(1)
rep20 = SPACE(1)
deltat = O
years = 0
rot = 0
regyr = O
pl = O
sd = 0O
per = 0.0¢
thinper = ).01
STORE 0 TO v_sw, v_sb, v _p, v_ap
STORE 0 TO thinyr, thintr
CLEAR
@ 10,15
@ 11,15
@ 12,15
?

say "

8,25 SAY "Enter range number: "
10,25 SAY "Enter section number: "

12,25 SAY "Enter quarter section number: "

range ~ range .AND.:
_AND QSECTION = gsect
WELCOME USING <IRPM>, GOODBYE!'"

SAY " ************************************************* "

SIMULATA "
SAY " Rk kok ko ko ok ok ok ok ok sk ok ke ok kK ok ok ok ok ok ok ok kb ok Ak ke

ACCEPT "Do you w.nt to do simulation now? (Y/N)" TG rep/

F UPPER(rep7) = "Y"

DO WHILE .T.
SELECT 6
USE IRPRPTB
DELETE ALL
PACK
SELECT 1
CLEAR

1]

3,50 GET years

5,5 SAY "Enter the
5,50 GET deltat
7,5 SAY "Enter the
7,50 GET rot

9.5 SAY "Enter the
10,5 SAY "

DDV

number of yearvs

3,5 SAY "Enter the number of years to simulate:"
time interval of simulation:”

rotation length:"

.0 regenerate "
forest after harvesting:”



@ 10,50 GET regyr

@ 12,5 SAY "Enter the regeneration species, "

@ 13,5 SAY " white spruce or pine? (S/P):"

@ 13,50 GET rep8

@ 15,5 SAY "Enter the method to regenerate forest, "
@ 16,5 SAY " planting or seeding? (P/S):"
@ 16,50 GET rep9

READ

CLEAR
@ 7.5 SAY "Do you want to do precommercial thinning? (Y/N):."
@ 7.60 GET rep20
READ
1F UPPER(rep20) = "Y"
@ 9,5 SAY "Enter the precommercial thinning age:"
@ 9,60 GET thinyr
@ 11,5 SAY "Enter the percentage of basal area to
@ 12,5 SAY " be %eft after thinning:"
@ 12,60 GET thinper
@ 14,5 SAY "Enter the stand density after thinning:"
@ 14,60 GET thintr
READ
ENDIF
CLEAR
hr = 0.10*years ‘deltat
@ 9,25 saY "Simulating..., please wait!”
@ 13,20 54Y "s.mulation will take about "+str(hr,4,2)+" hour(s).
STORE 1 T0 t
STORE O TO tl
yc = 2*INT(3257/rot)
ycv = yc
DO WHILE t <= years
GO TOP
DO CASE
CASE t > rot AND .NOT. MOD(t,rot) = 9
t0 = MOD(t,rot)
CASE t < rot
t0 = t
CASE t >= rot .AMD. MOD(t,rot) =
t0 = rot
ENDCASE
IF t0 <= INT(rot/2)
GOTO tl + 1
DO CASE
CAST t0 < INT(rot/2)
DO WHILE tl < ycv
v_sw = v_sw + VOLUME_SW
v_sb = v_sb + VOLUME_SB
v p = v p + VOLUME P
v_ap = v_ap + VOLUME_AP
DO CASE
CASE SITE = "G"
DO Harreggl
CASE SITE - "M"
DO Harregml
CASE SITE = "F"
DO Harregfl
ENDCASE
SKIP
tl = t1 + 1
ENDDO
CV = ycv + yc¢
CASE tQ = INT(rot/2)
DO WHI.: .NOT. EOF()
V_SW = V_sw + VOLUME_SW
v_sb = v_sb + VOLUME_SB



v p = v_p + VOLUME F
v_ap = v_ap + VOLUME AP
DO CASE -
CASE SITE = "G"
DO Harreggl
CASE SITE = "M"
DO Harregml
CASE SITE = "F"
DO Harregfl
ENDCASE
SK1P
"NDDO
ch ~- YyC
tl = 0
ENDCASE
ELSE
GOTU tl + 1
DO CASE
CASE t0 < rot
DO WHILE tl < ycv
v_sw = v_sw + VOLUME_SW2
v_sb = v_sb + VOLUME_SB2
v p = v_p + VOLUME P2
v_ap = v_ap + VOLUME_AP2
DO CASE
CASE SITE = "G"
DO Harregg?
CASE SITE = "M"
DO Harregm2
CASE SITE = "F"
DO Harregf?
ENDCASE
SKIP
tl = tl + 1
ENDDO
ycv = ycv + yc
CASE t0 = rot
DO WHILE .NOT. EOF()
v_sw = v_sw + VOLUME_SW2
v_sb = v_sb + VOLUME SB2
vp = v_p + VOLUME P2
v_ap = v_ap + VOLUME_AP2
DO CASE
CASE SITE = "G"
DO Harregg?2
CASE SITE = "M"
DO Harregm2
CASE SITE = "F"
DO Harregf?

ENDCASE
SKIP
ENDDO
ycv = yc
tl = 0
ENDCASE
ENDIF
DECLARE Vol[1l,12]
Vol([1l,2] = v_sw¥64
Vol[1,3}] = v_sb*64
Vol[l,4] = v_p*64
Vol(l,5] = v_ap*64
GO TOP
DO WHILE .NOT. EOF()
DO CASE

CASE SITE = "G"



DO Growgsw
DO Growgsw2
DO Growgsb
DO Growgs::Z
DO Growgp
DO Growgp?2
DO Growgap
DO Growgap?
CASE SITE = "M"
DO Growmsw
DO Growmsw?
DO Growmsb
DO Growmsb?2
DO Growmp
DO Growmp?2
DO Growmap
DO Growmap?2
CASE SITE = "F"
DO Growfsw
DO Growfsw?
DO Growfsb
DO Growfsb?
DO Growfp
DO Growfp2
DO Growfap
DO Growfap?
ENDCASE
DO Beauty
DO Hunting
DO Water
DO Grawld
IF UPPER(rep20) = "Y"
DO Thinning
ENDIF
SKIP
ENDDO
DO ReportB
t =t + deltat
STORE 0 TO v_sw, v_sb, v_p, v_ap
ENDDO
SELECT 6
COPY TO IRPRPTB TYPE WKS
REPORT FORM IRPRPTB1 TO PRINTER
REPORT FORM IRPRPTB2 TO PRINTER
USE
CLEAR
repl0 = " "
DO WHILE .NOT. replO$"YyNn"
@ 10,15 SAY "Do you want to do more simulation? (Y/N)" GET;
replO
READ
ENDCO
IF UPPER(repl0O) - "N"
RELEASE t
EX'T
ENDIF
ENDDO
ENDIF
SET TALK ON
RETURN
Program SIMULATB
SET TALK OFF
SET ESCAPE OfF
CLEAR
DO WHILE .T.
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5,15 TG 16,65 DOUBLE
8,24 SAY " SIMULATION MENU "
9,24 SAY " - "
10,24 SAY " "
11,24 SAY " 1. Harvest '
12,24 SAY " 2. Growth !
13,24 SAY " 3. Regeneration "
14,24 SAY " 4. Exit "
18,20 sAYy " "
INPUT " Please enter a proper number for action
IF SNum>4

2

IS

o3 " "

? Incorrect entry, please try again!
wA!T SPACE(15)+"Press ~ny key te continue. ."
ENDIF
IF SNum=1
DO Harvest
ENDIF
IF SNum=2
DO Grow
ENDIF
IF SNum-3
DO Regenerate
ENDIF
IF SNum=4
CLEAR
@ 5,20 SAY "WELCOME USING <SIMULATE>!'"
SET ESCAPE ON
SET TALK ON
RETURN
ENDIF

ENDDO
Program SIMULATC
*

SET TALK OFF

* initialize memory variables
rep7 = SPACE(1)

rep8 = SPACE(1)

rep9 = SPACE(1)

rep20 = SPACE(1)

deltat = 0.5

years = 0

STORE O TO ¢, tl

CLEAR

@ 10'13 SAY 1 ke e v e Y e s e ok 7 ok ok ok e v e 7 vk vk 3k e T 7 3k sk ok ok ok ok ok 3k 3k ok ok ok ok ok ok ke ok ok ke ok ok ok !

@ 11,15 SAY "* SIMUL :C
@ 12,15 SAY 1 5 s v 7 9 o e e A v ok 3 e ok ok 3k 3 A o sk ok 3k ok ok o ok s sk ok ok ok ok ke ok Sk ok ko okok

?

ACCEPT "Do you want to do simulation now? (Y/N)" TO rep/

IF UPPER(rep7) = "Y"

DO WHILE .T.
SELECT 3
USE IRPRPT1
DELETE ALL FOR YEAR > O
PACK
SELECT 4
USE IRPRPT2
DELETE ALL FOR YEAR > 0
PACK
SELECT 5
USE IRPRPT3
DELETE ALL FOR YEAR > 0
PACK
SELECT 1

to SNum

*



CLEAR

@ 3,5 SAY "Enter the number of years to simulate:"
@ 3,50 GET years
@ 5.5 SAY "Enter the ti-e interval of simulation:"
@ 5,50 GET deltat

READ

DO WHILE t < years
deltT = deltat
GO TOP

DO WHILE .NOT.

DO CASE
CASE SITE =

EOF()

el

DO Growgsw
DO Growgsw?2
DO Growgsb
DO Growgsb2
DO Growgp

DO Growgp?

DO Growgap
DO Growgap?

CASE SITE =

nMn

DO Growmsw
DO Growmsw2
DO Growmsb
DO Growmsb?2
DO Growmp

DO Growmp2

DO Growmap
DO Growmap?

CASE SITE =
DO Growf

nFn

SwW

DO Growfsw?2
DO Growfsb
DO Growfsb?
DO Growfp

DO Growfp?

DO Growfap
DO Growfap?

ENDCASE

DO Beauty
DO Hunting
DO Water

DO Grawld
DO Thinning
SKIP

ENDDO
t =t + deltat

DO
ENDDO

Reportc

SELECT 3
COPY TO IRPRPT1 TYPE WKS

USE

SELECT 4
COPY TO IRPRPT2 TYPE WKS

USE

SELECT 5
COPY TO IRPRPT3 TYPE WKS

USE
CLEAR
replO

- "

DO WHILE .NOT. replO$"YyNn"
@ 10,15 SAY "Do

READ

ENDDO

rep

ou want to do more simulation? (Y/N)"
0

GET;
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IF UPPER(replO) = "N"
RELEASE t
EXIT
ENDIF
ENDDO
ENDIF
SET TALK ON
RETURN
Subroutine HARREG
* HARREGGL1 . PRG
*

DO CASE
CASE UPPER(rep8) - "S"
1F UPPER(rep9) - “P"
IF .NOT. AGE_SW ~ 0
REPLACE AGE SW WITH - regyr + 3
DO CASE
CASE -regyr+3 < 1
REPLACE BA SW WITH 0.0
REFLACE HETGHT SW WITH 0.15
REPLACE DIA SW WITH 0.035
REPLACE NO TREE_SW WITH 16000
REPLACE VOTUME_SW WITH 0.0
CASE -regyr+3 = 1~
REPLACE BA SW WITH 0.0
REPLACE HETGHT SW WITH 0.15
REPLACE DiA SW WITH 0.03¢
REPLACE NO TREE_SW WITH 1£000
REPLACE VOLUME SW WITH 0.0
CASE -regyr+3 = 27
REPLACE BA SW WITH 0.0
REPLACE HETGHT SW WITH 0.17
REPLACE DIA SW WITH 0.05
REPLACE NO TREE_SW WITH 15406
REPLACE VOLUME SW WITH 0.0
CASE -regyr+3 = 37
REPLACE BA SW WITH 0.0
REPLACE HEIGHT_SW WITH 0.2
REPLACE DIA SW WITH 0.06
REPLACE NO TREE_SW WITH 14831
REPLACE VOLUME SW WITH 0.0
ENDCASE
ENDIF

IF .NOT. AGE_SB = O
REPLACE AGE_SB WITH 0
REPLACE BA SB WITH 0.0
REPLACE HETGHT SB WITH 0.15
REPLACE DIA SB WITH 0.005
REPLACE NO TREE_SB WITH O
REPLACE VOTLUME 3B WITH 0.0

ENDIF

IF .NOT. AGE P = 0
REPLACE AGE P WITH O
REPLACE BA P WITH 0.0
REPLACE HETGHT P WITH 0.7
REPLACE DIA P WITH 0.1
REPLACE NO TREE P WITH 0
REPLACE VOLUME P WITH 0.0

ENDIF

IF .NOT. AGE AP = O
REPLACE AGE AP WITH 0
REPLACE BA AP WITH 0.0



REPLACE HEIGHT AP WITH 0.015
REPLACE DIA AP WITH 0.015
REPLACE NO TREE_AP WITH O
REPLACE VOLUME AP WITH 0.0
ENDIF
ENDIF
IF UPPER(rep9) = "S"
IF .NOT. AGE _SW = 0
REPLACE ASE S- WITH -regyr
REPLACE BA SW WITH 0.0
REPLACE HETGHT SW WITH 0.15
REPLACE DIA SW WITH 0.035
REPLACE NO TREE_SW WITH 16000
REPLACE VOLUME SW wITH 0.0
ENDIF

IF .NOT. AGE SB = O
REPLACE AGE_SB WITH U
REPLACE BA SB WITH 0.0
REPLACE HETGHT SB WITH 0.15
REPLACE DIA SB WITH 0.005
REPLACE NO TREE_SB WITH O
REPLACE VOLUME_SB WITH 0.0

ENDIF

IF .NCT. AGE P = 0
REPLACE AGE P WITH O
REPLACE BA P WITH 0.0
REPLACE HEIGHT P WITH 0.7
REPLACE DIA P WITH 0.1
REPLACE NO TREE P WITH O
REPLACE VOLUME P WITH 0.0

ENDIF

IF .NOT. AGE AP = O
REPLACE AGE AP WITH 0
REPLACE BA AP WITH 0.0
REPLACE HEIGHT AP WITH 0.015
REPLACE DIA AP"WITH 0.015
REPLACE NO TREE_AP WITH O
REPLACE VOLUME_AP WITH 0.0
ENDIF
ENDIF
CASE UPPER(rep8) = "P"
IF UPPER(rep9) = "P"
IF .NOT. AGE SW = O
REPLACE AGE SW WITH 0
REPLACE BA 3W WITH 0.0
REPLACE HETGHT SW WITH 0.15
REPLACE DIA SW WITH 0.035
REPLACE NO TREE_SW WITH O
REPLACE VOLUME_3W WITH 0.0
ENDIF

IF .NOT. AGE SB = O
REPLACE AGE_SB WITH 0
REPLACE BA 3B WITH 0.0
REPLACE HEIGHT_SB WITH 0.15
REPLACE DIA SB WITH 0.005
REPLACE NO TREE_SB WITH O
REPLACE VOLUME_SB WITH 0.0

ENDIF

IF .NOT. AGE P = 0
REPLACE AGE P WITH -regyr + 3



DO

CASE
CASE -regyr+l < 1
REPLACE BA P WITH 0.0
REPLACE HETGHT P WITH 0.7
REPLACE DIA P WITH 0.1
REPLACE NO TREE P WITH 40000
REPLACE VOLUME P WITH 0.0
CASE -regyr+3 =1
REPLACE BA P WITH 0.0
REPLACE HEIGHT P WITH 0.7
REPLACE DIA P WITH 0.1
REPLACE NO TREE P WITH 40000
REPLACE VOLUME P WITH 0.0
CASE -regyr+3 = 2
REPLA%% BA P WITH 0.0
REPLACE HETGHT P WITH 0.79
REPLACE DIA P WITH 0.13
REPLACE NO TREE P WITH 38699
REPLACE VOLUME P WITH 0.0
CASE -regyr+3 =~ 3
REPLACE BA P WITH 0.0
REPLACE HETGHT P WITH 0.89
REPLACE DIA P WITH 0.16
REPLACE NO TREE P WITH 37412
REPLACE VOLUME P WITH 0.0

ENDCASE

ENDIF

IF .NOT. AGE AP = 0
REPLACE AGE_AP WITH O
REPLACE BA_AP WITH 0.0
REPLACE HETGHT_AP WITH 0.015
REPLACE DIA_AP WITH 0.015
REPLACE NO_TREE_AP WITH O
REPLACE VOLUME_AP WITH 0.0

ENDIF

ENDL1F

IF UPPER(rep9) = "S"
IF .NOT. AGE_SW = O

REPLACE AGE_SW WITH 0
REPLACE BA_SW WITH 0.0
REPLACE HEIGHT SW WITH 0.15
REPLACE DIA SW WITH 0.035
REPLACE NO _TREE SW WITH 0
REPLACE VOLUME_3W WITH 0.0

ENDIF

IF .NOT. AGE_SB = O
REPLACE ACE SB WITH 0
REPLACE BA SB WITH 0.0
REPLACE HEIGHT_SB WITH 0.15
REPLACE DIA SB WITH 0.005
REPLACE NO TREE SB WITH O
REPLACE VOLUME SB WITH 0.0

ENDIF

IF .NOT. AGE P = 0
REPLACE AGE P WITH -regyr
REPLACE BA_P WITH 0.0
REPLACE HETGHT P WITH 0.7
REPLACE DIA P WITH 0.1
REPLACE NO TREE_P WITH 40000
REPLACE VOLUME_P WITH 0.0

ENDIF

lov



IF _NOT. AGE AP = 0
REPLACE AGE AP WITH O
REPLACE BA AP WITH 0.0
REPLACE KETGHT_AP WITH 0.015
REPLACE DIA AP WITH 0.015
REPLACE NO _TREE_AP WITH 0
REPLACE VOLUME AP WITH 0.0

ENDIF
ENDIF
ENDCASE
* HARREGG2.PRG
*
DO CASE

CASE UPPER(rep8) = "S"
IF UPPER(repd) = "P"
IF .NOT. AGE SW2 = 0
REPLACE AGE_SW2 WITH - regyr + 3

DO

CASE
CASE -regyr+3 < 1
REPLACE BA SW2 WITH 0.0
REPLACE HETGHT SW2 WITH 0.15
REPLACE DIA SWZ WITH 0.035
REPLACE NO TRE_SW2 WITH 16000
REPLACE VOLUME_SW2 WITH 0.0
CASE -regyr+3 =1
REPLACE Ba SW2 WITH 0.0
REPLACE HEIGHT SW2 WITH 0.15
REPLACE DIA SW2 WITH 0.035
REPLACE NO TRE_SW2 WITH 16000
REPLACE VOLUME_SW2 WITH 0.0
CASE -regyr+3 = 2
REPLACE BA SW2 WITH 0.0
REPLACE HEIGHT SW2 WITH 0.17
REPLACE DIA SWZ WITH 0.05
REPLACE NO TRE_SW2 WITH 15406
REPLACE VOLUME_SW2 WITH 0.0
CASE -regyr+3 = 3
REPLACE BA SW2 WITH 0.0
REPLACE HETGHT SW2 WITH O 2
REPLACE DIA _SWZ WITH 0.06
REPLACE NO TRE_SW2 WITH 14831
'PLACE VOLUME_SW2 WITH 0.0

ENDCASE

ENDIF

IF .NOT. AGE SB2 = 0
REPLACE ACE_SB2 WITH 0
REPLACE BA _3B2 WITH 0.0
REPLACE HEIGHT SB2 WITH 0.15
REPLACE DIA SBZ WITH 0.005
REPLACE NO TRE_SB2 WITH O
REPLACE VOLUME_SB2 WITH 0.0

ENDIF

IF _NOT. AGE_P2 = 0
REPLACE AGE P2 WITH 0
REPLACE BA_P2 WITH 0.0
REPLACE HEIGHT_P2 WITH 0.7
REPLACE DIA P2 WITH 0.1
REPLACE NO_TREE_P2 WITH 0
REPLACE VOLUME_P2 WITH 0.0

ENDIF

IF .NOT. AGE AP2 = 0
REPLACE AGE_AP2 WITH 0
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REPLACE BA AP2 WITH 0.0
REPLACE HEIGHT AP2 WITH 0.015
REPLACE DIA APZ WITH 0.015
REPLACE NO _TRE_Ar? WITH 0
REPLACE VOLUME_AP. WITH 0.0
ENDIF
ENDIF
IF UPPER(rep9) = "S*"
IF .NOT. AGE_SW2 = G
REPLACE ATE SW2 WITH -regyr
REPLACE bna SW2 WITH 0.0
PTPLACE HEIGHT SW2 WITH 0.15
REPLACE DIA SWZ WITH 0.035
REPLACE NO TRE SW2 WITH 16000
REPLACE VOLUME_SW2 WITH 0.0
ENDIF

IF .NOT. AGE _SB2 - 0
REPLACE AGE _SB2 WITH 0
REPLACE BA 5B2 WITH 0.0
REPLACE HETGHT _SB2 WITH 0.15
REPLACE DIA SBZ WITH 0.005
REPLACE NO TRE_SB2 WITH 0
REPLACE VOLUME_SB2 WITH 0.0

ENDIF

IF .NOT. AGE_P2 = 0
REPLACE AGE P2 WITH 0
REPLACE BA P2 WITH 0.0
REPLACE HETGHT P2 WITH 0.7
REPLACE DIA P2 WITH 0.1
REPLACE NO TREE P2 WITH 0
REPLACE +OLUME P2 WITH 0.0

ENDIF

IF .NOT. AGE_AP2 = 0
REPLACE AGE_AP2 WITH O
REPLACE BA AP2 WITH 0.0
PEPLACE HETGHT AP2 WITH 0.015
REPLACE DIA AP7 WITH 0.015
REPLACE NO TRE_AP2 WITH 0
REPLACE VOLUME AP2 WITH 0.0
ENDIF
ENDIF
CASE UPPER(1pep8) = "P”"
1r UPPER(rep9) = "P"
IF .NCT. AGE _SW2 -~ 0
REPLACE AGE_SW2 WITH 0
REPLACE BA SWz WITH 0.0
REPLACE HETGHT SW2 WITH 0.15
REPLACE DIA SWZ WITH 0.035
REPLACE NO TRE_SW2 WITH 0
REPLACE VOLUME_SW2 WITH 0.0
ENDIF -

IF .NOT. AGE SB2 = 0O
REPLACE AGE SB2 WITH O
REPLACE BA 3B2 WITH 0.0
REPLACE HETGHT SB2 WITH 0.15
REPLACE DIA SBZ WITH 0.005
REPLACE NO TRE_SB2 WITH 0
REPLACE VOLUME SB2 WITH 0.0

ENDIF -

IF .NOT. AGE_P2 = 0



REPLACE AGE P2 WITH -regyr + 3

DO CASE
CASE -regyr+3 < 1
REPLACE BA P2 WITH 0.0

REPLACE HEIGHT P2 WITH 0.7

REPLACE DIA P2 WITH 0.1

REPLACE NO TREE P2 WITH 40000

REPLACE VOLUME_P2 WIT
CASE -regyr+3 = 1
REPLACE BA P2 WITH 0.0

0

REPLACE HETGHT P2 WITH 0.7

REPLACE DIA P2 WITH 0.1

REPLACE NO_TREE P2 WITH 40000
REPLACE VOLUME P2 WITH 0.0

CASE -regyr+3 = 2
REPLACE BA P2 WITH 0.0

REPLACE HEIGHT P2 WITH 0.79

REPLACE CIA P2 WITH 0.13

REPLACE N. TREE_P2 WITH 38699
REPLACE VOLUME_P2 WITH 0.0

CASE -regyr+3 = 3
REPLACE BA P2 W.TH 0.0

REPLACE HETGHT P2 WITH 0.89

REPLACE DIA P2 WITH 0.16

REPLACE NO TREE P2 WITH 37412
REPLACE VOLUME_P2 WITH 0 O

ENDCASE

ENDIF

1

.NOT. AGE_AP2 = 0

REPLACE AGE_AP2 WITH 0
REPLACE BA AP2 WITH 0.0
REPLACE HEYGHT AP2 WITH 0.015
REPLACE DIA APZ WITH 0.015
REPLACE NO TRE_AP2 WITH 0
REPLACE VOTLUME_AP2 WITH 0.0

ENDIF

ENDIF
IF UPPER(rep9) = "S"

IF .NOT. AGE_SW2 = 0

REPLACE AGE_SW2 WITH O
REPLACE BA _3W2 WITH 0.0
REPLACE HEYGHT SW2 WITH 0.15
REPLACE DIA SWZ WITH 0.035
REPLACE NO TRE_SW2 WITH O
REPLACE VOLUME_SW2 WITH 0.0

ENDIF

IF .NUT. AGE _SB2 = 0

REPLACE AGE SB2 WITH 0
REPLACE BA SB2 WITH 0.0
REPLACE HETIGHT SB2 WITH 0.15
REPLACE DIA SBZ WITH 0.005
REPLACE NO TRE_SB2 WITH 0
REPLACE VOLUME SB2 WITH 0.G

ENDIF

IF .NOT. AGE_P2 = 0

REPLACE AGE P2 WITH -regyr
REPLACE BA P2 WITH 0.0
REPLACE HEIGHT_P2 WITH 0 /
REPLACE DIA P2 WITH 0.1
REPLACE NO TREE P2 WITH 40000
REPLACE VOTUME P2 WITH 0.0

ENDIF
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IF .NOT. AGE_AP2 = 0
REPLACE ACE_AP2 WITH O
REPLACE BA_AT2 WITH 0.0
REPLACE HETGHT AP2 WITH 0 015
REPLACE DIA APZ WITH 0.015
REPLACE NO _TRE_AP2 WITH 0
REPLACE VOLUME_AP2 WITH 0.0
ENDIF
ENDIF
ENDCASE
* HARREGM1 .PRG
*

NGOTE This program modify database file because of harv
*
DO CASE
CASE UPPER(rep8) = "S"
IF UPPER(rep9) = "I"
IF .NOT. AGE W = 0
REPLACE A % _SW WITH - regyr + 3
DO CASE
CASE -regyr+3 <1
REPLACE BA_SW WITH 0.0
REPLACE HEIGHT SW WITH 0.15
REPLACE DIA SW WITH 0.005
REPLACE NO_TREE SW WITH 4300
REPLACE VOLUME SW WITH 0.0
CASE -regyr+3 =1
REPLACE BA SW WITH 0.0
REPLACE HEIGHT SW WITH 0.15
REPLACE DIA_SW WITH 0.005
REPLACE NO TREE_SW WITH 43000
REPLACE “NLUME_SW WITH 0.0
CASE -regyr+3 = 2
REPLACE BA _SW WITH 0.0
REPLACE HEIGHT_SW WITH 0.17
REPIACE DJIA SW WITH 0.01
REPLACE N< TFEE_SW WITH 41498
REPLACE V0. *E SW WITH 0.0
CASE -rcgy--3 = 3
REPLACE ~* SW WITH 0.0
REPLACE 'HT_SW WITH 0.19
REPLACE .  SW WITH 0.0l
REPLACE w~u TREE_SW WITH 40045
REPLACE VOLUME SW WITH 0.0
ENDCASE
ENDIF

IF .NOT. AGE_SB = O
REPLACE AGE_SB WITH 0
REPLACE BA S8 WITH 0.0
REPLACE HETGHT_SB WITH 0.15
REPLACE DIA_SB WITH O 004
REPLACE NO TREE_SB WITH O
REPLACE VOLUME_SB WITH 0.0

ENDIF

IF .NOT. AGE_P = 0
REPLACE AGE P WITH O
REPLACE BA P WITH C.0
REPLACE HETGHT t WITH 0.5
REPIACE DIA P WITH 0.08
REPLACE NO TREE P WITH O
REPLACE VOTLUME P WITH 0.0

ENCIF B

sting



IF .NOT. AGE AP = 0

REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
ENDIF
ENDIF

AGE_AP WIT4 O

BA AP WITh 0.0
HETGHT AP WITH © 015
DIA AP WITH 0.015

NO TREE AP WITH 0
VOLUME AP WITH 0 O

IF UPPER(rep9) = "S"
‘£ .NOT. AGE SW = 0

REPIACE
REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
ENDIF

AGE SW WITH -regyr

BA SW WITH 0.0
HETGHT SW WITH 0.15
DIA SW WITH 0.005

NO TREE SW W!TH 43000
VOLUME 3SW WITH 0.0

IF .NOT. AGE SB = 0

REPLACE
REPLACE
REPLACE
REPLACE
RFPLACE
REPLACE
ENDIF

AGE_SB WITH U

BA SB WITH 0.0
HETGHT $B WITH 0.15
DIA SB WITH 0.004
No TREE SB WITH O
VOLUME 5B WITH 0.0

IF .NOT AGE P = 0

REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
ENDIF

AGE P WITH O

BA P WITH 0.0
HETGHT P WITH 0.5
DIA_P WITH 0.08
NO TREE P WITH O
VOLUME P WITH 0.0

IF .NOT. AGE AP - 0

REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
ENDIF
ENDIF
CASE UPPER(rep8)

AGE_AP WITH 0

BA AP WITH 0.0
HETGHT AP WITH 0.015
DIA AP WITH 0.015

NO TREE AP WITH 0
VOTUME AP WITH 0.0

- uPn

IF UPPER(repd) = "“P"
IF .NOT. AGE SW = 0

REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
ENDIF

ACE_SW WITH 0

BA SW WITH 0.0
HETGHT SW WITH 0.15
DIA SWWITH 0.005
NO _TREE SW WITH 0
VOLUME 3W WITH 0.0

IF NOT. AGE SB = 0

REPLACE
REPLACE
REPLACE
REPLACE
REPLACE

AGE SB WITH 0

BA_SB WITH 0.0
HETGHT_SB WITH 0.15
DIA SB™WITH 0.004
NO_TREE_SB WITH O
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o

REPLACE VOLUME SB WITH 0.0
ENDIF

IF .NOT. AGE P = O
REPLACE AGE P WITH -regyr + 3
DO CASE
CASE -regyr+3 < 1

REPLACE BA P WITH 0.0
REPLACE HETGHT P WITH 0.5
REPLACE DIA P WITH 0.08
REPLACE NO TREE P WITH 80000
REPLACE VOLUME P WITH 0.0

CASE -regyr+3 = 1

REPLACE
REPLACE
REPLACE
REPLACE
REPLACE

BA P WITH 0.0
HETGHT P WITH 0.5
DIA P WITH 0.08

NO TREE P WITH 80000
VOLUME P WITH 0.0

CASE -regyr+3 = 2

REPLACE
REPLACE
REPLACE
REPLACT.
REPLACE

BA P WITH 0.0
HETGHT P WITH 0.57
DIA P WITH 0.1

NO TREE P WITH 76829
VOT.UME P WITH 0.0

CASE -regyr+3 = 3~
REPLATE BA P WITH 0.0

REPL - *»
REPL.
REP _A¢

"ETGHT_P WITH 0.65
A P WITH 0..1
0 TREE P WITH 73749

REPLACE VOLUME P WITH 0.0
ENDCASE
ENDIF
IF .w0T. AGE_AP = 0
REPLACE AGE AP WITH 0
REPLACE BA AP WITH 0.0
REPLACE HEIGHT AP WITH 0.015
REPLACE DIA AP WITH 0.015
REPLACE NO_TREE_AP WITH 0
REPLACE VOLUME AP WITH 0.0
ENDIF
ENDIF
IF UPPER(rep9) = "S"
IF .NOT. AGE_SW = O
REPLACE AGE SW WITH 0
REPLACE BA 3W WITH 0.0
REPLACE HETIGHT SW WITH 0.15
REPLACF DIA SW WITH 0.005
REPLACE NO _TREE_SW WITH 0
REPLACE VOLUME SW WITH 0.0
ENDIF -

IF .NOT. AGE_SB = O
REPLACE AGE_SB WITH 0
REPLACE BA SB WITH 0.0
REPLACE HEIGHT SB WITH 0.15
REPLACE DIA SB WITH 0.004
REPLACE NO TREE SB WITH O
REPLACE VOLUME SB WITH 0.0

ENDIF -

IF .NOT. AGE P = O
REPLACE AGE P WITH -regyr
REPLACE BA P WITH 0.0
REPLACE HETGHT P WITH 0.5



REPLACE DIA P WITH 0.08

REPLACE NO TREE P WITH 80000

REPLACE VOLUME P WITH 0.0
ENDIF

IF .NOT. AGE AP = O
REPLACE AGE_AP WITH 0
REPLACE BA AP WITH 0.0
REPLACE HETGHT_AP WITH 0.015
REPLACE DIA AP WITH 0.015
REPLACE NO TREE_AP WITH O
REPLACE VOLUME AP WITH 0.0
ENDIF
ENDIF
ENDCASE
“ vAarREGM2 . PRO
x
O CASE
CASE UPPFR(rep8) = "S"
IF UPPER(rep9) = "P"
IF _NOT. AGE_SW2 = 0
REPLACE AGE SW2 WITH - reg r + 3
DO CAS™
CASE -regyr+3 < 1
REPLACE BA SW2 WITH 0.0
REPIATE LEIGHT SW2 WITH 0.15
REP!+ .E DIA SWZ WITH 0.005
REPLACE NC _TRE_SW2 WITH -3000
REPLACE \ :LUME SW2 WITH ¢ O
CASE -regyt:3> = 1
REPLACE BA S.2 WITH 0.0V
REPLACE HEIGHT SW2 WITH G. -
REPLACE DIA_SW7 WITH 0.005
REPLACE NO_TRE W2 WIT+ 430G2
REPLACE VOLUME_SW2 WI.u 0.0
CASE -regyr+3 = 27
REPLACE BA_Sw~ WITH 0 0
REPLACE HEIGH. SW2 W1Ti 0.17
REPLACE DIA SWZ WITH 0.01
REPLACE NO_TRE SW2 WITH 41498
REPLACE VOLUME SW2 WITH 0.0
CASE -regyr+3 = 3
REPLACE BA_SW2 WITH 0.0
REPLACE HEIGHT Sw2 WITH 0.19
REPLACE DIA SWZ WITH 0.01
REPLACE NO TRE_SW2 WITH %0045
REPLACE VOLUME SW2 WITH 0.0
ENDCASE -
ENDTF

IF .NOT. AGE SB2 = 0
REPLACE AGE_SB2 WITH 0
REPLACE BA SB? WITH 0.0
REPLACE HETGHT SB2 WITH 0.15
REPLACE DIA_SBZ WITH U.004
REPLACE NO TRE_SB2 WITH G
REPLACE VOLUME_SB2 WITH 0.0

ENDIF

IF .NT. AGE P2 = 0
REPLACE ~JE P2 WITH O
REPLACE bA P2 WiTd 0.0
REPLACE HETGHT P2 WITH 0.5
REPLACE DIA P2 WITH 0.08
REPLACE NO _TREF¥ P2 WITH 0
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REPLACE
ENDIF

VOLUME P2 WITH 0.0

IF .NOT. AGE_AP2 = 0

REPLACE
REPLACE
REPLACE
K. .°LACE
REPLACE
REPLACE
ENDIF
ENDIF

AGE_AP2 WITH 0

BA AP2 WITH 0.0
HETGHT AP2 WITH 0.015
DIA APZ WITH 0.015

NO TRE_AP2 WITh 0
VOLUME AP2 WITH 0.0

IF UPPER(rep9) = "S"
IF .NOT. AGE SW2 = 0

REPLACE
R: "LACE
rREPLALLE
REPLACE
REPLACE
REPLACE
ENDIF

AGE SW\. WITH -regyr
BA Sw. WITH 0 0
HEIGHT SW2 WITH 0.19
DIA_SWT WITH 0.005

NO TRE 3W2 WITH 43000
VOLUME “SW2 WITH 0.0

IF .NOT. AGE SB2 = O

REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
ENDIF

AGE_SB2 WITH O

BA SB2 4

HEIGHT . 0.15
DIA_SB2 .. )04
NO TRE 0
VOLUMF . C.0

IF .NGT. AGE P2 = ¢

REPLACE
REPLACE
REP'ACE
REF ACE
REPLACE
REPLACE
ENDIF

AGE_P2 WITH 0

BA P2 WITH 0.0
HETGHT P2 WITH 0.5
DIA P2 WITH 0.0F
NO TREE P2 WITH
VOLUME P2 WITH 1.0

IF NOT. AGE AP2 = O

REPLACE
REPLACE
REPILACE
REPLACE
REPLACE
REPLACE
ENDIF
E. -°F
CASE UPPER(rep8)

AGE_AP2 WITH O

BA AP2 WITH 0.0
HETGHT AP2 WITd 0.015
DIA_APZ WITh u.015

NO TRE_AP2 WITH 0
VOLUME_AP2 WITH 0.0

"
-

I* UPPER(rep9) - 'P"
IF .NOT. AGE SW2 = O

REPLACE

REPLACE

REPLACE

REPLACE

REPLACE

REPLACE
ENDI'

AGE SW2 WITH O

BA SW2 WITH ¢ O
HETGHT SW2 WITH 0.15
DTA SWZ WITH 0.005
NG_TRE SW2 WITH 0
VOLUML SW2 WITH 0.0

IF .NUT. AGE SB2 -- O

REPLACE
REPLACE
REPLACE
REPLACE

AGE_SB2 WITH O
BA_SB2 WITH 0.0
HETGHT SB2 WITH 0.15
DIA_SBZ WITH 0.004



REPLACE NO_TRE_SB2 WITH 0
REPLACE VOLUME SB2 WITH 0.0
ENDIF

IF NOT. AGE P2 = 0
REPLACE AGE P2 WITH -regyr + 3
DO CASE
CASE -regyr+3 < 1
REPLACE BA ['2 WiIH 0.0
REPLACE HEIGHT P2 WITH 0.5
REP1.ACE DIA P2 WITH 0.08
REPLACE NG_TREE P2 WITH 80000
REPLACE VOLUME P2 WITH 0.0
CASE -regyr+3 =
REPLACE BA_P? WITH 0.0
REPLACE HETIGH. °2 WITH 0.5
REPLACE DIA ¢’ "TH 0 08
REPLACE NO_TKE . wWllH 8000V
REPLACE VOLUME . WITH 0.0
CASE -rogvr+} = 2
REPLACE BA P2 WITH 0.0
REPLACE HETGHT P2 WITK 0.57
REPLACE DIA P2 WITH O .
REPLACE NO_TREE P2 WITH 758.%
REPLACE VOLUME P2 WITH O
CASE -regyi+3 = 3
REPLACE BA P2 WITH 0.0
REPLACE HETIGHT P2 WITH O. -
REPLACE DIA P2 WITH 0.11
REPLACE NO _TREE P2 WITH 3749
REPLACE VOLUME P2 WITH 2.0
ENDCASE
ENDIF

IF .NOT AGE AP2 = 0
REPi~CE AGE AP2 “'TH O
REPLACE BA AP2 ..[H 0.0
REPLACE HETGHT AP2 WITH 0.015
REPLACE DIA APZ WITH 0.015
REPTACE NO_TRE AP2 WITH O
REPLACE VOLUME AP2 WITH 0.0
END(F
ENDIF
IF UPPER(rep9) = "S"
IF .NOT. AGE SW2 = 0
REPLACE AGE_SW2 WITH ¢
REPLACE BA SW2 WITH 0.0
REPLACE KETGHT SW2 WITH 0.15
REPLACE DIA SWZ WITH 0.005
REPLACE NO TRE_SW2 WITH O
REPLACE VOLUME SW2 WITH ¢.0
ENDIF -

IF .NOT. AGE_SB2 = 0
REPLACE AGE_SB2 W1TH O
REPLACE BA SB2 WITH 0 0
REPLACE HETGHT SB2 WITH 0.15
REPLACE 91A SBZ WITH 0.004
REPLACE NO TRE _SB2 WITH O
REPLACE VOLUME SB2 WITH 0.0

ENDIF

IF .NOT. AGE P2 = O
REPLACE AGE P2 WITH -regyr
REPLACE BA P2 WITH 0.0



REPLACE HEIGHT P2 WITH U.5

REPLACE DIA P2 WITH 0.08

REPLACE N0 TEEE P2 WITH 80000

REPLACE VOLUME 52 WITH 0.0
FANDOIF

_NOT. AGE AP = O

REPLACE AGE AP2 WITH 0

REPLACE BA AP? WITH 0.0

R7P2LACE HETGHT AP2 WITH 0 0Ol5

REPIACE DIA APZ WITH €.015

REPLACC NO TRE AP2 WITH 0O

REPLACE VoT.UMF AP2 WITH 0.0
ENDIF

NI r
SE
REGFL . PRC

F

DO CASE
(CA<T 1 PPEF(rep8) = "S"
"t 't EK rep9) = "P"
IF .NOT. AGE SW = 0
REPLACE AGE SW WITH
DO CASE -
CASE -regyr+3 < 1
REPLACE BA SW WITH 0.0
REPLACE HETGHT sW W1 0
REPLACE Di1A SW WITH .02
REPLACE NO TRI ™ SW WITH 35000
REPLACE VOLUME 5W WITH 0.0
CASE -regyr+? = 1

3

rogyr +

.2

REPLACE
‘PLACE
ZPLACE
REPLACE
REPLACE

BA SW WITH 0.0
HEIGHT SW WITH 0.2
DIA_SW WITH 0.02

NO TREE SW WITH 35000
VOLUME 8W WitH 0.0

CASE -regyr+3 = 2
REPLACE BA_SW WITH 0.0
REPLACE HETGHT S+~ WITH 0 216
REPLACE DIA SW = '+ 0.0235
REPIACE NO_TREF JITH 33969
REPLACE VOLUME T™H 0.0
CASE -regsr+3 = 3
REPLACE BA SW W.
REPLACE HEIGHT_Sw ~ITH 0.233
REPLACE D1A SW WITH 0.0276
REPLACE NO TREE _SW WITH p33966
REFLACE VOLUME 5W WITH 0.0
ENDCASE
ENDIT

1F .NOT. AGE S3 = O
REPLACE AGE SB WITH ©
REPLACE BA 3B WITH 0.0
REPLACE HETIGHT SB WITH 0.35
REPLACE DA SB™WITH 0.0073
REPLACE NO _TREE _SB WITH O
REPLACE VOLUME SB WIT.i 0.0

ENDIF -

IF .NOT. AGE P =0
REPLACE AGE P WITH 0
REPLACE BA P WITH 0.0
REPLACE HEIGHT P WITH 0.25
REPLACE DIA P WITH 0.065



REPLACE NO TKREE P WITH O
REPLACE VOLUME P WITH O 0
ENDIF

IF .NOT. AGE AP = O
REPLACE AGE_AP WITH 0O
REPLACE BA AP VITH 0U.u
REPLACE HETGHT_AP WITH 0.01
REPLACE DIA AP WITH 0.008
REPLACE NO TRFE_AP WITH O
REPLACE VOLUME AP WITH 0.0
ENUIF
ENDIF
IF UPPER(rep9) = "S"
IF NOT. ACE SW = 0
{EPLACT AGE SW WITH -regyr
RL".ACL BA SW WITH 0.0
R¥., LACE HETGHT Sw WITH 0.2
REPLAC. DIa .~ ~..H 0.02
R, caCt N0 TRE: sw WITH 35000
FiPieCE VOLUME S “WITH 0.0

S

IF NOT. " E SR =0
“E} ACE AGE_SB WITH 0
©°'r CE BA_SB WITH 0
“vpl. E HETGHT_SB WITH 0.35
.." PLACE DIA_SB WITH 0.003
" FTPLACE NO TREE SB WITH 0
¢ PLACE VOLUME_SB WITH 0 0
o F

‘F NOT AGE P =0
YEPLACE AGE P WITH O
PEFLACE BA P WITH 0.0
REPLAC™ HETGHT P WITH 0.25
KEPLACE D1A P WITH 0.065
RFFLACE NO TREE P WITH O
RErLACT VOLUME P WITH 0.0

ENDIF

IF .NOT ACE AP = 0
REP'ACE AGE AP WITH 0
REPLACE 3A AP WITH 0.0
RLPLACE HETIGHT_AP WITH 0.01
REPLACE DIA AP WITh 0.008
KEPLALCE N° TREE_AP WiTH O
REPLACE VULUME AP WI1TH 0.0
ENDIF
ENDIF
CASE UPPER(rep8) = "P"
IF UPPER{rep9) = "P"
IF .NOT. AGE_SW = 0
REPLACE AGE SW WITH O
REPLACE BA S WITH 0.C
REPLACE HEIGHT_SW WITH 0.2
REPLACE DIA SW WITH 0.02
REPLACE NO_TREE _SW WITH O
REPLACE VOLUME_SW WITH 0.0
ENDIF -

IF .NOT. AGE_SB = O
REPLACE AGE SB WITH 0
REPLACE BA 5B WITH 0.0
REPLACE HEIGHT_SB WITH ¢.35
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REPLACE DIA SB WITH O 0C3

REPLACE NO TREE SB WI(P )

REPIACE VOLUME 5B WITH
ENDIF 7

IF .NOT. AGE P = O
REFLACE AGE P WITH -regyr + 3
DO CASE
CASE -regyr+3 < 1
REPLACE BA P WITH 0.0
REPLACE HETGHT P WITH 0.2
REFLACE DIA P WITH 0.065
LEPiACE NO TREE_P WITH 150000
REPLACE VOLUME P WITH O 0
CASE -regyr+3 = 1
REPLACE BA P WITH 0.0
REPLACE HEIGHT P WITH O 2
RUPLACE DIA P WITH 0.065
REVLACE N~ TREE P WITH 150 '
REPLACE \ UME P WITH 0.0
CASE -regyr+. = 2
REPLACE BA P WITH 1.0
REPLACE HETGHT P WITH 0.22
REPLACE DIA P WITH O 08
REPLACE NO_TREE P WITH 143183
REPLACE VOLUME P WITH 0.0
CASE -regyr+3 = 3~
REPLACE BA P WITH 0.0
REPLACE HEIGHT F WITH 0.25
REP ACE DIA P WITH 0.1
REFLACE NO TREE P WITH 136593
REPLACE VOLUME P WITH 0.0
ENDCASE
ENDIF

IF .NOT. AGE AP = 0
REPLACE AGE_AP WITH O
REPLACE BA AP WITH 0.0
REPLACE HETGHT_AP WITH O Ol
REPLACE DIA AP WITH 0.008
REPLACE NO TREE AP WITH O
REPLACE VOLUME AP WITH 0.0
ENDIF -
ENDIF
IF UPPER(rep9) - S"
IF .NOT. AGE SW = 0
REPLACE AGE SW WITH O
REPLACE BA SW WITH 0.0
REPLACE HETGHT_SW WITH 0.2
REPLACE DIA SW WITH 0.02
REPLACE NO TREE SW WITH O
REPLACE VOLUME SW WITH 0.0
ENDIF

IF _NOT. AGE Sb = 0
REPLACE AGE_SB WITH 0
REPLACE BA 3B WITH 0.0
REPLACE HEIGHT_SB WITH 0.35
REPLACE DIA SB™WITH 0.003
REPLACE NO_TREE SB WITH O
REPLACE VOLUME SB WITH 0.0

ENDIF

IF .NOT. AGE_ P = 0
REPLACE AGE_P WITH -regyr



REPLACE BA P WITH 0.0

REPLACF HETGHT P WITH 0.2

REPLACE DIA P WITH 0.065

REPLACE NO TREE P WITH 150000

REPLACE VOLUME P WITK 0.0
ENDIF

IF .NOT. AGE AP = 0
REPIACE AGE AP WITH O

REPLACE BA AP WITH 0.0
REPLACE HEIGHT_AF WITH 0.01
REPLACE DIA AP WITH 0.008
REPLACE NO _TREE_AP WITH 0
REPLACE JOTUME AP WITH 0.0
ENDIF
ENDIF
ENDCASE
+ HARREGF2  PRG
DO CASE
CASE UPPER(rep8) =~ "S"
IF UPPER(rep9) = "P"

IF _NOT. AGE SW2 = O
REPLACE ATE SW2 WITH - regyr + 3
DO CASE
CASE -regyr+3 <1
REPLACE BA SW2 WITH 0.0
REPLACE HETGHT SW2 WITH 0.Z
REPLACE DIA SWZ WITH
REPLACE NO_TRE_SW2 WI 1100
REPLACE VOLUME SW2 WITwn .U
CASE -regyr+3 =1

REPLACE
REPLACE
REPLACE
REPLACE
REPLACE

BA SW2 WITH 0.0
HETGHT_SW2 WITH 0.2
DIA SWZ WITH 0.02

NO TRE SW2 wITH 35000
VOLUMF _SW2 WITH 0.0

CASE -regyr+3 = 2
REPLACE BA SW2 WITH 0.0
REPLACE HETGHT SW2 WITH 0.216
REPLACE DIA SWZ WITH 0.0235
REPLACE NO TRE_SW2 WITH 33969
REPLACE VOLUME_SW2 WITH 0.0

CASE -regyr+3 = 3
REPLACE BA SW2 WITH 0.0
REPLACE HETGHT Sw2 WITH 0.233
REPLACE DIA SWZ WITH 0.0276
REPLACE NO TRE_SW2 WITH p33966
REPLACE VOLUME SW2 WITH 0.0

ENDCASE
ENDIF

IF .NOT. AGE SB2 = O
REPLACE AGE SB2 WITH O
REPLACE BA SB2 WITH 0.0
REPLACE HETGHT SB2 WITH 0.35
REPLACE DIA SBZ WITH 0.003
REPLACE NO TRE SB2 WITH 0
REPLACF " L' SB2 WITH 0.0

ENDIF

IF .NOT. AGE P2 - 0
REPLAC: AGF ¢. WITH O
REPLACE %4 7. WITH 0.0
REPLACE HEIGHT P2 WITH 0.25



REPLACE DIA P2 WITH O 065

REPLACE NO TREE P2 WITH O

REPLACE VOLUME P2 WITH 0.0
ENDIF

IF .NOT. AGE_AP2 = O
REPLACE AGE_AP2 WITH O
REPLACE BA_AP2 WITH 0.0
REPLACE HEIGHT _AP2 WITH 0.0l
REPLACE DIA APZ WITH 0.008
REPLACE NO TRE_AP2 WITH 0
REPLACE VOLUME AP2 WITH 0.0

ENDIF

ENDIF

1F UPPER(repY) = "S"

IF .NOT. AGE_SW2 = 0
REPLACE AGE_SW2 WITH -regyr
REPLACE BA_SW2 WITH 0.0
Rtbi.ACE HETGHT SW2 WITH O 2
REPLACE DIA SW? WITH 0.02
REPLACE NO TRE “W2 WITH 35000
REPLACE VOLUMF W2 WITH 0.0

ENDIF

IF .NOT. AGE SB2 = O
REPLACE AGE SB.2 WITH O
REPLACE BA S$B2 WITH 0.0
REPLACE HEIGHT SB2 WITH 0.35
REPLACE DIA_SB7? WITH 0.0C3
REPLACE NO TRE SB2 WITH O
REPLACE VOLUME SB2 WITH 0.0

ENDIF

IF .NOT. AGE P2 = O
REPLACE AGE P2 WITH O
REPLACE BA P2 WITH 0.0
REPLACE HEIGHT P2 WITH 0 25
REPLACE DIA P2 WITH 0.0665
REPLACE NO _TREE P2 WITH O
REPLACE VOLUME P2 WITH 0.0

ENDIF

IF .NOT. AGE AP2 = O
REPLACE AGE_AP2 WITH O
REPLACE BA AP2 WITH C.0
REPLACE LEIGHT AF2 WIiH .01
REPLACE DIA APZ WITH 0.0C8
REPLACE NO _TRE_AP2 WITH O
REPLACE VOLUME AP2 WITH 0.0
ENDIF
ENDIF

CASE UPPER(rep8) = "P"

IF UPPER(rep9) = "P"

IF _NOT. AGE SW2 = 0
REPLACE AGE SW2 WITH O
REPLACE BA SW2 WITH 0.0
REPLACE HETGHT SW2 WITH 0.2
~EPLACE DIA SWZ WITH .02
REPLACE NO TRE SW2 WITH O
REPLACE VOLUME SW2 WITH 0.0

ENDIF



IF .NOT. AGE SB2 = O
REPLACE ACE SB2 WITH O
REPLACE BA 3B2 WITH 0.0
REPLACE HETGHT SB2 WITH 0.35
REPLACE DIA SB? WITH 0.003
REPLACE NO TRE_SB2 WITH O
REPLACE VOLUME SB2 WITH 0.0

ENDIF

IF NOT. AGE P? = 0O
REPLACE AGE P2 WITH -regyr + 3
DO CASE
CASE -regyr+3 <1
REPLACE BA P2 WITH 0.0
REPLACE HEIGHT_P2 WITH 0.2
REPLACE DIA P2 WITH 0.065
REPLACE NO TREE P2 WITH 150000
REPLACE VOTLUME P2 WITH 0.0
CASE -regyr+3 =1
REPLACE BA P2 WITH 0.0
REPLACE HETGHT P2 WITH 0.2
REPLACE DIA P2 WITH 0.065
REPLACE NO TREE P2 WITH 150000
REPLACE VOLUME_P2 WITH 0.0
CASE -regyr+3 = 2
REPLACE BA P2 WITH 0.0
REPLACE HETGHT_P2 WITH 0.22
REPLACE DIA P2 WITH 0.08
REPLACE NO TREE P2 WITH 143183
REPLACE VOLUME_P2 WITH 0.0
CASE -regyr+3 = 3
REPLACE BA P2 WITH 0.0
REPLACE HETGHT_P2 WITH 0.25
REPLACE DIA P2 WITH O.1
REPLACE NO TREE P2 WITH 136593
REPLACE VOLUME P2 WITH 0.0
ENDCASE
ENDIF

I} _NOT AGE AP2 - O
REPLACE AGE AP: WITH O
REPLACE bA AP2 WITH 0.0
REPLACE HEIGHT AP2 WITH 0.01
REPLACE DIA AP? WITH 0.008
REPLACE NO TRE AP2 WITH 0
REPLACE VOLUME AF2 WITH 0.0
ENDIF
ENDIF
1F UPPER(rep9) = "S"
IF .NOT. AGE SW2 = 0
REPLACE AGE_SW2 WITH 0
REPLACE BA _SW2 WITH (.0
REPLACE HETGHT SW2 VITH 0.2
REPLACE DIA SW? WITH 0.02
REPLACE NO TRE_SW2 WITH 0
REPLACE VCLUME_SW2 WITH 0.0
ENDIF

IF .NOT. AGE SB2 ~ O
REPLACE AGE SB: WTTH O
REPLACE BA S5B2 WITH (.0
REPLACE HEIGHT SB2 WITH 0.35
REPLACE DIA SBZ W'TH 0.003
REPLACE NO TRE_SB2 WITH 0
REPLACE VOLUME_SB2 WITH 0.0



ENDIF

IF .NOT. AGE_P2 = 0
REPLACE AGE P2 WITH regyr
REPLACE BA P2 WITH 0.0
REPLACE HETGHT P2 WITH 0.2
REPLACE DIA P2 WITH 0.065
REPLACE NO TREE P2 WITH 15000.
REPLACE VOLUME P2 WITH 0.0
ENDIF

IF .NOT. AGE AP2 = O
REPLACE AGE_AP2 WITH O
REPLACE BA AP2 WITH 0.0
REPLACE HETGHT AP2 WITH 0.01
REPLACE DIA APZ WITH 0.008
REPLACE NO_TRE _AP2 WITH 0
REPLACE VOLUME_AP2 WITH 0.0
ENDIF
ENDIF
EluCa b
Subroutine GR: ~[H
* GROW.PRG
SET TALK OFF
SET PROCEDURE TO Procedfl
* initialize memory variables
rep? = SPACE(1l)
rep8 = SPACE(1l)
rep9 - SPACE(1)

CLEAR
@ 10,15 SAY W e e Fe e e ok ok e 3 e 7 ok ok ok ok Ak o o o ok ok ok ok ok & ke ok sk ok ks ke ek ko ok
@ 11,15 SAY "* GROW *

@ 12,15 SAY 1 e sk e 3 3 e 5k 3k ok ok ok ok 3 ok ok e ok ok ok ke sk ok ke ok ke Sk ok Sk sk obok ok
5
ACCEPT "Do you want to simulate resource change over °ime "4
"now? (Y/N)" TO rep?
IF UPPER(rep7) = "Y"
DO WHILE .T.
CLEAR

ACCEPT "Do you wart to harvest forest during the simulation? "+,

"(Y/N)" TO repf
ACCEPT "Do you want to regenerate forest during the "4
simulation?" " (Y/N)" TO rep9
INPUT "Please enter the number of years you want fo simulate.
TO years
STORE 0 TO t
DO WHILE t <= years
GO TOP
DO WHILE .NOT. EOF()
DO CASE
CASE SITE = "G"
DO Growgsw
DO Growgsw?2
DO Growgsb
DO Growgsb?2
DO Growgp
DO Growgp?2
DO Growgap
DO Growgap?2
CASE SITE = "M"
DO Growmsw
DO Growmsw?2
DO Growmsb
DO Growmsb?2
DO Growmp

"



DO
DO
DO

CASE SITE = "F"

DO
DO
DO
DO
DO
DO
DO
DO
ENDCASE

Growmp?
Growmap
Growmap?

Growfsw
Growfsw2
Growfsb
Growfsb?2
Growfp
Growfp2
Growfap
Growfap2

DO Beauty
DO Hunting

DO Water

DO Grawld

IF UPPER(rep20) = "Y"

DO Thinning

ENDIF
SKIP
ENDDO
DO Report

IF UPPER(rep8) = "Y"
DO Harvest

ENDIF

1IF UPPER(rep9) = "Y"
DO Regenerate

ENDIF
t=t+1
ENDDO
CLEAR
repl0 - " "

DO WHILE .NOT. replO$"YyNn"
@ 10,15 SAY "Do
GET repl

READ
ENDDO

IF UPPER(replO) = "N"

RELEASE t
EXIT
ENDIF
ENDDO

ENDIF

SET TALK ON

RETURN

*

* GROWGSW.PRG

*initialize memory variables
STORE deltat TO deltT

DO CASE

CASE NO_TREE_SW > O .AND. AGE SW > 0

DO CASE

CASE HEIGHT SW <= 5.9

zou want to

do more simulation? (Y/N)"

Dhsw = -0.019808*HEIGHT SW**2+0.1695*HEIGHT_SW

CASE HEIGHT SW > 5.9 .AND. H
Dhsw = -0.002494*HEIGHT_S

EIGHT SW <= 24.4
Wx*2+0.067196*HEIGHT _SW

CASE HEIGHT SW > 24.4 .AND. HEIGHT_SW < 34.3

Dhsw = -

Dhsw = 0,075

ENDCASE

hsw = HEIGHT SW+deltT*Dhsw
1F UPPER(rep20) = "Y" ._AND. t > rot

tp = 1/thinper

0.000398*HEIGHT SW**2+0.015893*HEIGHT _SW
CASE HEIGHT_SW >= 34.3 -

.AND AGE_SW >= thinyr
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ELSE
tp =1
ENDIF

DO CASE
CASE DIA_SW <= 2.8
Ddsw = (-0.090478*DIA_SW**2+0.325874*DIA_SW)*tp
CASE DIA_SW > 2.8 .AND. DIA SW <= 22.9
Ddsw = (-0.002993*DIA_SW¥*2+0.074792*DIA_SW)*tp
CASE DIA_SW > 22.9 .AND. DIA_SW < 34.0
Ddsw = (-0.000295*DIA_ SW**2+0.012879*DIA_SW)*tp
CASE DIA_SW >= 34.0
Ddsw = 0.096*tp
ENDCASE

dsw = DIA SW+deltT*Ddsw

Dnsw = -NO TREE SW/(1+EXP(3.27+0.0655*dsw-1.529*DdSW))
nsw = INT(RO TREE SW+deltT*Dnsw)

basw = 0.00007854%dsw**2 fnsw

fsw = -0.00067*AGE SW+0.41

vsw = (fswk3 . li*nswthswrdswr*2)/40000
REPLACE AGE SW WITH AGE SW + deltT
REPLACE HEIEHT_SW WITH RCUND(hsw,6)
REPLACE DIA SW WITH ROUND(dsw,6)
REPLACE NO_TREE SW WITH nsw

REPLACE BA SW WITH ROUND(basw,2)
REPLACE F FACT_SW WITH ROUND(fsw,2)
REPLACE VGLUME_SW WITH ROUND(vsw,1l)

CASE NO_TREE_SW > 0 .AND. AGE_SW < 1

REPLACE AGE_SW WITH AGE_SW + deltT
IF AGE SW > 0
DO CASE
CASE HEIGHT SW <= 5.9
Dhsw = -U.OlQSOS*HEIGHT_SW**2+O.1695*HEIGHT_SW
CASE HEIGHT SW > 5.9 .AND. HEIGHT SW <= 24.4
Dhsw = -U.002494*HEIGHT_SW**2+G.O67196*HEIGHT_SW
CASE HEIGHT SW > 24.4 .AND. HEIGHT _SW < 34.3
Dhsw = -U.000398*HEIGHT_SW**2+0.015893*HEIGHT_SW
CASE HEIGHT_SW >= 34.3
Dhsw = 0.075
ENDCASE
hsw = HEIGHT SW+AGE SW*Dhsw
IF UPPER(repZ0) = "Y¥" .AND. t > rot .AND. AGE_SW >~ thinyr
tp = 1/thinper
ELSE
tp = 1
ENDIF

DO CASE
CASE DIA SW <= 2.8
Ddsw = (-0.090478%DIA SW=*2+0.325874*DIA_SW)*tp
CASE DIA_SW > 2.8 .AND. BIA_SW <= 22.3
Ddsw = (-0.002993*DIA_SW**2+0.07&792*DIA_SW)*tp
CASE DIA_SW > 22.9 .AND. DIA SW < 34.0
Ddsw = (-0.000295*DIA_SW*;2+0.012879*DIA_SW)*tp
CASE DIA_SW >= 34.0
Ddsw = 0.096%tp
ENDCASE
dsw = DIA SW+AGE SW*Ddsw
Dnsw = -NO TREE §W/(1+EXP(3.27+0.0655*dsw-1.529*Ddsw))
nsw = INT(RO TREE SW+AGE SW*Dnsw)
basw = 0.00007854%dsw**2*nsw



fsw = -0.00067*AGE_SW+0 .41
vsw = (fsw*3 lé*nswrhswrdswi*2)/40000
REPLACE HEIGHT_SW WITH ROUND(hsw, 6)
REPLACE DIA SW WITH ROUND(dsw,6)
REPLACE NO_TREE_SW WITH nsw
REPLACE BA SW WITH ROUND(basw,2)
REPLACE F_FACT_SW WITH ROUND(fsw,2)
REPLACE VOLUME SW WITH ROUND(vsw,l)
ENDIF -
ENDCASE
* GROWGSW2.PRG
*initialize memory variables
STORE deltat TO deltT
DO CASE
CASE NO_TRE_SW2 > O .AND. AGE_SW2 > 0
DO CASE
CASE HEIGHT SW2 <= 5.9
Dhsw2 = T0.019808*HEIGHT_SW2**2+0.1695*HEIGHT_SU2
CASE HEIGHT SW2 > 5.9 .AND. HEIGHT_SW2 <= 24.4
Dhsw2 = -0.002494*HEIGHT_SW2**2+0.067196*HEIGHT“SWZ
CASE HEIGHT _SW2 > 24.4 .AND. HEIGHT SW2 < 34.3
Dhsw2 = -0.000398*HEIGHT_SW2**2+U.015893*HEIGHTﬁsw2
CASE HEIGHT SW2 >= 34.3
Dhsw2 ~ 0.075
ENDCASE
hsw2 = HEIGHT SW2+deltT*Dhsw2
IF UPPER(repZU) = "Y* _AND. t > rot .AND. AGE_SW2 >= thinv:
tp2 = l/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA SW2 <= 2.8
Ddsw2 = (-0.090478*DIA SW2%*240.325874%DTA_SW2)*tp2
CASE DIA SW2 > 2.8 .AND. DIA SW2 <= 22.9
Ddsw2 = (-0.002993*DIA_SWZ**2+0.07A792*DIA_SU2)*tp2
CASE DIA_SW2 > 22.9 .AND. DIA_SW2 < 34.0
DA-w2 = (-0.000295*DIA_SW2**2+0.012879*DIA_Sw2)*tp2
CAS.” JIA_SW2 >= 34.0
Ddsw2 = 0.096%*tp2
ENDCASE
dsw2 = DIA SW2+deltT*Ddsw2
Dnsw2 = -NO TRE SWZ/(1+EXP(3.27+0.0655*dsw2-1.529*Ddsw2))
nsw?2 = INT(NO TRE SW2+deltT*Dnsw2)
basw2 = 0.00007854*dsw2*x*2*nsw?
few2 = -0.00067*AGE_SW2+0 .41
vsSw2 = (fsw2*3.la*nsw2*hsw2*dsw2**2)/&0000
REPLACE AGE SW2 WITH AGE SW2 + deltT
REPLACE HEIGHT SW2 WITH ROUND(hsw2,6)
REPLACE DIA SWZ WITH ROUND(dsw2,6)
REPLACE NO_TRE_SW2 WITH nsw2
REPLACE BA“SW2 WITH ROUND(basw2,2)
REPLACE F FACT_SW2 WITH ROUND(fsw2,2)
REPLACE VOLUME_SW2 WITH ROUND(vsw2,1)
CASE NO_TRE_SW2 > 0 .AND. AGE SW2 <1
REPLACE AGE_SW2 WITH AGE_SW2 + deltT
IF AGE SW2 > 0
DO CASE
CASE HEIGHT SW2 <= 5.9
Dhsw2 = 70.019808*HEIGHT_SW2**2+0.1695*HEICHT_SW2
CASE HEIGHT SW2 > 5.9 .AND. HEIGHT_SW2 <= 24.4
Dhsw2 = T0.00249A*HEIGHT_SW2**2+O.067196*HEIGHT_SW2
CASE HEIGHT SW2 > 24.4 .AND. HEIGHT_SW2 < 34.3
Dhsw2 = 70.000398*HEIGHTmSW2**2+U.015893*HEIGHT_SWZ
CASE HEIGHT SW2 >= 34.3



180

Dhsw2 = 0.075
ENDCASE
hsw2 = HEIGHT SW2+AGE_SW2*Dhsw2
IF UPPER(rep20) = "Y" .AND. t > rot .AND. AGE_SW2 >=-thinper
tp2 = l/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA SW2 <= 2.8
Ddsw2 = (-0.090478*DIA SWZ**2+O.32587Q*DIA_SW2)*tp2
CASE DIA SW2 > 2.8 .AND. DIA SW2 <= 22.9
Ddsw2 = (-0.002993*DIA_SW2*%2+0.074792*DIA_SW2)*tp2
CASE DIA SW2 > 22.9 .AND. DIA SW2 < 34.0
Ddsw?2 = (-O.OCOZQS*DIAVSWQ;*2+O.01287“*DIA_SW2)*Lp2
CASE DIA_SW2 >= 34.0
Ddsw2 = 0.0G6%tp?2
ENDCASE
dsw?2 = DIA SW2+AGE SW2*Ddsw2
Dnsw2 = -NO TRE SWE/(1+EXP(3.27+0.0655*dsw2-1.529*Ddsw2))
nsw?2 = INT(RO TRE SW2+AGE SW2*Dnsw2)
basw2 = 0.00007854*dsw2**Z*nsw2
fsw2 = -0.00067*AGE SW2+0.41
vsw2 = (£sw2*3.14*nsw2¥hsw2*dsw2**2) /40000
REPLACE HEIGHT SW2 WITH ROUND(hsw2,6)
REPLACE DIA SW7 WITH ROUND(dsw2,6)
REPLACE NO TRE_SW2 WITH nsw2
REPLACE BA“SWZ WITH ROUND(basw2,2)
REPLACE F FACT_SWZ WITH ROUND(fsw2,2)
REPLACE VGLUME_SW2 WITH ROUND(vsw2,1)
ENDIF
ENDCASE
* GROWGSB.PRG
STORE deltat TO deltT
DO CASE
CASE NO TREE_SB > O .AND. AGE_SB > O
IF HEIGHT SB <= 2.2
Dhsb = -0.0671&8*HEICHT_SB**240.206818*HEIGHT_SB
ENDIF
IF HEIGHT_SB > 2.2 AND HEIGHT SB <= 16.9
Dhsb = -0.003606*HEIGHT_SB**Z+0.067024*HEIGHT_SB
ENDIF
IF HEIGHT_SB > 16.9 .AND. HEIGHT_SB < 24.9
Dhsb « -0.000411*HE{CHT SB*%2+0.012879*HEIGHT_SB
ENDIF -
IF HEIGHT_SB >= 24 .9
Dhsb = 0.065
ENDIF
hsb = HElGHT_SB*deltT*Dth
IF DIA SB <= 1.4
Ddsb = -0.218073*DIA_SB**2+0.398755*DIA_SB
ENDIF
IF DIA SB > 1.4 .AND. DIA SB <= 14.2
Ddsb = -0.005279*DIA_SE**2+0.081691*DIA_SB
ENDIF
IF DIA SB > 14.2 .AND. DIA SB < 22.3
Ddsb = -0.000411%DIA_SB¥*2+0.012174*DIA_SB
ENDIF
IF DIA SB >= 22.3
Ddsb = 0.067
ENDIF
dsb = DIA SB+deltT*Ddsb
Dnsb = -NO TREE SB/(I+EXP(3.2&5+O.1&5*dsb-6*Ddsb))
nsb = INT(NO TREE SB+deltT*Dnsb)
basb = 0.00007854%dsb**2*nsb
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fsb = -0.00078*AGE SB+0.41
vsb = (fsb#3.14*nsbxhsb*dsb**2) /40000
REPLACE AGE SB WITH AGE SB + deltT
REPLACE HEICHT_SB WITH ROUND(hsb,6)
REPLACE DIA SB WITH ROUND(dsb, 6)
REPLACE NO_TREE SB WITH nsb
REPLACE BA“SB WITH ROUND(basb,2)
REPLACE F FACT_SB WITH ROUND(fsb,2)
REPLACE VGLUME_SB WITH ROUND(vsb, 1)
CASE NO_TREE SB > 0 .AND. AGE SB < 1
REPLACE AGE_SB WITH AGE_SB + deltT
IF AGE SB > O -
IF HZIGHT SB <= 2.2
Dhsb =—-0.067148*HEIGHT SB**2+0.206818*HEIGHT SB
ENDIF
IF HEIGHT_SBb > 2.2 .AND. HEIGHT SB <= 16.9
Dhsb = ‘0.003606*HEIGHT_SB**7+0.06702A*HEIGHT“SB
ENDIF
IF HEIGHT_SB > 16.9 .AND. HEIGHT_SB < 24.9
Dhsb = -0.000411*HEIGHT_SB**2+0.012“79*HEIGHT_SB
ENDIF
IF HEIGHT SB >= 24.9
Dhsb = 0.065
ENDIF
hsb = HEIGHT SB+AGE_SB*Dhsb
IF DIA SB <= 1.4
Ddsb = -0.218073*DIA_SB**2+0.398755*DIA_SB
ENDIF
IF DIA SB > 1.4 .AND. DIA SB <= 14.2
Ddsb = -0.005279*DIA_SB**2+0.081691*DIA_SB
ENDIF
IF DIA SB >14.2 _AND. DIA SB < 22.3
Ddsb = -0.000411%DIA_SE**2+40.012174*DIA_SB
ENDIF
IF DIA SB >= 22.3
Ddsb = 0.067
ENDIF
dsb = DIA SB+AGE SB*Ddsb
Dnsb = -NU_TREE gB/(1+EXP(3.245+0.IQS*dsb-G*Ddsb))
nsb = INT(NO TREE SB+AGE_SB*Dnsb)
basb = 0.00007854*dsb**2%*nsb
fsb = -0.00078*AGE SB+0.41
vsb = (£sb*3 . 14%nsb¥*hsb*dsb**2) /40000
REPLACE HEIGHT_SB WITH ROUND(hsb , 6)
REPLACE DIA SB WITH ROUND(dsb,6)
REPLACE NO_TREE SB WITH nsb
REPLACE BA SB WITH ROUND(basb,2)
REPLACE F_FACT_SB WITH ROUND(fsb,2)
REPLACE VOLUME_SB WITH ROUND(vsb,1)
ENDIF
ENDCASE
* GROWGSB2.PRG
STORE deltat TO deltT
DO CASE
CASE NO TRE SB2 > O .AND. AGE_SB2 > 0
IF HEIGHT SB2 <= 2.2
Dhsb2 = -0.067148*HEICHT_SBZ**2+O.206818*HEIGHT_SBZ
ENDIF
IF HEIGHT SB2 > 2.2 .AND. HEIGHT SB2 <= 16.9
Dhsb2 = -0.003606*HEIGHT_SBZ*;2+0.06702A*HEICHT_SBZ
ENDIF
1F HEIGHT SB2 > 16.9 .AND. HEIGHT SB2 < 24.9
Dhst? = -0.000&11*HEIGHT_SBZ**7+0.012879*HEICHT_SBZ
ENDIF
IF HEIGHT_SB2 >= 24 .9




Dhsb2 = 0.0€5
ENDIF
hsb2 = HEIGHT~SBZ+deltT*Dth2
IF DIA SB2 <= 1.4
Ddsb2 = -0.218073*DIA_582**2+0.398755*DIA_SBZ
ENDIF
1F DIA SB2 > 1.4 .AND. DIA_SBz <= 14.2
Ddsb2 = 0.005279%DIA_SB2%*2+0 081691*DIA_SB2
ENDIF
IF DIA SB2 > 14.2 .AND. DIA SB2 < 22.3
Ddsb2 - -04000411*DIA_SBI**2+O.01217A*DIA_SB2
ENDIF
IF DIA SB2 >= 22.3
Ddsb2 - 0.067
ENDIF
dsh? = DIA SB2+deltT*Ddsb?
Dnsh? = -NO TRE SBZ/(1+EXP(3.2Q5+0.lbs*dsb2-6*DdSb2))
nsu?2 = INT(RO TRE SB2+deltT*Dnsb2)
basb? = U.00007854*dsb2**2%nsb?2
fsb?2 = -0.00078*AGE SB2+0.41
vsb?2 = (fsb2*3.1Q*n§b2*bsb2*dsb2**2)/AOOOO
REPLACE ACE_SB? wITH AGE SB2 + deltT
REPLACE HiIGHT $B2 WITH ROUND(hsb2,6)
REPLACE 01A SB? WITH ROUND(dsb2,6)
REPLACE NO_TRE_SBZ WITH nsb2
REPLACE BA SB2 WITH ROUND(basb2,2)
REPLACE F FACT_SB2 WITH ROUND(fsb2,2)
REPLACE VOLUME_SB2 WITH ROUND(vsb2,1)

CASE NO_TRE_SB2 > 0 .AND. AGE SB2 <1
REPLACE AGE_SB2 WITH AGE_SBZ + deltT
IF AGE SB2 > O

IF HEIGHT_SBZ <= 2.2

Dhsb? = -0.067148*HEICHT_SB2**2+O.206818*HEIGHT_SBZ
ENDIF
1F HEIGHT SB2 > 2.2 .AND. HEIGHT_SBZ <= 16.9

Dhsb2 = -0.003606*HEIGHT_SBZ**2+0.06702A*HEIGHT_SBZ
ENDIF
IF HEIGHT SB2 > 16.9 .AND. HEIGHT SB2 < 24.9

Dhsb2 = -0.000AII*HEIGHT_SBZ**7+0.012879*HEIGHT_SB2
ENDIF
IF HEJGHT SB2 >= 24 9

Dhsb2 = 0.065
ENDIF
hsb2 = HEIGHT_SBZ+AGE_SBZ*Dhsb2
IF DIA_SB2 <= 1.4
Ddsb2 = -0.218073*DIA_SB2**2+0.398755*DIA_SBZ
ENDIF
IF DIA SB2 > 1.4 .AND. DIA SB2 <= 14.2
EN ?3552 - -0.005279*DIA_SBZ**2+0.081691*DIA_SB2

D
IF DIA SB2 > 14.2 .AND. DIA SB2 < 22.3

Ddsb2 = -0.000411*DiA_SBZ*%2+0.012174*DIA_SB2
ENDIF
IF DIA SB2 >= 22.3

Ddsb2 = 0.067
ENDIF
dsb2 = DIA SB2+AGE SB2*Ddsb2
Dnsb2 = -NO TRE SB?/(1+EXP(3.245+0.1&5*dsb2-6*Ddsb2))
nsb2 = INT(NO TRE SB2+AGE SB2*Dnsb2)
basb2 = 0.0000785%*dsb2**Z*nsb2
fsb2 = -0.00078*AGE_SB2+0.41
vsb2 = (fsb2*3.1&*nsb2*hsb2*dsb2**2)/AOOOO
REPLACE HEIGHT SB2 WITH ROUND(hsb2,6)
REPLACE DIA_SB? WITH ROUND(dsb2,6)



REPLACE NO_TRE_SB2 WITH nsb2
REPLACE BA SB2 WITH ROUND(basb2, 2)
REPLACE F FACT SB2 WITH ROUND(fsbr,k2)
REPLACE VOLUME_SB2 WITH ROUND(vsb2.l)
ENDIF
ENDCASE
* GROWGP.PRG
STORE deltat TO deltT
DO CASE
CASE NO_TREE_P > O .AND AGE P > 0
DO CASE -
CASE HEIGHT P <= "..9Y
Dhp = -0.016571*HEICHT_P**2+0.1&26&6*HEIGHT_P
CASE HEIGHT P > 4 9 .AND. HEIGHT_P <= 22.7
Dhp = -070CG3187+*HEIGHT_P**2+0.076384*HEIGHT P
CASE HEIGHT P > 22.7 AND. HEIGHT P < 28.7 h
Dhp = -0.000415*HEICHT_P**2+0 013409%HEIGHT P
CASE HEIGHT P >= 28.7 -
Dhp = 0.042
ENDCASE
hp = HEIGHT P+deltT*Dhp
IF UPPER(rep20) = "Y" .AND. t > rot .AND. AGE_P >= thinyr
tp = l/thinper
ELSE
tp = 1
ENDIF
DO CASE
CASE DIA P <= 3.5
Ddp = (-0.05971*DIA_P**2+0 279986*DIA_P)*tp
CASE DIA P > 3.5 .AND. DIA P <= 22.5
Ddp = (-0.003276*DIA_P**2+0.079079*DIA_P)*tp
CASE DIA P > 22.5 .AND. DIA P < 32.7
Ddp = (-0.000261%D1A_P**7+0.011218*DI. P)*tp
CASE DIA P >= 32.7
Ddp = 0.087*rp
ENDCASE
dp = DIA_P+delcT*Ddp
Dnp = -NO TREE P/(1+EXP(3.48+0.07*dp-3.5*Ddp))
np = INT(RO TREE_P+deltT*Dnp)
bap = 0.00007854*dp**2*np
fp = -0.00047*AGE_P+0.44
vp = (fp*3.14*np*hpxdp**2) /40000
REPLACE AGE P WITH AGE P + deltT
REPLACE HEIGHT P WITH ROUND(hp,6)
REPLACE DIA P WITH ROUND(dp,6)
REPLACE NO_TREE P WITH np
REPLACE BA_P WITH ROUND(bap,2)
REPLACE F _FACT_P WITH ROUND(fp,2)
REPLACE VOLUME_P WITH ROUND(vp, 1)
CASE NO TREE P > 0 .AND. AGE P < 1
REPLACE ACE P WITH AGE_P + deltT
IF AGE P > D
DO CASE
CASE HEIGHT P <=~ 4.9
Dhp = -07016573%HEIGHT P**2+0.142646*HEIGHT P
CASE HEIGHT P > 4.9 .AND. HEIGHT P <= 22.7
Dhp = -07003187*HEIGHT P**2+40.076384*HEIGHT _P
CASE HEIGHT P > 22.7 .AND. HEIGHT P < 28.7
Dhp = -07000415S*HEIGHT P**2+0.013409*HEIGHT_P
CASE HEIGHT P >= 28.7
Dhp = 0.042
ENDCASE
hp = HEIGHT_P+AGE_P*Dhp
IF UPPER(rep20) = "Y" .AND. t > rot .AND. AGE P >= thinyr
tp = 1/thinper
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ELSE
tp = 1
ENDIF
DO CASE
CASE DIA P <= 3.5
Ddp = (-0 05971*DIA P**2+0.279986*DIA_P)*tp
CASE DIA P > 3.5 .AND. DIA P <= 22.5
Ddp = (-0.003276*DIA_P**2+0.079079*DIA_P)*tp
CASE DIA P > 22.5 .AND. DIA P < 32.7
Ddp - (-0.000261*DIA P**7+0.011218*DIA_P)*tp
CASE DIA P >= 32.7
Ddp = 0.087*tp
~DCASE
dp = DIA P+AGE P*Ddp
Dnp = -NO TREE P/(1+EXP(3.48+0 07*dp-3.5%Ddr)>
np = INT(RO TREE_P+ACE_P*Dnp)
bap = 0.00007854*dp**2*np
fp = -0.00047*AGE P+0.44
vp = (fp*3.la*npxhp*dp**2) /40000
REPLACE HEIGHT P WITH ROUND(hp,6)
REPLACE DIA P WITH ROUND(dp,6)
REPLACE NO_TREE P WITH np
REPLACE BA P WITH ROUND(bap,2)
REPLACE F_FACT P WITH ROUND(tp,2)
REPLACE VOLUME P WITH ROUND(vp,1)
ENDIF
ENDCASE
* GROWGP2.PRG
STORE deltat TO deltT

DO CASE
CASE NO_TREE P2 > O .AND. AGE_P2 > 0
DO CASE
CASE HEIGHT P2 <= 4.9
Dhp2 = -0.016573*HEIGHT _P2%%2+0.142646*HEIGHT P2
CASE HEIGHT P2 > 4.9 .AND. HEIGHT P2 <= 22.7
Dhp2 = -0.003187*HEIGHT P2**2+0.07€384*HEIGHT P2
CASE HEIGHT P2 > 22.7 .AND. HEIGHT P2 < 28.7
Dhp2 = -0.00041S*HEIGHT _P2%#*2+0 013409*HEIGHT_P2
CASE HEIGHT P2 >= 28.7  ~ -
Dhp2 = 07042
ENDCASE

hp2 = HEIGHT P2+deltT*Dhp2
LF UPPER(repZ0) = "Y" .AND. t > rot .AND. AGE_P2 >= thinyr
tp2 = 1l/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA_P2 <= 3.5
Ddp2 = (-0.05971*DIA P2**2+0.279986*DIA P2)*tp2
CASE DIA P2 > 3.5 .AND. DIA P2 <= 22.5 -
Ddp2 = (-0.003276*DIA_P2**2+0.079079*01A_P2)*tp2
CASE DIA P2 > 22.5 .AND. DIA P2 < 32.7
Ddp2 = (-O 000261*DIA_P2%¥2+0.011218%DiA_P2)*tp2
CASE DIA_P2 >= 32.7
Ddp2 = 0.087*tp2
ENDCASE
dp2 = DIA_P2+deltT*Ddp?
Dnp2 = -NO TREE P2/(1+EXP(3.48+0.07*dp2-3.5*Ddp2))
np2 = INT(NO TREE_P2+deltT*Dnp2)
bap2 = 0.00007854*dp2**2*np2
fp2 = -0.00047*AGE_P2+0.44
vp2 = (£p2*3. lu*npIehp2*dp2¥*2) /40000
REPLACE AGE P2 WITH AGE P2 + deltT
REPLACE HEICHT_PZ WITH ROUND(hp2.6)



REPLACE DIA P2 WITH ROUND(dp2.6)
REPLACE NO_TREE PZ WITH np2
REPLACE BA P2 WITH ROUND(EapZ.l)
REPLACE F_FACT_P2 WITH ROUND(fp2.2)
REPLACE VOLUME P2 WITH ROUND(vp2,K 1)
CASE WO_TREE P2 >0 .AND. AGL P2 < 1
KEPLACE AGE P2 WITH AGE_P2 + deltT
IF AGE_P2 >0
DO TASE
CASE HEIGHT P2 <= 4.9
Dhp2 = -0.016573%HEIGHT P2**2+0.142646*HEIGHT P
CASE HEIGHT P2 <= 22.7 -
Dhp2 = -0.003187*HEIGHT_P2**2+0 076384*HEICGHT ')
CASE HEIGHT P2 > 22.7 .AND. HEIGHT P2 < 28]
Dhp2 = -0.000415*HEIGHT _P/**2+0. 013409*HEICGHT P/
CASE HEIGHT P2 >= 28.7
Dhp2 =~ 0 042
ENDCASE
ap2 = HEIGHT P2+AGE_P2*Dhp’
IF UPPER(repZ0) = "Y" .AND. t > rot .AND. AGE P2 ™= thinrw
tp2 = i/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA P2 <= 3.5
Ddp2 = (-0.05971+DIA_P2**2+0.279986*DIA_P2)*tp.
CASE DIA P2 > 3.5 .AND. DIA P2 <= 22.5
Ddp2 = (-0.003276*DIA_P2**2+0.0790/9*DIA P2)*tp/
CASE DIA P2 > 22.5 .AND. DIA P2 < 32.7
Ddp2 = (-0.000261*DIA_P2*%2+40 011218*DIA P2)*tp/
CASE DIA P2 >= 32.7
Ddp2 = 0.087*tp2
ENDCASE
dp2 = DIA P2+AGE_P2*Ddp2
Dnp2 = -NO_TREE P2/(1+EXP(3.48+0.07*dp2-3 5*Ddp2))
np2 = INT(NO TREE_P2+AGE P2*Dnp2)
bap2 = 0.00007854%dp2**2*np2
fp2 = -0.00047*AGE_P2+0 .44
vp2 = (fp2*3.14*np2*hp2*dp2**2) /40000
REPLACE HEIGHT P2 WITH ROUND(hp2.,6)
REPLACE DIA P2 WITH ROUND(dp2,6)
REPLACE NO_TREE P2 WITH np2
REPLACE BA P2 WITH ROUND(bap2,2)
REPLACE F_FACT_P2 WITH ROUND(fp2,2)
REPLACE VOLUME P2 WITH ROUND(vp2,1)
ENDIF
ENDCASE
* GROWGAP.PRG
STORE deltat TO deltT

DO CASE
CASE NO_TREE_AP > 0 .AND. AGE_AP > 0
DO CASE
CASE HEIGHT AP <= 3.5
Dhap = -0.234533*HEIGHT_AP**2+0.903693*HEIGHT AP
CASE HFIGHT AP > 3.5 .AND. HEIGHT AP <= 26.0
Dhap = -0.00313C*HEIGHT_AP**2+D.084528*HEICHT AP
CASE HEIGHT AP > 26.0 .AND. HEIGHT AP < 31.3
Dhap = -0.000358*HEIGHT_AP**2+0°012415*HEICHT AP
CASE HEIGHT AP >= 31.3
Dhap = 0.036
ENDCASE

hap = HEIGHT AP+deltT*Dhap
IF UPPER(repZ0) = "Y" .AND. t > rot .AND. (AGE P = thinyr
.OR. AGE_SW >= thinyr)



tp = 1, thinper
ELSE

tp = 1
ENDTF
DO CASE
CASE DIA AP <= 2 5
Ddap =( -0 264923*DIA_AP**2+0) 746143*DIA AP)*tp

CASE DIA AP > 2.5 AND. DIA AP <= /8.2
Ddap = (-G 002570%DIA_AP**2+40 077142*DIA AP)*tp
CASE DIA AP > 28.2 _AND. DIA AP < 18.2
Ddan = (-0 000253*DIA AP**2+0) 0111768*DIA AP)*tp
CASE DIA AP >= 18 .2
Ddap = 0 079*tp
ENDCASE
dap = DIA AP+deltT*Ddap
Dnap = -NO _TREE AP/(14EX2(3.105+0 135*dap-3 8*Ddap))
tap = INT(NO TREE AP+deltT*Dnap)
baap = 0 H00N 854 dap** . *nap
tap = -0.00046*AGE AP+0 .41
vap = (fap*3.l4*naprhap*dap**2),/40000
REPLACE AGE AP WITH AGE_AP + deltT
REPLACE HEIGHT AP WITH ROUND(hap.6)
REPLACE DIA AP WITH ROUND(dap »)
REPLACE NO TREE AP WITH nap
REPLACE BA AP WITH ROUND(baap,?)
REPLACE F FACT AP WITH ROUND(fap.2)
REPLACE VOLUME AP WITH ROUND(wvap 1)
CASE 20 TREE AP > 0 .AND. AGE_AP - |
REFLACE AGE AP WITH AGE_AP + delrtT
IF AGE AP > O B
DO CASE
CASE HEIGHT AP <= 3.5
Dhap = -0 234533*HEIGHT_AP**2+0.903693+HEIGHT AP
CASE HEIGHT AP > 3.5 _AND. HEIGHT AP <= 26.0
Dhap = -0.003130*HEIGHT AP**2+0 084528*HEIGHT AP
CASE HEIGHT AP > 26.0 _AND. HEIGHT AP < 31.3
Dhap = -0.00035S8*HEIGHT AP**2+0.012415*HEIGHT AP
CASE HEIGHT AP >= 31 3
Dhap = 0.036
ENDCASE
hap = HEIGHT AP+AGE AP*Dhap
IF UPPER(repZ0) = "T" .AND. t > rot .AND. (AGE P »= thinyr
_OR. AGE SE >= thinyr)
tp - l/thinper
ELSE
tp = 1
ENDIF
DO CASE
CASE DIA AP <= 2.5
Ddap = (-0.264923*DIA_AP*%240 746143*DIA_AP)*tp
CASE DIA AP > 2.5 .AND. DIA AP <= 28.2 -
Ddap = (-0.002570*DIA_AP**2+0.077142*DIA_AP)*tp
CASE DIA AP > 28.2 .AND. DIA AP < 38.2 -
Ddap = (-0.000253*DIA_AP*¥2+0.011768*DIA_AP)*tp
CASE DIA_AP >= 38 .2 B
Ddap = 0.079%*tp
ENDCASE
dap = DIA AP+AGE_AP*Ddap
Dnap = -NO TREE AP/(1+EXP(3.105+0.135*dap-3.8*Ddap))
nap = INT(NO TREE_AP+AGE_AP*Dnap)
baap = 0.00007854*dap**2*nap
fap = -0.00046*AGE_AP+0.41
vap = (fap*3.la*nap*hap*dap**2) /40000
REPLACE HEIGHT AP WITH ROUND(hap,6)
REPLACE DIA_AP WITH ROUND(dap,6)



REPlE NO TREE At ~1TH nap
REPLACE BA AP WITH ROUND(baap.
REPLACE F FACT AP WITH ROUND tup
REPLAC. “OLUME AP WITH ROUND. vap. I
ENDIF
ENDCASE
* GROWGAP2.PRG
STORE deltat TO deltT
1O CASE
CASE NO TRE AP?2 > 0O AND ACGE AP - ©
DO CASE
CASE HEIGHT AP2 «= 3 5
Dhap2 = -0.23a933*HEIGHT AP2**200 90360 B+ HETCHT AP
CASE HEIGHT AP2 > 3 © AND HEICHT AP <= o O
Dhap? = -0 00313IO*HEIGHT AP ¥2 040 08498 HETGHT APY
CASE HEIGHT aP2 > 26 O AND  HELoul AP2 - 31 3%
Dhap? = 70 000358 HETGHT AP2 A+ 40 Ol WIS+ HETCHT AP
CASE HEICHT AP? »>= 131 1}
Dhap. = 0 ik
ENDCASE
hap2 = HEIGHT AP.+deltT*Dhap/
IF UPPER(rep20) = "Y" AND t >rot AND (AGKF P oe= thinvt
_OR_ AGE SW? >= thinvr)
tp2 = l/thinper
ELSE
tp2 =1
ENDIF
DO CASE
CASE DIA AP2 = 2.5
DAap2 = (-0.264923*DIA AP2*xD 40 Janlad*DIA APy *epl
CASE DIA AP2 » 2.5 AND. DIA AP2 <= 08 0
Ddap2 = (-0 002570*DIA API*#240 07714 2*DIA AP *ep)
CASE DIA AP2 > 28 2 .AND. DlA AP « 18
Ddap2 = (-0.000253*DIA AP2**2+0 O11/68*DIA AP Aty
CASE DIA AP2 >= 38.2
Ddap2 = 0.079*tp?2
ENDCASE
dap? = DIA AP2+deltT*C.tap?
Dnap2 = -NO TRE AP2/(1+0XP(3 105+0 135%dap’- 3 B*bhdap/)
nap2 = INT(NO TRE AP2+deltT*Dnap?)
baap2 = 0.00007854*dap2>*2*nap’
fap2 = -0.00046*AGE AP2+0.41
vap2 = (fap2*3.l4*nap2*hap2*dapl**2) 40000
REPLACE AGE AP2 WITH AGE AP2 + deltT
REPLACE HEIGHT AP2 WITH ROUND(hap?Z,6)
REPLACE DIA APZ? WITH ROUND(dap2,6)
REPLACE NO_TRE_AP2 WITH nap2
REPLACE BA“AP2 WITH ROUND(baap2,?)
REPLACE FmFACT_APZ WITH ROUND(fap?2,?)
REPLACE VOLUME AP2 WITH ROUND(vap2.,l)
CASE NO_TRE_AP2 >0 .AND. AGE AP?2 < 1
REPLACE AGE AP2 WITH AGE_AP2 + deltT
IF AGE APY > 0
DO CASE
CASE HEIGHT AP2 <= 3.5
Dhap2 = -0.234533*HEICHT AP2**2+0 90369 i HETGHT APZ
CASE HEIGHT AP2 > 3.5 ._AND. HEIGHT AP? <= /6 0
Dhap? = Z0.003130%HEIGHT AP2%*2+0 084528+ HEIGHT APZ
CASE HEIGHT AP2 > 26.0 _AND. HEIGHT AP2 < 31.3
Dhap2 = -0.000358*HEIGHT_AP2**2+0.012415%HEIGHT AP2
CASE HEIGHT AP2 >= 313
Dhap2 - 0.036
ENDCASE
hap2 = HEIGHT AP2+AGE_AP2*Dhap?
IF UPPER(rep20) = "Y" _AND t > rot AND. (AGE P? = rthinyr



GR - AGE SW2 = thinvr
tpl = 1/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
.ASE DIA AP2 <= 2.5
Ddap2 = (-0 264923*DIA_AP2*#240 . 746143*DIA aP2)*tp?2
CASE DIA AP2 > 2.5 AND. DIA AP2 <= 28.2
Ddap?2 = (-0 .0025/0+DIA_APZ**2+0.077142%DIA AP2)*tp2
CASE DIA AP2 > 28.2 AND. DIA AP2 < 38.2
Ddap? = (-0.000253*DIA AP2**2+0 011768*DIA_AP2)*tp?
CASE DIA AP2 >= 38 2
Ddap?2 = 0.079%tp?
ENDCASE
dap? = DIA AP2+AGE_AP2*Ddap?
Dnap?2 = NO TRE APZ/(1+EXP(3.105+0 139%dap?-3.8%Ddap?))
nap? = INT(RO TRE AP2+AGE AP2*Dnap/>
baap, = 0 0000 7854*dap2*+ 7 *nap.
tap? = -0 OVU46*AGE_AP2+0 .41
vap? = (fap2*3 14%*nap2¥hap2*dap.**2)/40000
REPLACE HEIGHT AP2 WITH ROUND(hap?.6)
REPLACE DIA APZ WITH ROUND(dap2,6)
REPLACE NO TRE AP2 WITH nap?
REPLACE BA AP2 WITH ROUN[ (baap?, 2)
REPLACE F _FACT AP2 WITH KOUND(fap2,2)
REPLACE VOLUME AP2 WITH ROUND(vap2.l;
ENDIF
ENDCASF
* (ROWMSW. PRG
STORE deltat TO deltT
DO CASE
CASE NO _TK:E SW > 0 .AND. AGE_Sw > 0
DO CASE -
CASE HEIGHT SW <= 6.0
Dhsw = -0.016873%HEIGHT SWx*2+0.141141*¥HEIGHT_SW
CASE HEIGHT SW > 6.0 .AND. HEIGHT SW <= 18.0
Dhsw = -0.002635*HEIGHT SWx#2+0.05585*HEIGKT_SW
CASE HEIGHT SW > 18.0 .AND. HEIGHT_SW < 28.5
Dhsw = -0.000529*HEIGHT SW**2+0 017859*HEIGHT SW
CASE HEIGHT SW >= 28.5
Dhsw = 07079
ENDCASE
hsw = HEIGHT SW+deltT*Dhsw
IF UPPER(rep?0) = "Y" .AND. t > rot .AND. AGE_SW >= thinyr
tp = l/thinper
ELSE
tp - 1
ENDIF
DO CASE
CASE DIA SW <= 1.1
Ddsw = (-0.284323*DIA SW**2+0.41863*DIA_SW)*tp
CASE DIA SW > 1.1 .AND. DIA SW <= 17.2
Ddsw = (-0.005682*DIA SW¥*2+0.103766*DIA_SW)*tp
CASE DIA SW > 17.2 .AND. DIA SW < 26.9
Ddsw = (-0.000268*DIA SW**2+0.010428*DIA_SW)*tp
CASE DIA SW >= 26.9 - -
Ddsw = 0.086*tp
ENDCASE
dsw = DIA SW+deltT*Ddsw
Dnsw = -NO TREE SW/(1+EXP(3.325+0.09*dsw-3.2*Ddsw))
nsw = INT(NO TREE SW+deltT*Dnsw)
basw = 0.00007854%dsw**2*nsw
fsw = -0.001*AGE_SW+0.5
vsw = (fswxd.l4a*nswrhswrdswr*2) /40000



REPLACE AGE SW WITH ACE SW + deltT
REPLACE HEICHT _SW WITH ROUND(hsw, 6!
REPLACE DIA SW WITH ROUND{Jdsw. 6)
REPLACE NO TREE SW WITH nsw
REPLACE BA“SW WITH ROUND(basw,.)
REPLACE F FACT SW WITH ROUND(fsw..)
REPLACE VOLUME SW WITH ROUND(vsw. 1)
CASE NO TREE SW > O .AND. AGE SW « 1
REPLACE AGE SW WITH AGE SW +deltT
IF AGE SW > 0 i
DO CASE
CASE HEICHT SW <= 6.0
Dhsw = -0.016873*%HEICHT SW**2+40 14114 1AHETGHT SW
CASE HEIGHT SW > 6 O .AND. "HEICHT SW <= 18 0
Dhsw = -0.002635*HEIGHT SWx*240 05585*HEICGHT SW
CASE HEIGHT SW > 18.0 .AND. HFIGHT SW < 28 »
Dhsw = -0.000529%HEIGHT SWx*2+0 01 7859*HETCGHT SW
CASE HEIGnL 3w = 78 5 N
Dhsw = 0 079
“NDCASE
hsw = ".£{GHT SW+deltT*Dhsw
IF UrPER rep20) = "Y" _AND. t > rot .AND. AGE SW -= thinvr
tp = l/tiiinper .

ELSE
tp = 1
ENDIF
DO CASE
CASE DIA SW - 1.1
Ddsw = (. 284323%DIA SWA*2+0 41863*%DIA SW)*tp

CASE DIA SW - 1.1 .AND. DIA SW <= 17.2
Ddsw = (-0.005682*DIA SW**2+40 103766%DIA SW) *tp
CASE DIA SW > 17.2 .AND "DIA SW < 26.9
Ddsw = (-0.000268*DIA_§U**?-O,Oth)R*DIAVSU)*(p
CASE DIA_SW >= 26.9
Ddsw = 0.086*tp
ENDCASE
dsw = DIA_ SW+AGE SWxDdsw
Dnsw = -NO TREE §W/(1+EXP(3‘325#0.09*dsw-3,?*Ddsw))
nsw = INT(NO TREE SW+AGE_SW*Dnsw)
basw = 0.00007854*dsw**2*nsw
fsw = -0.001*AGE SW+0.5
vsw = (fsw*3 . la*nswrhswrdsw¥*z) /40000
REPLACE HEIGHT SW WITH ROUND (hsw, 6)
REPLACE DIA SW WITH ROUND(dsw,6)
REPLACE NO_TREE SW WITA nsw
REPLACE BA“SW WITH ROUND(basw,2)
REPLACE F ?ACT_SW WITH ROUND(fsw,
REPLACE VGLUHE_SW WITH ROUND(vsw,
ENDIF
ENDCASE
GROWMSW2 . PRG
STORE deltat TO deltT
DO CASE
CASE NO_TRE_SW2 > O .AND. AGE_SW2 > 0
DO CASE
CASE HEIGHT SW2 <= 6.0
Dhsw2 = -0.016873*HEICHT_SW2**2+O.1&11&1*HEICHT SW?
CASE HEIGHT SW2 > 6.0 _AND. HEIGHT SW2 <= 8.0
Dhsw2 = -0.002635*HEICHT_SW2**2+0.0SSBS*HEICHT_SUZ
CASE HEIGHT_SW2 > 18 .0 .AND. HEIGHT SW2 < 28.5
Dhsw2 = -0.000529+HEIGHT SW2%%2+0.017859*HEIGHT SW?
CASE HEIGHT SW2 >= 28.5
Dbhsw2 = 0.079
ENDCASE
hsw2 = HEICHT_SU2+de1CT*Dhsw2

-
~—
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IF UPPER(rep20) = "Y" _AND. t > rot .AND. AGE_SW2 >= thinyr
tp2 = 1/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA_SW2 <= 1.1
Ddsw2 = (-0.284323*DIA SW2**240.418630*%DIA SW2)*tp2
CASE DIA SW2 > 1.1 .AND. DIA SW2 <= 17.2
Ddsw2 = (-0.0056824DIA_SWI**2+0.103766*DIA SW?)*tp2
CASE DIA SW2 > 17.2 .AND. DIA SW2 < 26.9
Ddsw2 = (-0.000268*DIA_SW2;*2+0.010428*DIA~SNZ)*tp2
CASE DIA_SW2 >= 26.9
Ddsw2 = 0.086%tp2
ENDCASE
dsw2 = DIA SW2+deltT*Ddsw2
Dnsw2 = -NO TRE SW2/(1+EXP(3.325+0.09%dsw2-3.2%*Ddsw2))
nsw?2 = INT(RO TRE SW2+deltT*Dnsw2)
basw2 = 0.00007854*dsw2**2%nsw2
fsw2 = -0.001*AGE SW2+40.5
vsw?2 = (fsw2*3.14¥Fnsw2*hsw2*dsw2**2)/40000
REPLACE AGE SW2 WITH AGE SW2 + deltT
REPLACE HEIGHT SW2 WITH ROUND(hsw2,6)
REPLACE DIA SWZ WITH ROUND (dsw2,6)
REPLACE NO_TRE_SW2 WITH nsw2
REPLACE BA SW2 WITH ROUND(basw2,2)
REPLACE F FACT_SWZ WITH ROUND(fsw2,2)
REPLACE V6LUME_SW2 WITH ROUND(vsw2,1)
CASE NO TRE SW2 > 0 .AND. AGE SW2 < 1
REPLACE AGE_SW2 WITH AGE_SW2 +deltT
IF AGE SW2 > O
DO CASE
CASE HEIGHT_SW2 <= 6.0
Dhsw2 = -0.016873*HEICHT_SW2**2+0.1411&1*HEIGHT_SW2
CASE HEIGHT SW2 > 6.0 .AND. HEIGHT SW2 <= 18.0
Dhsw2 = 70.002635*HEIGHT_SW2**2;O.055850*HEIGHT_SW2
CASE HEIGHT_SW2 > 18.0 .AND. HEIGHT SW2 < 28.5
Dhsw2 = -0.000529*HEIGHT_SW2**2+U.017859*HEICHT_SW2
CASE HEIGHT SW2 >= 28.5
Dhsw2 = 0.079
ENDCASE
hsw? = HEIGHT SW2+deltT*Dhsw2
IF UPPER(rep2U) = "Y" AND. t > rot .AND. AGE_SWZ >= thinyr
tp2 = 1/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA SW2 <= 1.1
Ddsw2 = (-0.284323*DIA SW2**24+0.418630*DIA_SW2)*tp2
CASE DIA_SW2 > 1.1 .AND. DIA SW2 <= 17.2
Ddsw2 = (-0.005682*DIA_SWIZ**2+0,103766*DIA_SW2)*tp2
CASE DIA_SW2 > 17.2 .AND. DIA SW2 < 26.9
Ddsw2 = (-0.000268*DIA_SW2;*2+0.010&28*DIA_SW2)*tp2
CASE DIA_SW2 >= 26.9
Ddsw2 = 0.086%*tp2
ENDCASE
dsw?2 = DIA SW2+AGE SW2*Ddsw2
Dnsw2 = -NO TRE SWZ2/(1+EXP(3.325+0.09*dsw2-3.2*Ddsw2))
nsw?2 = INT(RO TRE SW2+AGF SW2*Dnsw2)
basw2 = 0.00007854*dsw2*: Z*nsw?2
fsw2 = -0 0O01*AGE SW2+0.5
vsw2 = (fsw2*3.14¥Fnsw2*hsw2*dsw2**2) /40000
REPLACE HEIGHT SW2 WITH ROUND hsw2,6)
REPLACE DIA_SWI WITH ROUND(dsw2,6)



REPLACE NO_TRE_SW2 WITH nsw2
REPLACE BA~SW2 WITH ROUND(basw2,2)
REPLACE F FACT_SW2 WITH ROUND(fsw2,2)
REPLACE VGLUME_SWZ WITH ROUND(vsw2,1)
ENDIF
ENDCASE
* GROWMSB.PRG
STORE deltat TO deltT
DO CASE
CASE NO TREE SB > 0 .AND. AGE_SB > 0
1F HEIGHT_SB <= 2.6
Dhsb = -0.035259*HEIGHT_SB**2+O.135341*HEIGHT_SB
ENDIF
JF HEIGHT_SB > 2.6 .AND. HEIGHT SB <= 10.5
Dhsb = -0.004154*HEIGHT SB**7+0.052290*HEIGHT_SB
ENDIF
IF HEIGHT_SB > 10.5 .AND. HEIGHT _SB < 17.8
Dhsb = -0.000633*HEIGHT SB**2%0.015212*HEIGHT_SB
ENDIF
IF HEIGHT_SB >= 17.8
Dhsb = 0.07
ENDIF
hsb = HEIGHT SB+deltT*Dhsb
IF DIA SB <= 0.3
Ddsb = -0.412500*DIA_SB**2+0.482500*DIA_SB
ENDIF
IF DIA SB > 0.3 .AND. DIA SB <=~ 8.8
DdsE = -0.007900*DIA_SB**2+0.077900*DIA_SB
ENDIF
1IF DIA SB > 8.8 .AND. DIA SB < 15.0
Ddsb = -0.000737*DIA SB**2+40.014439*DIA_SB
ENDIF
IF DIA SB >= 15.0
Ddsb = 0.05
ENDIF
dsb = DIA SB+deltT*Ddsb
Dnsb = -NO TREE SB/(1+EXP(2.25+O.28*dsb-2.8*Ddsb))
nsb = INT(NO TREE SB+deltT*Dnsb)
basb = 0.00007854%dsb**2*nsb
fsb = -0.0012*AGE_SB+0.55
vsh = (fsb*3.la*nsb*hsb*dsb**Z)/AOOOO
REPLACE AGE SB WITH AGE_SB + deltT
REPLACE HEIGHT SB WITH ROUND(hsb,6)
REPLACE DIA SB WITH ROUND(dsb,6)
REPLACE NO_TREE SB WITH nsb
REPLACE BA“SB WITH ROUND(basb,2)
REPLACE F_FACT_SB WITH ROUND(fsb,2)
REPLACE VOLUME_SB WITH ROUND(vsb,1)
CASE NO_TREE_SB > 0 .AND. AGE_SB < 1
REPLACE ACE_SB WITH AGE_SB + deltT
IF AGE SB > O
IF HEIGHT_SB <= 2.6
Dhsb = -0.035259*HEIGHT_SB**2+O.1353&1*HEIGHT_SB
ENDIF
IF HEIGHT_SB > 2.6 .AND. HEIGHT SB <= 10.5
Dhsb = -0.00&156*HEIGHT_SB**7+0.052290*HEIGHT_SB
ENDIF
IF HEIGHT_SB > 10.5 .AND. HEIGHT_SB < 17.8
Dhsb = -0.000633*HEIGHT_SB**2+0.015212*HEIGHT_SB
ENDIF
IF HEIGHT_SB >= 17.8
Dhsb = 0.07
ENDIF
hsb = HEICHT_SB+de1tT*Dhsb

19}
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IF DIA_SB <= 0.3

Ddsb = -0.412500%DIA_SB**2+0.482500*DIA_SB
ENDIF
IF DIA SB > 0.3 .AND. DIA SB <= 8.8

Ddsb = -0.007900*DIA_SB**2+0.077900*DIA_SB
ENDIF
IF DIA SB > 8.8 .AND. DIA SB < 15.0

Ddsb = -0.000737*DIA_s5B**2+40.014439*DIA_SB

ENDIF

IF DIA SB >= 15.0
Ddsb = 0.05

ENDIF

dsb = DIA SB+AGE SB*Ddsb
Dnsb = -NO TREE §B/(1+EXP(2.25+0.28*dsb-2.8*Ddsb))
nsb = INT(RO TREE_SB+AGE_SB*Dnsb)
basb = 0.00007854*%dsb**2*nsb
fsb = -0.0012*AGE SB+0.55
vsb = (fsb*3.14*n§b*hsb*dsb**2)/40000
REPLACE HEIGHT_SB WITH ROUND(hsb, 6)
REPLACE DIA SB WITH ROUND(dsb,6)
REPLACE NO_TREE SB WITH nsb
REPLACE BA“SB WITH ROUND(basb,2)
REPLACE F fACT_SB WITH ROUND(fsb,2)
REPLACE VULUME_SB WITH ROUND(vsb,1)
ENDIV¥
ENDCASE
* GROWMSB2.PRG
STORE deltat TO deltT
DO CASE
CASF NO TRE SB2 > O _AND. ACE_SB2 >0
IF HEIGHT SB2 <= 2.6
Dhsb2 = -0.035259*HEIGHT_SBZ**2+O.1353&1*HEIGHT_SBZ
ENDIF
IF HEIGHT SB2 > 2.6 .AND. HEIGHT_SBZ <= 10.5
Dhsb2 = -0.00&154*HEICHT_SBZ**2+0.052290*HEIGHT_SBZ
ENDIF
IF HEIGHT_SBZ > 10.5 .AND. HEIGHT SB2 < 17.8
Dhsb2 = -0.000633*HEIGHT_SBZ**7+0.015212*HEIGHT_SB2

ENDIF

IF HEIGHT_SB2 >=17.8
Dhsb2 = 0.07

ENDIF

hsb2 = HEICHT_SBZ+deltT*Dth2
IF DIA SR2 <= 0.3
DdsB2 = -0.4125004DIA_SB2%*2+0.482500%DIA_SB2
ENDIF
IF DIA SB2 > 0.3 .AND. DIA SB2 <= 8.8
Ddsb2 = -0.007900*DIA_SBZ**2+0.077900*DIA_SBZ
ENDIF
IF DIA SB2 > 8.8 .AND. DIA SB2 < 15.0
Ddsb2 = -0.000737*DIA_552**2+0.01&&39*DIA SB2
ENDIF B
IF DIA SB2 >= 15.0
Ddsb2 = 0.05
ENDIF
dsb2 = DIA SB2+deltT*Ddsb2
Dnsb2 = -NO TRE 582/(1+EXP(2.25+0.28*dsb2-2.8*Ddsb2))
nsb2 = INT(NO TRE SB2+deltT*Dnsb2)
basb2 = 0.00007854*dsb2**2*nsb2
fsb2 = -0.0012*%AGE_SB2+0.55
vsb2 = (fsb2*3.14*nsb2*hsb2*dsb2**2) /40000
REPLACE AGE SB2 WITH AGE SB2 + deltT
REPLACE HEIGHT SB2 WITH ROUND(hsb2,6)
REPLACE DIA SB? WITH ROUND(dsb2,6)
REPLACE NO_TRE_SB2 WITH nsb2
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REPLACE BA SB2 WITH ROUND(basb2,2)
REPLACE F FACT_SB2 WITH ROUND(fsb2,2)
REPLACE VOLUME_SB2 WITH ROUND(vsb2,1)
CASE NO_TRE SB2 > 0 .AND. AGE SB2 <1
REPLACE AGE_SB2 WITH AGE_SB2 + deltT
IF AGE_SB2 5 0
IF HEIGHT SB2 <= 0.6
Dhsb2 = -0.035259*HEIGHT SB2%*2+0.135341%HEIGHT _SB2
ENDIF
IF HEIGHT S$B2 > 2.6 .AND. HEIGHT SB2 <= 10.5
Dhsb2 = -0.004154*HEIGHT SB2%¥2+0.052290*HEIGHT_SB2
ENDIF
IT HEIGHT SB2 > 10.5 .AND. HEIGHT SB2 < 17.8
Dhsb2 = -0.000633*HEIGHT SB2**7+0.015212*HEIGHT_SB2

ENDIF

IF HEIGHT SB2 >-17.8
Dhsb2 = 0.07

ENDIF

hsb2 = HEIGHT_SB2+deltT*Dhsb2
IF DIA SB2 <= 0.3
Ddsb2 = -0.612500*DIA_SB2**2+0.b82500*DIA_SBZ
ENDIF
IF DIA SB2 > 0.3 .AND. DIA SB2 <= 8.8
Ddsb2 = -0.007900*DIA_SEZ**2+04077900*DIA_SBQ
ENDIF
IF DIA SB2 > 8.8 .AND. DIA SB2 < 15.0
Ddsb2 = -0.000737*DIA_SB2**2+0.014439*DIA_SB2
ENDIF
IF DIA SB2 >= 15.0
Ddsb2 = 0.05
ENDIF
dsb2 = DIA SB2+AGE SB2*Ddsb2
Dnsb2 = -NO_TRE SB?/(1+EXP(2.25+0.28*dsb2-2.8*Ddsb2))
nsb2 = INT(NO TRE SB2+AGE SB2*Dnsb2)
basb2 = 0.00007854*dsb2**7*nsb2
fsb2 = -0.0012*AGE_SB2+0.55
vsbh2 = (fsb2*3.1&*nsb2*hsb2*dsb2**2)/AOOOO
REPLACE HEIGHT SB2 WITH ROUND(hsb2,6)
REPLACE DIA SBZ WITH ROUND(dsb2,6)
REPLACE NO_TRE_SB2 WITH nsb?2
REPLACE BATSB2 WITH ROUND(basb2,2)
REPLACE F _FACT_SB2 WITH ROUND(fsb2,2)
REPLACE VOLUME_SB2 WITH ROUND(vsb2,1)
ENDIF
ENDCASE

* GROWMP.PRG
STORE deltat TO deltT

DO CASE
CASE NO TREE_P > O .AND. AGE P > 0
DO CASE
CASE HEIGHT P <= 3.5
Dhp = -0.027604*HEIGHT P*%*2+0.153986*HEIGHT P
CASE HEIGHT P > 3.5 .AND. HEIGHT P <= 18.0
Dhp = -0.003638*HEIGHT_P**2+0_ 069626 *HEIGHT P
CASE HEIGHT P > 18.0 .AND. HEIGHT P < 23.9
Dhp = -07000333%HEIGHT_P**2+0.009891*HEIGHT_P
CASE HEIGHT P >= 23.9
Dhp = 0.046
ENDCASE

hp = HEIGHT_P+deltT*Dhp

IF UPPER(rep20) =~ "Y" .AND. t > rot .AND. AGE P >= thinyr
tp = 1/thinper

ELSE
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tp =1
ENDIF
DO CASE
CASE DIA P <= 2.2
Ddp = (-0.05331*DIA_P**2+0.20031*DIA_P)*tp
CASE DIA P > 2.2 .AND. DIA P <= 16 5
Ddp = (-0.005185*DIA_P**2+0.0910£6*DIA_P)*tp
CASE DIA P > 16.5 .AND. DIA P < 24.2
Ddp = (-0.000351*DIA_P**7+0.011258*DIA_P)*tp
CASE DIA_P >= 24.2
Ddp = 0.066%tp
ENDCASE
dp - DIA_P+deltT+*Ddp
Dnp = -NO TREE_P/(1+EXP(3.25+0.125%dp-4.73%Ddp))
np = INT(RO TREE_P+deltT*Dnp)
bap = 0.00007854*dp**2*np
fp = -0.00059*AGE_P+0.493
vp = (fp*3.14*nprhpxdp**2)/40000
REPLACE AGE P WITH AGE P + deltT
REPLACE HEIGHT P WITH ROUND(hp,6)
REPLACE DIA P WITH RCUND(dp,6)
REPLACE NO TREE P WITH np
REPLACE BA P WITH ROUND(bap,2)
REPLACE F FACT_P WITH ROUND(£fp, 2)
REPLACE VOLUME P WITH ROUND(vp,1)
CASE NO TREE P > 0 .AND. AGE P <1
REPLACE AGE P WITH AGE_P + deltT
IF AGE P >0
Do CASE
CASE HEIGHT_P <= 3.5
Dhp = -0.02760&*HEIGHT_P**2+0.153986*HEIGHT_P
CASE HEIGHT P > 3.5 .AND. HEIGHT P <= 18.0
Dhp = -0.003638*HEIGHT_P**2+0.069626*HEIGHT_P
CASE HEIGHT_P > 18.0 .AND. HEIGHT P < 23.9
Dhp =~ -07000333*HEIGHT P**2+0.009891+HEIGHT P
CASE HEIGHT P >= 23.9
Dhp = 0.046
ENDCASE
hp = HEIGHT_P+deltT*Dhp
IF UPPER(rep20) = "Y" .AND. t > rot .AND. AGE_P >= thinyr
tp = l1/thinper
ELSE
tp -1
ENDIF
DO CASE
CASE DIA_P <= 2.2
Ddp = (-0.05331*DIA_P**2+0.20031*DIA_P)*tp
CASE DIA_ P > 2.2 .AND. DIA P <= 16.5
Ddp = (-0.005185*%DIA_P*¥2+0.091066*DIA_P)*tp
CASE DIA_P > 16.5 .AND. DIA P < 24.2
Ddp = (-0.000351*DIA_P**?+0.011258*DIA_P)*tp
CASE DIA_P >= 24.2
Ddp = 0.066*tp
ENDCASE
dp = DIA_ P+AGE_P*Ddp
Dnp = -NO TREE_P/(i+EXP(3.25+0.125%dp-4.73*Ddp))
np = INT(RO TREE_P+AGE_P*Dnp)
bap = 0.00007854*dp**2%n
fp = -0.00059*AGE p+o.a9§
vp = (£p*3.1l4*np*hp*dp**2)/40000
REPLACE HEIGHT P WITH ROUND(hp, 6)
REPLACE DIA P WITH ROUND(dp,6)
REPLACE NO_TREE P WITH np
REPLACE BA™P WITH ROUND(bap,2)
REPLACE F_FACT_P WITH ROUND(fp,2)



REPLACE VOLUME_P WITH ROUND(vp,l)
ENDIF
ENDCASE
* GROWMP2.PRG
STORE deltat TO deltT
DO CASE
CASE NO_TREE_P2 > O .AND. AGE P2 > 0
DO CASE
CASE HEIGHT P2 <= 3.5
Dhp2 = -0.027604*HEIGHT_P2**2+0.153986*HEIGHT P2
CASE HEIGHT P2 > 3.5 .AND. HEIGHT P2 <= 18.0
Dhp2 = -0.003638*HEIGHT P2**240.069626¥HEIGHT P2
CASE HEIGHT P2 > 18 O AND. HEIGHT P2 < 23.9
Dhp2 = -0.000333*HEIGHT_P2**2+0 00989 1*HEIGHT P?
CASE HEIGHT P2 >= 23.9
Dhp2 = 0.046
ENDCASE
hp2 = HEIGHT P2+deltT*Dhp2
1F UPPER(repZ0) = "Y" .AND. t > rot .AND. AGE P2 >= thinyr
tp2 = l/thinper
ELSE
tp2 - 1
ENDIF
DO CASE
CASE DIA P2 <= 2.2
Ddp2 = (-0.05331*DIA_P2*%2+0.20031*DIA P2)*tp2
CASE DIA P2 ~ 2.2 .AND. DIA P2 <= 16.5
Ddp2 = (-0.005185*DIA_P2**2+0.091066*DIA_P2)*cp2
CASE DIA P2 > 16.5 .AND. DIA P2 < 24.2
bdp2 - (-0.000BSI*DIA_PZ**2+0.011258*DIA_PZ)*cp2
CASE DIA_P2 >= 24.2
Ddp2 = 0.066%tp2
ENDCASE
dp2 = DIA P2+deltT*Ddp2
DngZ = -NO TREE P2/(1+EXP(3.25+0.125*dp2-a.73*de2))
np2 = INT(NO TREE_P2+deltT*Dnp2)
bap2 = 0.00007854%dp2**2+*np?2
fp2 = -0.00059*AGE_P2+0.493
vp2 = (£p2*3.14*npZxhp2*dp2**2) /40000
REPLACE AGE P2 WITH AGE P2 + deltT
REPLACE HEIGHT P2 WITH ROUND(hp2,6)
REPLACE DIA P2 WITH ROUND(dp2,6)
REPLACE NO_TREE_P2 WITH np2
REPLACE BA P2 WITH ROUND(bap2,2)
REPLACE F_FACT_P2 WITH ROUND(fp2,2)
REPLACE VOLUME P2 WITH ROUND(vp2,1)
CASE NO_TREE_P2 > 0 .AND. AGE P2 < 1
REPLACE AGE_P2 WITH AGE_P2 + deltT
IF AGE_P2 > 0
DO CASE
CASE HEIGHT P2 <= 3.5
Dhp2 = -0.027604*HEIGHT _P2**2+0.153986*HEICHT_P2
CASE HEIGHT P2 > 3.5 .AND. HEIGHT P2 <= 18.0
Dhp2 = -U.OO3638*HEIGHT_P2**2+U.069626*HEIGHT,P2
CASE HEIGHT P2 > 18.0 .AND” HEIGHT_P2 < 23.9
Dhp2 = -0.000333*HEIGHT P2*%2+0. 009891 *HEIGHT_P2
CASE HEIGHT P2 >= 23.9 -
Dhp2 = 0.046
ENDCASE
hp2 = HEIGHT P2+deltT*Dhp?
IF UPPER(rep20) = "Y" .AND. t > rot .AND. AGE_P2 >- thinyr
tp2 = 1l/thinper
ELSE
tp2 = 1
ENDIF



DO

EN
dp
Dn
np
ba
fp
vp
RE
RE
RE
RE
RE
RE
ENDIF
ENDCASE

CASE
CASE DIA P2 <= 2.2
Ddp? = (-0.05331*DIA_P2**2+0.20031*DIA_P2)*tp2
CASE DIA P2 > 2.2 .AND. DIA P2 <= 16.5
Ddp2 = (-0.005185*DIA_P2¥*2+0.091066*DIA_P2)*tp2
CASE DIA P2 > 16.5 ._AND. DIA P2 < 24.2
Ddp2 = (-0.000351*DIA_P2*¥2+0.011258*DIA_P2)*tp2
CASE DIA P2 >= 24.2
Ddp2 = 0.066*tp2
DCASE
2 = DIA P2+AGE P2*Ddp2
p2 = -NO TREE_P2/(1+EXP(3.25+0.125%dp2-4.73*Ddp2))
2 = INT(NO TREE P2+AGE_P2*Dnp?2)
p2 = 0.00007854%dp2%*2%np?2
2 = -0.00059*%AGE_P2+0.493
2 = (fp2*3.14*np2*hp2*dp2**2) /40000
PLACE HEIGHT P2 WITH ROUND(hp2,6)
PLACE DIA P2 WITH ROUND(dp2,6)
PLACE NO_TREE P2 WITH np2
PLACE BA P2 WITH ROUND(bap2,2)
PLACE F FACT P2 WITH ROUND(fp2,2)
PLACE VOLUME_P2 WITH ROUND(vp2,1)

* GROWMAP.PRGC

STORE delta
DO CASE

CASE NO_

DO CA

CA

CA
CA
CA

ENDCA
hap =
1F UP
.0
tp
ELSE
tp
ENDIF
DO CA
CA

CA

t TO delcT

TREE_ AP > O .AND. AGE_AP > 0

SE

SE HEIGHT AP <= 2.5

Dhap = -0.285766*HEIGHT_AP**2+0.807153*HEICHT AP
SE HEIGHT AP > 2.5 .AND. HEIGHT AP <= 21.1

Dhap = -0.003062*HEIGHT_AP**2+0.069295*HEIGHT_AP
SE HEIGHT AP > 21.1 .AND. HEIGHT_AP < 26.1

Dhap = -0.000661*HEIGHT_AP**2+0. 018569*HEIGHT_AP
SE HEIGHT AP >= 26.1 B N
Dhap = 0.0%"

SE

HEIGHT AP+deltT*Dhap

PER(repZ0) = "Y" .AND. t > rot .AND. (AGE_P >= thinyr ;
R. AGE SW >= tainyr)

- 1/thinper

=1

SE

SE DIA AP <= 1.6

Ddap = (-0.403726%*DIA_AP**2+0.730745%DIA_AP)*tp
SE DIA AP > 1.6 .AND. DIA_AP <= 21.1
Ddap = (-0.003920%DIA_AP¥*2+0.087056*DIA_AP)*tp

CASE DIA AP > 21.1 .AND. DIA AP < 28.3

CA

ENDCA
dap =
Dnap

nap =
haap

tap =
vap =

Ddap = (-0.000321*DIA_AP**2+0.011042*DIA_AP)*tp
SE DIA_AP >= 28.3 -
Ddap = 0.055*tp
SE
DIA AP+deltT*Ddap
= -NO TREE AP/(1+EXP(3.075+0.16*dap-4.4*Ddap))
INT(NO TREE_AP+deltT*Dnap)
= 0.00007854*dap**2%nap
-0.00053*AGE_AP+0.46
(fap*3.l4*nap*hap*dap**2) /40000

REPLACE AGE AP WITH AGE AP + deltT
REPLACE HEIGHT AP WITH ROUND(hap,6)
REPLACE DIA AP WITH ROUND(dap,6)
REPLACE NO_TREE_AP WITH nap

196



REPLACE BA AP WITH ROUND(baap,?2)
REPLACE F FACT AP WITH ROUND(fap,2)
REPLACE VOLUME AP WITH ROUND(vap,l)

CASE NO TREE AP > O .AND. AGE AP < 1
REPLACE AGE AP WITH AGE_AP + deltT
IF AGE AP > 0
DO CASE
CASE HEIGHT AP <= 2.6
Dhap = -0.285766*HEIGHT AP*»2+0.807153*HEIGHT AP
CASE HEIGHT AP > 2.6 .AND. HEIGHT AP <= 21.1
Dhap = -0.003062*HEIGHT AP**2+0.069295*HEIGHT AP
CASE HEIGHT AP > 21.1 .AND. HEIGHT AP < 26.1
Dhap = -0.000661*HETGHT AP**2+0 . 018569*HEIGHT AP
CASE HEIGHT AP >= 26.1
Dhap = 0.034
ENDCASE
hap = HEIGHT_AP+deltT*Dhap
IF UPPER(rep20) = 'Y" .AND. t > rot .AND. (AGE_P >= thinyr
_OR. AGE SW >= thinyr)
tp = l/thinper
ELSE
tp = 1
ENDIF
DO CASE
CASE DIA AP <= 1.6
Ddap = (-0 403726*DIA AP*x2+0.730745*%DIA_AP)*tp
CASE DIA AP > 1.6 .AND. DIA AP <= 21.1
Ddap = (-0.003920*DIA_AP**2+0.087056*DIA_AP)*tp
CASE DIA AP > 21.1 .AND. DIA AP < 28.3
Ddap = (-0.000321*DIA_AP**2+0.0110&2*DIA_AP)*Cp
CASE DIA AP >= 28.3
Ddap = 0.055*tp
ENDCASE
dap = DIA AP+AGE_AP*Ddap
Dnap - -NO TREE AP/(1+EXP(3.075+0.16*dap-4.4*Ddap))
nap = INT(NO_TREE_AP+AGE_AP*Dnap)
baap = 0.00007854*dap**2*nap
fap = -0.00053*AGE_AP+0.46
vap = (fap*3.l4*nap*hap*dap**2)/40000
REPLACE HEIGHT AP WITH ROUND(hap,6)
REPLACE DIA AP WITH ROUND(dap,6)
REPLACE NO_TREE AP WITH nap
REPLACE BA AP WITH ROUND(baap,2)
REPLACE F_FACT_AP WITH ROUND(fap, <)
REPLACE VOLUME_AP WITH ROUND(vap. )
ENDIF
ENDCASE

* GROWMAP2.PRG
*initialize memory variables
STORE deltat TO deltT
DO CASE
CASE NO_TRE_AP2 > O .AND. AGE_AP2 > 0
DO CASE
CASE HEIGHT_AP2 <=~ 2.5
Dhap2 = T0.285766*HEIGHT_AP2**2+0.807153*HEIGHT_AP2
CASE HEIGHT_AP2 > 2.5 .AND. HEIGHT AP2 <~ 21.1
Dhap2 = -0.003062*HEIGHT AP2%%2%0.069295*HEIGHT _AP2
CASE HEIGHT AP2 > 21.1 .AND. HEIGHT AP2 < 26.1
Dhap2 = 0.000661*HEIGHT AP2%%2+0.018569*HLIGHT_AP2
CASE HEIGHT AP2 >= 26.1
Dhap2 = 0.034
ENDCASE



148

hap2 = HEIGHT AP2+deltT*Dhap?2
IF UPPER(rep20) ="Y" .AND. t > rot .AND. (AGE_P2 >= thinyr
.OR. AGE_SW2 >= thinyr)
tp2 = 1/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA_AP2 <= 1.6
Ddap2 = (-0.403726*DIA AP2**240.730745%*DIA_AP2)*tp2
CASE DIA_AP2 > 1.6 .AND. DIA AP2 <= 211
Ddap2 = (-0.003920*DIA_APZ**2+0.087056*DIA_AP2)*tp2
CASE DIA_AP2 > 21.1 .AND. DIA AP2 < 28.3
Ddap?2 = (-0.000321*DIA APz**2+0 011042*DIA AP2)*tp2
CASE DIA _AP2 >= 28 3
Ddap2 = 0.055*tp2
ENDCASE
dap2 = DIA_AP2+deltT*Ddap2
Dnap2 = -NO_TRE AP2/(14EXP(3.075+40.16%dap2-4.4*Ddap2))
nap2 = INT(NO TRE_AP2+deltT*Dnap2)
baap2 = 0.00007854*dap2**2*nap2
fap2 = -0.00053*%AGE_AP2+0.46
vap2 = (fap2*3 . 14%nap2*hap2*dap2**x2) /40000
REPLACE AGE AP2 WITH AGE AP2 + deltT
REPLACE HEIGHT AP2 WITH ROUND(hap?,6)
REPLACE DIA APZ WITH ROUND(dap2,6)
REPLACE NO_TRE_AP2 WITH nap:
REPLACE BA“AP2 WITH ROUND(buap? 2)
REPLACE F FACT_AP2 WITH ROUND(1:p.,2)
REPLACE VOLUME _AP2 WITH ROUND (vupe, 1)
CASE NO_TRE_AP2 > 0 .AND. AGE_AP2 < 1
REPLACE AGE_AP2 WITH AGE_AP2 + deltT
IF AGE AP2 > 0
DO CASE
CASE HEIGHT_AP2 <= 2.5
Dhap2 =~ -0.285766*HEIGHT_AP2**2+0.807153*HEIGHT_AP2
CASE HEIGHT_AP2 > 2.5 .AND. HEIGHT_AP2 <= 21.1
Dhap?2 = ~0.003062*KEIGHT AP2**2+0.069295*HEIGHT_AP2
CASE HEIGHT AP2 > 21.1 .AND” HEIGHT AP2 < 26.1
Dhap2 = -0.000661*HEIGHT AP2**2+0.018569*HEIGHT_AP2
CASE HEIGHT AP2 >= 26.1
Dhap2 = 0.034
ENDCASE
hap2 = HEIGHT AP2+deltT*Dhap2
1F UPPER(rep20) = "Y" .AND. t > rot .AND. (AGE_P2 >= thinyr
.OR. AGE _SW2 >= thinyr)
tp2 = 1/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA _AP2 <= 1.6
Ddap2 = (-0.403726*DIA_AP,**2+0.730745*DIA AP2)*tp2
CASE DIA AP2 > 1.6 .AND. DIA AP2 <= 21.1 -
Ddap2 = (-0.003920*%DIA_APZ**2+0.087056*DIA AP2)*tp2
CASE DIA_AP2 > 21.1 .AND "DIA AP2 < 28.3 -
Ddap2 = (-0.000321*DIA_AP2%%2+0.011042*DIA AP2)*tp2
CASE DIA_AP2 >= 28.3 -
Ddap2 = 0.055*tp2
ENDCASE
dap2 = DIA_AP2+AGE_APZ*Ddap?
DnagZ = -NO TRE AP?/(1+EXP(3.07S+0.16*dap2-a.a*Ddap2))
nap2 = INT(NO_TRE_AP2+AGE_AP2*Dnap2)
baap2 = 0.0000785&*dap2**Z*nap2
fap2 = -0.00053*AGE_AP2+0.46



vap2 = (fap2*3.l4*nap2¥hay?*1up2**2) /40000
REPLACE HEIGHT AP2 WITH ROUND(hap2.6)
REPLACE DIA APZ WITH ROUND(dap2,6)
REPLACE NO_TRE_AP2 WITH nap2
REPLACE BA AP2 WITH ROUND(baap2.2)
REPLACE F FACT AP2 WITH ROUND(fap2.
REPLACE VOLUME _AP2 WITH ROUND(vap2.
ENDIF
ENDCASE
* GROWFSW.PRG
*initia,1ze memory variables
STORE de.tat TO deltT
DO CASE
CASE NO_TREE SW > 0 .AND. AGE_SW > O
DO CASE
CASE HEIGHT SW <= 6 0
Dhsw = -0.008929*HEIGHI SW**2+0 . GBOB43I*¥HE' T SW
CASE HEIGHT SW > 6.0 .AND. HEIGHT SV <= 10.8
Dhsw = -0.003071*HETGHT SW**2+47 453, *HEL( ' <V
CASE HEIGHT SW > 10.8 AND. HEIGHT S < 7i .9
Dhsw = -0.000752*HEIGHT SW**2+{ .Ol44*HEL v : W
CASE HEIGHT SW >= 20.9
Dhsw = 07092
ENDCASE
hsw = HEIGHT SW+deltT*Dhsw
IF UPPER(rep20) = "Y" .AND. t > rot .AND. AGE_SW -- thinvyr
tp = l/cginper
ELSE
tp = 1
ENDIF
DO CASE
CASE DIA SW <= 1.7
Ddsw = (-0.065187*DIA SWx*2+40.188593*DIA_SW)*tp
CASE DIA SW > 1.7 .AND. DIA SW <= 11 2
Ddsw = (-0.006927*DIA SW*x*2+0.086055*DIA_SW)*tp
CASE DIA SW > 11.2 .AND. DIA SW < 19.7
Ddsw = (-0.000453*DIA SW**2+0.013093*DIA_SW)*tp
CASE DIA_SW >= 19.7 -
Ddsw = 0.082*tp
ENDCASE
dsw = DIA SW+deltT*Ddsw
Dnsw = -NO TREE SVW/(14EXP(3.508+0.111%dsw-4*Ddsw))
nsw = INT(NO TREE_SW+deltT*Dnsw)
basw = 0.00007854*dsw**2*nsw
fsw = -0.0018*AGE_SW+0.708
vsw = (fsw*x3. la*nswxhswrdsw**2) /40000
REPLACE AGE SW WITH AGE SW + deltT
REPLACE HEIGHT _SW WITH ROUND(hsw,6)
REPLACE DIA SW WITH ROUND(dsw,6)
REPLACE NO_TREE SW WITH nsw
REPLACE BA_SW WITH ROUND(basw,2)
REPLACE F_FACT SW WITH ROUND(fsw,2)
REPLACE VOLUME SW WITH ROUND(vsw,k1)
CASE NO_TREE_SW >0 .AND. AGE SW < 1
REPLACE AGE_SW WITH AGE_SW + deltT
IF AGE_SW >0
DO TASE
CASE HEIGHT SW <= 6.0
Dhsw = -0.008929*HEIGHT _SW**2+0.080843*HEIGHT _SW
CASE HEIGHT SW > 6.0 AND. HEIGHT SW <= 10.8
Dhsw = -0.003071*HEIGHT _SW**2+0.045345*HEIGHT _SW
CASE HEIGHT SW > 10.8 .AND. HEIGHT_SW < 20.9
Dhsw = -0.000752*HEIGHT SW**2+0°020144*HEIGHT SW
CASE HEIGHT_SW >= 20.9
Dhsw = 0.092

—



ENDCASE
hsw = HEIGHT SW+deltT*Dhsw
IF UPPER(repJ0) ="Y" AND. t » rot _AND. AGE SW >= thi
tp = l/thinper
ELSE
tp = 1
ENDIF
DO CASE
CASE DIA SW <= 1.7
Ddsw = (-0.06518/*DIA_SW**2+0 188593*DIA_SW)*tp
CASE DIA SW > 1.7 .AND. DIA_SW <= 11.2
Ddsw = (-0.006927*DIA SW**2+0.086055*DIA_SW)*tp
CASE DIA SW > 11 .2 .AND. DIA SW < 19.7
Ddsw = (-0 000453*DIA _SW**2+40.013093*DIA_SW)*tp

CASE DIA SW = 14 7
Ddsw = O 0B, *' D
ENDCASE

dsw = DIA SW+AGE SW*Ddsw
Dnsw = -NO TREE §W/(1+EXP(3.508+0.111*dsw-b*Ddsw))
nsw = INT(NO TREE SW+AGE_SW*Dnsw)
basw = 0.00007854%dswr*2%nsw
fsw = -0.0018*AGE SW+0.708
VSW = (fsw*3.la*nsw*hsw*dsw**Z)/aOOOO
REPLACE HEIGHT SW WITH ROUND (hsw,6)
REPLACE DIA_SW WITH ROUND(dsw,6)
REPLACE NO_TREE SW WITH nsw
REPLACE BA“SW WITH ROUND(basw,2)
REPLACE F_FACT_SW WITH ROUND(fsw,2)
REPLACE VOLUME SW WITH ROUND(vsw,l)
ENDIF -
ENDCASE
* GROWFSW2 . PRG
xinitialize memor. —-ariables
STORE deltat TO deltT
DO CASE
CASE NO_TRE_.W2 > O _AND. AGE SW2 > O
DO CASE
CASE HEIGHT SW2 <= 6.0
Dhsw2 = 70.008929*HEIGHT_SWZ**2+0.080843*HEIGHT_SW2
CASE HEIGHT SW2 > 6.0 .AND. HEIGHT SW2 <= 10.8
Dhsw2 = -0.003071*HEICHT_SW2**2+0.0&5345*HEIGHT_SW2
CASE HEIGHT_SW2 > 10.8 .AND. HEIGHT SW2 < 20.9
Dhsw2 = -0.000752*HEIGHT_SW2**2+6.0ZOIAA*HEIGHT_SWZ
CASE HEIGHT SW2 >= 20.9
Dhsw2 = 0.092
ENDCASE
hsw2 = HEIGHT SW2+deltT*Dhsw?2
IF UPPER(rep20) = "Y" .AND. t > rot .AND. AGE_SW2 >= thinyr
tp2 = l/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA SW2 <= 1.7
Ddsw2 = (-0.065187*DIA SW2**2+0 88593*DIA SW2)*tp?2
CASE DIA_SW2 > 1 7 _AND. DIA SW2 <= 11.2
Ddsw2 = (-0.006927*DIA SWZ**2+0 .086055%DIA_SW2)*tp2
CASE DIA_SW2 > 11.2 .AND . "DIA SW2 < 19.7
Ddsw2 = (-0.000453*DIA SW2x*2-( 013093*DIA_SW2)*tp2
CASE DIA_SW2 >= 19.7 N
Ddsw2 = 0.082*tp2
ENDCASE
dsw2 = DIA_SW2+deltT*Ddsw2
Dnsw2 = -NO_TRE_SW2/(1+EXP(2 508+0.111*%dsw2-4%Ddsw2))

Yot



nsw? = INT(NO TRE SW.2+deltT*Dnsw)
basw? = 0.00007854*dsw2**24nsw.
fsw,) = -0.0018*AGE SW2+0.708
vsw? = (fsw2*3 larnsw2rhswl*dsw. L0000
REPLACE AGF SW2 WITH AGE SW2 + delt¥
REPLACE HEIGHT SW2 WITH ROUND(hsw? o)
REPLACE DIA SW? WITH ROUND(dsw. .6}
REPLACE NO TRE SW2 WITH nsw?
REPLACE BA SW2 WITH ROUND(basw. 2
REPLACE F_FACT SW2 WITH ROUND(tsw...)
REPLACE VOLUMF SW2 WI™H ROUND(vswZ, 1)
CASE NO TRE SW2 - ' AND. AGE SW2 - 1
REPLACE AGE SW.2 WITH AGr W2 + delt?l
IF AGE SW2 > 0 )

DO CASE
CASE HEIGHT SW2 <= 6.0
Dhsw? = -0 008929*HETGHT SWoxx)sd 0RO SRHETOHT SW!
CASE HEIGHT SW2 > 6.0 _AND. HEIGHT SWZ2 ~= 10 8

Dhsw2 = -0.003071*HEIGHT Sw2*%240.045345*HETCHT SW.
CASE HEIGHT SW2 > 10.8 .AND. HEICHT SW2 < 20 9
Dhsw? = -0.000752*HEIGHT SW2*#24D 020144xHETGHT HW!
CASE HEIGHT SW2 >= 20.9
Dhsw2 = 0.092
ENDCASE
hsw2 = HEIGHT SW2+deltT*Dhsw?
IF UPPER(rep20) = "Y" _AND. t > rot AND ACE SW2 = thinyr
tp2 = l/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA SW2 <= 1.7/
Ddsw?2 = (-0.065187*DIA SW2*x*2+0 188593*%DIA SW2)*tp.)
CASE DIA SW2 > 1.7 _AND. D!A SW2 <= 11/
Ddsw2 = (-0.006927%DIA SWIx*240 086055%DIA SW.)*tp’
CASE DIA SW2 > 11 2 .axD. DIA SW2 < 19 7/
Ddsw2 = (-0.000453*DIA SW2*¥*2+0 O13093*DIA SW2)*tp/
CASE DIA SW2 >= 19.7
Ddsw2 = 0 .082*tp?
ENDCASE
dsw2 = DIA SW2+AGE SW2*Ddsw?
Dnsw2 = -NO_TRE SWZ/(1+EXP(3.508+0 111%dsw?-4*Ddsw/))
nsw2 = INT(NO TRE_SW2+AGE_SW2*Dnsw?2)
basw2 = 0.00007854*dsw2**7*nsw?
fsw2 = -0.0018*AGE SW2+0.708
vsw?2 = (fsw2*3 . 14%nsw2rhsw2xdsw2**2)/40000
REPLACE HEIGHT SW2 WITH ROUND(hsw?,6)
REPLACE DIA SWZ WITH ROUND(dsw2.6)
REPLACE NO_TRE_SW2 WITH nsw2
REPLACE BA SW2 W1.H ROUND(basw?2, ?2)
REPLACE F _FACT_SW2 WITH ROUND(fsw? 2)
REPLACE VOLUME SW2 WITH ROUND(vswZ. 1)

ENDIF

ENDCASE

* GROWFSB.PRG
*initialize memory variables
STORE deltat TO deltT

DO CASE

CASE NO TREE SB > 0 .AND. AGE _SB > 0
IF HEIGHT SB <= 3.2

Dhsb = -0.011786*HEIGHT SB**2+0 (62132*HEIGHT SB

ENDIF
IF HEIGHT SB > 3.2 .AND. HEIGHT SB <= 6.3

Dhsb = -0.004216*HEIGHT SB**Z2+0.037834*HEICHT 5B



)

ENDIF
IF HEIGHT SB > 6.3 _AND HEIGHT SB < 11.8
Dhsb = -0 _.001107*HEIGHT SB**7+0 018249*HEIGHT SB

ENDIF
IF HEIGHT SB >= 11 .8
Dhsb =0 061
ENDIF
hsb = HEIGHT SB+deltT*Dhsb
IF DIA SB <= 0 8
Ddsh = -0 132352%DIA SB**240.206617*DIA_ 5B
ENDIF
IF DIA SB > 0 8 .AND. DIA SB <=~ 4.7
Ddsb = -0 021982#*DIA SB**2+0.112462*DIA SB
ENDIF
IF DIA SB > 4.7 AND. DIA SB < 9 9
Ddsh = -0 001068*DIA SB**2+0 015638*DIA SB

ENDIF

I¥ DIA SB >= 9.9
Ddsb = 0.05

ENDIF

dsb = JIA SB+deltT*Ddsb
Dnsb = -NO TREE SB/(1+4EXP(3.5+0.17*%dsb-7.45%Ddsb))
nsb = .NT(NO TREE SB+deltT*Dnsb)
bash « 0 00007854%dsh**2*nsb
fsh = -0.0U19*AGE $p8+0.75
vsb = (fsb*3 l4*nshrhsbxdsb**2),/40000
REPLACE AGE SB WIT{ AGE SB + deltT
REPLACE HEIGHT SB WITH ROUND(hsb,6)
REPLACE DIA SB WITH ROUND dsb,6)
REPLACE NO TREE SB WITH nsb
REPLACE BA SB WITH ROUND(basb, 2)
REPLACE F FACT_SB WITH ROUND(fsb,2)
REPLACE VOLUME_SB WITH ROUND(vsb.l)
CASE NO_TREE_ SB > 0 .AND. AGE_SB < 1
REPLACE AGE_SB WITH AGE_SB + deltT
IF AGE_SB > 0
IF HEIGHT SB <= 3.2
Dhsb = -0.011786*HEIGHT SB**2+0.062132*HEIGHT_SB
ENDIF
1IF HEIGHT SB > 3.2 .AND. HEIGHT SB <= 6.3
Dhsb = -0.004216*HEIGHT SB**7+0.037834*HEIGHT_SB
ENDIF
IF HEIGHT SB > 6.3 _AND. HEIGHT SB < 11.8
Dhsb =~ -0.001107*HEIGHT SB**7+0.018249*HEIGHT_SB

ENDIF

IF HEIGHT SB >= 11.8
Dhsb =70.061

ENDIF

hsb = HEIGHT SB+deltTx*Dhsb
IF DIA SB <="0.8

Ddsb = -0.132352*DIA_SB**2+40.206617*DIA_SB
ENDIF N
IF DIA SB > 0.8 .AND. DIA SB <= 4.7

Ddshb = -0.021582*%DIA_SB**2+0.112462*DI# SB
ENDIF N
IF DIA SB > 4.7 .AND. DIA SB < 9.9

Ddsb = -0.001068*DIA_SE**2+0.015638*DIA SB

ENDIF

IF DIA SB >= 9.9
Ddsb = 0.05

ENDIF

dsb = DIA SB+AGE SB*Ddsb
Dnsb = -NU_TREE_QB/(1+EXP(3.5+0.17*dsb-7.&5*Ddsb))



nsb = INT(NO TREE SB+AGE SB*Dush)
basb = 0 00007854%dsb** *nsb
fsb = -0.0019*AGE SB+0 /5
vsb = (fsb*3 . 1l4*nsbr*hsh¥dsb**?2) /40000
REPLACE HEIGHT SB WITH ROUND(hsbh.6)
REPLACE DiA_SB WITH ROUND(dsb.v)
REPLACE NO _TREE SB WITH nsb
REPLACE BA_SB WITH ROUND(basb,2)
RSPLACE F_FACT SB WITH ROUND(fsb,2)
REPLACE VOLUME SB WITH ROUND(vsb, 1)
ENDIF

ENDCASE
* GROWFSB2.PRG
*initialize memory variables
STORFE. deltat TO deltT
DO CASE
CASE NO TRE SB2 > O AND. AGE SB? > 0O

IF HEIGHT 3SB2 «= 3 0
Dhsb2 = -0.011786%HEIGHT _SB2**2+0 0621 3)*HELGHT S/
ENDIF
JF HEIGHT SB2 > 3.2 .AND. HEIGHT SB2 <= 6.1
Dhsb2 = -0.004216*HEIGHT SB2**24+40.037834~HEIGHT SB?
ENDIF
IF HEIGHT SB2 > 6.3 .AND HEIGHT SB2 < 11 8
Dhsb2 = -0.001107*HEIGHT SB2**2+0 . 018749*HETCHT SBY
ENDIF
IF HEIGHT SB2 >= 11.8
Dhsb2 = 0.061
ENDIF
hsb2 = HEIGHT _SB2+deltT*Dhsb2
IF DIA SB2 <= 0.8
Ddsb2 = -0.132352%DIA SB2**2+0.206617*DIA SBY
ENDIF ’
IF DIA SB2 > 0.8 .AND. DIA_SB2 <= 4.7/
Ddsb2 = -0.021582*DIA_SB2**2+0.112462*DIA SB?
ENDIF )
IF DIA SB2 > 4.7 .AND. DIA SB2 < 9.9
Ddsh?2 = -0.001068*DIA_SB2**2.0.015638*DIA SB?
ENDIF '
IF DIA SB2 >= 9.9
Ddsb2 = 0.05
ENDIF
dsb2 = DIA_SB2+deltT*Ddsb2
Dnsb2 = -NO TRE SB2/(14EXP(3.5+0.17%dsb2-7.45%Ddsb2))
nsb2 = INT(RO_TRE_SB2+deltT*Dnsb2)
basb2 = 0.00007854*dsb2**2*nsb2
fsb2 = -0.0019*AGE_SB2+0.75
vsb2 = (fsb2*3, 14*nsb2*hsb2*dsb2**2) /40000
REPLACE AGE SB2 WITH AGE_SB2 + deltT
REPLACE HEIGHT SB2 WITH ROUND(hsb2,6)
REPLACE DIA SBZ WITH ROUND(dsb2,6)
REPLACE NO_TRE_SB2 WITH nsb2
REPIACE BA SB2 WITH ROUND(basb2,2)
REPLACE F_FACT SB2 WITH ROUND(fsb2,2)
REPLACE VOLUME SB2 WITH ROUND(vsb2,1)

CASE NO TRE SB2 > 0 .AND. AGE SB2 < 1

REPLACE AGE_SB2 WITH AGE SB2 + deltT
IF AGE SB2 > O
IF HEIGHT _SB2 <= 3.2

Dhsb2 = -0.011786*HEIGHT SB2**2+0.062132+HEIGHT _SB2

ENDIF
IF HEIGHT SB2 > 3.2 .AND. HEIGHT SB2 <= 6.3

Dhsb2 = -0.004216*HEIGHT SBZ*=2+0.037834*HEIGHT SB2

ENDIF



IF HEIGHT_SB2 > 6.3 .AND. HEIGHT SB2 < 11.8

Dhsb2 = -0.001107*HEIGHT_SBZ*;2+0.0182&9*HEIGHT_SBZ

ENDIF
1F HEIGHT_SB2 >=- 11.8
Dhsb2 = 0.061
ENDIF
hsb2 = HEIGHT_SB2+deltT*Dhsb2
1F DIA SB2 <= 0.8
Ddsb2 = -0.132352*DIA_SB2**2+0.206617*DIA_SBZ
ENDIF
IF DIA SB2 > 0.8 .AND. DIA SB2 <= 4.7
Ddsb2 = -0.021582*DIA_SBZ**2+0.112&62*DIA_SB2
ENDIF
IF DIA SB2 > 4.7 .AND. DIA SB2 < 9.9
Ddsb2 = -0.001068*DIA_SEZ**2+0,015638*DIA_SBZ
ENDIF
IF DIA SB2 >= 9.9
Ddsb2 = 0.05
END1F
dsb2 = DIA SB2+AGE_SB2*Ddsb2

Dnsb2 = -NO TRE SB?/(1+EXP(3.5+0.17*dsb2-7.&5*Ddsb2))

nsb2 = INT(NO TRE SB2+AGE_SB2%Dnsb2)

basb2 = 0.00007854*dsb2**Z*nsb2

fsb2 = -0.0019*AGE_SB2+0.75

vsb2 = (£sb2%3.14%nsb2*hsb2*dsb2**2) /40000
REPLACE HEIGHT SB2 WITH ROUND(hsb2,6)
REPLACE DIA SBZ WITH ROUND(dsb2,6)

REPLACE NO _TRE_SB2 WITH nsb2

REPLACE BA_SB2 WITH ROUND(basb2,2)

REPLACE F_FACT SB2 WITH ROUND(fsb2,2)
REPLACE VOLUME SB2 WITH ROUND(vsb2,1)

ENDIF

* GROWFP.PRG
*initialize memory variables
STORE deltat TO deltT

CASE NG_TREE_P > O .AND. AGE_P > O
DO CASE

CASE HEIGHT P <= 2.4

Dhp = -0-023831*HEIGHT_P**2+0.1196*HEIGHT_P
CASE HEIGHT P > 2.4 .AND. HEIGHT P <= 13.2

Dhp = -07004976*HEIGHT P**2+07073218*HEIGHT_P
CASE HEIGHT P > 13.2 .AND. HEIGHT P < 18.7

Dhp = -0T7000916*HEIGHT P**2+0.0i9458*HEIGHT_P
CASE HEIGHT P >= 18.7

Dhp = 0.043

ENDCASE
hp = HEIGHT_P+deltT*Dhp
IF UPPER(regZO) - "Y" AND. t > rot .AND. AGE_P >= thinyr

tp = 1/thinper

ELSE

tp = 1

ENDIF
DO CASE

CASE DIA P <= 1.2

Ddp =—(-0.125076*DIA_P*%2+0.230411*DIA_P)*tp
CASE DIA_ P > 1.2 .AND. DIA P <= 11.2

Ddp = (-0.00641*DIA_P**2+0.078518*DIA_P)*tp

CASE DIA_P > 11.2 .AND. DIA P < 17.2

Ddp = (-0.000532%DIA_P**7+0.012208*DIA_P ¥ ip
CASE DIA_P >= 17.2

Ddp = 0.053*tp

ENDCASE
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dp = DIA P+deltT*Ddp
Dnp = -NO TREE_P/(1+EXP(3.108+0.15%dp-5.2%Ddp))
np = INT(NO TREE_P+deltT*Dnp)
bap = 0.00007854%dp**2*np
fp = -0.0012*AGE_P+0.61
vp = (£p*3.14*npFhpxdp**2) /40000
REPLACE AGE P WITH AGE P + deltT
REPLACE HEIGHT P WITH ROUND(hp,6)
REPLACE DIA P WITH ROUND(dp.6§
REPLACE NO_TREE P WITH n
REPLACE BA P WITH ROUND(gap,2)
REPLACE F_FACT P WITH ROUND(‘p,2)
REPLACE VOLUME P WITH ROUND(vp,1®
CASE NO TREE P > 0 .AND. AGE P < 1
REPLACE ACE P WITH AGE P + deltT
IF AGE P > 0
DO CASE
CASE HEIGHT P <= 2.4
Dhp = -0. 3831*HEIGHT_P**2+0.1196*HEIGHT_P
CASE HEIGHT P > 2.4 .AND. HEIGHT_P <= 7 2

Dhp = -07004976*HEIGHT _P**2+0.07" "GHT_P
CASE HEIGHT P > 13.2 .AND. HEIGHT P
Dhp = -07000916*HEIGHT_P**2+0.01 HT_P
CASE HEIGHT P >= 18.7
Dhp = 0.043
ENDCASE

hp = HEIGHT_P+deltT*Dhp
IF UPPER(rep20) = "Y" .AND. t > rot .AND. AGE_P >- thinyr
tp = 1/thinper
ELSE
tp = 1
ENDIF
DO CASE
CASE DIA P <= 1.2
Ddp = (-0.125076*DIA_P**2+0.230411*DIA_P)*tp
CASE DIA P > 1.2 .AND. DIA P <= 11.2
Ddp = (-0.00641*DIA_P**2+0.078518*DIA_P)*tp
CASE DIA_ P > 11.2 .AND. DIA P < 17.2
Ddp = (-0.000532*DIA_P**7+0.012208*DIA_P)*tp
CASE DIA_P >= 17.2
Ddp = 0.053*cp
ENDCASE
dp = DIA_P+AGE_P*Ddp
Dnp = -NO TREE P/(1+EXP(3.108+0.15%dp-5.2*Ddp))
np = INT(RO_TREE_P+AGE_P*Dnp)
bap = 0.00007854%dp**2¥*np
fp = -0.0012*AGE_P+0.61
vp = (£p*3.1l4*np¥hpkdp**2) /40000
REPLACE HEIGHT P WITH ROUND(hp,6)
REPLACE DIA P WITH ROUND(dp,6)
REPLACE NO_TREE P WITH np
REPLACE BA P WITH ROUND(bap,2)
REPLACE F FACT_P WITH ROUND(fp,2)
REPLACE VOLUME P WITH ROUND(vp,1l)
ENDIF
ENDCASE
* GROWFP2.PRG
*initialize memory variables
STORE deltat TO deltT
DO CASE
CASE NO_TREE_P2 > O .AND. AGE P2 > 0
DO CASE
CASE HEIGHT P2 <= 2.4
Dhp2 = -0.023831*HEIGHT_P2*#*2+0.1196*HEIGHT_P2
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CASE HEIGHT P2 > 2.4 .AND. HEIGHT P2 <= 13.2
Dhp2 = -0.004976*HEIGHT P2**2+0.073218*HEIGHT_P2
CASE HEIGHT P2 > 13.2 .AND. HEIGHT_P2 < 18.7
Dhp2 = -0.000916*HEIGHT _P2%%2+40.019458*HEIGHT P2
CASE HEIGHT P2 >= 18.7
Dhp2 = 0.043
ENDCASE
hp2 = HEIGHT P2+deltT*Dhp2
IF UPPER(repZ20) = "Y" .AND. t > rot .AND. AGE_P2 >= thinyr
tp2 = 1/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA P2 <= 1.2
Ddp2 = (-0.125076*DIA_P2**2+0.230&11*01A_P2)*tp2
CASE DIA P2 > 1.2 .AND. DIA_P2 <= 11.2
Ddp2 = (-0.006A1*DIA_P2*;2+0.078518*DIA_P2)*tp2
CASE DIA P2 > 11.2 .ANDT DIA P2 < 17.2
Ddp2 = (-0.000532*DIA_P2*%2+0.012208*DIA_P2)*tp2
CASE DIA_P2 >= 17.2
Ddp2 = 0.053*tp2
ENDCASE
dp2 = DIA_P2+deltT*Ddp2
Dnp2 = -NO TREE P2/ (1+EXP(3.108+0.15%dp2-5.2¥Ddp2))
np2 = INT(NO_TREE_P2+deltT*Dnp2)
bap2 = 0.00007854%dp2**2*np2
fp2 = -0.0012*AGE_P2+0.61
vp2 = (£p2*3.1l4*np2*hp2*dp2*+*2) /40000
REPLACE AGE P2 WITH AGE Pg + deltT
REPLACE HEIGHT_P2 WITH ROUND(hp2,6)
REPLACE DIA P2 WITH ROUND(dp2,6)
REPLACE NO_TREE P2 WITH npZ
REPLACE BA“P2 WITH ROUND(bap2,2)
REPLACE F FACT_P2 WITH ROUND(fp2,2)
REPLACE VOLUME P2 WITH ROUND(vp2,1)
CASE NO_TREE P2 > O .AND. AGE_P2 < 1
REPLACE AGE_P2 WITH AGE_P2 + deltT
IF AGE P2 > O
DO CASE
CASE HEIGHT P2 <= 2.4
Dhp2 = -U.023831*HEIGHT_P2**2+0.1196*HEIGHT_P2
CASE HEIGHT P2 > 2.4 .AND. HEIGHT P2 <= 13.2
Dhp2 = -U.004976*HEIGHT_P2**2+U.073218*HEIGHT_P2
CASE HEIGKT P2 > 13.2 .AND. HEIGHT_P2 < 18.7
Dhp2 = -U.000916*HEIGHT_P2**2+0.019&58*HEIGHT_P2
CASE HEIGHT_P2 >= 18.7
Dhp2 = 0.043
ENDCASE
hp2 = HEIGHT P2+deltT*Dhp2
IF UPPER(repZ0) = "Y" .AND. t > rot .AND. AGE_P2 >= thinyr
tp2 = 1/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA P2 <= 1.2
Ddp2 = (-0.125076*DIA P2*%2+0.230411*DIA_P2)*tp2
CASE DIA_P2 > 1.2 .AND. DIA P2 <= 11.2
Ddp2 = (-0.00641*DIA_P2*%2+0.078518*DIA_P2)*tp2
CASE DIA_P2 > 11.2 .AND. DIA P2 < 17.2
Ddp2 = (-0.000532%DIA_P2*%2+0.012208*DIA_P2)*tp2
CASE DIA_P2 >= 17.2
Ddp2 = 0.053*tp2
ENDCASE



dp2 = DIA_P2+AGE_P2*Ddp2
Dnp2 - -NO TREE P2/(1+EXP(3.108+0.15%dp2-5.2%Ddp2))
np2 = INT(NO_TREE_P2+AGE_P2*Dnp2)
bap2 = 0.00007854%Fdp2¥*2¥np2
£p2 = -0.0012%AGE_P2+0.61
vp2 = (£p2*3.14*np2*hp2*dp2**2) /40000
REPLACE HEIGHT P2 WITH ROUND(hp2,6)
REPLACE DIA P2 WITH ROUND(dp2.6)
REPLACE NO_TREE P2 WITH np2
REPLACE BA“P2 WITH ROUND(bap2,2)
REPLACE F FACT P2 WITH ROUND(fp2,2)
REPLACE VOLUME P2 WITH ROUND(vp2,1)
ENDIF -
ENDCASE

* GROWFAP.PRG
*initialize memory variables
STORE deltat TO deltT
DO CASE
CASE NO_TREF_aP > O .AND. AGE_AP > 0

DO CASE
CASE HEIGHT AP <= 1.9
Dhap = -U.5033&6*HEIGHT_AP**2+1.05033Q*HEIGHT_AP
CASE HEIGHT AP > 1.9 .AND. HEIGHT AP <= 16.1
Dhap = -U.00&213*HEIGHT_AP**2+U.072034*HEIGHT_AP
CASE HEIGHT AP > 16.1 .ANDT HEIGHT_AP < 20.5
Dhap = -0.000567*HEIGHT_AP**2+0.013191*HEIGHT AP
CASE HEIGHT_AP >= 20.5
Dhap = 0.031
ENDCASE
hap = HEIGHT AP+deltT*Dhap
IF UPPER(rep20) = "Y" .AND. t > rot .AND. (AGE_P >= thinyr
.OR. AGE SW >= thinyr)
tp = 1/thinper
ELSE
tp = 1
ENDIF
DO CASE
CASE DIA_AP <= 0.9
Ddap = (-0.879120*DIA_AP**2+0.887912*DIA_AP)*tp
CASE DIA AP > 0.9 .AND. DIA AP <= 15.0
Ddap = (-0.005895*DIA_AP¥**2+0.093277*DIA_AP)*tp
CASE DIA AP > 15.0 .AND. DIA AP < 20.4
Ddap = (-0.000441%DIA_AP*¥2+0.010966*DIA_AP)*tp
CASE DIA_AP >= 20.4
Ddap = 0.04%*tp
ENDCASE
dap ~ DIA AP+deltT*Ddap
Dnap = -NO TREE AP/(1+EXP(3.156+0.16*dap-5.4*Ddap))
nap = INT(RO TREE_AP+deltT*Dnap)
baap = 0.00007854*dap**2*nap
fap = -0.00068*AGE_AP+0.53
vap = (fap*3.l4*nap*hap*dap**2)/40000
REPLACE AGE AP WITH AGE AP + deltT
REPLACE HEIGHT AP WITH ROUND(hap,6)
REPLACE DIA AP WITH ROUND(dap,6)
REPLACE NO_TREE AP WITH nap
REPLACE BA_AP WITH ROUND(baap,2)
REPLACE F FACT AP WITH ROUND(fap,2)
REPLACE VOLUME AP WITH ROUND(vap, 1)
CASE NO TREE AP > 0 .AND. AGE_AP <1
REPLACE ACE_AP WITH AGE_AP™+ deltT
IF AGE AP > O



DO CASE
CASE HEIGHT AP <= 1.9
Dhap = -0.503346*HEIGHT AP**2+1. 050334*HEIGHT_AP
CASE HEIGHT AP > 1.9 .AND. HEIGHT AP <= 16.1
Dhap = .0.004213*HEIGHT _AP**2+0.072034*HEIGHT_AP
CASE HEIGHT AP > 16.1 .AND. HEIGHT_AP < 20.5
Dhap = -0.00056 7*HEIGHT _AP**2+0.013191*HEIGHT_AP
CASE HEIGHT_AP >= 20.5
Dhap = 0.031
ENDCASE
hap = HEIGHT AP+deltT*Dhap

IF UPPER(repZ20) = "Y" .AND. t > rot _AND. (AGE P2 >= thinvr

.OR. AGE SW >= thinyr)
tp = l/thinper
ELSE
tp =1
ENDIF
DO CASE
CASE DIA_AP <= 0.9
Ddap = (-0.879120*DIA_AP**2+0.887912*DIA_AP)*tp
CASE DIA_AP > 0.9 .AND. DIA AP <= 15.0
Ddap - (-0.005895*DIA_AP**2+0.093277*DIA_AP)*tp
CASE DIA AP > 15.0 .AND. DIA_AP < 20.4
Ddap = (-0.000441*DIA_AP*¥2+0.010966*DIA_AP)*tp
CASE DIA_AP >= 20.4
Ddap = 0.04*ctp
ENDCASE
dap = DIA AP+AGE_AP*Ddap
Dnap = -NO TREE AP/(1+EXP(3.156+0.16*dap-5.4*Ddap))
nap = INT(NO TREE_AP+AGE_AP*Dnap)
baap = 0.00007854*dap**2*nap
fap = -0.00068*AGE_AP+0.53
vap = (fap*3.l4*nap*hap*dap**2)/40000
REPLACE HEIGHT_AP WITH ROUND(hap,6)
REPLACE DIA AP WITH ROUND(dap,6)
REPLACE NO_TREE_AP WITH nap
REPLACE BA AP WITH ROUND(baap,2)
REPLACE F _FACT_AP WITH ROUND(fap,2)
REPLACE VOLUME AP WITH ROUND(vap, 1)

ENDIF

* GROWFAP2.PRG
*initialize memory variables
STORE deltat TO deltT

CASE NO_TRE_AP2 > O .AND. AGE_AP2 > 0
DO CASE

CASE HEIGHT AP2 <= 1 9

Dhap2 = -0.503346*HEIGHT_AP2%%2+1.050334*HEIGHT_AP2
CASE HEIGHT AP2 > 1.9 .AND. HEIGHT_AP2 <= 16.1

Dhap2 = -0.004213*HEIGHT AP2**2%0.072034*HEIGHT_AP2
CASE HEIGHT AP2 > 16.1 .AND. HEIGHT AP2 < 20.5

Dhap2 = -0.000567*HEIGHT AP2%*2+0.013191*HEIGHT_AP2
CASE HEIGHT AP2 >= 20.5

Dhap2 = 0.031

ENDCASE
hap2 = HEIGHT AP2+deltT*Dhap2
IF UPPER(rep20) = "Y" .AND. t > rot .AND.

_OR. AGE_SW >= thinyr)
tp2 = 1l/thinper

ELSE

tp2 = 1

ENDIF
DO CASE

CASE DIA AP2 <= 0.9

(AGE_P >= thinyr ;
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Ddap2 = (-0.879120*DIA_AP2**2+0.887912*DIA_AP2)*tp2
CASE DIA AP2 > 0.9 .AND. DIA AP2 <= 15.0

Ddap2 = (-0.005895*DIA_APZ**2+0.093277*DIA_AP2)*tp2
CASE DIA_AP2 > 15.0 .AND. DIA_AP2 < 20.4 -

Ddap2 = (-0.000441*DIA_AP2%*2+0.010966*DIA_AP2)*tp’
CASE DIA_AP2 >= 20.4 -

Ddap2 = 0.04*tp2

ENDCASE
dap2 = DIA AP2+deltT*Ddap2
Dnap2 = -NO_TRE AP2/(1+EXP(3.156+0.16*dap2-5.4*Ddap2))
nap2 = INT(NO TRE_AP2+deltT*Dnap2)
baap2 = 0.00007854*dap2**2*nap?
fap2 = -0.00068*AGE_AP2+0.53
vap2 = (fap2*3.l4*nap2*hap2*dap2**2) /40000
REPLACE AGE_AP2 WITH AGE AP2 + deltT
REPLACE HEIGHT AP2 WITH ROUND(hap2,6)
REPLACE DIA APZ WITH ROUND(dap2,6)
REPLACE NO_TRE_AP2 WITH nap2
REPLACE BA AP2 WITH ROUND(baap2,2)
REPLACE F FACT AP2 WITH ROUND(fap2,2)
REPLACE VOLUME AP2 WITH ROUND(vap2,1)

CASE NO_TRE_AP2 > O .AND. AGE_AP2 <1
REPLACE AGE_AP2 WITH AGE_AP2 + deltT
IF AGE AP2 > O

DO CASE
CASE HEIGHT_AP2 <= 1.9
Dhap2 = -0.503346*HEIGHT_AP2%*2+1.050334*HEIGHT_AP2
CASE HEIGHT_AP2 > 1.9 .AND. HEIGHT_AP2 <= 16.1
Dhap2 = -0.00&213*HEIGHT_AP2**2+0.07203&*HEICHT_AP2
CASE HEIGHT_AP2 > 16.1 .AND. HEIGHT AP2 < 20.5
Dhap2 = -0.000567*HEIGHT_AP2**2+0.013191*HEIGHT_AP?
CASE HEIGHT AP2 >= 20.5
Dhap2 = 0.031
ENDCASE
hap2 = HEIGHT AP2+deltT*Dhap2
IF UPPER(rep20) = "Y" .AND. t > rot .AND. (AGE P2 >= thinyr
.OR. AGE SW >= thinyr)
tp2 = l/thinper
ELSE
tp2 = 1
ENDIF
DO CASE
CASE DIA_AP2 <= 0.9
Ddap2 = (-0.879120¥DIA_AP2%*2+0.887912%DIA_AP2)*tp2
CASE DIA_AP2 > 0.9 .AND. DIA AP2 <= 15.0
Ddap2 = (-0.005895*DIA_AP2**2+0.093277*DIA_AP2)*Cp2
CASE DIA_AP2 > 15.0 .AND. DIA AP2 < 20.4
Ddap2 = (-0.000441*DIA_AP2%*2+0.010966*DIA_AP2)*tp?
CASE DIA_AP2 >= 20.4
Ddap2 = 0.04*tp2
ENDCASE
dap2 = DIA_AP2+AGE AP2*Ddap2
DnagZ - -NO TRE APZ/(1+EXP(3.156+0.16%dap2-5.4*Ddap2))
nap2 = INT(RO TRE_AP2+AGE_AP2*Dnap2)
baap2 = 0.00007854*dap2**Z2*nap2
fap2 = -0.00068*AGE_AP2+0.53
vap2 = (fap2+*3.l4*nap2*hap2*dap2**2) /40000
REPLACE HEIGHT AP2 WITH ROUND(hap2,6)
REPLACE DIA AP? WITH ROUND(dap2,6)
REPLACE NO_TRE_AP2 WITH nap2
REPLACE BA_AP2 WITH ROUND (baap?,2)
REPLACE F FACT_AP2 WITH ROUND(fap2,2)
REPLACE VOLUME_AP2 WITH ROUND(vap2,1)

ENDIF

ENDCASE



Subroutine ESTHETIC
* BEAUTY.PRG
DO CASE
CASE NO TREE_ P > 0 .AND. AGE_P > O
IF AGE P < 15
mr = 2*AGE_P/15
ENDIF
IF AGE P >= 15 ._AND. AGE_P <= 70
mr = (AGE_P-15)/11+42
ENDIF
IF AGE_ P > /0
mr = -(AGE_P-70)/55+7
ENDIF
REPLACE BEAUTY WITH ROUND(mr,?2)
CASE NO TREE_SW > O .AND. AGE_SW > 0
IF AGE_SW < 15
mr = 2*AGE_P/15
ENDIF
IF AGE _SW >= 15 .AND. AGE SW <= 70
mr = (AGE_SW-15)/11+2
ENDIF
IF AGE_SW > 70
mr = - (AGE_SW-70)/55+7
ENDIF
REPLACE BEAUTY WITH ROUND(mr,2)
OTHERWISE
REPLACE BEAUTY WITH 0.00
ENDCASE
DO CASE
CASE NO TREE P2 > O .AND. AGE_P2 > 0
IF AGE_P2 < 15
mr2 = 2*¥AGE_P2/15
ENDIF
IF AGE_P2 >~ 15 .AND. AGE_P2 <= 70
mr2 = (AGE P2-15)/11+2
ENDIF -
IF AGE_P2 > 70
mr2 = -(AGE_P2-70)/55+7
ENDIF
REPLACE BEAUTY2 WITH ROUND(mr2,2)
CASE NO TRE SW2 > O .AND. AGE_SW2 > 0
IF AGE_SW2 < 15 -
mr2 = 2*AGE_P2/15
ENDIF

IF AGE SW2 >= 15 .AND. AGE_SW2 <= 70

mr2 = (AGE_SW2-15)/11+2"
ENDIF
IF AGE_SW2 > 70
mr2 = -(AGE_SW2-70)/55+7
ENDIF
REPLACE BEAUTY2 WITH ROUND(mr2,2)
OTHERWISE
REPLACE BEAUTY2 WITH 0.00
ENDCASE
Subroutine HUNTING
* HUNTING.PRG
*initialize the memory variables
vm = 0
ve = 0
vm2 = 0
vc2 = 0
*
IF MOOSE >= 0.384
vm = 10*(MOOSE - 0.384)
ELSE
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vm = 0
ENDIF
IF MOOSE2 >= 0.384
vm2 = 10*(MOOSE2 - 0.384)
ELSE
vin2 = 0
ENDIF
IF CARIBOU >= 0.064
ve = 10%(CARIBOU - 0.064)
ELSE
ve = 0
ENDIF
1F CARIBOU2 >= 0.064
vc2 = 10%(CARIBOU2 - 0.064)
ELSE
ve2 - 0
ENDIF
REPLACE HUNTINM WITH ROUND(vm,3)
REPLACE HUNTINM2 WITH ROUND(vm2,3)
REPLACE HUNTINC WITH ROUND(vc,3)
REPLACE HUNTINC2 WITH ROUND(vc2,3)
vh = vm + vc
REPLACE HUNTING WITH ROUND(vh,3)
vh2 = vm2 + vc2
REPLACE HUNTING2 WITH ROUND(vh,3)
RETURN
Subroutine WATERYLD
* WATER.PRG
*inigialize the memory variables
h =
h2 = 0
ba = 0O
ba2 = 0
pf -0
pf2 - 0
et = 0
et2 = O
q=20
q2 - 0
IF NO_TREE_SW > 0 .AND. AGE_SW > 0 .OR. NO TREE_SB > O .AND.
AGE SB > 0 .OR. NO TREE P > O .AND. AGE_P > 0 .OR. ;
NO _TREE AP > 0 .AND. AGE_AP > 0
h = (HEIGHT SW+HEIGHT SB+HEIGHT P+HEIGHT_AP)/4
1F NO_TREE_P >= NO TREE_SW
ba"= (BA_P+BA_AP)
ELSE
ba = (BA_SW+BA_AP)
ENDIF
DO CASE
CASE BASIN = "L SMOKY"
IF h < 0.071%PRECIP
pf = 0.843*%PRECIP+4.565%h
ELSE
pf = 1.157*PRECIP
ENDIF
et = 284+40.5%ba+4 . 84%h
q = pf - et
REPLACE WATER WITH INT(q)
CASE BASIN = "SIMONET"
IF h < 0.069*PRECIP
pf = 0.843*PRECIP+4.664%*n
ELSE
pf = 1.157*PRECIP
ENDIF

Sl



et = 245+40.5%ba+5.57*h
q = pf - et
REPLACE WATER WITH INT(q)
CASE BASIN = "BOLTON"
IF h < 0.075*PRECIP
pf = 0.843*PRECIP+4. 318+*h
ELSE
pf = 1.157*PRECIP
ENDIF
et = 245+40.5*%ba+5.56*h
q - pf - et
REPLACE WATER WITH INT(q)
ENDCASE
ELSE
DO CASE
CASE BASIN - "L_SMOKY"
q = PRECIP - 284
REPLACE WATER WITH INT(q)
CASE BASIN = "SIMONET"
q = PRECIP - 245
REPLACE WATER WITH INT(q)
CASE BASIN = "BOLTON"
q = PRECIP - 245
REPLACE WATER WITH INT(q)
ENDCASE
ENDIF
IF NO TRE SW2 > O .AND. AGE_SW2 > 0 .OR.

NO TRE AP2 > O .AND_ AGE AP2 > 0

h2 = (HEIGHT SW2+HEIGHT SB2+HEIGHT P2+HEIGHT_AP2)/4

IF NO TREE PZ >= NO_TRE SW2
ba? - (BA_P2+BA_AP2)"
ELSE
ba2 = (BA_SW2+BA_AP2)
ENDIF
DO CASE
CASE BASIN = "L SMOKY"
IF h2 < 0.07T*PRECIP
pf2 = 0.843*PRECIP+4.565%h2
ELSE
pf2 = 1.157*PRECIP
ENDIF
et?2 = 284+40.5%ba2+4.84%h2
q2 = pf2 - et2
REPLACE WATER2 WITH INT(q2)
CASE BASIN = "SIMONET"
IF h2 < 0.069*PRECIP
pf2 = 0.843*PRECIP+4.664%h2
ELSE
pf2 = 1.157*PRECIP
ENDIF
et2 = 245+0.5%ba2+5.57*h2
q2 = pf2 - et2
REPLACE WATER2 WITH INT(q2)
CASE BASIN = "BOLTON"
IF h2 < 0.075*PRECIP
pf2 = 0.843*PRECIP+4.318*h2

ELSE

pf2 = 1.157*PRECIP
ENDIF
et2 - 245+0.5%ba2+5.56%h2

pf2 - et2
REPLACE WATER2 WITH INT(q2)
ENDCASE
ELSE

NO TRE SB2 > O .
AGE sBZ > 0 .OR. NO TREE P2 > O _AND. AGE P2™> 0 .OR.



DO CASE
CASE BASIN = "L SMOKY"
q2 = PRECIP - 284
REPLACE WATER2 WITH INT(42)
CASE BASIN = "“SIMONET"
q2 = PRECIP - 245
REPLACE WATER2 WITH INT(q2)
CASE BASIN = "BOLTON"
q2 = PRECIP - 245
REPLACE WATER2 WITH INT(q2)
ENDCASE
ENDIF
RETURN
Subroutine SRAWLD
* GRAWLD. PRG
*initialize the memorv variables
ba =0
ba2 = 0
aum = 0
aum2 = 0

STORE 0 TO km, km2, dnm, dnm2, nm, nm2,
IF NO TREE SW > 0 .AND. AGE SW > 0 .OR.

dne, dne?2, ne, nel
NO TREE SB > O .AND. ;

AGE SB > 0 .OR. NO TREE P > O .AND. AGE'P > 0 .OR.

NO_TREE AP > O .AND. AGE AP > 0
IFTNO_TREE_P >= NO _TREE_SW
ba = (BA_P+BA_AP)
ELSE
ba = (BA_SW+BA_AP)
ENDIF
IF ba < 100

aum = (4.9&*(0+EXP(ROUND((-0.005*(ba-1.5)**2),4)))+0.99)*6A

ELSE
aum = 63.36
ENDIF
IF ba < 100
km
ELSE
km = 0.192*%1.5
ENDIF

(0.768*(EXP(ROUND((-0.00&9*(ba-l.5)**2),A)))¢0.192)*1.5

drim = 0.5*(M00$Ev0,l*HUNTINH)-(O.S/km)*(MOOSE-O.1*HUNTINM)**2

nm = (MOOSE-0.1*¥HUNTINM)+deltat*dnm
DO CASE
CASE MAX(AGE P, AGE_SW) < 30
ke = 0.032*1.5

CASE MAX(AGE P, AGE _SW) >= 30 .AND. MAX(AGE P, AGE SW) < 170
ke = (0.178%((MAX(AGE P, AGE SW))"8/(10078+(MAX{AGE_P,

AGE SW))"8))+0.032)*1.5
CASE MAX(AGE P, AGE SW) >= 170
ke = 0.16%1.5
ENDCASE

dnc = 0.5*(CARIBOU-0.1*HUNTINC)-(0.5/kc)*(CARIBOU-0.1*HUNTINC)**2

nc = (CARIBOU-O.1*HUNTINC)+deltat*dnc

REPLACE GRAZING WITH ROUND(aum,3)
REPLACE MOOSE WITH ROUND(nm,3)
IF nc > 0.032
REPLACE CARIBOU WITH ROUND(nc,3)
ELSE
REPLACE CARIBOU WITH 0.032
ENDIF
ELSE
aum = 316.16
km = 0.768%1.5

dnm = O.S*(MOOSE-O.I*HUNTINM)-(0.S/km)*(MOOSE-O.l*HUNTINM)**Z

nm = (MOOSE-0.1*HUNTINM)+deltat*dnm
ke = 0.032#%1.5



dnc = O.S*(CARIBOU-O.l*HUNTINC)—(O.S/kc)*(CARIBOU-O.1*HUNTINC)-‘S
nc = (CARIBOU-0O.1*HUNTINC)+deltat*dnc

REPLACE GRAZING WITH ROUND(aum,?)

REPLACE MOOSE WITH ROUND(mum, 3)

REPLACE CARIBOU WITH ROUND(nc.3)

ENDIF
IF NO TRE SW2 > O .AND. AGE SW2 > 0 .OR. NO _TRE_SBZ2 > O .AND.

4AGE SBZ > 0 _OR. NO TREE P2 > 0 .AND. AGE_P2 > 0 .OR.
NO TRE AP2 > O .AND. AGE AP2 > 0
[FNO T:ZE P2 >= NO_TRE_SW2

baZ - (BA P2+BA_AP2)

ELSE
ba2 = (BA SW2+BA_AP2)
ENDIF
IF ba2 < 100
aum? = (4 GGr OPEXPOROUNDC (-0 O05x ba2-1 = wa0 wy) a0 59 =0
ELSE
aum? = 0.99%64
ENDIF
IF ba2 < 100
km2 = (O.768%(O+EXP - ( (-0 0049%(ba2-1.5)*%2),4)))+0.192)*1.5
ELSE
km2 = 0.192%1.5
ENDIF
dnm2 = 0.5%(MOOSE2-0. ixHULTINM2) - (0.5/km2)*(MOOSE2-0.1%;
HUNTINM2)**2
nm2 = (MOOSE2-0.1%HUNTINM)+deltat*dnm2
DO CASE

CASE MAX(AGE P2, AGE SW2) < 30
kc2 = 0.032%1.5
CASE MAX(AGE P2, AGE_SW2) >= 30 .AND. MAX(AGE_P2, AGE_SW2);
< 170
kc2 = (0.128*( (MAX(AGE P2, AGE_SWZ))‘8/(100‘8+(MAX(AGE_P2,
AGE_35W?))"8))+0.032)*1.5
CASE MAX(AGE P2, AGE SW2) >= 170
kc2 = 0.18*1.5
ENDCASE
dnc?2 = 0.5*(CARIBOU2-O.1*HUNTINC2)-(0.5/kc2)*(CARIBOU2-O 1*;
HUNTINC2)**2
nc2 = (CARIBOU2-0.1*HUNTINC2) +deltat*dnc?
REPLACE GRAZING2 WITH ROUND(aum?,3)
REPLACE MOOSE2 WITH ROUND(mm2,3)
IF nc2 > 0.032
REPLACE CARIBOU2 WITH ROUND(nc2,3)
ELSE
REPLACE CARIBOU2 WITH 0.032
ENDIF
ELSE
aum?2 = 4.94%64
km2 = 0.768*1.5
dnm2 = 0.5*(HOOSEZ-O.l*HUNTINMZ)-(O.S/ka)*(MOOSEZ-O,l*;
HUNTINM2 ) *%2
nm2 = (MOOSE2-0.1*HUNTINM2)+deltat*inm?2
kc2 = 0.032*1.5
dnc? = O.S*(CARIBOUZ-O.1*HUNTINC2)-(O.5/kc2)*(CARIBOU2-O.L*;
HUNTINC2) *x*2
nc2 = (CARIBOU2-0.1*HUNTINC2)+deltat*dnc?
REPLACE GRAZING2 WITH ROUND(aum2,3)
REPLACE MOOSE2 WITH ROUND(nm2,3)
REPLACE CARIBOU2 WITH ROUND(nc2, 3)
ENDIF
RETURN
Subroutine THINNING
* THINNING.PRG



*
DO . -SE
3E UPPER(rep20) = "Y" AND ACE P = thinvr AND. thinty <
NO _TREE P + NO_TREE AP
IF NO TREE P >= thintr
REPLACE"NO_TREE_P WITH thintr
REPLACE NO_TREE_AP WITH 0O
REPLACE BA_AP WITH O
REPLACE VOLUME_AP WITH 0
ELSE
REPLACE NO TREE_AP WITH thintr - NO TREE P
bapt = thinper*BA AP ‘ .
REPLACE BA AP WITH ROUND(bapt,2)
dapt = 2*SQRT(BA_AP*40000/(NO_TREE AP*3. 1.1
REPLACE DIA AP WITH ROUND(dapt.4)
vapt = F FACT AP*HEIGHT AP*BA AP
REPLACE VOLUME AP WITH ROUND(vapt. D>
ENDIF
bpt = thinper*BA P
REPLACE BA P WITH ROUND(bpt,2)
dpt = 2%SQRT(BA_P*40000/(NO_TREE_P*3.14))
REPLACE DIA P WITH ROUND(dpt, 4)
vpt = F_FACT P*{EIGHT_P*BA P
REPLACE VOLUME P WITH ROUND(vpt, 1)
CASE UPPER(rep20) = "Y" .AND. AGE_SW = thinyr .AND. thintr -
NO TREE SW + NO_TREE_AP
IF NO TREE_SW >= thintr
REPLACE NO_TREE_SW WITH thintr
REPLACE NO TREE_AP WITH O
REPLACE BA AP WITH O
REPLACE VOLUME_AP WITH 0
ELSE
REPLACE NO TREE AP WITH thintr - NO_TREE SW
bapt = thinper*BA AP
REPLACE BA AP WITH ROUND(bapt,2)
dapt = 2*SQRT(BA_AP*40000,/(NO_TREE AP*3.14))
REPLACE DIA AP WITH ROUND(dapt,4)
vapt = F FACT AP*HEIGHT AP*BA_AP
REPLACE VOLUME_AP WITH ROUND(vapt,l)
ENDIF
bswt = thinper*BA SW
REPLACE BA SW WITH ROUND(bswt,2)
dswt = 2*SQRT(BA_SW*40000/(NO_TREE _SWx3.14))
REPLACE DIA SW WITH ROUND(dswt,k4)
vswt = F_FACT SW*HEIGHT SW¥BA_SW
REPLACE VOLUME _SW WITH ROUND(vswt 1)
ENDCASE
DO CASE
CASE UPPER(rep20) = "Y" .AND. AGE_P2 = thinyr .AND. thintr <
NO_TREE P2 + NO_TRE AP2 -
IF NO_TREE P2 >= thintr
REPLACE"NO_TREE_P2 WITH thintr
REPLACE NO_TRE_AP2 WITH O
REPLACE BA“AP2 WITH 0
REPLACE VOLUME_AP2 WITH O
ELSE
REPLACE NO TRE_AP2 WITH thintr - NO_TREE_P?
bapt2 = thinper*BA AP2
REPLACE BA AP2 WITH ROUND(bapt2,2)
dapt2 = 2*3QRT(BA_AP2*40000/(NO_TRE_AP2*3.14))
REPLACE DIA_AP2 WITH ROUND(daptZ,4)
vapt2 = F_FACT_P2*HEIGHT P2*BA_P2
REPLACE VOLUME P2 WITH ROUND(vapt2,1)
ENDIF



hpt2 = thinper*BA P2
REPLACE BA P2 WITH ROUND(bpt2,2)
dpt? = 2+*SQRT(BA_P2*40000/(NO_TREE P2+*3.14))
REPLACE DIA P2 WITH ROUND(dpt2, &)
vpt2 = F FACT P2*HEIGHT P2*BA_ P2
REPLACE VOLUME P2 WITH ROUND(vpt2,1l)
CASE UPPER(rep20) = "Y" .AND. AGE_SW2 = thinyr AND.
NO TRE SW2 + NO_TRE_AP2
IF'NO TRE SW2 >= thintr
REPLACE NO_TRE SW2 WITH thiutr
REPLACE NO_TRE_AP2 WITH O
REPLACE BA AP2 WITK O
REPLACE VOLUME AP2 WITH O
ELSE
REPLACE NO TRE AP2 WTTH thintr - NO_TRE_SW2
bapt2 = thInper*BA AP2
REPLACE BA AP2 WITH ROUND(bapt2 . K2)
dapt? = 2%30RT(BA AP2*40000/(NO TRE AP2*3 1l4))
REPLACE DIA_AP2 WITH ROUND(dapt2,4)
vapt2 = F_FACT AP2*HEIGHT AP2*BA_AP2
REPLACE VOLUME AP2 WITH ROUND(vapt2,1)
ENDIF
bswt2 = thinper*BA SW2
REPLACE BA_SW2 WITH ROUND(bswt2.2)
dswt2 = 2*SQRT(BA SW2*40000/(NO_TRE SW2*3.14))
REPLACE DIA SW2 WITH ROUND(dswt?Z,4)
vswt2 = F_FACT_SW2*HEIGHT_SW2*BA_SW2
REPLACE VOLUME SW2 WITH ROUND(vswt2,1)
ENDCASE
RETURN
Subroutine IRPRPT
* REPORTB.PRG
CALCULATE ALL AVG(BEAUTY), AVG(BEAUTY2) TO bl, b2
Vol[l,6] = (bl + b2)/2
CALCULATE ALL SUM(HUNTINM), SUM(HUNTINM2) TO hml, hm2
Vol(l,7) = (hml + hm2)
CALCULATE ALL SUM(HUNTINC), SUM(HUNTINC2) TO hcl, he2
Vol[l,8] = (hecl + he2)
CALCULATE ALL SUM(GRAZING), SUM(GRAZING2) TO gl, g2
Vol[1l,9] = (gl + g2)
CALCULATE ALL SUM(MOOSE), SUM(MOOSE2) TO ml, m2
Vol{1l,10] = (ml + m2)
CALCULATE ALL SUM(CARIBOU), SUM(CARIBOU2) TO cl, «c2
Vol(1,11] = (cl + ¢2)
CALCULATE ALL AVG(WATER), AVG(WATER2) TO wl, w2
Vol[1,12] = (wl + w2)/2
STORE t TO Vol(1l,1]
SELECT 6
APPEND FROM ARRAY Vol
SELECT 1
RETURN
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APPENDIX B.3: A SAMPLE OF THE MODEL INPUT SCREEN

MALN MU
1. Add Record
2. Modify Record
3. Modity Database Structure
A, Simulation A
5. Simulation B

v Saralation O

;o Exit

SIMULATION A

number of years to simulate.
time interval of simulation:

rotation length:

number of years to regenerate forest

after harvesting:

regeneration species, white spruce or

pine? (S/P):

method to regenerate [orest, planting

or seeding? (P/S):

Do you want

Enter the

Enter the
after

Enter the

to do precommercial th aning? (Y,
precommercial thirning apge:

percentage of basal area to be left
thinning:

stand density after thinning:
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APPENDIX B.&4: A SAMPLE OF THE SIMULATION REPORT

THE SIMULATION REPORT A
Total area of a unit = 64 ha. Rotation = 50

Number of units = 100

W.SPRUCE B.SPRUCE PINE ASPEN ESTHETICS

YEAR VOLUME VGLUME VOLUME VOLUME (Mean
(cu m) (cu.m) (cu.m) (cu.m) Rating)
1 1708.8 11040.0 4492 .8 460.8 6.3
2 2.4 4051.2 7916.8 1625.6 6.2
3 13977.6 4441 .6 41939.2 6169.6 6.0
4 34195.2 3923.2 23468.8 12064.0 5.9
5 3443 .2 3712.0 45657 .6 1337.6 5.8
6 1107.2 5593.6 39968.0 1280.0 5.
7 774 .4 4505.6 35212.8 275.2 1.6
8 320.0 9664.0 12787.2 12.8 5.4
9 1478.4 13747 .2 35904.0 1414 .4 5.3
10 18304 .0 5574 .4 20588.8 339.2 5.2
11 7174 .4 4672 .0 40313.6 11033.6 5.1
12 870.4 4889.6 24505.6 2092.8 5.0
13 1286.4 11763.2 55923.2 1292.8 4.9
14 7782.4 1401 .6 42009.6 992.0 4.9
15 736.0 2732.8 36588.8 1062.4 4.8
16 15129.6 2675.2 26604 .8 1683.2 4.7
17 28940.8 1126.4 19456 .0 1145.6 4.6
18 28697.6 1907.2 30560.0 73€0.0 4.5
19 652.8 2572.8 28748 .8 1433.6 4.4
20 4550.¢4 2931.2 8665.6 2137.6 4.3
21 1164 .8 2764 .8 18316.8 2073.6 4.2
22 1292.8 2803.2 25529.6 2060.8 4.2
23 16800.0 3436 .8 28576.0 3520.0 4.1
24 3091.2 5356.8 33356.8 0.0 4.0
25 7104.0 486.4 21529.6 71449.6 3.9
26 2272.0 12672.0 5472.0 0.0 3.9
27 0.0 4243 .2 8780.8 1958.4 3.8
28 19820.8 4281.6 48307.2 6822.4 3.8
29 40812.8 3424.0 25619.2 20236.8 3.7
30 3398 .4 3116.8 51872.0 1209.6 3.6
31 262.4 5129.2 41728.0 563.2 3.6
32 19.2 4275.2 38252.8 0.0 3.6
33 0.0 10470.4 13932.8 2.0 3.5
34 742 .4 14163.2 39456.0 1017.6 3.3
35 19641.6 5139.2 22304.0 12.8 3.3
36 7942 .4 4473 .6 44217.6 16825.6 3.3
37 0.0 4294 .4 25702.4 1267.2 3.3
38 755.2 12473.6 60691.2 492.8 3.2
39 8480.0 556.8 45920.0 595.2 3.2
40 268.8 1798 .4 39654.4 761.6 3.2
41 16057.6 1747.2 29734.4 1510.4 3.2
42 29228.8 364 .8 21337.6 684.8 3.1
43 28819.2 915.2 33132.8 6924. 8 3.2
44 211.2 1632.0 30374 .4 953.6 3.1
45 4441 .6 1875.2 8601.6 1440.0 3.1
46 294 .4 1772.8 20115.2 1305.6 3.1
47 256.0 1740.8 27500.8 1267.2 3.1
48 18329.6 2841.6 30406.4 2457.6 3.1
49 3296 .0 4652 .8 34956 .8 0.0 3.1
50 7008.0 268.8 23872.0 84320.0 3.1
51 0.0 0.0 54950.4 0.0 3.1
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THE SIMULATION REPORT B
Total area of a unit = 64 ha. Rotation = 50

Number of units = 100

MOOSE CARIBOU DOMESTIC MOOSE CARIBOU WATER

YEAR HUNTING HUNTING GRAZING POP. POP. YIELD
(V.Days) (V.Days) (AUMs) (No.) (No.) (mm)

1 0.0 352.0 42470.4 51.1 15.0 173
2 0.0 22.7 42489.9 66.0 15.0 173
3 1.0 24.1 43414 .7 82.9 15.0 173
4 129.0 24.7 44346 .9 86.6 15.0 174
5 148.0 25 .4 45222.2 88.0 15.0 174
6 155.8 25.4 45875 .4 88.7 14.9 175
7 158.6 25.3 46692 .2 89 .4 15.0 179
8 163.9 26 .6 46946 .2 89 S 14.9 175
9 164 .9 26.0 47485.3 89.., 14.8 175
10 165.3 25.9 48076.0 90.0 14.7 176
11 168.6 25.9 48876.7 90.3 14.6 176
12 170.9 25.8 49347 .1 90.6 14 .6 177
13 173.7 25.6 50356.6 91.1 14.5 177
14 177 .4 25.8 50978.6 91.5 14.5 177
15 181.0 25.8 51308.8 91.8 14.3 178
16 182.6 25.0 51611.4 92.1 14.2 178
17 184.7 24.5 51919.1 92 .4 14 .2 178
18 186.6 24.7 52487.3 92.9 14.0 179
19 188.5 23.9 52729.2 93,2 13.9 179
20 192.3 23.3 52562.8 93.1 13.8 179
21 191.5 22.8 52494.1 93.1 13.7 180
22 190.8 22.2 52395.2 93.1 13.5 180
23 190.2 21.6 52622.0 93.3 13.5 180
24 190.8 21.7 52911.7 93.5 13.4 181
25 192.9 21.1 53624.9 93.7 13.2 181
26 192 .4 20.3 53059 .4 93.9 13.1 182
27 194 .8 19.4 52564 .8 93.7 13.0 182
28 193.1 16.2 53013.1 93.8 12.8 182
29 194.5 18.4 53462.3 94 .1 12.7 183
30 197.3 17.6 53665. 1 94 .4 12.6 183
31 199.8 16.9 53577.9 94 . 4 12.4 183
32 199.9 16.0 53607.7 94.7 12.3 184
33 203.0 15.4 53011.0 94.5 12.2 184
34 201.6 14.7 52635.9 94.3 12.0 184
35 199.2 13.8 52283.0 94.3 11.9 184
36 199.6 13.2 52099.2 94.2 11.7 184
7 198.7 12.3 5155€.9 94.1 11.6 185
38 197.8 11.5 51546.6 94 .2 11.4 185
39 197.6 10.5 51160.7 94 .2 11.3 185
40 197.¢ 9. 50495.9 94.1 11.2 185
41 194 .2 8.. 49817.1 93.9 11.0 186
42 191.5 8.0 49161.5 93.7 10.9 186
43 188.3 7.1 48796.0 93.7 10.7 186
44 185.2 6.3 48144 .2 93.5 10.6 186
45 184.2 5.4 47124 .3 92.8 10.4 187
46 178.2 4.5 46243 .8 92.2 10.3 187
47 172.2 3.6 45381 .7 91.7 10.1 187
48 166.9 2.7 44915.4 91.3 9.9 187
49 163.0 1.8 44580.6 90.9 9.8 187
50 160.7 0.9 44715.1 90.6 9.6 188
51 156.0 0.0 44856 .4 90.7 9.6 188
52 156.5 0.0 44717.9 90.7 9.6 188
S3 155.9 0.0 44901.6 90.7 9.6 188
54 155.7 0.0 45091.6 90.7 9.6 188
55 156.8 0.0 45282.8 90.8 9.6 188
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APPENDIX B.5: ORDER AND CONTENTS OF THE SIMULATION DATABASE

Field Field Name Field Type Wwidth Dec Description of field name

1 NUMBER Character 4 ldentification numb.r of
planning unit.

2 TOWNSHIP Numeric 3 Name of township, range,

3 RANGE Numeric 3 meridian, section, quarter

4 MERIDIAN Numeric 3 section, and stand in

5 SECTION Numeric 3 which planning unit is

6 QSECTION Numeric 2 located.

7 STAND Character 4

8 FCT Character 12 Forest cover type.

9 SITE Character 2 Site class.

10 AREA Numeric 9 1 Total area of stand in
which planning wunit is
located.

11 ORIGIN Numeric 6 Year when tree growth
starts.

12 AGE_SW Numeric 4 Age of white spruce in the

13 AGE_SW2 Numeric 4 subunit 1 and 2.

14 SI SW Numeric 4 1 Site index of white spruce.

15 HEIGHT _SW Numeric 9 6 Site height (m) of white

16 HELGHT _SW2 Numeric 9 6 spruce in the subun 1 and
2.

17 DIA_SW Numeric 9 6 Average DBH (cm) of all

18 DIA_SW?2 Numeric 9 6 live white spruce crees in
the subunit 1 and 2.

19 NO TREL SW Numeric 12 4 Number of live white spruce

20 NO TRE_»>42 Numeric 12 4 trees in the subunit 1 and
2.

21 BA SW Numeric 5 2 Basal area (sq. m) of white

22 EA SW2 Numeric 5 2 spruce in the subunit 1 and
2.

23 F_FACT_SW Numeric 5 2 Form factor of white spruce

24 F_FACT_SW2 Numeric 5 2 in the subunit 1 and 2.
Will be a function of
tree age.

25 VOLUME _SW Numeric 8 1 Cross volume (cu. m) of

26 VOLUME _SW2 Numeric 8 1 white spruce in the subunit
1 and 2.

27 AGE_SB Numeric 4 Age of black spruce in the

28 AGE_SB2 Numeric 4 subunit 1 and 2.

29 S1_5B Numeric 4 1 Site index of black spruce.

30 HEIGHT_SB Numeric 9 6 Site height (m) of black

31 HEIGHT_SB2 Numeric 9 6 spruce in the subunit 1 and

32 DIA_SB Numeric 9 6 Average DBH (cm) of all

33 DIA_SB2 Numeric 9 6 live black spruce trees in
the subunit 1 and 2.

34 NO_TREE _SB Numeric 12 4 Number of live black spruce

35 NO_TRE_S5B2 Numeric 12 4 trees in the subunit 1l and
2.

36 BA SB Numeric 5 2 Basal area (sq. m) of black

37 BA_SB2 Numeric 5 2
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Numeric
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Numeric
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Numeric
Numeric

Numeric
Numeric
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Numeric

Numeric
Numeric

Numeric
Numeric

Numeric
Numeric

Numeric
Numeric

Numeric
Numeric
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P

Form factor of black spruc.
in the subunit 1 and ..
Will be a function of
tree age.

GCross volume (cu. m) ot
black spruce in the subuni:
1 and 2.

Age of pine in the subunit
1 and 2.

Site index of pine.

Site height (m) of pine iun
the subunit 1 and 2.

Average DBH (cm) of all
live pine trees in the
subunit 1 and 2.

Number of live pine trees
in the subunit 1 and 2.

Basal area (sq. m) of pine
in the subunit 1 and 2.

Form factor of pine in the
subunit 1 and 2. Will
be a function of tree
age.

Gross volume (cu. m) ot
pine in the subunit 1 and
2

Aée of aspen in the subunit
1 and 2.
Site index of aspen.

Site height (m) of aspen
in the subunit 1 and 2.

Average DBH (cm) <t all
live aspen trees 1in the
subunit 1 and 2.

Number of live aspen trees
in the subunit 1 and 2.

Basal area (sq. m) of aspen
in the subunit 1 and 2.

Form factor of aspen in
the subunit 1 and 2. Will
be a function of tree
age.

Gross volume (cu. m) of
aspen in the subunit 1 and
2.

Visitor-days of moosc
hunting in the subunit |
and 2.

Visitor-days of caribou
hunting in the subunit 1
and 2.

Mean rating of natural
scenic beauty of subunit
1 and 2.
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GRAZING
GRAZING?

CARIBOU
CAR[BOU2

MOOSE
MOOSE?2

BASIN

PRECIP

WATER
WATER2

Numeric
Numeric

Numeric
Numeric

Numeric
Numeric

Character

Numeric

Numeric
Numeric
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Carrying capacity (AUM's)
of the subunit 1 and 2
available for domestic
grazing.

Caribou density
(animals/q. section) of
the subunit 1 and 2.
Moose density (animals/q.
section) of the subunit 1
and 2.

Name of basin in which
planning unit is located.
Annual average
precipitation (mm) of the
planning unit.

Annual average water yield
(mm) of the subunit 1 and
2.




APPENDIX C: VALIDATION CURVES FOR SIMULATION MODELS
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Figure C.1 Simulated and vield Lable site height of white spruce on good

sites
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Figure C.2 Simulated and yield table site height of black spruce on good
sites
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Figure C.4 Simulated and yield table average DBH of white spruce on good

sites
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Figure C.5 Simulated ancd -ield table average DBH of black spruce on good

sites
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Figure C.6 Simulated and yield table average DBH of aspen on good sites
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Figure C.7 Simulated and yield table number of trees of white spruce on
gond sites
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Figure C.8 Simulated and yield table number of trees of black spruce on
good sites
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Figure C.9 Simulated and yield table number of trees of aspen on pood

sites
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Figure C.10 Simulated and yield table basal area of white spruce on pood
sites




[ ]
[
- -
-
- .-
s . -
- -
.
R
s .
F ] -
[ ]
. -
4
t
[ ]
’ (4
. ¢
s - . S . -
- - - . .

Figure C.11 Simulated and yield table Lasal area of black spruce on good
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Figure C.12 Simulated and yield table basal area of aspen on good sites
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Figure C.14 Simulated and yield table gross volume of black spruce on yood
sites
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C.16 Simulated and yield table site height of white spruce on medium
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Figure C.17 Simulated and yield table site height of black spruce on medium
sites
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Figure .19 Simulated and yield table average DBH of white spruce on medium
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Figure C.20 Simulated and yield table average DBH of black spruce on medium
sites



-

5

b

<
Figure
=

<

-
305

X

b3
Figure

C.

i
B .,,/c/'/‘
‘
] .”/./
! ] emaisted s
‘
- s -
] . veld tabie & -
. -
]
-
s
- .
l -
]
. .
- ‘,
4
)
!
’

1
. »
‘ .
: n
'—~ - r— -y -~ -— PGl S B A r A A M 1 1 1 1

BRI a0 S0 RGO 80 A0 100 IO 120 R 1a0 T RG Tee B T

21

.

L4

R W

IS

)

272

AGE (’491)19\

Simulated and yield table average DBH of aspen on medium sites

[ srrviglatee

+ Comsbet gl 3t

.
.
4
)
\
v
v om
Tl g
T ——a—e—8o 8
-8 & o = @ @
S :
Tt oan sl wn Ty mL AL G T
ALE T yeore,

Simulated and yield table number of trees of white spruce on
medium sites



P
[ ] PRt Ale ]
~, = b
I . e 1 e 3
.
\
t
' L]
z q
| a ;
| L 3N
' ) *—‘-:.ﬂ.s—‘-_*_'_.___’_.—-.—‘—-'——-‘
IR - e
" 40 GIo; B2C 100 12C T4l TR o

Figure C.23 Simulszed and yield table number of trees of black spruce on
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Figure C.24 Simulated and yield table number of trees of aspen on medium
sites
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Figure C.25 Simulated and yield table basal area of white spruce on medium

sites
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Figure C.26 Simulated and yield table basal area of black spruce on medi s
sites
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Figure C.28 Simulated and yield table gross volume of white spruce on
medium sites
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Figure C.29 Simulated and yield table gross volume of black spruce on
medium sites
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Figure C.30 Simulated and yield table gross volume of aspen on medium
sites
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Figure C.31 Simulated and yield table site height of white spruce on fair

sites
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Figure C.32 Simulated and yield table site height of black spruce
sites
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Figure C.33 Simulated and yield table site height of aspen on fair site:n
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Figure C.34 Simulated and yield table average DBH of white spruce on fair
sites
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Figure C.35 Simulated and yield table average DBH of black spruce on fair

sites
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Figure C.36 Simulated and yield table average DBH of aspen on fair sites
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Figure €.39 Simulated and yield table number of trees of aspen on fair

sites
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Figure C.40 Simulated and yield table basal area f white spruce on fair
sites
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Figure C.41 Simulated and yield table basal area of black spruce on taii
sites
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Figure C.42 Simulated and yield table basal area of aspen on fair site:
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Figure C.43 Simulated and yield table gross volume of white spruce on fair

sites
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Figure C.44 Simulated and yield table gross volume of black spruce on fair
sites
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Figure C.45 Simulated and yield table gross volume of aspen on fair sites



