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Abstract:
The public land manager is directed by law to manage for multiple use and sustained yield of goods
and services. This must be accomplished without long term detriment to the environment. He must also
analyze the environmental consequences of any proposed management action. These impacts might not
only be short term effects, but may be long range as well.

The ecosystem, impacted by the activity, is a complex maze of relationships. An impact directed at one
resource will influence not only that resource but others as well. Some effects are immediate, others are
not apparent until after a considerable time period. This complexity requires the ecosystem to be
analyzed as a whole. It must be perceived as a complete system.

A method is proposed to help the manager analyze the environmental impacts of an activity. Using
systems analysis and computer simulation techniques, a two-phased simulation model is presented.
This approach models the activity as the micro phase. If desired, this phase can be modeled in detail
suitable for productivity optimization, or it can be modeled simply. The macro phase of the approach
models the ecosystem. This phase simulates the dynamic response of the ecosystem to the impact. 
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ABSTRACT

The public land manager is directed by law to manage for multiple 
use and sustained yield of goods and services. This must be accomplished 
without long term detriment to the environment. He must also analyze 
the environmental consequences of any proposed management action. These 
impacts might not only be short term effects, but may be long range as 
well.

The ecosystem, impacted by the activity, is a complex maze of 
relationships. An impact directed at one resource will influence not 
only that resource but others as well. Some effects are immediate, 
others are not apparent until after a considerable time period. This 
complexity requires the ecosystem to be analyzed as a whole. It must 
be perceived as a complete system.

A method is proposed to help the manager analyze the environmental 
impacts of an activity. Using systems analysis and computer 
simulation techniques, a two-phased simulation model is presented. This 
approach models the activity as the micro phase. If desired, this . 
phase can be modeled in detail suitable for productivity optimization, 
or it can be modeled simply. The macro phase of the approach models 
the ecosystem. This phase simulates the dynamic response of the 
ecosystem to the impact.'



Chapter I

INTRODUCTION

Multiple Use Management

Society's growing concern for "conservation" and "ecology" has

caused the U.S. Forest Service to pursue with renewed vigor, the

directive of !'multiple use" and "sustained yield" in its public land

management. This policy.was established by Congress in 1960 when

Public Law 86-517 was handed down on June 12. This, the Multiple Use -

Sustained Yield Act states in part:

It is the policy of the Congress that the national forests 
are established and shall be administered for outdoor 
recreation, range, timber, watershed, and wildlife and 
fish purposes.

The Secretary of Agriculture is authorized and directed to 
develop and administer the renewable surface resources of 
the national forests for multiple use and sustained yield 
of the several products and services obtained therefrom.
(USDA, 1963).

The objective of multiple use management is to manage the resource 

complex for the most beneficial combination of both present and future 

uses. This idea of deriving maximum benefit from a given resource base 

is not new, but it becomes more important and complicated as the 

competition for limited and interrelated resources increases.

While the basic concept of multiple use is generally accepted, its 

application is still.a difficult process. As outlined by Ridd (1964) ■ 

th6 tetm "multiple use" may be applied to areas of land or to particular 

resources available on that land. When applied to land areas, it refers
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to the production and management of the various resources or resource 

combinations on that land area. These managed resources may be 

competative or complementary to one another. When applied to 

resources, "multiple use" refers to the various uses of those resources, 

For example, the water resource .can be used for irrigation, municipal 

and industrial water, esthetics or recreation. Timber can be used for 

lumber, pulpwood, esthetics or recreation. Figure I (Ridd, 1964) 

provides an overview of possible relationships between resources and 

resource uses.

Multiple use land management involves both the multiple use of 

individual resources and the multiple use of the land areas. A demand 

for a particular resource for a specific use will place demands on a 

land area where that resource is produced.

When speaking of multiple use, the four resources; water, timber, ' 

forage, and wildlife, are generally discussed along with recreation. 

However, recreation is actually a use to which the resources are put. 

This recreational use is centered primarily on one resource; however, 

the "quality" of the recreation is influenced by several resources 

comprising the environmental complex.

In managing a land area, no resource or use can be isolated. Any 

management action, even when directed at one resource, is going to have 

an affect on the other resources and their uses. A logging operation 

started in any forest will affect not only the timber resource, but also
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RESOURCES PRODUCTS OR USES
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TIMBER

FORAGE

WILDLIFE

I R R I G A T I O N

M U N I C I P A L .  &  I N D U S T R I A L

R E C R E A T I O N

E S T H E T I C S

L U M B E R  

P U L P W  O O D  

R E C R  E A T I O N  

E S T H E T I C S

L I V E S T O C K  

W I L D L I F E  
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C O N S U M P T I O N  

R E C R E A T I O N  

E S T H E T l C S

THESE ARE MANAGED TO OBTAIN THESE

Figure I. Resources and Resource Uses
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■ the water, forage, and wildlife resources. For this reason, the overall 

area with all its resources must be viewed as a whole in making any 

management decisions on a proposed activity.

Land Use Planning

Over half the land area in the United States is in forest, brush, 

or rangeland. Of this area, the Forest Service has the responsibility 

for managing 187 million acres to obtain sustained flows of goods and 

services under the multiple use management concept. This philosophy 

requires the balancing of various land uses to minimize conflicts while 

providing for a sustained yield over an extended time period.

With growing pressures from timber and cattle interests for 

specific resource uses, the Forest Service became more and more 

production oriented in its management. This was at times accomplished 

to the long term detriment of the total environment. Timber and forage 

production increased to satisfy demand. Irreversible consequences to 

the ecosystem were not a prime consideration.

In 1968, Congress enacted into law the National Environmental Policy 

Act. This Act directs the land manager to assess his management 

activities from an environmental impact standpoint. The Act declared 

it "a national policy [to] encourage productive and enjoyable harmony, 

between man and his environment; [and] to promote efforts which will 

prevent or eliminate damage to the environment" (USDA, 1974:243). "This 

policy is one of balancing the amenities or quality of life against the
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continued use.of renewable resources" (Leopold, 1975:609). Recognizing 

that man's activities do impact the interrelationships of the ecosystem 

components, the manager must prepare a detailed statement of the 

environmental impacts of any proposed action that might have an effect 

on the quality of the human environment.

The Forest Service has been preparing "Multiple Use" or "Land. Use" 

Plans to implement these directives. A Land Use Plan is intended to be 

a planning document directed at a specific area of land. Resource 

capabilities.are identified, demands and.resource uses are estimated for 

the,present and future, and management alternatives are identified and 

presented to the public for scrutiny. These documents are prepared and " 

presented to the public soliciting and encouraging public involvement 

and participation in determining management direction. ' Coupled with the 

Land Use Plan is the Environmental Impact Statement which must be 

prepared for any proposed management action. This statement is an 

attempt to identify and quantify the environmental impacts of the 

activity. These impacts must include not only the short term immediate’ 

effects, but also the long range effects of the activity.

The public land manager is directed by law to manage on a multiple 

use and sustained yield basis.. He must analyze and document the 

environmental consequences of proposed activities. This can be a 

difficult task as the system being impacted consists of numerous
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interacting, relationships. The area must be viewed as a whole in 

making management decisions. .

The Problem

The problem is basically that of identifying the impacts or effects 

of a given.activity upon an area's ecosystem. The impacts cannot be 

limited only to short term immediate effects, but must also include the 

long range time dependent effects. The system being impacted is a 

complex maze of interrelated interacting. cause-.effect relationships.

As an example of.man's activities impacting the ecosystem, we might 

look at timber harvesting. The interactive influences of timber 

harvesting on the system might be illustrated as in Figure 2. For. 

measurable impacts, we are primarily interested in the effects on the ' 

other resources and resource uses for the area. The harvesting of 

timber from a given area and the method used in harvesting will have a 

direct effect upon other resources such as water quality and quantity, 

timber availability now.and in the future, forage quality and quantity, 

and the amount of type of wildlife present. These can be both short and 

long range effects.

In addition to these primary effects, the changes brought on by the 

primary influences in the available resources will also cause secondary 

changes in the resources and uses of the area. Recreation and esthetics' 

will be influenced secondarily. Changes in the resources will change 

the recreational appeal of the area. There are also secondary



ACTIVITY
RESOURCE

USES

P R I M A R Y  I N F L U E N C E  S E C O N D A R Y  I N F L U E N C E

Figure 2. The Influence of Timber Harvesting Activity on Resources and Uses
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influences between resources, that is, a change in water quality might 

affect timber or wildlife.

A natural force which will impact the system in a similar fashion- 

might be fire. Fire will remove vegetation much like timber harvesting. 

The manager is interested in knowing how sensitive the ecosystem is to 

fire. How will the system respond to suppression activities: suppression 

road construction, fire breaks, .etc? What happens if a major portion of 

a drainage burns? Once again there are both short and long range 

effects which must be evaluated.

It is this maze of complex, interacting influences which makes 

multiple use management such a difficult principle to practice in a 

"real" world situation. The resources of an area are affected over a 

period of time when a particular activity impacts the system. A 

change in one.resource causes change in the other available resources 

and their uses.

In this study, a procedure and methodology is developed to aid the 

manager in analyzing the environmental effects of an impacting activity. 

The area is viewed as a whole with resource..responses portrayed over 

extended time periods.



Chapter 2

■ SYSTEMS AND SIMULATION: A METHOD

With continued advances in computer technology and capabilities, 

insights are being gained into complex problems by the use of systems 

analysis and simulation. Major components of the system can be 

identified and the relationships between components quantified. These 

can then be organized in a manner allowing the designer and manager to 

monitor the dynamic responses of the modeled system for extended time 

periods. The sensitivity of the system to various inputs or decision 

criteria can be presented and evaluated.

The Systems Approach

Much has been written in recent literature on systems analysis.

Its major impetus began with the success of military scientific teams 

during the second World War. After the war, much effort was put into 

applying this kind of thinking to nonmilitary problems. This school 

of thought was labeled "operations research" and was applied to rather 

small problems in production, marketing, and finance. Following these 

initial applications of science to management, the electronic computer 

grew in its capabilities.

As the computer grew, so did the scientist's ability to look at. and 

solve larger and more complex problems. This increased ability led to 

the expansion of the scientist's perspective, out of which grew what is 

now commonly referred to as the systems approach. C. West Churchman
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. (1968) in his book. The Systems Approach, points out in the preface:

As the scientist’s perspective widened, he began to think of 
his approach as the "systems approach". He saw that what he 
was chiefly interested in was characterizing the nature of 
the system in such a way that the decision making could take 
place in a logical and coherent fashion and that none of the 
fallacies of narrow-minded -thinking would occur. Furthermore, 
using his scientific knowledge,' he expected to be able to 
develop measures which would give as adequate information as 
possible about the performance of the system.

Throughout this growth process, the word "systems" has been defined 

in many different ways by people claiming to be "experts" in the field. 

No matter how it is defined, most people will agree that "a system is a 

set of parts coordinated to accomplish a set of goals" (Churchman, 

1968:29). From this definition, anything that operates for a common 

purpose can be thought of as a system. A system can be simple or it 

can be extremely complex. This body of techniques and theories 

developed for analyzing systems has come to be known as systems 

analysis.

Churchman (1968:231) concludes his book by stating four principles 

of a deception-perception approach to systems:

1. The systems approach begins when first you see the world 
through the eyes of another.

2. The systems approach goes on to discovering that every
world view is terribly restricted.
\
;3^, There are no experts in the systems approach.

4. (He presents his own bias) The systems approach is not 
a bad idea.

Though there is no universally right way to describe a system, a great
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deal can be learned by a clear statement of the approach taken so that 

its opponents may state their opposition in as cognate a fashion as 

possible. Churchman concludes that the systems approach really consists 

of a continuing debate between various attitudes of mind with respect 

to society.

In looking.at systems, Churchman stresses the importance of the 

scientific approach. For this approach,.he identifies five basic 

considerations. These include the total system objectives; the systems 

environment; the resources of the system; the components of the system; 

and the management of the system. These.considerations will be explored 

further in the next chapter on the development of the systems 

macro-model.

As noted by Bjerke- (1973), Churchman's approach also implies the 

need for interdisciplinary study teams. When studying complex problems, 

each discipline with its specializations can contribute to a clearer 

understanding of the whole system. However, a truly worthwhile 

systems analysis can be developed only when each discipline begins to 

see the world through the eyes of the other, and recognizes that his 

world view might be terribly restricted.

The book by Kenneth E.F. Watt (1966), Systems Analysis in Ecology, 

is a collection of works done by nine writers. This work is a 

comprehensive account of the need for and the benefits of applying 

systems analysis to the field of ecology and environment. In an
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ecological system, it is seen that everything affects everything else, 

and the complexity of interlocking cause-effect pathways confronts the 

analyst with a superficially baffling problem in scientific analysis.

It is this interlocking network which is the most identifying 

characteristic of the ecological system. For the ecologists, an 

operational definition of a system is "An interlocking complex of 

processes characterized by many reciprocal cause-effect pathways"

(Watt, 1966:2). A principal attribute of an ecological system is that 

we can only understand it by viewing it as a whole.

Watt identifies some of the most important concepts of systems 

thinking insofar as they can be applied in ecology. Perhaps the most 

basic component of this thinking is the operating maxim...extremely 

complex processes can be easier understood by dissecting them into a 

large number of very,simple components, A second important notion is 

complex historical processes in which all variables change with time, 

can be dealt with in terms of recurrence formula that express the state 

of a system at time t+1 as a function of the state of the system at time 

t . Thus the understanding of the process is acquired hot in terms of 

its entire history, but rather in terms of the cause-effect relationships 

that operate through a typical time interval.

Watt points out that another important tenet of systems analysis is 

that optimization of the process is the central aim of research.

Combining this optimization aim and the notion of recurrence
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relationships leads to the idea that, "the central aim of systems 

analysis is that of making the optimal choice from among an array of 

• alternative strategies at each of a sequence of times" (Watt, 1966.:4). 

This leads to the idea of multistage decision process. The multistage 

decision process, due to its high degree of dimensionality and the need 

to use an iterative process for solution, indicates the use of an 

electronic computer and simulation for its analysis.

Watt points out three reasons for the prominence of simulation as 

a tool to the systems analyst. Most systems optimization problems are 

so complex they cannot be worked out in any straightforward fashion on 

paper. Therefore, a system of trial and error is used to solve them. 

Various combinations of variables are tried to determine how the system 

will react in given conditions. This could not be done with actual 

experiments in the real world because of the prohibitive costs. 

Secondly, apart from the cost, there is often not enough time available 

to follow the experiments through to completion especially if there are 

repeated experiments to be conducted. Finally, the actual experiments 

may not be feasible because the outcomes might have a "ruinous" effect 

on the system being experimented with.

The book goes on to discuss such subjects as the organization and 

management of complex systems studies, the acquisition of data, and the 

building of models. These subjects are presented by the individual 

authors in the light of their individual experiences. Much of the
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discussion is built from actual studies which were conducted on 

ecologically related problems.

Systems and Simulation

Simulation is an.important tool of the systems analyst. However, 

it should be kept in mind that systems analysis does not mean you must 

use simulation, and systems analysis is not equated to simulation.

There is much knowledge and understanding to be gained about the system 

merely by studying it from the systems point of view, without carrying 

the study through to simulation. For this research, simulation is used 

so systems simulation in general will be discussed here.

James R. Emshoff and Roger L, Sisson (1970) introduce the reader to 

simulation models in their book. Design and Use of Computer Simulation 

Models. This book takes the reader step-by-step through the background 

and technical skills required to Ieam and use simulation. ' The reader is 

introduced to simulation as a management aid and how it is used in 

decision making processes. There is discussion of the technical aspects 

of using simulation and general discussions of the nature and uses of 

various types of simulations. Much of the discussion centers around- 

detailed examples explaining basic techniques.

In Chapter .6, the authors review some of the popular simulation 

languages. The' advantages' and disadvantages of the various languages 

are compared by a review of the process of translating a problem into a 

simulation program. It should be noted that though the use of an
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established language'is not necessary for simulation, it does have some, 

definite advantages to the user. Probably the major advantage in using • 

a canned simulation language is user time saved in preparing and 

debugging'the simulator. As noted by Emshoff and. Sisson (1970:117),

"It is not uncommon for this reduction to be a factor of ten". The 

simulator resulting from the use of an established language is also 

generally easier to modify than one written in a multipurpose language 

such as FORTRAN. ■

There are other dramatic changes which occur as a result of using 

specially designed simulation languages. As the authors note, "Some of 

these are actually languages in the more general sense; that is, they 

are useful in describing a situation independent of the fact that they 

can be translated by a computer into machine language" (Emshoff, 

•1970:117). These languages have a "syntax" and a "vocabulary" which can 

be quite descriptive. It is often the case that the user, after 

■becoming experienced with a simulation language, will begin to think in 

that language. Thus the language becomes Useful in the actual problem 

formulation.

The languages considered by the authors include:

GASP a set of subroutines in FORTRAN that performs
functions useful in simulations.

GPSS a complete language oriented toward problems in
which items pass through a series of processing 
and/or storage functions (latest version: GPSS/360).
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SIMSCRIPT a complete language oriented toward event-tor-event 

simulations in which discrete logical processes 
are common (latest version: SIMSCRIPT II).

CSMP

DYNAMO

JOB-SHOP
SIMULATOR

a complete language oriented toward the solution of 
problems stated as nonlinear, integral-differential 
equations with continuous variables (CSMP permits a 
digital computer .to simulate an analog computer).

a complete language oriented toward expressing 
macro-economic models of firms by means of 
difference equations.

a program package that can be set up to represent a 
variety of job shops by means of parameters 
(Emshoff, 1970:139).

These languages can be classified in terms of orientation and scope or 

generality of application as illustrated in Figure 3.

FORTRAN is included in Figure 3 as an example of a multipurpose 

computer language which can be used to write simulation programs.

Though it is not a simulation language in itself, FORTRAN is a widely 

used language and has- the capability of representing any sort of 

state-change process. GASP and SIMSCRIPT are simulation languages that 

are very general. Both are written in FORTRAN and have the capability 

of doing anything that FORTRAN can.

On the other end of the graph, DYNAMO and the JOB-SHOP SIMULATOR 

are much more problem oriented. In fact, the JOB-SHOP SIMULATOR is so

specific that it is not really a simulation language at all. It is 

actually a simulation program that is written general enough, to 

adequately describe various job-shop situations and sizes. DYNAMO as a 

language is oriented toward problems formulated in terms of nonlinear
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differential or difference equations. It handles variables that are 

continuous or nearly so over their entire range.

One distinction that should be made is how a simulation language 

perceives the problem. As Emshoff and Sisson point out, the variables 

in a simulation may change in any of four ways:

1. In a continuous fashion, but at any point in time.

2. In a discrete fashion, but at any point in time.

3. 'In a discrete fashion and only at certain points in time.

4. In a continuous fashion, but only at discrete points in time.

GASP II can be thought of as a discrete simulation language where the 

variables can change at any point in time or at specific points in time 

depending upon the discretion of the user. DYNAMO is primarily a 

language where the variables change in a continuous fashion but only at 

certain points in time. A newly revised version of GASP, GASP IV, 

combines both the continuous and discrete possibilities of variable 

changes. In fact, with GASP IV the variables can change either 

discretely, continuously, or both discretely and continuously. The 

variables can be changed at specific points in time or at variable points 

in time. GASP IV will be discussed in greater detail in a later section.

Systems Dynamics

J . W.. Forrester (1961; 1968) has done much to improve the "art" of . 

describing and simulating large scale macro-economic problems. He has 

named his form of analysis and simulation "Industrial Dynamics". One



19
might begin by looking at some concepts about organization, decision 

making, and the relationship between information and managing.

Management then can be thought of as "...the process of converting 

information into action" (Forrester, 1961:93). The conversion process 

is what we generally recognize and define as decision making. The 

success of the manager depends upon what information is available to 

him and how he converts it into action. Forrester (1961:38) has made 

this observation:

The manager sets the stage for his accomplishments by his 
choice of which information sources to take seriously and 
which to ignore. After choice has been made of certain 
classes of information and certain information sources to 
carry the highest priority, managerial success depends on 
what use is made of this information. How quickly or 
slowly is it converted to action? What is the relative 
weight given to different information sources in the light 
of desired objectives? How are these desired objectives 
created from the information available?

Forrester sees the modern manager not as converting the information 

himself into action, but rather he outputs a stream of information or 

decisions which directs the efforts of the human or nonhuman elements of 

the organization towards some goal. This might be illustrated as the 

information flow and feedback process as in Figure 4.

-^I N FORMAT

^  DECISION ^ ACTION ^

Figure 4. Decisions and Information Feedback
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This illustrates an important characteristic of. the information 

network in a firm. The decision that leads to control over a physical 

process is based on information about the prior state of that process. 

Information about the state of the system is said to be fed back through 

the information network to the decision point. Forrester (1961:14) 

defines the information-feedback system in the following manner. "An 

information-feedback system exists whenever the environment leads to a 

decision that results in action which affects the environment and 

thereby influences future decisions."

In studying feedback processes, the investigator deals with the way 

information is used for the purpose of control. The information-feedback 

control process is a continuous regenerative process with new results 

leading to new decisions. This cycling keeps the system in continuous 

motion. These systems as pointed out' by Forrester need not behave in a 

predictable and satsifactory manner. .In fact, a complex 

information-feedback system designed by happenstance or in accordance 

with what may be' intuitively obvious will usually be unstable or 

ineffective.

There are three factors or characteristics of a system that result 

in the system's behavior. These include structure, delays, and 

amplification. As might be expected, the structure of the system tells 

how the parts are interrelated. Delays exist in the generation and 

transmission of information. Delays are further encountered in the
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information conversion or decision making process and in taking action 

on the decisions. Amplification as noted by Forrester usually exists 

throughout such systems, especially in the decision making process of ■ 

our industrial and social systems. "Amplification is manifested when 

an action is more forceful than might at first seem to be implied by 

the information inputs to the governing decisions" (Forrester, 1961:16).

This concept of servomechanisms or information-feedback systems is 

one of the most important foundations for industrial dynamics. Until 

recently, the effect of time delays, amplification and structure on the 

behavior of systems was of little concern. Only now are investigators 

becoming aware of the fact that the interactions between system 

components can be more important than the components themselves.

A second foundation on which industrial dynamics was developed is a 

better understanding of the decision making process gained during the 

1950's with the automation of military tactical operations. A third 

foundation is the development of experimental approaches to understanding 

complex systems. This has been accomplished through the use of models. 

The fourth foundation to the development of industrial dynamics has been 

the growth of the electronic computer and its computative capabilities.

From these foundations, Forrester has developed the industrial 

dynamics approach to enterprise design. This approach progresses through 

the following steps:

I. Identify the problem.
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2. Isolate the factors that appear to interact to create the 

observed symptoms.

3. Trace the cause-and-effect information-feedback loops that 
link decisions to action to resulting information changes 
and to new decisions.

4. Formulate acceptable formal decision policies that describe 
■how decisions result from the available information streams.

5. Construct a mathematical model of the decision policies, 
information sources, and interactions of the system 
components.

6. Generate the behavior through time of the system as described 
by the model (usually with a digital computer to execute the 
lengthy calculations).

7. Compare results against all pertinent available knowledge 
about the actual system.

8. Revise the model until it is acceptable as a representation 
of the actual system.

9. Redesign, within the model, the organizational relationships 
and policies which can be altered in the actual system to 
find the changes which improve system behavior.

10. Alter the real system in the directions that model
experimentation has shown will lead to improved performances 
(Forrester, 1961:13).

Probably the most■important step of this approach as with any other 

is the definition of the problem. Once the problem is defined, the 

. manner in which it is defined will affect how it is perceived and 

studied by any investigating team.

The last two steps of this approach are worth mentioning. Any 

conceptual model of a system, be it computerized or not, is only as good ■ 

as it helps the user gain a fuller understanding of the operation of the
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system. The objective of building the model should be to gain this

understanding and hopefully apply this understanding to the system and

thereby improve its performance.

To help gain an understanding of the structure of any feedback

system, Forrester (1968:7-1) suggests the use of the flow diagram.

Feedback systems are elusive. Their structure and dynamic 
implications are hard to grasp and to keep in mind. One 
needs as many viewpoints as possible. From each viewpoint 
he may see something that was missed in a different- exposure.
A verbal description is one approach to a system; equations 
describing behavior of the separate parts is another. But 
to show the relationship between the parts and to accentuate 
the loop structure of a system, the flow diagram is best.

The flow diagram is not intended to show minute details of the system's

workings but rather give broader perspective of the problem. The flow

diagram should show how the cause-effect interactions of the system are

interconnected to produce the feedback loops and how these loops are

interlocked to create the system.

A simplified summary of this flowcharting method is represented in 

Figure 5. This summary illustrates the representation of levels; flows 

that transport the contents of one level to the next; decision functions 

that control the rates of flow between levels; and information channels 

that connect the decision functions to the levels. Also represented are 

auxiliaries which transform the information obtained from levels to a 

workable form for decision■making.

Using this basic scheme of charting, complex systems can be ■
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represented. This method-will be used in the model development 

portion of this thesis.■ "

GASP IV

GASP IV is a FORTRAN based simulation language designed for 

modeling a system in two dimensions: time and state-space. The

language was developed by Alan B. Pritsker and Nicolas R. Hm;st at 

Purdue University as an extension of the simulation structure of the 

discrete event language, GASP II (Pritsker and Kiviat, 1969j Pritsker 

and Hurst, 1973; Pritsker, 1974).

As outlined by Pritsker (1974). in his book GASP IV, a necessary 

first step in building a GASP IV simulation model is breaking down time 

and state-space into manageable elements. For the time dimension, this 

decomposition involves defining events and changes that will result 

when the event occurs. The user must specify the mathematical-logical 

■relations that transpire at an event occurrence and the casual mechanism, 

by which events occur. He is relieved, however, from the need for 

sequencing events or modeling the timing of events during the simulation. 

This is provided by the GASP IV routine.

In the state-space dimension, the system model is broken down into 

entities, which can be described by their attributes. These attributes 

can be further classified as discrete or continuous. The discrete 

attributes are characterized by their static nature between event times. 

That is, their values remain constant between event occurrences. The
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value of a continuous attribute is dynamic, for its value changes over 

the time span between event occurrences. These attributes represent the 

dynamic behavior of the system being modeled and are referred to as 

state variables. These state variables can be thought of as levels in 

Forrester's Industrial Dynamics model. The user is compelled to 

specify only the relationships’whereby these values change. This can 

be done in terms of difference or differential equations. GASP IV 

provides the mechanism for integrating these relationships over time 

and thereby updating the values of the state variables.

The philosophy of GASP IV grows out of a broader definition of 

event than is. normally attributed to a discrete-event language. An 

event is defined as: -

A point in time beyond which the status of a system
cannot be projected (Pritsker, 1974:13).-

Though events generally cause change in the status of the system,- they 

can also occur at decision points'where the decision is made not to 

change the status.

It is useful to describe events in terms.of the mechanism by which 

they are scheduled. There are those that occur at a specified point in 

time which has been projected by the user.- This type of event is 

referred to as a time-event and is commonly thought of when working with 

"next event" or "discrete" simulation models. Another type, referred 

to as state-events, occur when the system reaches a specified state. 

These events are not scheduled to occur at a specified point in time, as
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events, but occur when state variables meet predetermined conditions.

In GASP IV, time events can initiate state events, and state events can

initiate time events. This is left to the discretion of the user.

As a GASP IV simulation run progresses., the values of the state

variables are computed at small time steps. The values of the discrete

variables are computed at scheduled event times. When an event, either

state or discrete, occurs, the status of the system can change: by

altering the values of state or discrete variables; by altering the

relationships that exist between variables; and by changing the number

of entity variables that exist. Between event times, only the values of

the continuous state variables can change.

The formalized world view of GASP IV can be summarized as follows:

The world view specified that the status of a system be 
■ described-in terms of a set of entities, their associated 
attributes, and state variables'. The GASP IV simulation 
philosophy is that a dynamic simulation can be obtained 
by modeling the events of the system and by advancing 
time from one event to the next (Pritsker, 1974).

The fact that GASP IV is a FORTRAN based simulation language makes

it attractive to the experienced user. GASP provides the framework for

analyzing a complex problem but gives the user complete control of the

system and with programming expertise, the extended capabilities of the

FORTRAN language.

Approach to the Problem

The land manager is faced with the problem of identifying and
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evaluating the effects of a given activity upon an area's, ecosystem.

This study, using the systems approach and systems simulation, focuses 

on an approach to aid the manager analyze these dynamic effects over 

extended time periods. The basic model will be developed with timber 

harvesting as the impacting activity. This will be expanded to include 

fire as an impacting force and road building as an impacting activity. 

These latter impacts are included to demonstrate the flexibility of 

this modeling approach.

In looking at harvesting and how it effects the ecosystem from the 

multiple use viewpoint, two distinct simulation approaches are indicated 

The logging system can be thought of as a micro-system' which is 

production oriented. The manager is interested in productivity at least 

cost. The area or ecosystem is time oriented and can be thought of as 

the macro-system. In this case, the manager is interested in responses 

over an extended time frame.

For the micro-phase of this model, extensive work has been done by 

Johnson (Biller and Johnson, 1972; Johnson, 1970; JBhnson et al., 1972) 

in simulating the harvesting system. The approach taken was event 

oriented GASP II simulation language. The model contains minute details 

of the harvesting activity. Effectiveness of the system is measured 

in terms of man and machine productivity and cost. No attempt is made 

to measure the impacts on other resources.



29
For the macro-phase of this systems model, the effectiveness 

measure will be the availability or levels of all resources over time. 

This phase will be designed based on the Continuous modeling approach. . 

The ecosystem will be represented as levels with flows that transport 

the contents of one level to another with decision functions 

controlling the rate of flow between levels arid information channels 

that connect the decision functions to the levels. This approach is 

described by Forrester (1961; 1968) as Industrial Dynamics.

■ GASP IV, based on the traditional FORTRAN programming language 

with the capability of combining both discrete and continuous elements 

of a system into one simulation model, offers a good approach to 

analyzing complex problems. The language has been used to analyze the 

chemical electroplating process for production efficiency with 

environmental considerations (Sigal, 1973). Using GASP- IV, Sigal was 

able to effectively analyze environmental factors, cost factors, and 

various aspects of the-production process in evaluating the recovery 

process.. •

This thesis is directed at designing the macro-phase of the model 

and the linking of the two phase concept into a working model. The 

GASP IV simulation language will be used. It is hoped that this thesis 

will demonstrate the usefulness of such a modeling approach in 

Analyzing such complex problems.



Chapter 3

' ■ MODEL DEVELOPMENT

The public land manager is directed by law to evaluate the 

environmental impacts of proposed activities. These activities must be 

planned with due consideration for ''multiple use" and "sustained yield". 

Systems simulation is.an approach which allows the manager to test the 

dynamic responses of an ecosystem to activity impacts.

For this study, an ecosystem impact model is presented. This 

model will be developed from a general description of the system, 

followed by the development of general relationships and then lastly 

the regimentation of these relationships into a mathematical model which 

will be computerized and simulated. The model will be based on general 

cause-effect relationships, many of which are gross assumptions on the 

author's part. The modeling approach is presented here.

The Systems Description

In developing the system model, the five step scientific approach 

suggested by Churchman (1968) will be used. This approach begins with 

the imperative first step of identifying the total system objectives. 

This might also be stated as identifying the measures of performance of 

the whole system. This first step is worthy of considerable attention 

as all subsequent thinking about the system is influenced by how the . 

true objectives are perceived. ' ' .
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The second step of this approach is to identify the environment 

or the fixed constraints of, the system. The environment of the system 

is that over which the system, as it is defined, has no control. In 

addition to lying outside the control of the system, the environment or 

fixed constraints also influence how the system performs.

The next step in the scientific approach is to identify the 

resources of the system. In contrast to the environment, resources lie 

within and can be changed by the system. In fact., the resources are 

used by the system to obtain its objectives.

The fourth step of this approach is to identify the components of 

the system. The components are those parts that use the resources to 

contribute to the overall operations of the system. The components have 

a specific job to perform in the system..

The final step in the scientific approach to study systems as 

presented by Churchman is to identify the management of the system. 

Management is that function which sets the goals of the components, 

allocates all of the resources, and has direct control over the systems, 

performance. The management is the decision maker in the system.

System objectives. Defining the objectives of an ecosystem is a problem 

If left to its own design the ecosystem will continue to cycle and 

function as it has since the beginning of time following the natural 

laws of growth, death, recovery, and succession. Like it or not, man is 

also a very important part of that ecosystem. With more and more people
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inhabiting the same land area, there .is bound to be more pressures

placed on the land and its uses. But man is the one component of the

ecosystem who has the ability to choose his role and decide how he will

interact with his environment. He has the ability to influence his own

destiny if you will. '

So what is the role of our forested lands? What is the objective

used to manage these lands? For our National-Forests this goal,

derived from.the interpretation of all legislation that applies to

Forest Service operations, might be stated as follows:

To optimize public benefits from the National Forests 
while maintaining the long term productivity of the 
land (Brown and Dane, 1974:1-6).

The above goal is limited by the following constraints:

Land Capability - No activity may be allowed if it will result 
in the destruction, depredation, or diminishment of the 
land's long term productivity;

Sustained Yield Management - All resources are to be managed 
on a sustained yield basis;

Funding - The intensity of local management is constrained by 
the level of funding and the manner in which these funds 
are allocated (Brown and Dane, 1974:1-6).

The responsibility of National land management is awesome. Public

inputs are required. Within the Forest Service a. Land Use Planning

process is evolving which is directed.at making land use decisions.

Research is continually conducted to improve this process (Barney, 1976;

Brown and Dane, 1974).
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With this overall land management objective in mind we can now look 

at the specific objective toward which this thesis is directed. One 

important element of the management objective is to test any proposed 

management action against the lands "long term productivity" and 

"sustained yield capability". Another element is to "optimize public 

benefits from the National Forest land".

The planner must evaluate the proposed activity not only against 

its optimization, but also against its impacts on the area in general.

In the case, of timber harvesting, the planner wishes to remove a given 

quantity of timber by the most efficient means possible while minimizing 

■ the impacts on other resources. Therefore, the objective of this systems 

model might be stated:

To represent the impacts of an activity on an area's 
ecosystem in terms of the dynamic responses of the' 
area's resources over time while optimizing the 
activity.

Environment. The environment or fixed constraints of the system are 

primarily related to the area?s location in time and space. This 

includes such elements as climatology, geography, physiography, and 

existing cultural forces. Climatological elements, include moisture, 

received in the form of rain and snow, temperature, and length of 

growing season. The form of the land and its relation to surrounding 

areas are part of its geography. The soil characteristics and production 

potential are elements of physiography. Cultural forces of the area
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include existing timber harvested areas, existing roads and any 

developments.

The environment consists of those elements which fall outside the 

system's boundary, but which influence the workings of that system.

This might be presented as shown in "Figure 6.

Resources and components. In this model the resources and components as 

defined by Churchman are intermixed. Area, timber, forage, wildlife, 

moisture, and existing roads would be classified as resources. They are 

consumed or used by the system and lie within the system boundariesi At 

the same time timber, forage, wildlife, and roads would be classified as 

components as. they each use other resources;,timber uses the area and 

.moisture resource; wildlife consumes forage, etc.

In addition to those already listed, the activities of timber, 

harvesting, road construction, and fire would be components. The 

decision maker has direct control over harvesting and road construction. 

He also has some control over fire. •

System manager. The manager of this system is assumed to be the Forest 

Service. The Forest Service is responsible to the public for the 

management of lands entrusted to it. It has control over allowable 

timber cuts and harvesting practices. The Forest Service sets road 

construction standards and allowable access routes and is also
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Figure 6. Ecosystem Diagram Showing Environment, Resources, and Components
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.responsible for fire protection on the National Forests and Grasslands.

Ecosystem - Harvesting Productivity Model

With the previous discussion as background, we will now look at the 

model developed to portray ecosystem impacts. Because of the two 

phased objective we are addressing; namely ’(a) ecosystem response to 

activity, and (b) optimization of activity productivity, it is logical 

to divide the model into two phases. The black box diagram of these 

phases is shown in Figure 7.'

In the ecosystem phase, time is the key element. The planner is 

interested in changes in the system over extended time periods such as 

one to three hundred years. This phase of the model is represented by 

combinations of recurrence formula. These equations are written:

SS(t) = SS(t-l) + (RATEi - RATEd) X DELTAt.

SS(t) is the calculated systems status at time t. SS(t-l). is systems 

status at time t-1 or the last update time. Change in status is 

represented by RATEi, the rate of increase, and RATEd, the rate of 

decrease. This change rate is then multiplied by the time increment 

between updates, DELTAt- These equations represent a continuous flow 

mechanism which can be written in terms of differential equations' as 

DELTAt approaches zero. However, for this general model, DELTAt is 

set to one month.
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Inputs to the ecosystem phase of the model are controlled by the 

user to represent the environment. These inputs include such factors as 

weather, the state of the system now, and the physiography of the system. 

With these inputs, the systems resources and components interact by 

specified recurrence formula to provide output in terms of the response 

of given levels or state variables over time.

The activity impact phase of the model is of two types. The first 

type is represented by the harvesting model. This model is directed at 

activity production and is presented in Figure 8. This phase requires 

considerably more detail than the ecosystem phase as internal activities 

are occurring on a much smaller time scale than months.
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Figure 8. Black Box Diagram of Harvesting Productivity Model
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This phase of the model is analyzed by the discrete simulation 

method. Detailed analysis of this phase is provided by an existing 

timber harvesting system simulation called SAPLOS. A refined version 

of this package.is utilized to represent in great detail the 

interrelationships and productivity of logging operations. This 

simulator is a next-event type model where each event is scheduled at 

some future time based on the status of the system now. The time scale 

used in this model is minutes.

Utilizing this detailed simulator, the planner has the capability 

of looking at the harvesting system in great detail. He can design and 

lay out the logging operation for optimal efficiency. Inclusion of the 

macro-phase of this model allows him to also look at environmental 

responses of the proposed layout.

The second type of activity impact is represented by fire and road 

construction. These impacts can be thought of as discrete for they are 

scheduled at a specified point in time. They directly influence state 

variables in the macro-phase model as specified by input parameters. 

These impacts are not simulated in great detail and no productivity 

optimization capability is provided. The user is merely interested in 

determining how the ecosystem will respond to the impacts.

Combining Model Types

The mechanism- for combining these various model types is provided 

by GASP IV. Being a generalized FORTRAN based simulation language
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combining both discrete and continuous variables, GASP IV is ideally 

suited to the task at hand, with several coding changes in its output 

plotting subroutine. These coding changes were made, varying the time 

increment, to improve output presentation.

The model progresses through the two phases as depicted in Figure 9. 

Starting at "time now", the macro-phase.operates in the steady state.

This represents the ecosystem as it might be before harvesting. At a 

specified point in time, say 1990, harvesting begins. At this point, . 

the simulation model shifts to the micro-phase with its operation 

controlled by the discrete events of harvesting. System status Is 

recorded weekly during this phase. At the completion of harvesting-, the 

model once again returns to the macro-phase monitoring the responses of 

the ecosystem. During this phase, system status is recorded yearly.

Options are, provided allowing the user to request status reporting 

on a monthly basis. This is particularly useful if the system is 

subjected to a fire or road building impact. The systems immediate 

response to these activities can be monitored over a given time period. 

Seasonal trends can also be observed at any time. This capability gives 

the user considerable control of the model.
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Chapter 4

, MACRO-MODEL PHASE

The ecosystem model is divided into six subsystems: ' I) area,

2) moisture-water, 3) timber, 4) forage, 5) wildlife, and 6) erosion. 

This was done to facilitate understanding from an interdisciplinary 

perspective. The climatologist is primarily interested in the 

moisture-water subsystem. The siIviculturalist and timber specialist 

function within the timber subsystem. Range specialists are concerned 

with the forage subsystem. Wildlife and its interactions are portrayed 

in the wildlife subsystem. . The hydrologist would be concerned with both 

the erosion and moisture-water subsystem.

In dividing the macro phase into these.segments, physical flows are 

contained entirely within a subsystems boundary. However, information 

about a state variable is used to influence the rates of flow in other 

subsystems. These information links represent the interactions of the 

ecosystem.

The remainder of this chapter is devoted to describing each 

subsystem of the macro phase in detail. The basic flow charting scheme 

used is derived from that used by Forrester (1968). The symbols and 

their intended meanings are discussed in Appendix A. Complete systems ■ 

diagrams and model equations for each subsystem are provided in 

Appendix B.
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Area Subsystem

The area subsystem provides the sizes of major area classes for the 

ecosystem model. The generalized flow diagram for this subsystem is 

shown in Figure 10. This complex is represented by five distinct area 

classes. For modeling purposes> these categories are assumed to tie 

mutually exclusive. Each class is identified depending on the dominant 

use or influence of the area.

Burned area includes all which has recently been subjected to fire. 

This area is characterized by little or no vegetation with patches of 

exposed mineral soil. The assumption is made that this area has 

production potential and will eventually return to range and finally 

forest production. The major influence of this area on the system is in 

terms of moisture holding capacity and erosion. There is also the 

immediate effect of removing the area from biomass production.

Range area is dominated by its forage production. This 

classification includes all biomass productive area that is not' 

producing timber. Though forage does grow under standing timber, this 

area is not included in the range classification.

The state variable, forest area, is that whose major influence to 

the system is timber production. This area includes all with growing 

timber. The last area classes presented as state variables are for roads. 

This road area.is subdivided into two classes, open and.closed. Open
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roads are maintained in such a condition that,vegetation is not allowed 

to become established in the area. Closed roads on the other hand are 

allowed to return to their natural state of biomass production.

■Provisions are made in this subsystem to classify the unproductive 

area in the ecosystem. This is identified in the model as auxiliary 

information and is represented in the diagram as a circle. The size of 

this area is calculated by subtracting from total area all biomass 

productive area, burned area, and road area.

Flows of area within this subsystem are assumed to follow the 

natural progression from burned or closed road area to range area and 

finally forest area. Provisions are included in the model for converting 

range and forest area to road area. The. rates of these flows are 

controlled by road construction and are explained further in the next 

chapter.

The rates of flow', burn to range and closed road to range, are set 

up in the model as inverse decay functions. The magnitude of these 

decays is specified by the user. The flow from range to forest is 

dependent upon area sizes and average tree height. The distance seeds 

will travel depends on tree height and the assumption is made that 

timber encroachment into range results from this seed travel. This 

distance-height relationship is derived from.user inputs.

Moisture-Water Subsystem

The moisture-water subsystem is the primary driving component of
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the ecosystem model. All vegetation growth is dependent upon the 

available moisture which in turn affects wildlife capacity. In addition . 

to this, erosion is caused directly by the amount of runoff occurring. '

The generalized flow chart of this regime is given in Figure 11. For 

more detail, the specific flow chart and accompanying equations are ' 

provided in Appendix B.

The moisture-water subsystem receives two primary inputs; snow and 

rain. Snow is allowed to accumulate as snow pack and is stored until 

spring runoff. This runoff plus any rain which might be received 

contributes to the available surface water.

The surface water that accumulates is dispersed by three modes: 

absorption into the soil, runoff over the surface, and evaporation back 

into the atmosphere. Surface water absorption and runoff are dependent 

upon the area class on which the moisture is received. The three area 

classes, bum, range, and forest, are assumed to have different moisture 

absorption capabilities. These values are determined by the surface 

water available and the areas field capacity or soil moisture holding 

capacity.

Once the moisture becomes trapped by the soil, there are two ways 

provided for its consumption. One is the use of the moisture in the 

soil by the area's biomass. This consumption is determined by the biomass 

load being supported by the site. The other method of soil moisture 

loss is through percolation. The percolation rate for each land area
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Figure 11. Moisture-Water Subsystem Flow Diagram



type is provided by the user as input.

A .second use of available surface water is evaporation back into 

the atmosphere. This, rate is provided by the user in the form.of a 

12 month array specifying the percent evaporated per month.

The last available route, for surface water to take is in the form 

of runoff. This rate is crucial in determining the amount of soil 

erosion produced. This runoff is accumulated in streams, and lakes if 

applicable, and is referred to by the model as stored water.

Finally, the level of stored water is reduced by the stream flow 

rate which is provided" by the user.

Timber Subsystem

The timber subsystem is represented in the model by four level or 

state variables. The flow diagram for this subsystem is shown in 

Figure 12. A detailed diagram with all equations is included in 

Appendix B.

The first state variable in the' timber regime is the number of 

growing stems. This level is increased by seedling establishment and 

decreased by timber mortality. Timber death increases the level of 

standing dead trees. After a period of time, the standing dead trees 

fall to the forest floor adding to accumulated litter and debris. This 

function is identified as the topple rate.

Average stand diameter.is influenced by a growth rate and a 

decrease rate. The growth rate is determined by assuming a constant

48
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basal .area increase per year. This increment is determined from the one 

hundred year site index for the area. This relation seems reasonable as 

a tree tends to grow faster when small and its growth slows down as 

size increases.

The final state variable in the timber subsystem is fuel loading. 

This includes all fallen woody, material, litter, twigs, and branches.

The rate of fuel accumulation is assumed to be a function of the 

■average tree size, the number of growing stems', and the number of 

standing dead stems. It is assumed that a percentage of the growing 

tree volume is lost every year to falling branches and needle cost.

This percentage is input to the model by the user. In a similar 

fashion, it is assumed that a percentage of the standing dead timber 

volume is also lost every year.

The magnitude of fuel load is decreased by a decaying function.

This rate is assumed to be related to the amount of surface water 

available in the system. It is recorded as a percentage value input 

by the user.

Forage Subsystem

The forage subsystem is represented in the model by two state 

variables with their accompanying flows. These levels and flows are 

diagramed in Figure 13. The complete systems diagram with equations is 

provided in Appendix B.

50
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The first state' variable in this subsystem is live forage. Forage 

growth increases while forage death and animal consumption decreases 

this level. Forage growth is dependent upon the area of forage 

production, the soil moisture available and the rate at which forage 

consumes the moisture. . The area of forage production includes the area 

of range as defined by the Area Subsystem and the effective area of 

forage production in timber. This latter value is assumed to be a 

function of tree height, density, and fuel loading.

Forage death occurs on a seasonal basis at the end of a growing 

season. It will also occur when the available soil moisture is not 

sufficient to support the existing load. This death transfers load 

from live to dead forage. Decay and animal consumption decrease dead 

forage load. In the model, decay is assumed dependent upon the amount 

of surface water available. The percent forage decay per inch of 

surface water is provided by the user.

Animal consumption of forage is calculated from the number of 

animals in the system and the forage available. It is assumed that 

animals will eat live forage over dead. The amount consumed by both 

large herbivores and small animals is controlled by the user.

Wildlife Subsystem

The wildlife subsystem of the model is depicted by_three state 

variables; carnivore number, small animal number, and herbivore number. 

These levels and the accompanying flows are shown in Figure 14. Each
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level can increase or decrease by a calculated rate. The increase in

}

animal number's can occur by two means: one is the natural birth rate

associated with the animal type, and the other is by migration into 

the modeled area.

The rate at which animal numbers decrease is caused primarily by 

two factors; natural death and migration out of the area. In addition 

to these, small animal and herbivore numbers are reduced by carnivore 

kill and consumption. Provisions are made to allow for a hunter kill 

of large herbivore in October of each year.

A more detailed flow diagram with equations is presented in 

Appendix B.

Erosion Subsystem

• Erosion is recorded by the model as total sediment load. 

Sedimentation accumulates from four primary sources; I) burn area,

2) forest area, 3) range area, and 4) road area. These areas contribute 

to the total load at differing rates depending upon the water runoff 

rate for each area. The amount of erosion carried per inch of runoff 

for each area is provided by the user. The flow diagram for this 

Subsystem is shown in Figure 15.
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Chapter 5

MICRO-DISCRETE PHASE

The micro-phase of the model is divided into three types of 

discrete subsystems. These are represented by:. I) the harvesting 

subsystem, 2) the fire subsystem, arid 3) the road building subsystem.

The three discrete subsystems were chosen to illustrate the modeling 

flexibility available by the two-phase modeling approach. In this 

chapter, each of these subsystems is described.. Other subsystems 

could be added to model impacts desired by the user.

Harvesting Subsystem

The harvesting subsystem represents a detailed model directed at 

analyzing the productivity of an activity. For this subsystem, the 

logging simulation model, SAPLOS, developed by Johnson (1970; Johnson 

et al., 1972) is utilized. This model, originally written for the 

discrete-event. GASP II language, was modified and updated to GASP- IV.

The flow of timber, through the harvesting model is diagramed in . 

Figure 16. As shown, up to nine logging tasks or operations can be 

represented by the model.. Each of these operations is divided into its 

components and these are scheduled at specific points in time. These 

scheduled components are defined as discrete events and the time between 

event occurrences is determined by the model at completion of the 

proceeding event. Thus the model steps through the harvesting operation 

event by event until harvesting is completed.
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Felling a tree reduces the macro-phase state variable, growing 

stems, by one.- At the same time, this increases the inventory of felled 

trees by one. The felling operation also increases fuel loading in the 

area because of breaking limbs and tops, etc. . After felling, the user 

can specify bucking in woods. If layout design calls for this task, 

felled trees become logs in woods and more is added to the state 

variable fuel loading.

At this point, logs may follow one of three pathways through the 

system. The model allows for prehauling, prebunchihg or skidding. In 

the prehauling activity, the logs are skidded from the tree to a prehaul 

dock. From there, they are skidded to the landing over established 

skid roads. If prebunching is selected, logs in the woods are bunched 

together before prehauling or skidding. This makes it easier for the 

transporting equipment to acquire a load in the woods. In the skidding 

operation, logs are transported from the woods or prehaul dock to the 

landing. The skidding operation causes soil disturbance depending on 

the type of skidding employed. This disturbance is represented in the 

macro-model by an increase in the state variable, area of closed roads.

With the logs skidded to the landing, there are four possible next 

activities.■ The logs, if they have not been bucked already, can be bucked 

at the landing. They are then decked or loaded directly. 'The decking . 

activity is merely a piling operation where logs are stacked in piles or 

decks before loading. Another choice, chipping, is also provided by the
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model. At this point, the logs are loaded a.nd then transported or 

hauled to the mill.

Throughout this stepping operation, various information about the 

working of the system is recorded. For each machine in the logging 

system, statistics are recorded on the following:

1. Total time in the system.

2. Time spent on each of its. assigned activities.

3. Time spent moving between setups.

4. Time delayed because of waiting on other machines.

5. Time delayed because of waiting for logs to process.

6. Time delayed because of breakdown, maintenance or personal 
delays.

7. Total volume of timber handled.

8. Total number of pieces handled.

9. Production rate in cubic feet per hour.

10. Production costs in dollars per hour and dollars per cubic 
foot.

In addition to this, costs and production averages for each of the nine 

possible harvesting tasks are recorded.

This detailed picture of harvesting system operations gives the 

designer a valuable tool in analyzing the system layout. He is able to 

design the harvesting system for "peak" efficiency and productivity.
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Fire Subsystem

The fire subsystem depicts discrete changes in continuous state 

variables at a scheduled point in time. When a fire occurs, it will 

impact directly 11 continuous state variable's.. These impacts are 

depicted in the fire subsystem flow diagram. Figure 17.. These level ■ 

changes are assumed to be instantaneous at the time fire occurs. The 

magnitude of these changes are calculated from inputs provided by the 

user. ■

As a fire burns in the ecosystem, it directly impacts four of the 

macro model subsystems defined earlier: area, timber, forage, and

wildlife. These impacts change specific state levels within each 

subsystem. These changes in turn cause secondary effects within the 

ecosystem model. The primary or immediate changes in each subsystem 

are explained below.

When a fire bums through an area, it converts biomass productive 

area to unproductive burned area. . For simplicity, the model assumes, 

that the ratio of range to forest area burned is equal to the ratio of 

range to forest levels in the macro model at the time of fire occurrence.
V

The biomass productive area is also converted to closed road area if 

suppression roads are constructed.

The levels of number of growing stems, number of standing dead 

stems, and timber fuel load are reduced when fire burns through the
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forest. In addition to these level reductions, the'number of 

standing dead stems is increased by live tree kill.

In the forage subsystem, both live and dead forage loads are 

reduced by fire. These loads are reduced assuming that all forage is 

removed from burned area be it range land or forest land.

The impact of fire on the wildlife subsystem of the macro model 

is to reduce the number of animals in the system. Animals are either 

killed or driven out of the modeled area by fire and suppression 

activities. The number of animals lost is dependent upon the size of 

the area, the size of the fire, and whether the fire was suppressed 

or not.

Road Building and Closing Subsystem

• The road building subsystem causes a discrete change in the flow 

rate for a continuous state variable. When a prescribed magnitude is 

reached by the state variable the rate returns to its former value. In 

this case, the rate is road construction as defined in the area 

subsystem of the macro model. This rate is set at the indicated level 

when construction activities begin. From this point the level of 

open roads is. monitored until it reaches a preset level, indicating all 

roads have been constructed. At this point in time, the rate of 

roadway construction is reset to zero, its initial value.

A second portion of this.subsystem allows the user to schedule the 

closing of roads. When the scheduled time arrives in the simulation.
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the level of open roads is decreased and the level of closed roads is 

increased by the given amount. Figure 18 is the flow diagram for this 

subsystem.

Though this, is a simplistic representation of road construction, 

it does illustrate modeling options available. The user can gain much 

information about the ecosystem with unsophisticated impact models.

Only two state variables and one flow rate are affected by this . 

subsystem, yet when linked to the macro model, the ecosystem's response

can be monitored.
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Chapter 6

SIMULATION RESULTS

To help the land manager evaluate the environmental impacts of an 

activity, an ecosystem response model has been developed. This model, 

using a two-phase approach, simulates the dynamic responses of the 

ecosystem to the specific impacts of an activity. The ecosystem is 

modeled as the macro-phase. In this phase, generalized cause-effect 

relationships are quantified and state variables change in a continuous 

fashion. The impacting activity is modeled by the micro-phase. The 

activity can be modeled in considerable detail as done in the harvesting 

model or very generally as represented by the road building and fire 

models. In either case, the impacts occur at specific points in time 

and are modeled in a discrete fashion.

This two-phased modeling approach with the variations presented 

is demonstrated here by two simulation runs. The first is a base run 

simulating the ecosystem with no outside activity impacts. This is the 

macro-phase of the model. The second run combines the impacts of road 

building, harvesting, and fire with the ecosystem model. This run 

combines the two phases, modeling the impacts o'f the activities on the 

ecosystem over an extended time period.

Ecosystem Base Run

The first example is a simulation run of the ecosystem with no

outside impacts. For the sake of illustration, the model is run for
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a 10,000 acre drainage. Sixty percent of this area is assumed to be in 

timber. The remaining area is open with approximately 3,000 acres 

supporting grass.or forage production. Close to 1,000 acres is 

unproductive land in the form of rock outcroppings, washes and stream 

beds. There is a short spur road in the area which accounts for ten 

acres.

The model was run to simulate 100 years. Figure 19 shows the 

ecosystem summary plot provided by the model. This output might be ■ 

thought of as a series of snapshots taken of the ecosystem at successive 

points in time. For the first 30 years, the ecosystem is plotted once 

a year in June. In the year 2000, the time axis shifts from yearly ' 

increments to monthly increments. By this shift, the investigator is 

able to view the seasonal trends occurring in the system. After two 

years, the plotting frequency returns.to a yearly basis.

In the ecosystem summary plot, six state variables are monitored:

I) area, of open roads, 2) volume of stored water, 3) volume of timber,

4) live and dead forage load, 5) total number of animals in the system, 

and 6) the accumulated volume of erosion. In addition to the summary 

plot, the model produces four other plots providing more detail on each 

of the macro-phase subsystems. These plots are provided in Appendix D.

In the base run, the area of roads remains constant. It is assumed 

that these roads are used but that there is no road construction or road 

closures during the simulation.
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The volume of stored water fluxuates from year to year. This • 

fluxuation reflects the yearly variations in amount and timing of 

moisture received by the area. The model also portrays a strong 

seasonal trend in stored water. Volume is highest in June and July 

with spring runoff and lowest in February and March when stored in the 

form of snow with little moisture available to the system.

Timber volume rises sharply at the beginning of the simulation run 

as initial conditions balance themselves. After this initial rise, 

timber volume continues to .increase, but at a slower and slower rate.

This increase is due to the natural growth of timber and the encroachment 

of the stand into the range area.

The total forage load increases steadily until the year 2030. At 

this point, it levels off and finally begins to decline,. This decline 

is caused primarily by the advancement of timber into the forage 

production area and the decrease in forage production under growing 

trees.

The number of animals in the area remains fairly constant throughout 

the model run. However, a strong seasonal trend is shown when system 

status is plotted monthly. The trend is to increase in the spring and 

summer and decrease during the fall and winter.

The last variable shown in the ecosystem summary plot is the 

accumulated volume of erosion. This is shown to increase steadily over 

the simulated period. This increase indicates that the rate of.erosion
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is fairly constant throughout the simulated time period.

Combined Impacts

The second run simulates the combined impacts of road construction, 

harvesting, and fire on the ecosystem model. The simulation begins in 

the macro-phase. After 20 years, road construction begins. Ten years 

later, harvesting begins, at which point the model shifts into the 

micro-phase for detailed analysis. At harvest completion, the 

macro-phase takes over and the model is run to completion. In 2020,

75 percent of all open roads.in the area are closed. Finally, a fire 

occurs in 2030 which bums 2000 acres.

The ecosystem summary plot for this combined simulation is presented 

in Figure 20. Additional subsystem plot's are provided in Appendix D.

The output from this run is identical to the base run until 1990 when 

the ecosystem is subjected to its first impact.

The first impact is imposed on the ecosystem in late 1990. Ten 

miles of roads are constructed. This road construction represents a 

discrete change in the rate at which a state variable is increased or 

decreased. This change occurs when road construction begins. The rate, 

of construction effects the levels of range area, forest area and 

roaded area. Road construction rate returns to zero when the level 

of roads reaches a predetermined value (i.e. all roads have been 

cohstructed). The system is allowed to respond over time to the changes.
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This road construction increases the area of roads in the system.

It also decreases slightly the total number of animals. This is caused 

by the assumption that increased access will increase usage of the area. 

Increased usage disturbs animals causing them to migrate out of the 

area. Erosion is increased slightly, by the. new roads. No other major 

impacts are apparent following road construction. This is probably due 

to the relatively large size of the area being modeled.

The harvesting impact begins in July of the year 2000. It 

continues until 4000 trees are removed. The harvesting system presented 

consists of: two men with chainsaws for felling; one rubber tired

skidder for moving logs from the woods to the landing; one heelboom 

loader with tongs and setter for loading logs; and three hauling trucks 

with standard pole trailers for transporting logs to the mill. The 

system is assumed to be a tree length operation with no bucking in the 

woods.

The harvesting subsystem combines the micro and macro simulation 

phases of the models. The harvesting or micro-phase is simulated in 

minute detail in determining system productivity. This activity 

produces change in the state variables of the macro-phase. The 

ecosystem is monitored to determine how it responds to the changes 

imposed by the harvesting activity.

To harvest the 4000 trees with this configuration, the micro model 

fan for 13 weeks. Production and cost summaries for each component of



the harvesting subsystem are presented in Table I. The complete output 

for this subsystem is presented in Appendix D. Upon completion of 

harvesting, the model shifts back into the macro-phase to simulate the
I

ecosystems response to the activity.

Harvesting reduces the volume of timber available in the system.

It also increases the rate of .erosion slightly. The area of closed 

roads is increased because the harvesting layout uses rubber tired 

skidders which require skid trails to transport logs from the woods 

to the ecosystem. This is due primarily to the size of the area being 

modeled. The area harvested is much smaller than the total.

After harvesting, 75 percent of all open roads are.closed. . This ■ 

occurs in the year 2020, 20 years after harvest. Closing roads merely 

changes the status of the area involved from open to closed road. The 

closed road area is then allowed to return to a natural state of biomass 

production. The rate of erosion is decreased slightly by this action.

Finally, in August of 2030,.the ecosystem is subjected to a fire 

impact. The fire bums 2000 acres of timber and range land. Ten acres 

of ground are disturbed in the construction of suppression roads.

The fire impact represents the capability to impose on the 

macro model change in selected.state levels, at a discrete point in time. 

There is no fire modeling done. All level changes are calculated from.



Table I. Harvesting Subsystem Production and Cost Summaries-

A C T I V I T Y
V O L U M E  

P R O C E S S E D  
(1000 cu ft)

T O T A L
T I M E
(hr)

P R O D U C T I O N  
(cu ft / hr)

COST
($ / CU ft)

F e l l i n g  #1 132' 533.8 2 4 7 . 4 .0316

F e l l i n g  #2 134 5 4 0 . 7 249.1 .0315

S k i d d i ng 266 5 2 4 . 3 508.1 O LO VjO

L o a d i n g 266 5 1 5 . 8 5 16. 5 .0216

H a u l ing #1 97 • 422. 9 230.3 .0581
H a u l ing #2 96 4 7 7 . 4 2 0 0 . 3 .0672
.Hauling #3 73 522.6 140.5 .0962

TOTALS 266 .3255
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inputs provided by the user. .These changes are imposed upon the 

continuous state variables at a predetermined point in time. The 

ecosystem model is then allowed to respond to these changes.

Fire causes a reduction in the levels of timber, forage, and 

wildlife. 'Erosion increases rapidly following the fire, but then 

gradually returns to it's prefire rate of increase. As the burned 

area returns to range, the number of animals in the system increases 

to its former level. Total timber volume increases at a much slower 

rate than forage.

Of all the impacts presented, fire is the most significant. It 

directly affects the largest area, 2000 acres. If more roads were 

constructed or a larger area harvested, the impacts of these activities

would be more severe.



Chapter 7

SUMMARY AND RECOMMENDATIONS

The public land manager is directed by law to manage, the land on 

a "multiple use" and "sustained yield" basis. This directive becomes 

more difficult to implement as land use pressures increase. The 

manager is also directed to assess the environmental impacts of 

proposed activities. Both the short term immediate impacts and the 

long range time dependent impacts must be analyzed. This can be 

difficult to accomplish as the system being impacted is a complex maze 

of interacting cause-effect relationships.

Using computer technology and systems simulation, an approach has 

been presented to aid the manager analyze the environmental effects of 

a proposed activity. The approach combines the continuous and discrete 

simulation techniques in a two-phased simulation model. The continuous 

phase simulates the ecosystem response in the macro scale, while the 

discrete phase models the activity and it's impacts in the micro scale..

The macro or ecosystem model is developed from generalized flow 

relationships. The author stresses that these relationships are based 

on limited experience and often gross assumptions.. It should be kept in 

mind that the process, of developing a systems dynamics model is cyclical 

This work provides a basis from which to build. The ecosystem has been 

divided into six subsystems which allow for study along disciplinary 

lines. An interdisciplinary team could be formed to evaluate and
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improve, the relationships defined in each subsystem. The activity can 

be modeled in considerable detail as done by the harvesting model.

This gives the planner the ability to design the activity for peak 

efficiency and productivity. At the same time, he is able to monitor 

the ecosystem responses to the activity.

To gain insight into the response of the ecosystem, the simple . 

impact model is useful. The impact need not be modeled in the detail 

provided by the harvesting model. The fire and road building models 

illustrate this.

The land use planner and activity designer must broaden their 

perspective in evaluating management activities. Their analysis must 

include the components of the larger system over longer time periods. 

This systems model helps them do just that.
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Plow Charting Symbols
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Figure 21. Flowcharting Symbols Defined
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Ecosystem Model
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Figure 22. Systems Diagram of Area Subsystem



Table 2. Area Subsystem Equationsa
85

Auxiliary Equations

PAB ■= BAO/TA 
PAR = RAO/TA 
PAF = FAO/TA
PAU = I.O-(BAO+RAO+FAO)/TA 
AER = AHT*APHE 
TBPA = FAO+RAO 
PRF ='RAO/TBPA ■

During the growing season

ASE = PAF*PI*(AER/GRMO)*(2.0*SQRT(RAO*ACRE/PI) 
■-AER*AER/GRMO)/ACRE*DTNOW

otherwise

■ ASE = 0.0

Rate Equations

RTFR = ASE/DTNOW 
RTRR = PRF*RCR 
FTRR = PRF*RCR

During the growing season

• BTRR = BAO/(TTR*GRM0) 
CTRR = CRAO/(YRN*GRM0)

otherwise

BTRR = 0.0 
CTRR =0.0
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Table'2. (continued)

State Equations

SS(I) = BAO-BTRR*DTNOW
SS (2) = RAO.+ (BTRR-RTFR-RTRR+CTRR) *DTN0W
SS(3) = FAO+(RTFR-FTRR)*DTN0W
SS(4) = RDAO+(RTRR+FTRR)*DTN0W
SS(S) = CRAO-CTRR*DTNOW

aVariables are defined in Appendix C .



Figure 23. 
Systems Diagram of Moisture-Water Subsystem
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a

Table 3. Moisture - Water Subsystem Equations

Auxiliary Equations

BAAM = AMAXl(0.0,AMINl(BSMX,SWO)-BSMO)
RAAM = AMAXl(0.0,AMINl(RSMX,SWO)-RSMO)
FAAM= AMAXl(0.0,AMINl(FSMX,SWO)-FSMO)
EVAP •= RNORM(17,.3) '
EVPM = AMAXl(0.0,AMIN1(EVAP*DTNOW,SWO))
EARF = AMAXl(0.0,FA0-GS0*PI/ACRE*((AHT*0.I)**2.0)) 

*EXP(-0.5*(AFLO/FAO)**2.0)
PFFA = EARF/(EARF+RAO)
RBC = AMINl(RSMO,(XLFO*(I.0-PFFA)*FMCR/RAO)*DTNOW) 
TTV =' VPT*GSO
FBC = AMINl(FSMO,TMCR*TTV*DTNOW+PFFA*XLFO*FMCR)

Rate Equations.

SFR = RNORM(14,4)
SMR = RNORM(15,5)*SPO 
RFR = RNORM(16,6)

■ SMWR = SMR*SMC 
BAR = BAAM/DTNOW 
BRR = (SWO-BAAM)/DTNOW 
RAR = RAAM/DTNOW 
RRR = (SWO-RAAM)/DTNOW 
FAR = FAAM/DTNOW 
FRR = (SWO-FAAM)/DTNOW 
EVR = EVPM*PAU/DTNOW 
URR = (SWO-EVPM)/DTNOW 
ROR = BRR*PAB+RRR*PAR+FRR*PAF+URR*PAU 
SAR =" BAR*PAB+RAR*PAR+FAR*PAF 
BPR = AMIN (BNPR, BSMO/DTNOW.)
RBCR = RBC/DTNOW 
RPR = AMIN(RNPR,(RSMO-RBC)/DTNOW 

. FBCR = FBC/DTNOW 
FPR =.AMIN(FNPR,(FSMO-FBC)/DTNOW 
ROAR = ROR*TA 

' STF = STWO*PFPM
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Table 3. (continued) "

State Equations

SS (6) = SPO+(SFR-SMR)*DTN0W
SS(7) = SWO+(SMWR+RFR-SAR-EVR-ROR)*DTN0W
SS(8) = BSMO+(BAR-BPR)*DTN0W ■
SS(9)' = RSMO+(RAR-RBC-RPR)*DTNOW 
SS(IO) = FSMO+(FAR-FBCR-FPR)*DTN0W 
SS(Il) = STWO+(ROAR-STF)*DTN0W .

aVariables are defined in. Appendix C .
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Figure 24. Systems Diagram of Timber Subsystem
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Table 4. Timber Subsystem Equations^

AUXILIARY EQUATIONS

BASA = PI*DBH0*'DBH0/4. 0 
PCC = BACC*144.0*FAO/BASA

During the growing season •

SSR = 0SSD*ASE/GS0+AMIN1(XSSR/GRMO,AMAXl(0.0,((PCC 
-GSO)/(GRM0*5.0)/GSO))*DTNOW)

otherwise

SSR =0.0

Rate Equations

SER = SSR*GS0/DTN0W .
TDR = AMRT/XMPY*GSO+AMAXl(0.0,(GSO-PCC)/2.0) 
TR = SDO*ATPL/XMPY
ADD = (DBH0- (DBH0+SSR) / (1.0+SS.R) )/DTN0W 
FTR = FLTR/FA0*AFL0

During the growing season

ADG .= SQRT((BASA+DBA/GRM0)/PI)*2.O-DBHO
FLDR = AFLO*PDPY*SWO/GRMO
FLAR = SDO*PVDL/XMPY*VPT*WPCF+TR*VPT

otherwise

ADG =0.0 
FLDR =0.0
FLAR = (GS0*PVLL/(XMPY-GRM0)+SDO*PUDL/XMPY)*VPT*WPCF+TR*VPT

State Equations

SS (12) =■ GSO+(SER-TDR) *DTN0W 
SS(13) = SDO+(TDR-TR)*DTN0W 
SS (14) = DBHO+(ADG-ADD)*DTN0W 
SS(IS) = AFLO+(FLAR-FLDR-FTR)*DTNOW

aVariables are defined in Appendix C .
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Table 5. Forage Subsystem Equations

Auxiliary Equations

AFC = FC LM*HANO+FC SM* SANO 

During the growing season

PLFL = (RSMO*RAO/FMCR+EARF*FSMO/FMCR)*DTNOW 

otherwise

PLFL = 0.0

Rate Equations

FDR = AMAXl(0.0,(XLFO-PLFL)/DTNOW) 
FLCR = AMINl(AFC,XLF0/DTN0W-FDR) 
FDCR = AMINl((AFC-FLCR),DF0/DTN0W)

During the growing•season

FGR = AMAXl(0.0,(PLFL-XLFO)/(TFRP*GRM0)) 
XNDR = (DF0-FDCR*DTN0W)*PFDY*SW0/GRMO

otherwise

FGR-, = 0 . 0 
XNDR =0.0

State Equations

SS (16) = XLFO+. (FGR-FDR-FLCR) *DTN0W 
SS (17) = DFO+(FDR-FDCR-XNDR)*DTN0W

aVariables are defined in Appendix C.
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Table 6. Wildlife Subsystem Equations

Auxiliary Equations

ASM = SANO*AMPS 
ALM = HAND*AMPL '
PSAM = ASM/(ASM+ALM)
TEA = XLFO+DFO
SCI = I.0-(I.0-PAF)**2.0
PSCC = AMINl(TBPA/SDM, (TFA/2.0-HANO*FCLM*DTNOW)/(FCSM*DTNOW))*DSF 
PCCC = AMINl(TBPA/CDM,(ASM+ALM)*0.5/(CMC*DTNOW))*DSF*SCI 
PHCC = AMINl(TBPA/HDM, (TFA/2.0-SANO*FCSM*DTNOW)/(FCLM*DTNOW))*DSF 

*SCI
CMCR = CMC*CANO .

■ ASCR = CMCR*PSAM/AMPS 
ALCR = CMCR*(I.0-PSAM)/AMPL 
DSF = (I.O-RDAO/(RDAO+FAO))

With any outside activity

DSF = DSF*(I.O-EXP(-0.5*(FAO/2400.0)**2.0))

Rate Equations

CIR = AMAXl(PCCC*0.001,AMINl(CAN0*PCIR,PCCC-CANO)/XMPY)
CDR = CANO*PCDR/XMPY+AMAXl(0.0,(CANO-PCCC)/XMPY)
SDR = AMAXl(0.0,(SANO-PSCC)/XMPY)+AMAXl(SANO*PSDR/XMPY,ASCR). 
HIR = AMAXl(PHCC*0.01,AMINl(HANO*PHIR,PHCC-HANO)*0.15)
HDR= AMAXl(0.0,(HAN0-PHCC)/XMPY)+AMAXl(HANO*PHDR/XMPY,ALCR)

During hunting season

HDR = HDR+(HANO-HDR*DTNOW)*PHHK/2.0

During the growing season

SIR = AMAXl(PSCC*0.001,AMINl(SANO*PSIR,PSCC-SANO)/GRMO)

otherwise

SIR = 0.0
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Table 6. (continued)

State Equations

SS(IS) = CANO+(CIR-CDR)*DTNOW 
SS(19) = SANO+(SIR-SDR)*DTN0W 
SS(20) = HAND+(HIR-HDR)*DTN0W

aVariables are defined in Appendix C.
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•Table 7. Erosion Subsystem Equationsa •.

Auxiliary Equations

FAE = FRR*EFF*FAO 
RAE = RRR*EFR*RAO 
BAE = BRR*EFB*BAO 
RDE = URR*EFRD*(RDAO+CRAO)

Rate Equations

ERR = FAE+RAE+BAE+RDE+RCR

State Equations

SS(2I) = SLO+ERR*DTNOW

a r V
Variables are defined in Appendix C.



APPENDIX C

Model Variables Defined
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Table 8. Area Subsystem Variables Defined

Variable Description ' Type

AER Timber encroachment into range (ft/yr) Aux.

APHE Average timber encroachment into range 
(.% stem ht/yr)

Const.

ASE Area of seedling establishment (acres) Aux.

BAO Burn area (acres) State

BTRR Burned to range rate (acres/mo) Rate

CRAO Closed road area (acres) State

CTRR Closed road to range rate (acres/mo) Rate

FAO Forest area (acres) State

FTRR Forest, to road rate (acres/mo) Rate

PAB Percent area burned (.%) Aux.

PAF Percent area forest (.%) Aux.

PAR Percent area range (.%) Aux.

PAU Percent unproductive area (.%) Aux.

PRF Percent of biomass area range (.%) Aux.

RA0 Range area (acres) State

RCR Road construction rate (acre/mp) Const.

RDA0 Open road area (acres) State

RTFR Range to forest rate (acres/mo) Rate
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Table-8. (continued)

Variable ' Description Type

RTRR Range to road rate (acres/mo) Rate

TA Total system area (acres) Const.

TBPA Total biomass productive area (acres) Aux.

TTR ' ■ Time, for burned area.to return to range (yrs) Const.

YRN Time for closed roads to return to 
normal (yrs)

Const.
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Table 9. Moisture - Water Subsystem Variables Defined .

Variable Description Type

BAAM Burned area absorbed moisture (in) Aux.

BAR Burned area soil absorbtion rate (in/mo) Rate

BNPR Burned area normal percolation rate (in/mo) Const.

BPR Burned soil percolation rate (in/mo) Rate

BRR Burned area runoff rate (in/mo) Rate

BSMO Burned soil moisture (in) State

BSMX Burned area field capacity (in) Const.

EARF Effective area of range in forest (acres) Aux.

EVAP Evaporation rate (in/mo) Aux.

EVPM Evaporation moisture (in) Aux.

EVR Unproductive area evaporation rate (in/mo) Rate.

FAAM Forest area absorbed moisture (in) Aux.

FAR Forest area soil absorbtion rate (in/mo) Rate

FBCR Forest biomass consumption rate (in/mo) Rate

FBC Forest biomass consumption (in) Aux.

FMCR ■ Forage moisture consumption rate (in/ton/mo) Const.

FNPR Forest area normal percolation rate (in/mo) Const.

FPR Forest percolation rate (in/mo) Rate
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Table 9. (continued)

Variable Description Type.

FRR Forest area runoff rate (in/mo) Rate

FSMO Forest soil moisture (in) State.

FSMX Forest area field capacity (in) Const.

PFFA Percent of forage in forest area (.%) Aux.

PFPM Percent of stored watfer in streamflow (.%/mo) Const.

RAAM Range area absorbed moisture (in/mo) Aux.

RAR Range area soil absorbtion rate (in/mo) ■ Rate

RBCR Range biomass consumption rate (in/mo) Rate

RBC Range biomass moisture consumption (in) Aux.

RFR Rainfall rate (in/mo) Rate

RNPR Range area normal percolation rate (in/mo) Const.

ROAR Runoff rate (acre-in/mo) Rate

ROR Total runoff rate (in/mo) Rate

RPR Range percolation rate (in/mo) Rate

RRR Range area runoff rate (in/mo) Rate

RSMO Range soil moisture (in) State

RSMX Range area field capacity (in) Const.

SAR Soil absorbtion rate (in/mo) Rate

SFR Snowfall rate • (in/mo)' Rate
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Table 9. (continued)

Variable Description Type

SMC Snow moisture content (in-water/in-snow) . Const.

SMR Snow melt rate (in/mb) Rate.

SMWR Snow melt rate (in-water/mo) Rate

STF Stream flow (acre-in/mo) Rate

SPO Snow pack (in) State

STWO Stored water (acre-in) State

SWO Surface water (in) State

TMCR Timber moisture consumption rate Const.

TRFM

TRFN

TRFX

TRFS

TSFM

TSFN

TSFX

TSFS

TSMM

(in/cu-ft/mo)

Mean rainfall by months (in/mo)

Minimum rainfall by months (in/mo)

Maximum, rainfall by months (in/mo) 

Standard deviation of rainfall by month 

Mean snowfall by months (in/mo)

Minimum snowfall by months (in/mo)

Maximum snowfall by months (in/mo) 

Standard deviation of snowfall by month 

Mean percent snowmelt by month (A/mo) 

Maximum percent snowmelt by month (A/mo).

Const. 

Const. 

Const. 

Const. 

Const. 

Const. 

Const. 

Const. 

Const. 

Const.TSMX
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Table 9. (continued)

Variable Description Type

TSMS Standard deviation of percent snowmelt Const.
by. month

TfV Total, timber volume (cu-ft) Aux.

TUEM Mean evaporation rate per month Const.

URR Unproductive area runoff rate (in/mo) Rate
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Table 10. Timber Subsystem Variables Defined

Variable Description Type

ADD

ADG

AFLO

AHT

AMRT

ATPL

BACC

BASA

DBHO

DBA ■

DMX

FLAR

FLDR

FLTR

FTR

GSO

OSSD

PCC

Average diameter decrease rate (in/mo)• Rate

Diameter growth rate' (in/mo) Rate

Total timber fuel load (tons) State .

Average stem height (ft). Aux.

Percent annual timber mortality (.%/yr) Const.

Percent annual dead stem topple rate (.%/yr) Const.

Basal area carrying capacity (sq ft/acre) • Const.

Average basal area (sq in/tree) Aux.

Average stand d.b.h. (in) State

Average basal area growth increment Aux.
(sq-in/yr)

Maximum tree diameter (in) " Const.

Fuel accumulation rate (ton/yr) . Rate

Fuel decay rate (ton/yr) Rate

Acres of fuel treated per month (acres/mo) Const.

Fuel treatment rate (ton/yr) Rate

' Number of growing stems (stems) State

Optimal stocking stand density (tree/acre) Const.

Potential tree carrying capacity (stems) Aux.



f

106

Table 10. (continued)

Variable Description Type

PDPY Percent timber decay per in surface water 
per year (.%/yr)

Const.

PVDL Percent volume of dead tree lost per year 
■ (A/yr)

Const.■

PVLL Percent volume of live tree lost per year 
(.%/yr)

Const.

SER Seedling establishment rate (stems/mo) Rate

SDO Number of standing dead stems (stems) State

SSR Seedling stocking ratio Aux.

TDR Tree death rate (stems/mo) Rate

TR Tree topple rate (stems/mo) Rate

TTV Total timber volume (cu-ft) State

VPT Average volume per tree.(cu-ft) Aux.

WPCF Weight of wood (Ib/cu-ft) Const.

XSSR • Maximum seedling stocking ratio (seed trees/ 
tree/yr)

Const.

<
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Table 11. Forage Subsystem Variables Defined

Variable Description Type

AFC Animal forage consumption (ton/mo) Aux.

DFO . Dead forage (tens) ■ State

FCLM Large animal forage consumption 
(lb/animal/mo)

Const.

FCSM . Small animal forage consumption 
(lb/animal/mo)

Const. .

FDCR • Animal dead forage consumption rate (toh/mo) Rate •

FDR Forage death rate (ton/mo) Rate

FGR ■ Forage growth rate (ton/mo) Rate

FLCR . Animal live forage consumption rate (ton/mo) Rate

PFDY . Percent forage decay per in surface water 
per year (.%/yr)

■ Const.

PLFL Potential live forage load (ton) Aux.

TFRP Time for forage load to reach potential (yr) Const.

XLFO Live forage load (tons) State

XNDR Forage decay rate (ton/mo) Rate '
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Table 12. Wildlife Subsystem Variables Defined

Variable Description Type

ALCR

ALM

AMPL

AMPS

ASCR

ASM

CANO

CDM

CDR

CIR

CMCR

CMC

DSF

HANO

HDM

HDR

HIR

PCCC

PCDR

Large animals consumed (animals)

Large animal meat (lb).

Average meat per large animal (lb/animal) 

Average meat per small animal (lb/animal)

Small animals consumed (animals)

Small animal meat (lb)

Carnivore number (animals)

Maximum carnivore density (acres/animal) 

Carnivore decrease rate (animals/mo)

Carnivore increase rate (animals/mo)'

Carnivore meat consumption (Ib/mo)

Carnivore meat consumption (Ib/animal/mo) 

Disturbance factor 

Herbivore number (animals)

Maximum herbivore density (acres/animal) 

Herbivore decrease rate (animals/mo)

Herbivore increase rate (animals/mo)

Potential carnivore carrying capacity (animals) 

Carnivore death rate (.%/yr)

Aux.

Aux.

Const.

Const.

Aux.

Aux.

State

Const.

Rate

Rate

Aux.

Const.

Aux.

State

Const.

Rate

Rate

Aux.

Const.
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Table 12. (continued)

Variable Description Type

PCIR Maximum carnivore-birth rate (.%/yr) Const.

PHCC Potential herbivore carrying capacity (animals) Aux.

PHDR Herbivore death -rate (.%/yr) Const.

PHHK Percent hunter kill (.%/yr) Const. .

PHIR Maximum herbivore birth rate (.%/yr) Const.

PSAM Percent of meat in small animals (.%) Aux.

PSCC ■ Potential small animal carrying capacity 
(animals)

Aux.

PSDR Small animal death rate (.%/yr) Const.

PSIR Small animal birth rate (.%/yr) Const.

SANO Small animal number (animals) State

SCI Security index Aux.

SDM Maximum small animal density (acres/animal) Const.

SDR Small animal decrease rate (animals/mo) Rate

SIR Small animal increase rate (animals/mo) Rate

TFA Total forage available (ton) Aux.
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Table 13. Erosion Subsystem Variables Defined

Variable Description Type

BAE Burn area erosion rate (acre-in/mo) Aux'.

EFB Erosion factor for burned area (in-soil/ 
in-runoff)

-Const.

EFF Erosion factor for forest area (in-soil/ 
in-runoff)

■ Const.

EFRD Erosion factor for roaded area (in-soil/ 
in-runoff)

Const.

EFR Erosion factor for range area.(in-soil/ 
in-runoff)

Const.

ERR Erosion rate (acre-in/mo) Rate

FAE Forest area erosion rate (acre-in/mo) Aux.

RAE Range area erosion rate (acre-in/mo) Aux.

RDE Road area erosion rate (acre-in/mo) Aux.. "

SLO Soil loss or accumulative erosion (acre-in) ■ State

/
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Table 14. System Constants Defined

Variable Description

ACRE ' Constant sq-ft per acre (43,560)

GRMO Number of months in growing season

IACT Switch set .True, when activity occurrs

IBM Beginning month of growing season

IEM Ending month of growing season

PI Constant (3.14)
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Figure 29. Timber Subsystem Plot for Base Run
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Figure 30. Forage/Wildlife Subsystem Plot for Base Run
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Table 15. Production and Cost Summaries for Felling Activity

•  T I L I N G  •

PRODUCTION
EQUIPMENT TOTAL PRODUCTIONNUMBER I IN CU.PT.A NUMflERIFELLER VOLUME trees PULP SAVLOGSnumber CUT cut BUCKED BUCKED2 132104 2003 -0 -03 134696 1997 -0 -0

TOTAL TIME IIN HOURS)
cu t t i n g  bucki ng  total

ti me  ti me  ti me*82.32 0 533.88*89.03 0 5*0.73

PRODUCTION RATES (IN CU.PT. PER HOUR) PELUNG BUCKING PRODUCTION RATE RATE RATE273.61 999.99 2*7.**275.*3 999.99 2*9.10
TIME IN EACH ACTIVITY

EQUIP total CUTTING BUCKING MOVING WAIT FOR WAIT FOR HELP WITH BKDWN MAINT PERSONAL QUOTANUM TIME TIME TIME TIME MACHINE TREES SKIDDING delay DELAY DELAY FILLED2 TIME IN MRS 533.084 482.822 0 2.780 0 0 0 48.282 0 0 0% Or TOTAL 100.00* 90.436% 0% .521% 0% 0% 0% 9.044% 0% 0% 0%3 TIME IN MRS 540.734 489.034 0 2.796 0 0 0 40.903 0 0 0
% or total 100.00% 90.439% 0% .517% 0% 0% 0% 9.044% 0% 0% Cl

GROSS COSTS FOR TOTAL SIMULATION RUN
EQUIP TOTAL cost total TIME PRODUCTION PROD RATE COST COSTNUM IN t IN HRS IN CU FT CUFT/HOUR I/HOUR S/CUPT2 4168.062 533.894 132104 247.4394 7.8071 .03163 4245.586 5*0.73* 134696 249.0965 7.8515 .03150 8413.648 1074.610 266800 496.5376 15.6586 .0315

••••• COST AND PRODUCTION AVERAGES --- AVERAGE OP ALL DAYS *****
EQUIP NUMBER AVG PRoo RATE STD DEV OF AVG COST IN STD DEV OF PERCENT OFNUM OF DAYS IN CUFT/HR PROD RATE $ / CUFT COST TOTAL COST2 65.0 247.9426 44.7434 .0359 .0078 44.7983 65.0 249.3711 41.5479 .035* .0066 44.1980 65.0 497.3136 0 .0357 0 44.498
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Table 16. Production and Cost Summaries for Skidding Activity

SKinOINI-, .

***** PRODUCTION *****
EQUIPMENT TOTlL PRODUCTION TOT AL TIME PRODUCTION RATESNUMPE9 (IN CU.FT.A NUMBER) UN HOURS) (IN CU.FT.'PER HOUR)SKIDDEO VOLUME PULP SAWLOGS HOOKING UNHOOK MOVING TOTAL HOOKING UNHOOK MOVING PRODUCTIONNU*9E0 skidded SKIDDED SKIDDED TIME TIME TIME TIME RATE RAIE RATE RATE4 266401 0 3999 19.85 12.19 24.58 524.32 13423.95 21852.80 10838.23 508.09

time IN EACH activity *****
EQUIP TOTAL hooking UNHOOK MOVING WAIT FOR WAIT FOR WAIT FOR BKDWN MAINT PERSONAL QUOTA SFTUPNUK TIME TIME TIME time LOGS MACHINE OTHER DELAY DELAY DELAY FILLED TIME4 TIME IN H O 524.319 19.645 12.191 24.580 433.020 .0 0 2.183 32.500 0 O% OF TOTAL 100.00% 3.?85t 2.325. 4.6861 82.587* 0% 01 .416» 6.199» OS OS OS

DISTANCE TRAVELED BY NUMBER 4 » 521.72 MILES

GROSS COSTS FOR TOTAL SIMULATION RUN •
EQUIP TOTAL COST TOTAL TIME PRODUCTION PROD RATE COST COSTNUM IN S IN HHS IN CU FT CUFT/HOUR S/HOUR t/CUFT4 5139.442 524.319 266401 508.0900 9.7859 .01930 5130.942 524.319 266401 508.0900 9.7859 .0193

PRODUCTION averages --- AVERAGE OF ALL DAYS *****
EQUIP NUMBER AVG PROO RATE STD DEV OF AVG COST IN STO DEV OF PERCENT OF
N U M OF DAYS IN CUFT/HR PROD RATE S / CUFT COST TOTAL COST4 65.0 510.2264 69.3706 .0212 .0029 26.4960 65.0 510.2264 0 .0212 0 26.496
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Table 17. Production and Cost Summaries for Loading Activity

LOADING

PRODUCTION
EQUIPMENTNUwBERLOADERNUMBERI

total productionHN CU.FT.A NUMBER)VOLUME PULP SAWLOGSLOADED LOADED LOADED266*01 0 3999

TOTAL TIME PRODUCTION RATES(IN HOURS) (IN CU.FT. PER HOUR)LOADING TOTAL LOADING PRODUCTIONTIME TIME RATE RATE123.86 515.83 2150.83 516.45
TIME IN EACH ACTIVITY

EQUIP
NUM

TOTAL LOADING MOVING WAIT FOR WAIT FOR BLOCKED BY BKDWN TIME TIME TIME TRUCKS WOOD MACHINE DELAY MAINT PERSONAL QUOTA DELAY DELAY FILLEDI TIMF IN HRS 515.830 
% OF TOTAL 100.00% 123.86024.012% 0 332.731 14.3540% 64.504% 2.783% 0 12.386 32.500 O0% 2.401% 6.301% 0% 0

0%

- GROSS COSTS FOR TOTAL SIMULATION RUN
EQUIP TOTAL COST TOTAL time PRODUCTION PROD RATE COST COST

SUM IN I IN HRS IN CU FT CUFT/HOUR S/HOUR $/CUFTI 5757.057 515.*30 266401 516.4507 11.1608 .02160 5757.057 515.830 266401 516.4507 11.1608 .0216
••••• COST AND PRODUCTION AVERAGES — —  AVERAGE OF ALL DAYS *»«*»

EQUIP NUMBER AVG PROD RATE STD DEV OF AVG COST IN STO DEV OF PERCENT OFNUM OF DAYS IN cuft/hr PROD RATE $ / CUFT COST TOTAL COSTI 65.0 520.3981 97.4859 .0240 .0054 30.0120 65.0 520.3981 0 .0240 0 30.012
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Table 18. Production and Cost Summaries for Hauling Activity

• hauling

PRODUCTION
EQUIPMENT total productionNUMbER UN CU.FT.a NUMBER)TRUCK VOLUME pul® SAKLOGS LOADINGNUMBER loaded loaded LOADED time5 97332 0 1523 50.026 93617 0 1456 51.397 73402 0 1020 34.84

TOTAL TIME production ratesI IN HOURS) (IN CU.FT. PER IHOUR)unload MOVING total LOADING UNLOAD MOVING production LODtime tike time RATE RATE rate rate MNT65.00 243.42 422.91 1946.97 1498.18 400.05 230.26 065.00 239.40 477.45 1860.79 1471.03 399.40 200.27 065.00 239.40 522.60 2106.62 1129.26 306.61 140.46 0
IN EACH ACTIVITY •••

EQUIP TOTAL LOADING unload MOVING WAIT FOR WAIT TO SELF LOADER BKDWN MAINl PERSONAL n,.„T.T IME TIME TIME TIME LOADING IRET WOODS WAITS LOG DELAY DELAY DELAY FILLED5 TIME IN HRS 422.915 50.017 65.000 243.425 .123 0 0 31.850« Or TOTAL 100.00» I 1.827% 15.370* 57.559% .029% 0% 0% 7.531%6 TIME IN MRS 477.445 51.335 65.000 239.400 53.285 0 0 35.875 32.500% Or TOTAL 100.001 10.762* 13.614% 50.1421 11.161* 0% 0% 7.514%7 TIME IN HRS 522.601 34.844 65.000 239.400 114.983 0 0 35.875 32.500% Or TOTAL 100.00% 6.667% 12.438% 45.809% 22.002* 0% 0 % 6.865% 6.219* 0% I

DISTANCE TRAVELED Br NUMBER 5 * 5200.00 MILES
distance £W BY number 6 a 5200.00 MILES
distance traveled BY NUMBER 7 » 5200.00 MILES

GROSS COSTS FOR TOTAL SIMULATION RUN •
EQUIP TOTAL cost TOTAL TIME PRODUCTION PROD RATE COST COSTNUM IN t IN MRS IN CU FT CUFT/HOUR %/HOUR S/CUFT5 5655.794 ‘•22.915 97382 230.2638 13.3734 .05816 6426.419 477.445 95617 200.2679 13.4600 .06727 7C64.560 522.601 73402 140.4551 13.5181 .09620 19146.772 1422.962 266401 570.9868 40.3514 .0719

PRODUCT ION AVERAGES --- AVERAGE OF ALL DAYS
EQUIP NUMBER AVG PROD RATE • STD OEV OF AVG COST IN STD DEV OF PERCENT OFNUM OF DAYS IN CUFT/HR PROD RATE S / CUFT COST TOTAL COST5 65.0 230 «**949 7.6398 .0650 .0021 81.0606 65.0 200.5479 26.5344 .0887 .1379 110.7447 65.0 138.5654 60.8365 .2723 .7836 339.8180 65.0 569.6082 0 .1420 0 177.207
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Figure 31. Area/Erosion Subsystem Plot for Combined Impacts
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Figure 34 Forage/Wildlife Subsystem Plot for Combined Impacts
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c
C

C

C
C

C
C

SUBROUTINE INTLCDIMENSION NSET 11 I.I TLE 13.51.LARP(6,5).LSYM(6,51 COMMON OiET(I)COMMON /GCOM-I/ ATRIB(G) , JEVNT .Mf A , MFE ( 6) ,MLE(G)

INlUINTL INTL,M5T0P.NCP0R,NINTL
I NAPO, NNAP T,NNATR.NNFlL.NO <b) ,NNTRY,NPHNT,PARAM( 2 5 , A I ♦TNOW, TbEG,TINTL 
2TCLR. TF IN, TTRU (B)  .TT SET INTL

COMMON /GC0M2/ 0 0 ( 2 5 ) .OOL(ZS) .DTFUL,OTNOW,I SEES, LFL A G ! I ) ,NFLAG,INTL 
1NNEOO.NNEOS.NNEUT.SS(ZS) . S S L ( 2 5 ) .TTNEX INTL

COMMON /GC0M3/ AAERR, OTMAX. UTM IN, DTSAV. I I T ES, LLERR,LLSAV, LLSEV, RRE I N TL 
IRR,  T TL AS, T TS AV, REST. S INTL

COMMON /GCOMA/ OTPLT(IO),HHLOW1 2 5 ) ,HHWIO(ZS) . I I CRD.ITAP( 1 0 ) . J J C E L ( INTL 
I I I .LLABC ( 2 5 , 2 )  .LL ABH ( 2 5 . 2 )  ,LLAfJPI I I . 2 )  .LLABT ( 2 5 . 2 )  ,LLPHl (IO)  ,LLPINTL 
Z LO( IO) ,LLPLT. LLSUPI 1 5 ) ,LLSYM( I O) , MMPTS, NNCEL 12 5 ) ,NNCLT,NNH I S , NNPLT INTL 
3 , NNPTS(IO) .NNST A. NN V AR( 10) .PPHI 110) . PPLO(IO)  . I I SlIB ( I O , I O ) INTL

COMMON /GCOMS/ I IEVT. I I SEO( R) , JJBEG, JJ CLR, MMN I T. MON,NNAME( 3 ) ,NNCFIINTL 
I ,NDAY.NNPT.NNsET. NPROJ,NNPRM.NNRNS,NNRUN.NNSTR.NYR,SSEEU(6) INTL

COMMON /GC0M6/ EENO(G) , H N N ( 6 )  ,KKRNK(G) ,MMAXO(G) ,OUT IM (6 INTL 
I I ,SUMA( 2 5 . 5 ) .SSUMA( 2 5 , 6 ) ,VVNO(6)  INTL

EQUIVALENCE (N SET( I ) . QSE T ( I ))  INTL
COMMON /UGCMl/  w, X, Y• Z , I , J 1K , L , M, N INTL
COMMON /UGCMZ/ NLOAD.NFEL,NBUCK, NPBCH. NSKO.NSTK, NPTK. I BUCK, ! TR EE , IINTL 

IDSYS.LOSYS, I L H L P . I F H L P . I W A IT , I FI L L. I VLWO.I 5 I WO. IP I WO. TPULP, TSAW, TPINTL 
2R0D,WPR00,TIDAY,QUOTA,0U0TA1.PLPLN . LORTK( I O) , I VLG( I O I , I Sw( I O) , IPW( I NTL 
3 1 0 ) .TMTM(IO), THTM( 1 0 ) .TUTM( 1 0 ) . X Ml LE( IO) .OLTI M( 1 0 . 7 ) . LSTUS(IO) ,LODIN TL 
AMX(IO) INTL

COMMON /UGCM3/ PMNLO, NALD I 2 1 .NBLKL( 2 ) .LGBLK(Z),NMLBK(Z). I P L P C ( Z ) , I INTL 
I P I L E ( Z ) , I S l B K ( Z ) , I V L H K ( Z ) , IVLLD(Z) , I S I L D ( 2 ) , I P I L O ( 2 ) , KS I S , ITW(IO) INTL 

COMMON /UGCMA/ XM I RA , XM I P R ,XM IS ,SO I ST,SPED 11 0 , 2 ) , NSKL, I BHLP.MA I NT( INTL 
I I 0 1 ,JSWBK(IO),NCREW(IO).WFCTR( 1 0 ) . T R I PS ( 1 0 ) . T S T P ( 1 0 ) , PRFRE, SRFRE. P I NTL 
2RFRF.SRFRF,JUHVR,JDHVR.UHSKU.OHSKD.DBSTP.CUISI , S l ANO.LNDNO.NSULD,AINTL 
301 AP, AOIAB,AOIAT,HGHTM.MCHUB,TPDST,MNSKI),MX5KO,To IST ( 10)  .AST IMtSLOlNTL 
AP E, CHSPl . CHSP 2. NCHST1NARO.NBLKR,IVLRO.I S 1 R U , IPIRO INTL

COMMON /UGCMS/ TENOY, CSNEW( I 0 ) .CSLVG.USLFEH O ) ,EYOHtCFUEL 11 0 ) ,FLCMINTL 
I P ( I O ) , C S R P R ( I O ) , WAGEl( 1 0 ) , WAGEZ. CMANT( 1 0 ) , Cs I NS. CS IMT. CSTAX, CSOWN( IN TL 
2 1 0 ) . C T I R E t 1 0 ) , CSOPRI1 0 ) ,TMMNT I 1 0 ) , IFELLtCXTRA(IO) , I TRUK, TAM I L , LNGWINTL 
3K,0VRAT,PROLY (10)  , IVLGZ(IO) . TMTM2 (10)  .THTMZ(IO) • TUTMZ(IO) ,OLTMZdOlNTL 
A , 7 ) . XMILZ(IO) ,NEXSW.NFM,LCAT,NDRPT,NWRPT INTLINTLCOMMON /AREAS/ TTR.APHE,YRN,RCR.TA,PAF INTLINTLCOMMON /MOIST/ SMC.BSMX,RSMX,FSMX,BNPR.FMCR.RNPR,TMCR,FNPR,PFPM.TSINTL IFM(IZ),TSFN(IZ).TSFX(IZ),TSFS(IZ),TSMM(IZ),TSMX(IZ),TSMS(IZ),TRFMIINTL 2!2 I,TRFN I 12 I,TRFX(12 I,TRFS I 12),TUEM(12) INTLINTLCOMMON /FORST/ BACC,OSSO,XSSP,DBA,DMX,PVLL,WPCF,PVOL,PDPY,FLTR,AMR INTL 
IT,ATPL INTLINTL
COMMON /RANGE/ TFRP.FCLM,FCSM,PFOY INTLINTLCOMMON /WLDLF/ AMPS,AMPL.SOM,CMC•COM.PC IR,PCOR.HDM,PH IR,PHHK,PHOR,IMTL 
IPS IR.PSDR INTLINTLCOMMON /EROSN/ EFF.EFR,EFB,EFRO INTLINTLCOMMON /STVBL/ I ACT,IBM,IEM,GRMO.PI,ACRE INTL
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Figure 35. FORTRAN Source of Initializing Routine, INTLC
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INlL 
INTL 
INTL 
INTL 
INTL 
INTL 
INTL 
INTL 
INTL 
INTL 
INTL 
INTL 
INTL 
INTL

DATA LSYHZ I NB, IrtRt I M F . I HO,I HG.I HE*I H S . I HH t ! H O . 1HR, I HF. IHW,I  HG*IHO INTL 
I t l H A t l H F t l H V t l H  . I HLt I HO.I HG.I HS. I  HHtIH . I HR. I HW, I HT. I HF, I HA . I HE/ INTL

INTL
DATA L ABPZI OHBURN AREA * I OHRANGE AREA,IOHFOREST A. tlOHO.ROAD A. INTL 

I . IOHCL D.RD.A.  ,IQHEROSION , IOHSNOW PACK t I  OHSURF. WATER. I OHBURN SINTL 
2 . M.  , IOHRANGE S . H . . IOHFST. S . M.  , IOHSTOREO WT. . I OHNO. G . STEHS, I OHNO IN TL 
3 . 0 . STEMS,IOHAVG.OHH ,IOrtFUEL LOAO ,IOrtTIMtiER VOL.IOH . IINTL 
AOHL I VE FURG..10HOEAD FORG. , I OHCARN I VORES, IOHSMALL ANM. , I OHHERB I VORINTL 
SESt lOH . I OHROADS ,IOHWATER . I OHTIMBER VOL• I OHFORAINTL

COMMON ZDATEZ BYR.BMO.XPY,XPM,XPW.XPD,XPH,IYR, IMO.ITP
COMMON ZFIRESZ ABRN. ASPR,PTLS

COMMON ZROAOSZ XMRDtAWTHtACRTtPRTC

LOGICAL IACT

DATA 1ACTZ.FALSE.Z

• » »  SET UP THE PLOTTING ARRAYS

6GE L D . . I OHANIMALS »I OhEROS I ON

DATA ITLEZlOrt AREAZER,IOHOS ION SUB, IOHSYSTEMS ,
1 I OH MOISTURtIOrtE-WATER SU. I OrtUSYSTEM .
2 IOH TIMtlOHUER SUBSYS. I OrtTEM ,
3 IOH FORAGEZW.IOHIl DLIFE SUtlOHBSYSTEMS .
4 IOH ECOStlOHYSTEM SUMtlOHMARY /

J  = O
NNPLT=S
DO S I=ItNNPLT
REWIND I
WRITE I I I J t T l T L E ( K t I ) , K  = I t 3 ) , (LSYM(K, I ) ,K = I , 6 ) , ( LABP I K , I ) ,  

I K=1 , 6 )
5 CONTINUE 

ITP = I
C
C
C
C
C IYR
C IMO
C IBM
C IEM
C IBRD
C MYRC
C IBHR
C IFRE
C

STATE VARIABLES

BEGINNING YEAR OF SIMULATION 
BEGINNING MONTH OF SIMULATION 
BEGINNING MONTH OF GROWING SEASON 
ENDING MONTH OF GROWING SEASON
BEGINNING MONTH AND YEAR FOR ROAD BUILDING (MMYYYY) 
MONTH AND YEAR FOR CLOSING ROADS (MMYYYY)
BEGINNING MONTH AND YEAR FOR HARVESTING (MMYYYY) 
MONTH ANO YEAR OF FIRE (MMYYYY)

INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL

B6
5758 
SR 
60 
61 
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80 
BI 
82 
63
84
85
86
87
88 

.89
90
91
92
93
94
95
96
97
98
99

BYR=IYR
BMO=IMO

INTL 100 
INTL 101 
INTL 102 
INTL 103 
INTL 104 
INTL 105 
INTL 106 
INTL 107 
INTL 108 
INTL 109 
INTL HO

Figure 35 (continued)
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GRH0=IEM-IBM*1 INlL 111
INTL 112 
INIL 113

------------------- AREA SYSTEM ------------------- INTL 114
INTL 115

• » •  AREA CONSTANTS INTL 116
INlL 117

TTR -  TIME FOR BURNED AREA TO RETURN TO RANGE (YRS) INTL l i t )
APHE -  AVERAGE TIMBER ENCROACHMENT INTO RANGE ( . *  STEM HT/YR) INTL 119
YRN -  TIME FOR CLOSED ROADS TO RETURN TO NORMAL (YRS) INTL 120
TA -  TOTAL SYSTEM AREA (ACRES) INTL 121
RCR -  ROAD CONSTRUCTION RATE (ACRE/MO) INTL 122

INIL 123
READ (NCROR.30I TTR. APHE*YRNi TA INTL 124
RCR=O.O INTL 125

INTL 126
• « »  STATE VALUES INTL 127

INTL 128
( I )  -  BURNED AREA (ACRES) INTL 129
( 2)  -  RANGE AREA (ACRES) INTL 130
( 3) -  FOREST AREA (ACRES) INTL 131
I 4) -  ROAD AREA (ACRES) INTL 132
( 5)  -  CLOSED ROAD AREA (ACRES) INTL 133

INTL 134
READ (NCROR.30) ( S S d ) . 1 = 1 . 5 )  INTL 135

INTL 136 
INTL 137

------------------- MOISTURE SYSTEM -------------------  INTL 138
INTL 139

•*>* MOISTURE CONSTANTS INTL 140
INTL 141

SMC -  SNOW MOISTURE CONTENT ( IN-WATER/IN-SNOW) INTL 142
BSMX -  BURNED AREA FIELD CAPACITY (IN)  INTL 143
RSMX -  RANGE AREA FIELD CAPACITY (IN) INTL 144
FSMX -  FOREST AREA FIELD CAPACITY (IN) INTL 145
BNPR -  BURNED AREA NORMAL PERCOLATION RATE (IN/MO) INTL 146
FMCR -  FORAGE MOISTURE CONSUMPTION RATE (IN/TON/MO) INIL 147
RNPR -  RANGE AREA NORMAL PERCOLATION RATE (IN/MO) INTL 148
TMCR -  TIMBER MOISTURE CONSUMPTION RATE ( I N/CU-FT/MO) INTL 149
FNPR -  FOREST AREA NORMAL PERCOLATION RATE (IN/MO) INTL 150
PFPM -  PERCENT OF STORED WATER IN STREAMFLOw (.6/MO) INTL 151
TSFM, TSFN, TSFX, TSFS -  SNOW FALL PER MONTH MEAN. M INi MAX, STD. DEV. INTL 152
TSMM. TSMX, TSMS -  PERCENT SNOW MELT PER MONTH MEAN,MAX,STD.DEV. INTL 153
TRFM, TRFN, TRFX1 TRFS -  RAIN FALL PER MONTH MEAN, M IN, MAX, S TO. DEV. INTL 154
TUEM -  MEAN EVAPORATION RATE PER MONTH INTL 155

INTL 156
READ ( NCRDR, 2 5 )  SMC, RSMX, RSMX, FSMX, BNPR, FMCR.RNPR, TMCR, FMPR. PFPM. TINTL 157 

I SFM.TSFN,TS F X, TS FS . TSMM,TSMX,TSMS.TPFM,TRFN.TRFX,TRFSfTUEM INTL 158
25 FORMAT ( 2 ( 5 F 1 0 . 0 , / ) , 12 ( 1 2F 6 . O, / ) )  INTL 159

INTL 160
STATE VALUES INTL 161

INTL 162
( 6) -  snow pack <i n > i n t l  163
I 7) -  SURFACE WATER (IN)  INTL 164
( 8) -  BURNED SOIL MOISTURE (IN) INTL 165

Figure 35. (continued)
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t 9)  -  RANGE SOIL MOISTURE (INI  INTL 166
(101 -  FOREST SOIL MOISTURE (IN)  INTL 167
( 11)  -  STORED WATER (ACRE-IN) INTL 168

INTL 169
READ ( NCRDRi 30 J ( S S ( I ) » 1 = 6 , 1 1 1 INTL 170

INIL 171 
INTL 172

------------------- FOREST SYSTEM ------------------- INIL 173
INTL 174

FOREST CONSTANTS INTL 175
INIL 176

BACC -  BASAL AREA CARRYING CAPACITY (SO FT/ACRE) INTL 177
OSSD -  OPTIMAL. STOCKING STAND DENSITY (TREE/ACRE) INTL 178
XSSR -  MAXIMUM SEEDLING STOCKING RATIO (SEED TREES/TREE/YR> INTL 179
FSI -  FOREST AREA 100 YR SITE INDEX (TREE HEIGHT IN FT) INTL 180
DMX -  MAXIMUM TREE DIAMETER (IN) INTL 181
PVLL -  PERCENT VOLUME OF LIVE TREE LOST PER YEAR ( . l / Y R )  INTL 182
WPCF -  WEIGHT OF WOOD (LB/CU-FT) INTL 183
PVOL -  PERCENT VOLUME OF DEAD TREE LOST PER YEAR I .»/YR) INTL 194
PDPY -  PERCENT TIMBER DECAY PER IN SURFACE WATER PER YEAR ( . l / Y R )  INTL 185
FLTR -  ACRES OF FUEL TREATED PER MONTH (ACRES/MO) INTL 186
AMRT -  PERCENT ANNUAL TIMBER MORTALITY ( . l / Y R )  INTL 187
ATPL -  PERCENT ANNUAL OEAO STEM TOPPLE RATE ( .*/YR> INTL 188
DBA -  BASAL AREA GROWTH INCRAMENT PER YEAR (SO IN/YR) INTL 199

INTL 190
READ (NCRDR.30) BACCtOSSDtXSSR. FS I . OMXt PVLL. WPCF * PVOL. PDPY. FLTR. AM INTL 191

IRTtATPL INTL 192
R = O . 5 * ( ( ( F S I t  3 d . 4 2 5 6 1 / 3 7 . 0 8 0 9 ) • • 2 . 3 9 9 8 )  INTL 193
0 BA =PI " R* R/ 10 0. 0  INTL 194

INTL 195
• • •  STATE VALUES INTL 196

INTL 197
( 12)  -  NUMBER OF GROWING STEMS (TREE) INTL 198
I 13) -  NUMBER OF STANDING DEAD STEMS (TREE) INTL 199
114) -  AVERAGE STEM DIAMETER (IN)  INTL 200
115) -  TOTAL TIMBER FUEL LOAD ( TON) INTL 201

INTL 202
READ (NCRDR t 30)  ( S S l I ) t I = 1 2 t 15) INTL 203

INTL 204 
INTL 205

------------------- RANGE SYSTEM ------------------- INTL 206
INTL 207

»»* RANGE CONSTANTS INTL 208
INTL 209

TFRP -  TIME FOR FORAGE LOAO TO REACH POTENTIAL (YR) INTL 210
FCLH -  LARGE ANIMAL FORAGE CONSUMPTION (LB/ANIMAL/MO) INTL 211
FCSM -  SMALL ANIMAL FORAGE CONSUMPTION (L B / AN I MAL/MO I INTL 212
PFDY -  PERCENT FORAGE DECAY PER IN SURFACE WATER PER YEAR I . l / Y R )  INTL 213

INTL 214
READ ( NCRDR t 30 I TFRPtFCLMtFCSMtPFOY INTL 215

INTL 216
• • •  STATE VALUES INTL 217

INTL 218
( 16)  -  TOTAL LIVE FORAGE LOAD (TON) INTL 219
117) -  TOTAL DEAD FORAGE LOAD (TON) INTL 220

Figure 35. (continued)
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c
READ (NCRDR.30) ( S S d )  .1 = 1 6 . 1 7 )

--------  WILDLIFE SYSTEM --------
WILDLIFE CONSTANTS
AMPS - AVERAGE MEAT PER SMALL ANIMAL (LR/AMIMAL)AMPL - AVERAGE MEAT PER LARGE ANIMAL (Ltl/AN IMAL)SOM - MAXIMUM SMALL ANIMAL DENSITY (ACRES/ANIMAL)CMC - CARNIVORE MEAT CONSUMPTION ILB/ANIMAL/MO)COM - MAXIMUM CARNIVORE DENSITY <ACRES/AN IMAL)PClR - MAXIMUM CARNIVORE BIRTH RATE (.&/YR)PCDR - CARNIVORE DEATH RATE (.X/YR)HDM - MAXIMUM HERBIVORE DENSITY I ACRES/ANIMAL)PHIR - MAXIMUM HERBIVORE BIRTH RATE I.t/YR)PHHK - PERCENT HUNTER KILL (.%/YR)PHDR - HERBIVORE DEATH RATE <.%/YR>PSIR - SMALL ANIMAL BIRTH RATE (.%/YR)PSDR - SMALL ANIMAL DEATH RATE (.%/YR)
READ (NCRDR.30) AMPS. AMPL. SDM, CMC.COM, PC I R . PCOR. HDM.PH I R, 

I , P S I R, PSDR

*•» STATE VALUES
(18) - NUMBER OF CARNIVORE (ANIMALS)(19) - NUMBER OF SMALL ANIMALS (ANIMALS)
( 20) - NUMBWER OF HERBIVORE (ANIMALS)
READ (NCRDR.30) (SSI I).I = 18.20)

------------------- EROSION SYSTEM --------- ---------

• • •  EROSION CONSTANTS

EFF -  EROSION FACTOR FOR FOREST AREA ( I N - S O I L / IN-RUNOFF) 
EFR -  EROSION FACTOR FOR RANGE AREA ( IN-SOI L / IN-RUNOFF) 
EFB -  EROSION FACTOR FOR BURNED AREA ( IN-SOI L / IN-RUNOFF I 
EFRD -  EROSION FACTOR FOR ROADED AREA ( IN-SO I L / IN-RUNOFF)

READ (NCRDR.30) EFF. EFR, EFB. EFRO

*»* STATE VALUES SET TO ZERO

( 21)  -  SEDIMENT LOAD (ACRE-IN)
( 22)  -  TOTAL TIMBER VOLUME (CU-FT)
( 23)  -  VOLUME OF TREES FELLED (CU-FT)
( 24)  -  VOLUME OF TREES AT LANDING (CU-FT)
( 25)  -  VOLUME OF TREES AT MILL (CU-FT)

DO 4 1= 2 1 , 25  
S S( I )=O -O

INlL ddl
INTL 222
INTL 223
INTL 224
INTL 225
INTL 226
INTL 227
INTL 228
INTL 229
INTL 230
INTL 231
INTL 232
INTL 233
INTL 234
INTL 235
INTL 236
INTL 237
INTL 238
INTL 239
INlL 240
INTL 241
INTL 242

PHHK.PHORINTL 243
INTL 244
INTL 245
INTL 246
INTL 247
INTL 248
INTL 249
INTL 250
INTL 251
INTL 252
INTL 253
INTL 254
INTL 255
INTL 256
INTL 257
INTL 258
INTL 259
INTL 260
INTL 261
INTL 262
INTL 263
INTL 264
INTL 265
INTL 266
INTL 267
INTL 268
INTL 269
INTL 270
INTL 271
INTL 272
INTL 273
INTL 274
INTL 275

I

Figure 35 (continued)
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4 CONlTNUE

------------------- FIRE SYSTEM -------------------

• • •  FIRE CONSTANTS

ASRN -  TOTAL AREA PURNEO (ACRES)
ASPR -  AREA OF SUPPRESSION ROADS CONSTRUCTED (ACRES) 
PTLS -  PERCENT OF HUfiNED STEMS LErT STANDING ( .A)

ATRI B( 3) =ATRI t i (4 ) =ATRIS(S)=ATKIB(G)=O.O
IF ( IFRE. LE.O)  GO TO 7
READ (NCRDR.30) ABRN.ASPR.PTLS

* • «  SCHEDULE THE FIRE

I=IFREZlOOOO 
J = I F R E - I e IOOOO 
X = ( J - I Y R ) e XPY 
Y = ( I - I M O ) e XPM 
ATRIB(I)=TNOW.X , Y 
AT RI B( 2 )=1 5 . 0  
CALL FILEM ( I )

----------- -------  ROAD BUILDING SYSTEM -------

e e e  ROAD BUILDING CONSTANTS

XMfiD -  MILES OF ROADS TO BE CONSTRUCTED 
AWTH -  AVERAGE ROAD WIDTH (FT)
ACRT -  AVERAGE CONSTRUCTION RATE (MILESZOAY) 
PRTC -  PERCENT OF ROADS CLOSED (.%)

7 IF (IBRD.LE.O.AND.MYRC.LE.O) GO TO 8 
READ (NCRDR.30) XMRD.AWTH. ACRT. PRTC

e e e  SCHEDULE CONSTRUCTION BEGINNING

I F ( IBRO.LE.O) GO TO S 
I=IBRDZlOOOO 
J = I B R O - I e IOOUO 
X = ( J - I Y R ) e XPY 
Y = ( I - I M O ) e XPM 
ATRlB(I)=TNOW.X . Y 
ATRIB(Z)= 1 6 . 0  
CALL FILEM(I)

e e e  SCHEDULE ROAD CLOSURES

9 IF (MYRC.LE.O) GO TO 8 
I =MYRCZ1 00 00 
J=MYRC-Ie IOOOO 
X = ( J - I Y R ) e XPY

INlL Z fb
INTL 277
INTL 270
INTL 279
INTL 280
INTL 281
INTL 282
INTL 283
INTL 284
INTL 285
INTL 286
INTL 287
INTL 288
INTL 289
INTL 290
INTL 291
INTL 292
INTL 293
INTL 294
INTL 295
INTL 296
INTL 297
INTL 298
INTL 299
INTL 300
INTL 301
INTL 302
INTL 303
INTL 304
INTL 305
INTL 306
INTL 307
INTL 308
INTL 309
INTL 310
INTL 311
INTL 312
INTL 313
INTL 314
INTL 315
INTL 316
INTL 317
INTL 318
INTL 319
INTL 320
INTL 321
INTL 322
INTL 323
INTL 324
INTL 325
INTL 326
INlL 327
INTL 328
INTL 329
INTL 330

Figure 35. (continued)
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Y=(I-IMO)OXPH INTL
ATWiniI I=T NOW*4 «Y INlL
ATWIO(Z)=ZO.O INTL
CALL FILCH ( I )  INTL

INTL
INTL

------------------- HARVEST MICRO-SYSTEM ------------------  INTL
INTL

ooo SYSTEM INPUTS INTL
INTL

B IF ( IBHR.LE.O)  GO TO 1000 INTL
INTL

* SCHEDULE START"OF LOGGING INTL
INTL

I=IBHRZlOOOO INTL
J=IBHR-IolOOOO INTL
X=(J- IYR)»XPY INTLY=(I-IMO)OXPM INTL
ATRIB(I)=TNOWtXoY INTL
AT RI B( Z) =I ? . O INTL
CALL FILEM (I  I INTL

INTL
0**0 INPUT CRITERION VARIABLES THAT SET NUMBERS EACH EQUIPMENT TYPE INTL
• ' • • A N D  TYPE LOGGING SYSTEM INTL

INTL
MON=I INTL
NDAY=I INTL
READ (NCRDRoZO) NLOADoNFELoNBUCKt NPBCHoNSKDtNSTKoNPTK INTL

20 FORMAT ( I AI S)  INTL
READ (NCRDRoZO) IDSYSoKSYSoLDSYSoMCHUBoNSKLoNDEC INTL
READ (NCRDRoZO) IFELLoIFHLPtIBUCKoIBHLPoILHLPtNEXSW INTL
READ (NCRDRoZO) I WA I ToI TRUKoI TREEoLCAT - NFMt NORPT, NWRPT INTL

INTL
INTL
INTL

• • • • I N P U T  VARIABLES THAT SPECIFY CONDITIONS AT THIS PARTICULAR SITE INTL
INTL

READ (NCRDRoJO) XMIPAoXMIPRoXMI So SDISToDBSTPoSLANO INTL
30 FORMAT ( 8 F 1 0 . 3 )  INTL

READ (NCRORo 30) SLOPEoUHSKDt DHSKOoQUOT AI INTL
READ ( NCROR o 30)  PRFREoSRFREoPRFRFoSRFRF INTL
READ (NCRDRoJO) ADI AP. ADI ABoAG IAToHGHTM,PMNLDoPLPLN INTL

INTL
• • • • I N P U T  VARIABLES THAT DESCRIBE LOGGING SYSTEM COMPONENTS AND AREAS INTL

INTL
READ (NCRDRoJJ) AST I MoCHSPloCHSPZoTAM I L o TIOAYoEYOH INTL
READ (NCRDRtZO) MNSKDoMXSKDoLNGWKoNAROoNBLKR INTL
DO 40 J = I o Z  INTL

40 READ (NCRDRoZO) NBLKL(J)oLGBLK( J ) oNMLBK(J) INTL
INIL

• • • • I N P U T  COST VARIABLES ASSOCIATED WITH ALL EQUIPMENT INTL
INTL

READ (NCRDR o 30)  CSLVGoWAGEZoCSINSo CS INToCSTAXt OVRAT INTL
INTL

• • • • I N P U T  VARIABLES ASSOCIATED WITH INDIVIDUAL PIECES OF EQUIPMENT INTL

331
332
333
334
3 35
336
337
338
339
34 0
341
342
34 3
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
331
382
383
384
385
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c INTU
I J=NLOAO♦NFEL♦NBUCK'NPBCH^NSKO*NST K♦NPTK INTL
DO 50 I = I • I J INTL
READ (NCROR.20) LOOMXl I ) .NCREWI I ) INTL
READ I NCRDR * 30 ) SPED ( I . 11 , SPEO ( 1 . 2 1,  T MMNT 11) ,  PROLYd I ,WFCTR < 11 INIL
READ (NCRDROO) CSNEW I I ) ,USLFE I I ) .CFUEL U l  ,FLCMPl I > ,CSRPRl I ) INTL
READ (NCRDROO) ■( AGEl 111 , CHANT 111 , C l  IRE I I ) ,  CXTRA 11) INTL

C INTL
C„. . .*NQW INITIALIZE Those  VARIABLES CONNECTED wi th  i n d i v i d u a l  mach i n e s  i n t l
c  INTL

READ I NCRDR, 2 0  I I VLGI I ) , ITW 11) . ISW 111. IPW 11) , JSwBK 11) , MAI NT I I ) , I VL I NTL
I G2 I I ) INTL

READ (NCRDROO) TUTM(I) ,TMTMlI) , I HTM I I ) , XMILE 11) , TUTM2I 11, TMTM2I I ) INTL 
I ,THTM211 >,XMIl Z ( I ) INTL

READ (NCRDROO) TSTP( I)  INTL
READ (NCRDROO) ( D L T I M U O )  0 = 1 , 7 )  INTL
READ (NCRDROO) ( D L T M Z U O ) O  = I , 7) INTL

50 CONTINUE INTL
READ (NCRDROO) ( T R I P S ( I ) U  = I O )  INTL
READ (NCRDROO) TRIPS(B) ,TRIPS ( 10)  INTL
READ (NCRDROO) ( TDIST ( I ) U  = I O )  INTL
READ (NCRDROO) TO 1ST ( 9 ) ,  TDIST ( I  O ) INTLC INTLC INTL

£ • * » * » ] NPUT TRUCK -  LOADER COMBINATION INTL
I J=NSTK.NPTK INTL
READ (NCRDROO) ( L DRT K( I )U = I U J )  INTL

C INTL
C»»o»*NOW INITIALIZE OTHER DATA COLLECTION ANO CONTROL VARIABLES INTL
C INTL

READ (NCRDROO) TPROD, TSAW , TPULP, WPROO, CD I ST , T POST, D I ST , TENDY INTL
READ (NCRDROO) IF I LL U  VLWO U  SI WO U  P IWD, I VLRO, ISIRD,  I PIRD ,NCHST , JUlNTL 

I HVR , JDHVR ,LNONOOSOLO INTL
DO 60 1 = 1 , 2  INTL

60 READ (NCRDROO) IPLPC ( I ) U P  ILE ( I ) ,  I SIBK ( I ) .  I VLBK ( 11 , NALD ( I ) U  VLLD ( INTL 
I I ) , I S l LDl  I I U P I L O t  I ) INTLC INTL

C«**«»NOW INPUT DATA THROUGH THE GASP SUBROUTINE ----- DATAN INTL
C INTL

OUOT A=QUOT Al INTLC INTL
C e . * * . NOW CALCULATE OWNING AND OPERATING COST FOR THE SYSTEM COMPONENTSMINTL 
C INTL

L=NLOAO»NFEL.NBUCK »NSKD»NPBCH INTL
N=L«NSTK«NPTK INTL
DO 130 1 = 1 , N INlLC INTL

C« .»*»FI RST CALCULATE OWNING COST INTL
C INTL

X=ICSNEWt I > » ( l . - C S L V G ) I / (U SL FE ( 11 nEYOH) INTLY = ( ( ( ( ( CSNEW ( I ) n U  . -CSLVG) I • IUSLFE ( I ) U . )  ) /  (2. nUSLFE ( I ) ) ) ♦( CSNEW ( I INTL 
I ) nCSLVGI I n (CSI N S . CSTAX.CS INT I >/EYOH INTL

CSOWNl I ) =X»Y INTL
IF ( I .LE.NLOAO) GO TO 70 INTL
IF ( I . G T . (NLOAU.NFEL)I GO TO 70 INTL

386
387
388
389
390
391
3 ) 2
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
413
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
4 35
4 36
437
438
439
440
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CSOWNd ) = d  (XdHNEASW)ZNFEU *CS0WN (11 INTL
C INIL
c..o««N0W CALCULATE OPERATING COST INlL
C INTL

70 WrFLCMPI I HCFUEL(I) INTL
IF (FLCMPlI>.LE.0.0) WrCFUEL(I) INTL
IF (I.GT.L) GO TO HO INTLCSOPRII H W d  CHANT I I HW  H  ICSRPRdHX H  (CTIRE(I)ZEYOH) INTL
GO TO 90 INTL

80 Z = XMI PA♦XMIPR♦XM IS INTL
T=XMISZZ , INTL
V=XM[PRZZ INTL
Z=XMiPAZZ INTL
T=II (SPEW I 1,1) ♦SPEOd,2))Z2.0)*Z) * I ( I (SPEOddHPRFRE) '(SPED (I, 2) "I NTL 
IPRFRFI >Z2.O H V H d  ( (SPED! Id) *SRFRE ) d  SPED (I , 2 HSRFRF ) ) Z? . 0 HT > IML 
CSOPR (I)=WdCMANTdHWHI (CSRPRdHX)ZT H(CTIHEH)Z(HEYOH)) INTLINTL

••••NOW ROUND THE COSTS TO THE DESIRED NUMBER OF DECIMAL INTL
INTL

90 M = CSOWN(IHdOneNDEC) INTL
M=MeIO INTL
J=CSOWN H H d O H eINDECd )) INTL
J=J-S INTL
IF (J.GE.M) GO TO 100 INTL
CS0«N( 11 =MZ (Io n eINDECd > ) INTL
GO TO 110 INTL

100 CSOWNd ) = (MdO)ZI 10 .ee (NDECd ) ) INTL
I 10 M = CSOPRI I H d O n eNOECI INTL

M=MeIO INTL
J = CSOPR (I)eH O n e (NOECd ) ) INTL
J=J-S INTL
IF (J.GE.M) GO TO 120 INTL
CSOPRI I HMZI 10.ee (NOECd ) I INTL
GO TO 130 INTL

120 CSOPRl I I = ( M d O ) Z d o n e (NDECd I ) INTL
130 CONTINUE INTL

C INTL
c.«..epRjNT OUT THE INITIAL CONDITIONS AND COSTS INTL

WRITE INPRNT,140) INTL
140 FORMAT (IHl) INTL

WRITE (NPRNTdSO) INTL
ISO FORMAT (40X,30HeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeI INTL

WRITE (NPRNTdbO) INTL
160 FORMAT (40X,2Hee,26X,2Hee) INTL

WRITE (NPRNTdTO) NPROI INTL
170 FORMAT (40X,#ee SAPLOS STUDY NO. /,14.* ee/> INTL

WRITE (NPRNTdbO) INIL
WRITE (NPRNTdSO) INTL
WRITE (NPRNT.1801 NFM INTL

180 FORMAT (ZZISXHSIMULATION OF TIMER HARVESTING ON FOREST MODEL NUMB INTL 
IBER •.I4ZZ) INTL
WRITE (NPRNT.190) INTL

190 FORMAT (1SX."LOGGING SYSTEM BEING TESTED-- IDENTIFICATION OF SYS INTL
ITEM VARIABLESeZZ) INTL
IF (NFEL.GT.OI GO TO 210 INTL

441
442
443
444445
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447
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449
450
451
452
453
454
455
456
457
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459
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WRITE (NPRNT.POOI
POO FORMAT (POX.•FELLING - FELLING NOT STUD IEO*.PI X.• 

ILEHS = 0«/l
GO TO PSO

PlO IF (IFELL.GT.O) GO TO P30 
WRITE (NHRNT.PPO I NFEL

INTL 496 
NUMHER OF FELINTL 497 

INTL 49H 
INTL 499 
INTL 500 
INTL SOI

PPO FORMAT (POX."FELLING -  MANUAL FELLING 
I NUMHER OF FELLERS = • » I3/>

GO TO 250
230 WRITE (NPRNT.PAO) NFEL 
P40 FORMAT (POX,"FELLING -  

I ELLERS = " . 1 3 / )
P50 IF ( IdUCK-P) P 6 0 . 2 B 0 . 3 0 0  
260 WRITE INPRNT. 2 70)
270 FORMAT (POX,"BUCK ING -  

I OF MUCKERS = O" / )
GO TO 320

200 WRITE ( NPRNT, 2 9 0 )  NBUCK 
290 FORMAT (POX,"BUCKING -  

I SUCKERS = " . 1 3 / )
GO TO 320

300 WRITE ( NPRNT, 310 )
310 FORMAT (POX,"BUCKING -  BUCKING AT MILL 

I NUMBER OF RUCKERS = 0 " / )
320 IF (NPHCH.GT.O) GO TO 340 

WRITE ( NPRNT. 3 30 )
330 FORMAT I POX, "PREBUNCHING -  NOT USED I 

IOF PREHUNCHERS = 0 " / l
GO TO 380

340 IF IMCHUB.LE.O) GO TO 360 
WRITE ( NPRNT. 3 5 0 )  NP8CH 

350 FORMAT (POX,"PREPUNCHING -  WHEELED OR 
IBER OF PREBUNCMLRS = • • 1 3 / 1  

GO 10 380
360 WRITE ( NPRNT, 3 7 0 )  NPBCH

BUCKING IN WOODS BT FELLER".I4X

BUCKING AT THE LANDING",18X,"

MAN WITH CHAINSAW".5X,"INTL 502
INTL 503 
INTL 504 
INTL 505

MECHANICAL HARVESTERS",19X." NUMBER OF FINTL 506
INTL 507 
INTL 508 
INTL 509 

NUMBER INTL 510 
INTL 511 
INTL 512 
INTL 513 

NUMBER OF INTL 514 
INTL 515 
INIL 516 
INTL 517

HAUL LONG LENGTH",5X,"INTL 518 
INTL 519 
INTL 520 
INTL 521

THIS SYSTEM",15X," NUMBER INTL 522
INTL 523 
INTL 524 
INTL 525 
INTL 526

TRACKED VEHICLES",11X," NUMINTL 527
INTL 528 
INTL 529

....... . .. . ..... _ _ . INTL 530
370 FORMAT (20X,"PREHUNCHING - CHUBALL SERVES AS PREBUNCHER",SX,* NUMB INT L 531 

IER OF PREBUNCHERS ="«13/1 INTL 532
380 IF (MSKD.GT.0) GO TO 400 INTL 533

WRITE (NPRNT.390) INTL 534
NOT USED IN THIS SYSTEM".I7X,• NUMBER OFINTL 535

INTL 536 
INTL 537 
INTL 538 
INTL 539

SKYLINE OR HIGH LEAD SYSTEM".I3X,• NUMBEINTL 540
INTL 541 
INTL 542 
INTL 543

ROLLING STOCK SKIDOERS•,I RX,• NUMBER OF INTL 544
INTL 545 
INTL 546 
INTL 547

390 FORMAT (20X,"SKIDDING - 
I SKI DOERS = 0"/)
GO TO 490

400 IF (NSKL-I) 410.430,450 
410 WRITE (NPRNT.420) NSKD 
420 FORMAT (20X."SKIDDING - 

IR OF SKI DOERS =",I3/>
GO TO 490

430 WRITE INPRNT,440) NSKO 
440 FORMAT (20X,"SKIDDING - 

I SKIDOERS =*.13/)
GO TO 490

450 IF (MCHUB.GT.l) GO TO 470
WRITE (NPRNT,460) NSKO

460 FORMAT (POX."SKIDDING - CHUBALL ACTS AS SK I DOER",17X,• 
I SK I DOERS =•»13/)

INTL 548 
NUMBER OFINTL 549 

INTL 550
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GO TO 490 INTL470 WRITE (NPRNT.480) NSKD INTL480 FORMAT (20A.•SKIDDING - CHUBALL ACTS AS HIGH LEAD*•ISX»• NUMBER INTL IOF SK I DDERS =".13/1 INTL490 IF (NlOAO.GT.01 GO TO 510 INTLWRITE INPRNT*500 I INTL500 FORMAT (20X,‘LOADING - NO SELF CONTAINED LOADER IN THIS SYSTEM INTL I NUMBER OF LOADERS = 0*/) INTLGO TO 660 INTL510 GO TO 1520154 0.560.580.600»6201640 I.LCAT INTL520 WRITE (NPRNT.530 I INTL530 FORMAT (20*.‘LOADING - FULLY ARTICULATED. HYDRAULIC LOADER*.SX.•IN TL !NUMBER OF LOADERS = I*/) INTLGO TO 660 INTL540 WRITE (NPRNT.550) INTL550 FORMAT <20X.‘LOADING - LOADER WITH AIR OR HYDRAULIC PINCHERS INTL I NUMBER OF LOADERS = I*/) INTLGO TO 660 INTL560 WRITE (NPRNT.570) INTL570 FORMAT (20X,‘LOADING - HEELBOOM LOADER WITH GRAPPLE*.12X»• NUMB INTL
IER OF LOADERS = I*/) INTLGO TO 660 INTL580 WRITE (NPRNT.590) INTL590 FORMAT (20X,‘LOADING - HEELBOOM LOADERS WITH TONGS AND SETTER INTL 
I NUMBER OF LOADERS = l‘/> INTL
GO TO 660 INTL600 WRITE (NPRNT.610) INTL610 FORMAT (20X,‘LOADING - FRONT-END LOADER*.24X.* NUMBER OF LOADER INTL 
IS = I*/) INtL
GO TO 660 INTL620 WRITE (NPRNT.630) INTL630 FORMAT (20X,‘LOADING - LONG-ROOM LOADER WITH GRAPPLE*.IlX.* NUMINTL 
IBER OF LOADERS = I*/) INTL
GO TO 660 INTL640 WRITE (NPRNT.650) INTL650 FORMAT (20X.‘LOADING - LONG-BOOM LOADER WITH TONGS*.I3X.* NUMBEINTL 
IR OF LOADERS - I*/) INTL660 IF ((NSTK.NPTK).GT.O) GO TO 680 INTL
WRITE (NPRNT.670) INTL670 FORMAT (20X.‘HAUL ING - HAULING NOT CONSIDERED IN THIS STUDY INTL
I NUMBER OF TRUCKS = 0*/) INTL
GO TO 860 INTL680 N=NSTK‘NPTK INTL
GO TO (690.710.730.750.770.790.810).KSYS INTL

690 WRITE (NPRNT.700) N INTL700 FORMAT (POX,‘HAULING - TRACTOR WITH STANDARD POLE TRAILER INTL
I NUMBER of TRUCKS =‘.I3/> INTL
GO TO 830 INTL710 WRITE (NPRNT, 7̂ 20) N INTL720 FORMAT (20X,‘HAULING - TRACTOR WITH PREHAUL TRAILER*.12X.* NUMBINTL 
IER OF TRUCKS =*,13/) INTL
GO TO 830 INTL730 WRITE (NPRNT,740) N INTL740 FORMAT (20X,‘HAULING - TRACTOR WITH FLATBED TRAILER*.12X,* NUMB INTL 
IER OF TRUCKS =‘.I3/> INTL

551
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GO TO IUO INIU
750 WRITE (NPRNT.7O0I N INTL
760 FORMAT ( 2 0 %, "HAULING -  SINGLE AXLE TRUCK".23X." NUMBER OF TRUCK INI L 

IS = » . 1 3 / 1  INIL
GO TO 630 INTL

770 WRITE (NdRNT .76-01 N INTL
780 FORMAT 120X. "HAUL ING -  TANOEM AXLE TRUCK".23X." NUMBER OF TRUCK INTL 

IS - ®• I 3 / 1 INTL
CO  TO 830 INTL

7V0 WRITE ( NPRNT « 800)  N INTL
800 FORMAT (20X,"HAUL ING -  SINGLE AXLE TRUCK WITH TRAILER*.10X." NUINTL 

IMRER OF TRUCKS = « , 1 3 / 1  INTL
GO TO 830 INTL

8 ) 0  WRITE (NPRNT.820) N INTL
820 FORMAT (20X,"HAULING -  TANDEM AXLE TRUCK WITH TRAILER*.10X," NUINTL 

IMBER OF TRUCKS = * , 1 3 / 1  INTL
830 J=O INTL

DO 840 1 = 1 . N INTL
840 IF (LDRTK(I ) .GT.O)  J = J " 1  INTL

WRITE (NPRNT.SSOI J . N  INTL
850 FORMAT ( 2 5 X . ‘ TRUCK MOUNTED LOADERS USED ON « , 1 2 , "  OF » . I 2 . *  TRUCKS INTL 

I * / )  INTL
INTL

•••"NOW PRINT OUT OWNING AND OPERATING COSTS OF EQUIPMENT INTL
INTL

860 WRITE (NPRNT.870) INTL
870 FORMAT ( / / / / / I 5 X , " I N I T I A L  COSTS ASSOCIATED WITH THIS SYSTEM// / )  INTL

WRITE ( NPRNT » 88 0 I INTL
880 FORMAT (22X,"EQUIP ORIGINAL SALVAGE USEFUL INTL

I OWNING OPERATING EXTRA"/22X."NUMBER*.RX,"COST".9X,»INTL
2VALUE*.I O X , " L I F E " , I OX, "COST" , I OX, "COST" , I OX,"COS T * / / I INTL

N=NLOAO«NFEL«NtiUCK"NPBCH"NSKD*NSTK,NPTK INTL
DO 890 1 = 1 . N INTL
X=CSNEW(I)"CSLVG INTL

606
607
608
609
610 
61 I 
612
613614
615
616
617
618
619
620 
621 
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639

890 WRITE (NPRNT, 9 0 0  I I . CSNEW( I I , X,USLFE( I ) . CSOWN( 11, CSOPP( I ) . CXTRA( 11 INTL 640 
900 FORMAT C23X, 13 • 9X, " $ » « F 9 . 2 , •  $ • , F 7 . I , 5 X . F 5 . I , "YRS $ • « F 9 . 3 , » / INTL 641

IHR $ " , F 9 . 3 , " P E R " , 3 X , e $ » , F 9 . 3 , " P E R " )  INTL 642
INTL 643

••""NOW PRINT OUT INITIAL CONDITIONS IN THE LOGGING SYSTEM INTL 644
INTL 645

WRITE (NPRNT,910)  INTL 646
910 FORMAT ( / / / / / I 5 X , / S Y S T E M  DESCRIPTION IN TERMS OF SYSTEM CODES#// )  INTL 647

WRITE (NPRNT,920)  I DSYS. ILHLP.LDSYS. I WA I T. I BHLP, I TRUK INTL 648
920 FORMAT (20X,"TYPE LOGGING SYSTEM = IDSYS = • , 12 . 15X, "LOADI NGINTL 649

I HELP FROM BUCKER = ILHLP = • . I 2 / 2 0 X , • TYPE LANDING SYSTEM INTL 650
2= LDSYS = • . 1 2 , 15X,"D0ES SKI ODER WAIT BUCKING = IWAIT = » , 12 / 2 0 X , »BI N(L 651 
3UCKER DELAY AT LANDING = IBHLP = • , 12 , I 5X, • TRUCK DOING OTHER HAUINIL 652 
ALING = I TRUK = * . 1 2 / / / / )  INTL 653

WRITE (NPRNT,930)  INTL 654
930 FORMAT ( 15X,"SYSTEM STATE AT START OF SIMULATION"// )  INTL 655

WRITE (NPRNT.9401 !TREE.QUOTAl INTL 656
940 FORMAT (20X,"NUMBER OF STANDING TREES = ITREE = « , 1 5 , I S X , " INITI AL WINTL 657 

IEEKLY QUOTA =QUOTAl = " , F 7 . 1 ) INIL 658
WRITE (NPRNT,950)  I VLWO.IVLRD,ISIWO,ISIRO,IPIWD.IPIRO INTL 659

950 FORMAT (20X."VOLUME READY FOR SKIDDING= IVLWQ = • , 15 . 15X, • VOLUME ATlNTL 660

Figure 35 (continued)
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I SKIO ROAD = IVLRD = • , I S / 2 0 X , "TREES READY FOR SKIDDING = ISIWINTL
2D I S , 15X,"TREES (SAmLOGS) AT ROAD = ISIHD = " . I S / 2 0 X , "PULPwOOD INTL
3READY FOR SKID = IPIWD = " , I 5 , 1 S X , " P U L PWOOD AT SKID ROAD = IPIRINTL 
40 = " , 1 5 1  INTL

WRITE (NPRNT.RhO) I V L HK I l ) , ! VL BK( 2 ) , I S I R K( I ) , I S l RK (2)  INTL
960 FORMAT (20X."VOLUME TO BE BUCKED-LNO I = IVLflK = » , I S , I SX, "VOLUME TOINTL 

I BE BUCKEO-LND 2= IVLHK = • . I 5 / 2 0 X , " TREES TO BE BUCKED -LNO 1= ISIBINTL 
2K = " , I S, 1SX."TREES TO HE BUCKED -LNO 2= ISIHK = • . IS)  INIL

WRITE I NPRNT, 9 7 0 )  I PILE 11 ) , IPLPC 1 1 ) , IP ILE 12 I , I PLPC 12) INTL
970 FORMAT (20X."VOLUME TO BE PILED -LNO 1= IPILE = " , I S , I SX, » VOLUME TOINTL 

I BE PILED -LND 2= IPILE = " , I 5 / 2 0 X ," P I E C E S  TO BE PILED -LNO 1= IPLPINTL 
2C = " , 1 5 , 15X,"PIECES TO BE PILED -LNO 2= IPLPC = " , 151  INTL

WRITE I NPRNT, 9 3 0 )  IVLLOtl  I , I VLLD( 2 ) , IS ILD( I ) . I SILD( 2 ) , IP ILD( I ) , IPIINTL 
ILD(B) INTL

980 FORMAT (BOX,"VOLUME TO BE LOADED-END 1= IVLLO = • , 1 5 , I 5X, • VOLUME TOINTL 
I BE LOADED-END 2= IVLLD = » , I 5 / 2 0 X , » TREES TO BE LOADED -LND 1= ISILINTL 
20 = " , 1 5 , 1SX."TREES TO BE LOADED -LNO 2= ISlLD = " . 1 5 / 2 0 X , "PULPWD TOINTL 
3 BE LOAOED/LNO I= IPlLD = " , 1 5 , 1 5X, "PULPWD TO BE LOADED-END 2= IPILINTL 
40 = " , 1 5 / / / )  INTL

INTL
INTL

1000 RETURN INTL
ENO INTL

661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
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SUBROUTINE STATE STATC STATCOMMON /GCOMI/ ATRIO( 61 , IEVNT,MFA,MFE(6 I ,MlE(6| ,MSTOP.NCROR.NSTAT I N APO, NNAP T ,NN A IR. NNF U. ,NNO (6 I ,NNTRY ,NPRNT , PP ARu ( ?5, <, I , TNOW , TTHEG >T AT?.ttcur«itfin,ttrih(6) .ttget statC STATCOMMON /GC0M2/ 00(25),ODL(PS) ,OTFUL.DTNOW,ISEES,LFLAG(I) ,NFLAG,STAT INNEOO,NNEOS,NNEOT.SS(PS).SSL(25),TTNEX STATC STATCOMMON /DATE/ BYR,BMO,XPY,XPM,XPW,XPD,XPH,IYR,!MO,ITP STAT
STAT STAT--------  .AREA CONSTANTS --------  STAT
STATTTR - TIME FOR BURNED AREA TO RETURN TO RANGE (YRS) SlATAPHE - AVERAGE TIMBER ENCROACHMENT INTO RANGE I.* STEM HT/YR) STATYRN - TIME FOR CLOSED ROADS TO RETURN TO NORMAL (YRS) STATRCR - ROAD CONSTRUCTION RATE (ACRE/MO) STAITA - TOTAL SYSTEM AREA (ACRES) STATSTATCOMMON /AREAS/ TTR,APHE,YRN,RCR•TA,PAF STATSTAI STAT--------  WATER CONSTANTS --------  STAT
STATSMC - SNOW MOISTURE CONTENT (IN-WATER/IN-SNOW) STATBSMX - BURNED AREA FIELD CAPACITY (IN) STATRSMX - RANGE AREA FIELD CAPACITY I IN) STATFSMX - FOREST AREA FIELD CAPACITY (IN) STATBNPR - BURNED AREA NORMAL PERCOLATION RATE (IN/MO) STATFMCR - FORAGE MOISTURE CONSUMPTION RATE (IN/TON/MO) STATRNPR - RANGE AREA NORMAL PERCOLATION RATE (IN/MO) STATTMCR - TIMBER MOISTURE CONSUMPTION RATE <IN/CU-FT/MO) STATFNPR - FOREST AREA NORMAL PERCOLATION RATE (IN/MO) STATPFPM - PERCENT OF STORED WATER IN STREAMELOW (.%/MO) STATTSFM.TSFN.TSFX,TSES - SNOW FALL PER MONTH (MEAN,M IN,MAX,STD.DEV.) STAT TSMM,TSMX,TSMS - PERCENT SNOW MELT PER MONTH (MEAN.MAX,STD.OEV.) STAT TRFM.TRFN,TRE.x,TRFS - RAIN FALL PER MONTH (ME AN, M IN, MAX , STO .OE V . I SfAT TUEM - MEAN EVAPORATION RATE PER MONTH STATSTAT

COMMON /MOIST/  SMC. BSMX, RSMX, FSMX, BNPR. FMCR, RNPR, TMCR, FNPR,PFPM, TSSTAT 
I FMI 1 2 ) , TS F NI 1 2 ) , TSF% 11 2 ) , T S F S I 1 2 ) ,TSMMI1 2 ) , TSMX( I 2 ) , TSMS( 12 ) ,TRFM(ST AT 
2 1 2 ) .TRFN( 1 2 ) .TRFX( 1 2 ) . TRF S ( 1 2 ) ,TUEM(12)  STATSTAT STAT--------  FOREST CONSTANTS --------  STAT

STATBACC - BASAL AREA CARRYING CAPACITY (SO FT/ACRE) STATOSSO - OPTIMAL STOCKING STAND DENSITY (TREE/ACRE) STATXSSR - MAXIMUM SEEDLING STOCKING RATIO (SEED TREES/TREE/YR) STAlDBA - AVERAGE BASAL AREA GROWTH INCRAMENT (SO-IN/YR) STATDMX - MAXIMUM TREE DIAMETER I IN) STATPVLL - PERCENT VOLUME OF LIVE TREE LOST PER YEAR (.%/YR) STATWPCE - WEIGHT OF WOOD (LR/CU-FT) STATPVOL - PERCENT VOLUME OF DEAD TREE LOST PER YEAR (.%/YR) STAT

Figure 36. FORTRAN Source of Ecosystem Routine, STATE
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POPY -  PERCENT TIMHER DECAY PER IN SURFACE WATER PER YEAR I. 'Y/YR) STAY 56 
FLTR -  ACRES OF FUEL TREATED PER MONTrI (ACRES/MO) STAT 57
AMRT -  PERCENT ANNUAL TIMrIER MORTALITY ( . t /YW) STAT 53
ATPL -  PERCENT ANNUAL DEAD STEM TOPPLE RATE I .*/YR> STAT 59

SIAT 60
COMMON /FORST/  BACC»OSSD.XSSR.DBA. OMX. PVLL. WPCF. PVDL. PDPY. FLTR, AMRSTAT 61 

I Ti ATPL STAT 6?
STAT 63 
STAT 64

------------------- RANGE CONSTANTS ------------------- STAT 65
STAT 66

TFRP -  TIME FOR FORAGE LOAD TO REACH POTENTIAL (YR) STAT 67
FCLM -  LARGE ANIMAL FORAGE CONSUMPTION (LH/ANIMAl /MO) STAT 68
FCSM -  SMALL ANIMAL FORAGE CONSUMPTION ILB/ANIMAL/MO) STAT 69
PFDY -  PERCENT FORAGE DECAY PER IN SURFACE WATER PER YEAR I . t / Y R )  STAT 70

STAT 71
COMMON /RANGE/ TFRP. FCLM, FCSM.PFDY STAT 72

STAT 73 
STAT 74

-------------------  WILDLIFE CONSTANTS ------------------- STAT 75
STAT 76

AMPS -  AVERAGE MEAT PER SMALL ANIMAL (LB/ANIMAL) STAT 77
AMPL -  AVERAGE MEAT PER LARGE ANIMAL (LB/ANIMAL) STAT 78
SDM -  MAXIMUM SMALL ANIMAL DENSITY (ACRES/ANIMAL) STAT 79
CMC -  CARNIVORE MEAT CONSUMPTION (LH/ANIMAL/MO) STAT 80
COM -  MAXIMUM CARNIVORE DENSITY (ACRES/ANIMAL) STAT 81
PCIR -  MAXIMUM CARNIVORE BIRTH RATE <.*/YR> STAT 82
PCDR -  CARNIVORE DEATH RATE ( . 11ZYR) STAT 83
HDM -  MAXIMUM HERBIVORE DENSITY ( ACRES/ANIMAL) STAT 84
PHIR -  MAXIMUM HERBIVORE BIRTH RATE l . f / Y R )  STAT 85
PHHK -  PERCENT HUNTER KILL ( .S6/YR) STAT 86
PHDR -  HERBIVORE DEATH RATE I .%/YR> STAT 87
PSIR -  SMALL ANIMAL BIRTH RATE ( .3S/YR) STAT 88
PSDR -  SMALL ANIMAL DEATH RATE ( .%/YR) STAT 89

STAT 90
COMMON /WLDLF/ AMPS«AMPL.SDM, CMC.CDM. PCI R«PCOR. HDM.PHI R . PHHK. PHDR. STAT 91 

I P S l R . PSDR STAT 92
STAT 93 
STAT 94

------------------- EROSION CONSTANTS ------------------- STAT 95
STAT 96

EFF -  EROSION FACTOR FOR FOREST AREA I IN-SOIL/IN-RUNOFF I STAT 97
EFR -  EROSION FACTOR FOR RANGE AREA ( IN-SOI L / IN-RUNOFF) STAT 98
EFD -  EROSION FACTOR FOR BURNED AREA ( I N - S O I L / IN-RUNOFF) STAT 99
EFRO -  EROSION FACTOR FOR ROADED AREA ( IN-SOI L / IN-RUNOFF) STAT 100

STAT 101
COMMON /EROSN/ E F F , EFR. E F B . EFRO STAT 102

STAT 103 
STAT 104

------------------- STATE VARIABLES ------------------- STAT 105
STAT 106

IACT -  SWITCH SET .TRUE. WHEN ACTIVITY OCCURES STAT 107
IBM -  BEGINNING MONTH OF GROWING SEASON STAT 108
IEM -  ENDING MONTH OF GROWING SEASON STAT 109
GRMO -  NUMBER OF MONTHS IN GROWING SEASON STAT HO

Figure 36. (continued)
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PI  -  CONSTANT ( 3 . 1 4 )  STAT
ACRE -  CONSTANT SU-FT PER ACRE (4356 0)  STATSTAT
COMMON /STVBL/ I ACT11BM, I EM. GRMOiP I , ACRE STAT

STATEQUIVALENCE (SSL(I)•BAO Ii(SSL(?)iRAO)i(SSL 13),FAO)•(SSL(4)iROAO).(STAT ISSL(S)iCRAOI STAT
STAT

EQUIVALENCE ( SS L ( 6 1 . S P O ) • ( S S L ( T ) iSWO)• ( SS L ( 8 ) ,BSmO ) , ( SS L ( 9 ) ,RSMOI,STAT 
I ( SSL( 1 0 ) , FSMO) . ( SS L ( 1 1 ) ,STWO) STAT

STAT
EQUIVALENCE ( SSL( 1 8 ) ,GSO I , (SSL I 1 3 ) , SDO ) , (SSL 11 4 ) ,DBHO). ( SSL( 1 5 ) ,AFSTAT 

1L0) STAT
STAT

EQUIVALENCE (SSL (16)  ,XLFO) , ( S S L d T )  ,DFO) STAT
STAT

EQUIVALENCE ( SS L ( 1 8 ) ,CANO). (SSL( 1 9 ) , SANO) , ( SS L( 2 0 ) ,HAND) STAT
STAT

EQUIVALENCE ( SSL( 2 1 ) .SLOI STAT
STAT

EQUIVALENCE ( S S ( 2 2 ) . TTV) STAT
STAT

DATA P I . A CR E ,X B PY /3 . 14 15 9 26 5 35 B9 T9 , 4 3 5 6 0 . 0 , 1 2 . 0 /  STaT
STAT
STAT

LOGICAL I GRO.IACT STAT
STAT
STAT

IF (OTNOrt.LE.O.OI RETURN STAT
Temp=DTNOR stat
DTNOW=DTNOW/XPM STAT
CALL CTME STAT
I GRO = . FALSE. STAT
IF ( I  MO.GE. IBM.AND.I MO.L E . I EM) I GRO = . TRUE. STAT

STAT
• • •  DETERMINE TIMBER CHARACTERISTICS STAT

STAT
OBHO -  AVERAGE STAND DBH (IN) STAT
AHT -  AVERAGE STEM HEIGHT (FT) STAT
VPT -  AVERAGE VOLUME PER TREE (CU-FT) STAT

STAT
VPT=VOLPt (DBHO.AHTI STAT

STAT
STAT

. , , . . , . . . I  AREA SYSTEM STAT
=========== STAT

STAT
AUXILARY EQUATIONS STAT

STAT
PAB -  PERCENT AREA BURNED I .%> STAT
PAR -  PERCENT AREA RANGE ( .*> STAT
PAF -  PERCENT AREA FOREST (.%) STAT
PAU -  PERCENT UNPRODUCTIVE AREA ( . T l  STAT
AER -  TIMBER ENCROACHMENT INTO RANGE (FT/YR) STAT
ASE -  AREA OF SEEDLING ESTABLISHMENT (ACRES) STAT

111112
113
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Figure 36 (continued)
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TRPA -  TOTAL BIOMASS PRODUCTIVE AREA (ACRES) SIAI
PRF -  PERCENT OF BIOMASS AREA RANGE ( .%)  STAT

STAT
PAB=BAOZTA STAT
PAR = RAoZT A STAT
PAF = F AOZT A STAT
P A U = I , 0-(BAO«RAO«FAO)ZTA STAT
AER=AHT=APHE STAT
ASE=O. 0  STAT
IF I IGROI ASE = PAF = P I " (AERZGRMO)* ( 2 ,0 *S ORT (RAO = ACREZPII-AER=AERZGRMSTAT

I o i z a c r e oDTnow stat
IF ( ASE.GT.RAO) ASE=RAO STAT
TBPA = F A0*RA0 STAT
PRF=RAOZTBPA STAT

STAT
• • •  RATE EQUATIONS STAT

STAT
BTRR -  BURNED TO RANGE RATE STAT
RTFR -  RANGE TO FOREST RATE (ACRESZMO) STAT
RTRR -  RANGE TO ROAD RATE (ACRESZMO) STAT
CTRR -  CLOSED ROAD TO RANGE RATE (ACRESZMO) STAT
FTRR -  FOREST TO ROAD RATE (ACRESZMO) STAT

STAT
BTRR = O.O ST AT
IF (IGRO) BTRR=BAOZ(TTR=GRMO) STAT
RTFR=ASEZOTNOW STAT
RTRR=PRF=RCR STAT
CTRR=O.O STAT
IF (IGRO) CTRR=CRAOZ(YRN=GRMO) STAT
FTRR=PRF=RCR STAT

STAT
=«= STATE EQUATIONS STAT

STAT
( I )  -  BURNED AREA (ACRES) STAT
( 2) -  RANGE AREA (ACRES) STAT
( I )  -  FOREST AREA (ACRES) STAT
I 4)  -  ROAD AREA (ACRES) STAT
( SI -  CLOSED ROAD AREA (ACRES) STAT

STAT
SS(I)=BAO-BTRR=DTNOW STAT
SS(Z)=RAO=(BTRH-RTFR-HTRR = CTRR)=DTNOW STAT
IF ( S S ( Z ) . L T . 0 . 0 )  S S ( 2 ) = 1 . 0  STAT
SSOI=FAO= (RTFR-FTRR)=DTNOW STAT
S S (4 I =RDAO=(RtRR = FTRR)=DTNOW STAT
S S ( 5 ) =CRAO-CTRR=DTNOW STAT

STAT
STAT

♦♦♦♦♦♦♦♦♦♦ MOISTURE-WATER SYSTEM STAT
= = = = ======= = = === = ==== ST AT

STAT
•== AUXILARY EQUATIONS STAT

STAT
BAAM -  BURNED AREA ABSORBED MOISTURE (IN)  STAT
RAAM -  RANGE AREA ABSORBED MOISTURE (IN)  STAT
FAAM -  FOREST AREA ABSORBED MOISTURE (IN)  STAT

166
167
168
169
170
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174
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177
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180
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Figure 36 (continued)
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FVAP -  EVAPORATION RATE (IN/UO) STAT
EVPM -  EVAPORATION MOISTURE (IN) STAT
FARE -  EFFECTIVE AREA OF RANGE IN FOREST (ACRES) STaT
PFFA -  PERCENT Of FORAGE IN FOREST AREA I . * )  STAT
RBC -  RANGE BIOMASS MOISTURE CONSUMPTION (IN) STAT
TTV -  TOTAL TIMBER VOLUME (CU-FT) STAT
FBC -  FOREST BIOMASS CONSUMPTION (IN)  STAT

STAT
BAAM=AMAXI ( 0 . 0 , AMINl(BSMX.SWO)-BSMO) STAT
RAAM = AMAXl( 0 . 0 < AMINl( RSMX. SWO) -RSMOI STAT
FAAM = AMAXI ( 0 . 0 , AM IN I ( FSMX, SWO) -FSMO) STAT
EVAP=RNORM( 1 7 , 3 )  STAT
EVPM = AMAXl(O.O*AM IN I ( EVAP*0TNOW, SWO)) STAT
EARF = AMAXI( O. O, F AO-GSOe PIZACREe ( ( AHT«0 .1 > » * 2 . 0  I ) «EXP( - O . 5 » ( AFLO/ STAT 

I F AO)6 » 2 . O) STAT
PFFA = EARF/( EARF»RAG I STAT
RBC = AMIN1 (RSMO,IXLFO*I I . O-PFFAI *FMCR/RAO)e OTNOW) STAT
TTV=VPTe GSO STAT
FBC=AMINi ( FSMO,TMCRe TTVe DTNOW,PFFA*XLFO*FMCR) STAT

STAT
e e e  RATE EQUATIONS STAT

STAT
SFR -  SNOW FALL RATE (IN/MO) STAT
SMR -  SNOW MELT RATE ( IN/MO) STAT
RFR -  RAIN FALL RATE I IN/MO) STAT
SMWR -  SNOW MELT RATE I IN-WATER/MO) STAT
BAR -  BURNED AREA SOIL ABSORBTION RATE I IN/MO) STAT
BRR -  BURNED AREA RUNOFF RATE (IN/MO) STAT
RAR -  RANGE AREA SOIL AHSORBTION RATE (IN/MO) STAT
RRR -  RANGE AREA RUNORR RATE I IN/MO) STAT
FAR -  FOREST AREA SOIL ABSORBTION RATE (IN/MO) STAT
FRR -  FOREST AREA RUNOFF RATE (IN/MO) STAT
EVR -  UNPRODUCTIVE AREA EVAPORATION RATE (IN/MO) STAT
URR -  UNPRODUCTIVE AREA RUNOFF RATE (IN/MO) STAT
ROR -  TOTAL RUNOFF RATE (IN/MO) STAT
SAR -  SOIL ABSORBTION RATE (IN/MO) STAT
BPR -  BURNED SOIL PERCOLATION RATE (IN/MO) STAT
RBCR -  RANGE BIOMASS CONSUMPTION RATE (IN/MO) STAT
RPR -  RANGE PERCOLATION RATE (IN/MO) STAT
FBCR -  FOREST BIOMASS CONSUMPTION RATE (IN/MO) STAT
FPR -  FOREST PERCOLATION RATE ( IN/MO) STAT
ROAR -  RUNOFF RATE (ACRE-IN/MO) STAT
STF -  STREAM FLOW (ACRE-IN/MO) STAT

STAT
SFR=RNORM(IAiA) STAT
SMR=RNORM 11 5 , 5 1 e SPO STAT
RFR=RN0Rm( 1 6 . 6 )  STAT
SMWR=SMRe SMC STAT
BAR = BAAMZOINOW SI AT
BRR= ISWO-BA AM I/OTNOW STAT
RAR=RAAMZDtNOW STAT
RRR=(SWO-RAAM)ZOTNOW STAT
FAR=FAAMZOTNOW STAT
FRR=ISWO-FAAM) ZOTNOW STAT
EVR=EVPM«PAUZOTNOW STAT

221222
223
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225
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241
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244
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Figure 36. (continued)
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URR=(SWO-EVPM)/OTNOW STAT
ROR = HRR*PArt *RRR • oAR ♦ERRop AF♦ URR0P AU STAT
s AR = HAR 0PArt«RAR*PAM,FAR*PAF STAT
BPR=BNPR STAT
IF I BSMO-BNPR°0TN0W.L T . 0 . 0 )  RPR=BSMOZDTNOW STAT
RHCR=RBCZDTNOW STAT
RPR=(RSMO-RBC)/OTNOW STAT
IF (RPR.GT.RNPR) RPR=RNPR STAT
FBCR=FBCZOTNOW STAT
FPR= IFSMO-FBC I/OTNOW STAT
IF (FPR. GT. FNPR) FPR=FNPR STAT
ROAR=ROR0 Ta STAT
STF=STWO0PFPM STAT

STAT
000 STATE EQUATIONS STAT

STAT
( Gi -  snow pack i i n i  stat
( 7) -  SURFACE WATER (IN)  STAT
( 8) -  BURNED SOIL MOISTURE (IN)  STAT
( 91 -  RANGE SOIL MOISTURE I IN) STAT
(10)  -  FOREST SOIL MOISTURE I IN) STAT
I 1 1 1 -  STORED WATER (ACRE-IN) STAT

STAT
S S ( 6 ) =SPO*(SFR-SMR)0 OTNOW STAT
S S ( 7 ) =SWO*( SMWR*RFR-bAR-EVR-ROR) 0 DTNOW STAT
S S ( 8 ) =BSMO*(BAR-HPR)0OTNOW STAT
IF ( P A B . L E . 0 . 0 )  S S ( B ) = O . 0 STAI
S S ( 9 ) =RSMO*(RAR-Rnc-RPR)0 DTNOW STAT
SS 11 0 ) =FSMO*( FAR-FBCR-FPR) 0 DTNOW STAT
S S (I 1 ) = 5 T W 0 * (ROAR-STF)0DTNOW STAT

STAT
STAT

« ♦ ♦• « ♦♦ ♦♦ * t i m b e r  s ys tem  stat
============= STAT

STAT
000 AUXILARY EQUATIONS STAT

STAT
BASA -  AVERAGE BASAL AREA (SO-IN/TREE) STAT
PCC -  POTENTIAL TREE CARRYING CAPACITY (STEMS) STAT
SSR -  SEEDLING STOCKING RATIO STAT

STAT
Basa=Pi oDbhooDBh o z a . o stat
PCC = BACC0 I A A. O °F AOZB AS A STAT
SSR=O.0 STAT
IF (IGRO) SSR = OSSno ASE/GSO*AM I N I ( XSSR/GRMO.AMAX I ( 0 . 0 . ( (PCC-GS0) Z (GST AT 

IRMO0S . 0 ) / G S O ) I 0OTNOW) STAT
STAT

000 RATE EQUATIONS STAT
STAT

SER -  SEEDLING ESTABLISHMENT RATE (STEMS/MO) STAT
TOR -  TREE DEATH RATE (STEMS/MO) STAT
TR -  tree  t o p p l e  ra t e  i s t e m s / mo) stat
AOG -  DIAMETER GROWTH RATE (INZMO) STAT
AOD -  AVERAGE DIAMETER DECREASE RATE (IN/MO) STAT
FLAR -  FUEL ACCUMILAT ION RATE (TONZYR) STAT

276
277
278
279
200
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293
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Figure 36 (continued)
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FLOR -  FUEL DECAY RATE (TON/YR) STAT
FTR -  FUEL TREATMENT RATE (TON/YR) STAT

STAT
SER=SSRe GSOZDTYOrf STAT
T DP = AMR T ZXMP Y » GS') ̂ AM AX I ( 0 . 0 .  ( GSO-PCC)/ 2  . O ) STAT
TR=SDOe ATPLZXMRY STAT
ADG=O.O STAT
IF (IGRO) ADG=SORT( ( BASA.DBA/GRMOI/ P I >e 2 . O-OBHO STAT
ADO= ( OBrtO-(DBhO«SSRI /< I . C S S R ) ) ZDTNOW STAT
FLAR=O.O STAT
IF ( .NOT.IGRO) FLAR=GSOe PVLLZ(XMPY-GRMO) STAT
FLAR= I FLAR.SDOe PVOLZXMPY)e VPTe WPCFe TRe VPT STAT
FLOH=O.O STAT
IF (IGRO) FLDP=AFLOe POPYe SWOZGRMO STAT
FTR=FLTRZFAOe AFLO STAT

STAT
e e e  STATE EQUATIONS STAT

STAT
(12)  -  NUMBER OF GROWING STEMS (STEMS: STAT
( 13)  -  NUMBER OF STANDING DEAD STEMS (STEMS) STAT
(IA)  -  AVERAGE STEM DIAMETER I IN) STAT
<15) -  TOTAL TIMBER FUEL LOAD (TONS) STAT
(22)  -  TOTAL TIMBER VOLUME (CU-FT) STAT

STAT
S S (I 2 ) =GSO.(SER-TDR)e OTNOW STAT
S S (I 3 ) =SDO.(TDR-TR)e DTNOW STAT
SS(IA)=DBHOe (ADG-AOU)e DTNOW STAT
SS( IS) =AFLOe (FLAR-FLOR-FTR)e OTNOW STAT

STAT
STAT

. . . . . . . . . .  RANGE—FORAGE SYSTEM ♦♦♦♦♦♦♦♦♦♦ STAT
=================== STAT

STAT
ee AUXILARY EQUATIONS STAT

STAT
PLFL -  POTENTIAL LIVE FORAGE LOAD (TON) STAT
AFC -  ANIMAL FORAGE CONSUMPTION (TONZMO) STAT

STAT
PLFL=O.O STAT
IF (IGRO) PLFL = (RSMOe RAOZFMCR.EARFe FSMOZFMCR I e OTNOW STAT
AFC=FCLMe HANO.FCSMe SANO STAT

STAT
e e e  RATE EQUATIONS STAT

STAT
FGR -  FORAGE GROWTH RATE (TONZMO) STAT
FDR -  FORAGE DEATH RATE (TONZMO) STAT
FLCR -  ANIMAL LIVE FORAGE CONSUMPTION RATE (TON/MO) STAT
FDCR -  ANIMAL DEAD FORAGE CONSUMPTION RATE (TONZMO) STAT
XNDR -  FORAGE DECAY RATE (TONZu O) STAT

STAT
FGR=O.O STAT
IF (IGRO) FGR=AmAXI( 0 . 0 . (PLFL-XLFO)Z(TFRPe GRMO)) STAT
FDR=AMAXl( 0 . 0 . (XLFO-PLFL)ZOTNOW) STAT
FLCR = AMINl I AFC,XLFOZDTNOW-FDR) STAT
FDCR=AMINl((AFC-FLCR),DFOZOTNOW) STAT

331
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352
353
354
355
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Figure 36. (continued)
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XNDR=O.0
IF (IGRO) Xnoh=(I)Fo- F o cr1 DTNOW) e PFDYe SWOZGRMO 

111 STATE EQUATIONS

( 16)  -  LIVE FORAGE LOAD (TON)
( 17)  -  DEAD FORAGE LOAD (TON

SSI 1 6 ) =XLFO' (FGR-FDR-FLCR)1DTNOW 
S S (I  7 ) =DFO*(FDR-FDCH-XNOR)1OTNOW

*♦♦♦♦♦♦♦♦♦  w i l d l i f e  system  ♦♦♦♦♦♦♦♦♦♦

111 auxi lary  e q u a t i on s

ASM -  SMALL ANIMAL MEAT (LB)
ALM -  LARGE ANIMAL MEAT (LB)
PSAM -  PERCENT OF MEAT IN SMALL ANIMALS ( . * )
DSF - DISTURBANCE FACTOR
TFA -  TOl AL FORAGE AVAILABLE (TON)
SCI - SECURITY INDEX
PSCC -  POTENTIAL SMALL ANIMAL CARRYING CAPACITY (ANIMALS)
PCCC -  POTENTIAL CARNIVORE CARRYING CAPACITY (ANIMALS)
PMCC -  POTENTIAL HERBIVORE CARRYING CAPACITY (ANIMALS)
CMCR -  CARNIVORE MEAT CONSUMPTION (LBZMO)
ASCR -  SMALL ANIMALS CONSUMED (ANIMALS)
ALCR -  LARGE ANIMALS CONSUMED (ANIMALS)

ASM=SANO1 AMPS
ALM=HANO1AMPL
IF (ASM*ALM.EQ.O.O) GO TO 10 
PSAM=ASMz (ASM.ALMI 
GO TO 20 

10 PSAM=O. O
20 DSF=I I .O-RDAOZ(RDAO'FAO))

IF (IACT) DSF = OSF1 (I  . O- EXP1 - 0 . 5 « (FAOZ2400. O) 1 1 2 . 0 ) )
TFA = XLFO* DFO
S C I = I . 0 - ( I . O-PAF)1 1 ? . 0
PSCC = AMlNI(THPAZSDM.I TFAZ?.O-HANO1FCLM1DTNOWIZ(FCSMl OTNOW) I 
I 1DSF

IF ( PSCC.LT.O.O)  PSCC=O.O
PCCC = AMINl I TBPAZCDM,I ASM*ALM 11 O.SZ ICMC1 DTNOW I 11DSF1SCI 
IF (PCCC.LT. 0 . 0 )  PCCC=O-O
PHCC = AMINl(TBPAZHOM,(TFAzp-O-SANolFcsMlDTNOW)Z(FCLMlOTNOW) 11OSF 
I 1SCI

IF ( PHCC.LT. 0 . 0 )  PHCC=O.O
CMCR=CMC1CANO
AscR=CMCRl PSAMZAMPS
ALCR = CMCR1 1 I . O-PSAM) ZAMPL
IF (ALCR.Le -Hanoi PHDHZ(MPY) GO TO 30
ALCR=AMINI(ALCR,HANO1 (PHIR-PHHKIZXMPY)
ASCR= I CMCR-ALCR1 AMPDZAMPS 

30 CONTINUE

SIAI 306 
STAT 307 
STAT 383 
STAT 389 
STAT 390 
STAT 391 
STAT 392 
STAT 393 
STAT 394 
STAT 395 
STAT 396 
STAT 397 
STAT 393 
STAT 399 
STAT 400 
STAT 401 
STAT 402 
STAT 403 
STAT 404 
STAT 405
STAT 406 
STAT 407 
STAT 408 
STAT 409 
STAT 410 
STAT 411 
STAT 412 
STAT 413 
STAT 414 
STAT 415 
STAT 416 
STAT 417 
STAT 418 
STAT 419 
STAT 420 
STAT 421 
STAT 422 
STAT 423 
STAT 424 
STAT 425 
STAT 426 
STAT 427 
STAT 428 
STAT 429 
STAT 430 
STAT 431 
STAT 432 
STAT 433 
STAT 434 
STAT 435 
STAT 436 
STAT 437 
STAT 438 
STAT 439 
STAT 440

Figure 36. (continued)
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RATE EQUATIONS

CIR -  CARNIVORE INCREASE RATE (ANIMALS/MOI 
COR -  CARNIVORE DECREASE RATE (ANIMALS/MOI 
SIR -  SMALL ANIMAL INCREASE RATE (ANIMALS/MOI 
SOR -  SMALL ANIMAL DECREASE RATE (ANIMALS/MOI 
HlR -  HERBIVORE INCREASE RATE (ANIMALS/MOI 
HDR -  HERBIVORE DECREASE RATE (ANIMALS/MO)

CIR = AMAx i ( PCCCO.OOl ,AMlNl I CANO = RC I R , PCCC-CANO I / XMPY I 
COR = CANO«PCDR/XMnY*AMAXI( u . O . ( CANO-PCCC I/XMPY I 
IE I COR = OTnOR. GT, CANO I CDRrCANOZOTNOW 
SIR=O.O
IF 11GROI SIRrAMAXlIPSCC=O.OOl ,AMINl(SANO = PSIR.PSCC-SANOI/GRMO) 
SOR=AMAx i ( 0 . 0 , (SANO-PSCCI/XMPYI• AMAXl(SANO=PSDRZXMPY,ASCRI 
IE (SDR=0IN0W.GT. SANOl SDR=SANOZDTNOW 
HIR=AMAXi (PHCC=O.Ol,AMINlIHANO=PHlRiPHCC-HANOI= 0 . 1 5 )
IF ( I MO.LT. 2 . O R. IMO.GT. i l  Hl R=HIR=O.13333033333
HDR = AMAXl( 0 . 0 , (HANO-PHCC)ZXMPYI‘ AMAX1( HANO = PHDRZXMPY, ALCR I
IE ( I MO.GE.V.AND.IMO.LE. I O I HOR = HOR * ( HANO-HDR = DTNOWI =PHHK/2.0
IF ( HOR=OTNOw. GT.HANOI HOR=HANOZDTNOW

» • *  STATE EQUATIONS

( 18)  -  NUMBER OF CARNIVORE (ANIMALS)
119) -  NUMBER OF SMALL ANIMALS (ANIMALS)
( 20)  -  NUMBER OF LARGE HERBIVORE (ANIMALS)

SS(IS)=CANO*(CIR-CDR)=DTNOW 
S S (I  9 ) =SANO*(SIR-SDR)=DTNOW 
S S (20 I =HANO*(HIR-HDR)=DTMOW

**********  EROSION SYSTEM **********

*»* AUXILARY EQUATIONS

FAE -  FOREST AREA EROSION RATE ( ACRE-TNZMO) 
RAE -  RANGE AREA EROSION RATE (ACRE-IN/MO) 
BAE -  BURN AREA EROSION RATE (ACRE-IN/MO) 
RDE -  ROAD AREA EROSION RATE (ACRE-IN/MO)

FAE=FRR=EFF=FAO 
RAE=RRR=EFR=RAO 
BAE=BRR=EFB=BAO 
RDE=URR=EFRD=(RDAO*CRAO)

• « *  RATE EQUATION

ERR -  EROSION RATE (ACRE-INZMO)

ERR=FAE*RAE*BAE*RDE*RCH

STAT 44 I
STAT 442
STAT 44 3
STAT 444
STAT 445
STAT 446
STAT 447
STAT 448
STAT 449
STAT 450
STAT 451
STAT 452
STAT 453
STAT 454
STAT 455
STAT 456
STAT 457
STAT 458
STAT 459
STAT 460
STAT 461
STAT 462
STAT 463
STAT 464
STAT 465
STAT 466
STAT 467
STAT 468
STAT 469
STAT 470
STAT 471
STAT 472
STAT 473
STAT 474
STAT 475
STAT 476
STAT 477
STAT 478
STAT 479
STAT 480
STAT 481
STAT 482
STAT 483
STAT 484
STAT 485
STAT 486
STAT 487
STAT 488
STAT 489
STAT 490
STAT 491
STAT 492
STAT 493
STAT 494
STAT 495

Figure 36. (continued)
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• • •  STATE EQUATION SIAI 4 Yb
STAT 497

(21 I -  EROSION (ACRE-IN) STAT 498
STAT 499

S S (21 I =SLO»ERR*DTNOW STAT SOO
C STAT SOI
C STAT S02

dtnow=temp  stat  s os
C STAT 504

RETURN STAT SOS
C STAT S06

ENO STAT 507

Figure 36. (continued)
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FUNCTION VOLPT Mt)
IF ( DdH.LT. ?. Ol  GO IO 20 
HT = - O B. < * 2 ^ 6 0 7 . 0 ^ 0 9 °  ( DHH°»0 . <* I 67 I 
GO TO 30 

20 HT=S.O
30 VOLPT= I 0 . 0 01  7I-*»OUH*0.003 8 6 5 1 °DBH°HT 

RETURN 
END

VOLP I 
VOLP 2 
VOLP 3 
VOLP 4 
VOLP 5 
VOLP 6 
VOLP 7 
VOLP 8

Figure 37. FORTRAN Source of Tree Volume Routine, VOLPT
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SUBROUTINE CTRE V, M(. ,

COMMON /GCOM I /  ATWIW(A) • ./EVNT « MFA . MT E ( 6  ) • MLE ( 6  I • MSTOP. NCHOR .  NCTME I
lNAPO.NNAPT.NNArW.NNF 1 L . NNO(A) ,NNTWT,NPWNT,PPAWM I P 5 . 4 I , TNO«, T THEOCTME 4 
2 , TTCLR,TTFlN.TTWlH(A) ,TTSET CTmE 5

CTME 6
COMMON /MOIST/  SMC.BSMX.RSMX.FSMX.HNPW.FMCR,RNPR.TMCR, FNPR.PFPM, TSCTME 7

IFM( I 2 I . T SFN( 1 2 ) , T S F X ( I P ) , T S F S ( 1 2 ) , TSMM( 1 2 ) , TSMX 112 ) , TSMS I I 2 1 , TRFM( CTME B 
2 1 2 ) , TRFNI 1 2 ) . T R F x( 1 2 ) , TRFS(1 2 ) .TUEM(IP) CTME 9

CTME 10
COMMON /DATE/ BYR. BMO. XPY, XPM, XPW, XPD, XP H, I YR, IMQ, I TP CTME 11

CTME 12
DATA XPY,XPM,XPW,XPD,XPH/5259A0.0 , 4  3 8 3 0 . 0 , 1 0 0 8 0 . 0 . 1 4 4 0 . 0 , AO.0 /  CTmE 13

DATA IML/O/

• • •  DETERMINE YEAR AT TIME TNOW

X=TNOW.(BMO-1.0)»XPM 
IYR=BYR*X/XPY

DETERMINE MONTH AT TIME TNOW

IMO=(X-<FLOAT(IYRl-BYR) OXPY>/XPM.I

IF (IMO.EQ.IML) RETURN 
IML=IMO

ooo SET SNOW FALL PARAMETERS

PPARM 11 4 , I I =TSFM I IMO) 
PPARM(14,2)=TSFN(IM0) 
p p arm( 1 4 , 3 ) =Ts f x ( iMO) 
PPARM(14,4)=TSFS(IM0)

O * SET SNOW MEET PARAMETERS

PPARM( 1 5 , 1 I=TSMM I IMO)
PPARMIIS,2 1 = 0 , 0
p p a r m i i s . 3 ) =Ts mx ( i mo )
PPARMIIS,4)=TSMS(IM0)

OO SET RAIN FALL PARAMETERS

PPARMdA,D=TRFM(IMO)
PPARMI1 6 , 2)=TRFN(I«0>
PP ARMd A. 3>=TWFX( IMO) 
PPARM(16,4 |=TRFS(IM0)

» o  SET EVAPORATION PARAMETERS

PPARMd?, D=I UEM( IMO)
P P A R M d ? , 2 1 = 0 . 0  
PPARM(I 7 , 3 ) = 2 . O• TUcM(IMO)
PPARM(I 7 , 4  I =TUEM(IMO)

C
RETURN

C
END

CTME 14 
CTME IS 
CTME 16 
CTME 17 
CTME 18 
CTME 19 
CTME 20 
CTME 21 
CTME 22 
CTME 23

Ol CTME 24
CTME 25 
CTME 26 
CTME 27 
CTME 28 
CTME 29 
CTME 30 
CTME 31 
CTME 32 
CTME 33 
CTME 34 
CTME 35 
CTME 36 
CTME 37 
CTME 38 
CTME 39 
CTME 40 
CTME 41 
CTME 42 
CTME 43 
CTME 44 
CTME 45 
CTME 46 
CTME 47 
CTME 48 
CTME 49 
CTME SO 
CTME SI 
CTME 52 
CTME S3 
CTME 54 
CTME 55 
CTME 56 
CTME 57 
CTME 58 
CTME 59

Figure 38. FORTRAN Source of Time Conversion and Parameter
Setting Routine, CTME
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SUBHOUTINE FIRE

COMMON /GC0M2/ 00(25).OOL(BS), OTFUL.DTNOw,I SEES•LFL AG(I I 1NNEOO.NNEOStNNEQT,SS(PS),SSL(PS),TTNEX 
C

COMMON /AREAS/ TTR. APHE, YRN• RCR• TA. PAF 
C COMMON /STVBL/ I ACT,IBM,IEM,GPMO,PI,ACRE C COMMON /DATE/ BYR,BMO.XPY,XPM,XPW,XPO,XPH,IYR,IMO,I TP

------------------  FIRE CONSTANTS -------------------

ABRN -  TOTAL AREA BURNED (ACRES)
ASPR -  AREA OF SUPPRESSION ROADS CONSTRUCTED (ACRES) 
PTLS -  PERCENT OF BURNED STEMS LEFT STANDING (.%)

COMMON / F I R E S /  ABRN,ASPR.PTLS 
C 
C
C ♦«♦♦♦♦♦«»♦ FIRE SYSTEM

C
C • • •  AUXILARY EQUATIONS 
C
c PRF -  PERCENT OF BlPRODUCTIVE AREA RANGE (.%>
C ARGB -  AREA OF RANGE BURNED (ACRES)
C ARTR -  AREA OF RANGE TO SUPPRESSION ROADS (ACRES)
C AFSB -  AREA FOREST BURNED (ACRES)
C AFTR -  AREA FOREST TO SUPPRESSION ROADS (ACRES)
C TPAL -  TREES PER ACRE LIVE (TREE/ACRE)
C TPAD -  TREES PER ACRE DEAD (TREE/ACRE)
C FLPA -  TIMBER FUEL LOAD PER ACRE (TON/ACRE)
C VPT -  VOLUME PER TREE (CU-FT/TREE)
C AHT -  AVERAGE TREE HEIGHT (FT)
C EARF -  EFFECTIVE AREA OF RANGE IN FOREST (ACRES)
C PFAL -  PERCENT EFFECTIVE FORAGE AREA LOST (.%>
C PANL -  PERCENT ANIMALS LOST (.%)
C

PRF=SS( 2 ) / ( S S ( 2 ) , S S ( 3 ) )
ARG8=ABRN»PRF 
ARTR=ASPR«SS<2)/TA 
P R F = S S ( 2 ) / ( S S ( 2 ) « S S ( 3 ) )
AFSB=ABRMe ( I .O-PRF)
AFTR=ASPRe PAF
T P A L = S S ( ! 2 ) / S S ( 3 l
TPAO=SS( 13) /SS( 3)
FL PA =S S( 1 5) / SS (3 )
VPT = VOLPt ( S S d A )  , AHT )
E ARF = AMAXI ( O . O , SS ( 3 I - SS ( 12 ) e P IZACREe ( ( AHTe O . I ) e e 2 . O) ) e 

I EXP1 - 0 . 5 " ( S S ( I S) Z S S  I 3 , ) e e 2 . O I 
PFAL=( ARGBfARTH,EARF/SSI 3 ) " (AFSBfAFTR I ) / ( EARF,SS(2)  I 
PANL=I. O-EXP( - ( 3 . S e AtiRN,ASPR/ T A ) e e 2 . 0 )

C

FIRE I
FIRE 2

NFLAG,FIRE 3
FIRE 4
FIRE 5
FIRE 6
FIRE 7
FIRE 8
FIRE 9
FIRE 10
FIRE 11
FIRE 12
FIRE 13
FIRE 14
FIRE 15
FIRE 16
FIRE 17
FIRE 18
FIRE 19
FIRE 20
FIRE 21
FIRE 22
FIRE 23
FIRE 24
FIRE 25
FIRE 26
FIRE 27
FIRE 28
FIRE 29
FIRE 30
FIRE 31
FIRE 32
FIRE 33
FIRE • 34
FIRE 35
FIRE 36
FIRE 37
FIRE 38
FIRE 39
FIRE 40
FIRE 41
FIRE 42
FIRE 43
FIRE 44
FIRE 45
FIRE 46
FIRE 47
FIRE 48
FIRE 49
FIRE 50
FIRE 51
FIRE 52
FIRE 53
FIRE 54
FIRE 55

Figure 39 FORTRAN Source of Fire Routine, FIRE
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STATE EQUATIONS FIRE 56
FIRE 57

( I )  -  BURNED AREA (ACRES) FIRE Sfl
I 2)  -  RANGE AREA (ACRES) FIRE 59
( 3) -  FOREST AREA (ACRES) FIRE 60
( 5)  -  CLOSED ROAD AREA (ACRES) FIRE 61
( fl) -  BURNED SOIL MOISTURE I IN) FIRE 62
( 12)  -  NUMBER OF GROWING STEMS (TREES) FIRE 63
( 13)  -  NUMBER OF STANDING DEAD STEMS (TREES) FIRE 64
( 15)  -  TIMBER OF FUEL LOAD (TONS) FIRE 65
( 16)  -  l i v e  forage  load ( t o n s ) FIRE 66
( 17)  -  DEAD FORAGE LOAD (TONS) FIRE 67
( IR)  -  NUMBER OF CARNIVORE (ANIMALS) FIRE 68
( 19)  -  NUMBER OF SMALL ANIMALS (ANIMALS) FIRE 69
( 2 0)  -  NUMBER OF HERBIVORE (ANIMALS) FIRE 70
( 21)  -  EROSION (ACRE-IN) FIRE 71

FIRE 72
S S ( I ) = S S  11) ♦ABRN FIRE 73
S S ( 2 ) = S S ( 2 I-ARGfl-ARTR FIRE 74
SS( 3) =S S( 3) - AF S8- AF TR FIRE 75
SS (S )= SS ( S) - AS P R FIRE 76
S S ( B ) = I S S ( 9 ) «ARGB*SS(1 0 ) «AFSB)/ABRN FIRE 77
S S ( 1 2 ) =SSI I 2 ) -THAL0 I AFSB-AFTRI FIRE 78
SSI I 3 ) = SS ( I 31-TPAD0 (AFSB-AFTR)♦ (TPAL-TPADI0 AFs b 0PTLS FIRE 79
S S ( I S ) = S S  (15)-FLPA°AFSf( FIRE 00
S S I l 6 ) = SS ( 1 6 ) -SS 11 6 ) 0PFAL FIRE Al
S S (I 7 ) = SS (I 7 ) - S S (I  7 ) -HFAL FIRE 82
S S ( I R ) = S S ( I f l ) - S S ( I R ) - P A N L FIRE 83
S S (I  9 ) =SS 11 9 ) - S S (I  9 ) -PANL FIRE 84
S S ( 2 0 I=SS 12 0 I - S S ( 2 0 I-PANL FIRE 85
S S ( Z l ) = S S ( Z l ) - A B R n0O. I -ASPR FIRE 86

FIRE 87
ITP = A FIRE 88

FIRE 89
RETURN FIRE 90

FIRE 91
END FIRE 92

Figure 39. (continued)
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SUBROUTINE ROAOHLD
COMMON /OCOMl/  ATR I B 16) , UEVNT. MFA. MFE(6)  «MLE(61 ,MSTOP

I NAPO«NNAP( t NNATR «NNFIL *NNO(6 I «NNTRYtNPRNTiPPARM( P S t A ) «TN( 
Z tTTCLRt TTF lNt TI RI H(6)  t TTSET 

COMMON /OCOMZ/ DD( Z S l t DDL( ZSI t DTFUL t DTNOW11SEESt LFLAG( I ) 
INNEODtNNEOSiNNEOT t S b ( Z 5 I t SSL (ZS) . ITNEX 

COMMON /GC0M3/ AAERkt DTMAX.OTM IN. OTSAV. 11TES.LLEPR. LLSAV,LI 
IRRtTTLAStTTSAVtkESLS

COMMON /ROADS/ XMRDtAWTHtACRTtPRTC

COMMON /AREAS/ TTRtAPHEtYRNtRCRtTAtPAF

COMMON /DATE/ BYRtBMOtXPYtXPMt XPWtXPDtXPHtIYRtIMOtITP

COMMON /STVBL/ IACTt I BM. IEMtGRMOtPI.ACRE

LOGICAL IACT 

DETERMINE AREA OF CONSTRUCTION AND SET CONSTRUCTION RATE

ACON = XMROe AWTHe . I Z l Z l Z l Z  
RCR=ACRTe I 6 . Oe ACONZXMRD

SCHEDULE END OF CONSTRUCTION

ATRIB(I I =TNOW.ACONZRCRe XPM 
ATRIB(Z)=IR.O
ATRIB( 3 ) =ATR I B ( 4 ) =ATRIB( 5 ) =ATRIB( 6 ) = 0 . 0  
CALL FILEM ( I )

ITP=S
IACT=.TRUE.

RETURN

CLOSE ROADS

ENTRY ROAOCLO 
ACON=SS( 4 ) e PRTC 
S S ( 4 ) = SS ( 4 ) -ACON 
S S ( S ) = S S ( S ) e ACON

ITP = G

RETURN

END

ROAD I
NROAO Z
GkOAD 3

HOAD 4
I, ROAD S

ROAD 6
1EROAD 7

ROAD 8
HOAD 9
ROAD 10
ROAD I l
ROAD IZ
ROAD 13
ROAD 14
ROAD 15
ROAD 16
ROAD 17
ROAD 18
ROAD 19
ROAD ZO
ROAD Zl
ROAD ZZ
ROAD Z3
ROAD 24
ROAD 25
ROAD 26
ROAD 27
ROAD 28
ROAD 29
ROAD 30
ROAD 31
ROAD 32
ROAD 33
ROAD 34
ROAD 35
ROAD 36
ROAD 37
ROAD 38
ROAD 39
ROAD 40
ROAD 41
ROAD 42
ROAD 43
ROAD 44
ROAD 45
ROAD 46
ROAD 47
ROAD 48

Figure 40. FORTRAN Source of Roadbuilding and Closing Routine, ROADBLD
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SUHHOUTINK SIRILOO STRT
DIMENSION NSET I I I STHT
COMMON USET(I)  STRT
COMMON / T3COM I /  ATRIB(O) , JEVNT . MF A , MEE (6)  .MLE(S) .MSTOP.NCROR.NSTRT 

I NAPO• NNAP T,NNA TH.NNFIL.NNO(6)  , NN IRY, NPRNI . PPARm I ? S , 4  I , TNOW. TTBFOSTRT 
2 , TTCLR,TTFIN.TTRIH(O) .TTSFT STRT

COMMON /GC0H2/  UO(25 I ,UOL(ZS) . OTFUL. OTNOw. ISEES, LFL AG( I ) ,NFLAG,STRT
INNEOO.NNEOS.NNEUT, S S ( 2 5 ) , S S L ( 2 5 ) .TTNEX STRT

COMMON ZGC0M3/ AAERR.UTMAX.OTMIN.OTSAV.I I TES, LLERR. LLSAV, LLSEV, RRESTRT 
1RR.TTLAS.TTSAV,RtSLS STRT

COMMON /GCOMA/ OTPLT(IO).HHLOW( 2 5 ) ,HHWIO( 2 5 ) . 11 CRD,I I TAP( I O I .JJCFLSTRT 
1 ( 1)  .LLAHC ( 2 5 . 2 )  .LL AHH ( 2 5 . 2 )  . LL A BP d  1 . 2 )  .LLABT ( 2 5 , 2 )  ,LLPHI I 10) .LLSTRT 
2 P L O ( 1 0 ) . L LPLT. LLS UP( IS ) . LLS YM(I O) , MMPTS . NNCEL( 2 5 ) , NNCLT , NNHI S , NNPLSTRT
3 T , NNPTS(IO) .NNSTA,NNVAR(IO) .PPHI( 1 0 ) . P P L O ( I O ) . I ISUB( 1 0 , 1 0 )  STRT

COMMON /UGCMI/  W . X . Y . Z . I . J . K . L . M . N  STRT
COMMON /UGCM?/ NLOAO,NFEL.NHUCK.NPBCH.NSKO,NSTK,NPTK.!BUCK,!TREE. ISTRT 

1 0SY S. L0 SYS, I LHLP. I FHLP. I WA I T, I F I LL . I VLWD. I S I WU, IP I WD, TPULP• TSAW. TPSTRT 
ZROO.WPROO.TIOaY.OUOTA.QUOTAI,PLPLN.LORTKd O ) . I VLG( I O I » I Sw( I O I . I Pw( STRT 
3 1 0 ) , TMTM(IO).ThTM(IO) ,  TUTM(IO)1XM I LE ( 1 0 ) ,  OL T I M d O , / )  , LSTUS(IO)  .LODS TR T 
4MXdO) STRT

COMMON /UGCM3/ PMNLD,NALD( 2 ) .NBLKL( 2 ) .LGBLK( 2 ) .NMLBK(2 I , IPLPC( 2 ) . ISTRT 
IP I L E ( 2 ) . I SIBK( 2 ) . IVLBK( 2 ) , I VLLO( 2 ) , I S I L D ( 2 ) . I P I L O ( P ) , K S Y S, ITW(10)  STRT 

COMMON /UGCM4/ XM I PA . XM I P R . XM i s . S O 1 S T , S P t O (I  0 . 2 ) , NSKL « I BhLP,MAINT( STRT
HO) .JSWBK HO)  ,NCREW HO)  ,WFCTR(IO) , TRIPS HO)  « TSTP(IO) , PRFRE . SRFRE , PSTRT 
PRFRF.SRFRF,JUHVR,JOHVR.UHSKO.UHSKD.OBSTP.COIST.Sl ANO.LNUMO.NSOLO.ASTRT 
3OlAP,ADIAB,AOIAT,HGHTM,MCHUB,TPOST,MNSKn,MXSKO«TOIST(10),ASTIM.SLOSTRT 
4PE.CHSP1,CHSPP.NCHST.NARC.NBLKR,IVLRO,IS I hD« I P I fiO STRT

COMMON /UGCMS/ TEND/ ,CSNEWt1 0 ) , CSLVG.USLFE(I  O) .EYOH.CFUELd O) ,FLCMSTRT 
I P d  0) .CSRPRdO I . WAGEldO) .WAGE2.CMANT HO)  » CS INS,  CS INT , CST AX , CSOWN ( STRT 
210)  .CT IRE HO)  ,CSOPR(IO) ,TMMNT(IO) , IFELL , CXTRA (I  O ) , I TRUK , T AM IL «LNGWST R T 
3 K , OVRAT.PRULY H O ) , I VLGP( IO) . TMTMPdOl . THTMP(IO). TUTM211 0 ) .DLTMP I IOSTRT
4 , 7 ) , X M I L P( I O) .NEXSW,NFMtLCAT.NORPT.NWRPT STRT

C STRT
COMMON /DATE/ BYR.BMO.XPY. XPM. XPW. XPD. XPH. IYR, TWO,ITP STRT

C STRT
COMMON /STVBL/ I ACT, IBM• IEM. GRMO.PI . ACRE STRT

C STRT
EQUIVALENCE (N5ET( I ) . OSET( I ) I STRT

C STRT
LOGICAL IACT STRT

C STRT
IACT=.TRUE. STRT
IF ( I TREE . L E . O ) I TREE =S S dP )  STRT

C STRT
C STRT
C«»«w»NOW SCHEDULE INITIAL SIMULATION EVENTS -----  INCLUDED IN THIS TIME STRT
C*a « » • W ILL BE INITIAL MORNING MAINTENANCE STRT
C STRT

TTBEG=TNOW STRT
C STRT
Cw»w»»STORE LOADER IN FILE WAITING FOR TRUCKS STRT
C STRT

IF (NLOAO.LE.O) GO TO IO STRT
A T Rl Bd  ) =TNOW STRT
ATRIB(P)=O.O STRT

12
3
4
5
6 
7 B 
91011

12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
5051
52
53
54
55

Figure 41. FORTRAN Source of Harvest Starting Routine, STRTLOG
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LSTUS(NLOAD)=O STNT
ATRIO( 3 ) =TMMNT(NLOAD)«TN0W STRT
ATRlH( A) = 0 . 0  STRT
AT RI B( S) =O. 0 STRT
ATR 111 (6) =NLOAD STRT
CALL FILEM (2) STRT
DLTIM(NLOADtS)=TMMNT(NLOAD) STRT

C STRT
[ . . . . . S C H E D U L E  FELLERS ARRIVAL AT THE TREE STRT
C STRT

10 MM=NLOADtl STRT
NN=MMtNFEL-I STRT
IF (NFEL.LE.O) GO TO 30 STRT
DO 20 IJ=MMtNN STRT
CALL TRlPT ( I j ' t 2 1 t T I MtDISTtO) STRT
ATRIB(I)=TNORtTIMtTMMNT(IJ)  STRT
ATR I R ( 2 ) = 9 , O STRT
ATRIB(3)=TIM STRT
ATRIB(A)=O.O STRT
ATRIB( 5 ) =DIST STRT
A T R l B ( S ) = I J  STRT
CALL FILEM ( I )  STRT
LSTUS( I J ) =2 STRT

20 DLTlM(IJ tS)=TMMNT(IJ)  STRT
C STRT
c . . . . . S C HE D UL E BUCRERS ARRIVAL AT THE LANDING STRT
C STRT

30 MM=MMtNFEL STRT
NN=NNtNBUCK STRT
IF ( NBUCK.LE. O) GO TO SO SlRT
DO AO IJ=MMtNN STRT
ATRIB(I)=TNOWtTMMNT(IJ) STRT
A T R I 8 ( 2 ) = 1 . 0  STRT
ATRI B( S) =I O0*A STRT
ATRIB(A)=-S.O STRT
AT RI B( S) =I .O STRT
A T R I B( S) = IJ  STRT
CALL FILEM ( I )  STRT
LSTUS( IJ ) =A STRT

AO DLTlM(IJ tS)=TMMNT(IJ)  STRT
C STRT
[ . . . . . S C H E D U L E  PREBUNCHERS OR SKI DOERS ARRIVAL AT THE TREE STRT
C STRT

SO MM=MMtNBUCK STRT
NN=NNtNPBCHtNSKD ' STRT
JJ=NN-NSKD STRT
IF (NPBCH.GT.O) GO TO 60 STRT
IF (NSKD.LE• O) GO TO 130 STRT

60 DO 120 IJ=MHtNN STRT
IF ( I J . L E . J J I GO TO 9u STRT
IF (NSKL-I)  TOtBOilOO STRT

. 70 CALL TRIPT ( I J i 2Ai TIMi OIST i O) STRT
ATR I R ( 2 ) = 9 . 0  STRT
GO TO I 10 SlRT

80 IF (NPBCH.LE.O) GO TO 90 STRT

Figure 41. (continued)
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CALL T W I M I I I J f  H t T I M t O I S T . U> SIRT 111
ATF<IR(2> = 1 3 . 0 STk T 112
GO TO I I O SIRT 113

90 CALL THIkT ( I j . I l v TI M fD l ST t O ) STHT 114
A T R I R l ? ) = 9 . 0 STRT 115
GO TO 110 STRT 116

100 IF (MCHUR.LT.2) GO TO 90 STRT 117
CALL TRIHT I I J v 1 9 . T IM. DISTvJ l STRT 118
ATRI H( 2) =9 . 0 STRT 119

n o ATHIBt I I =TNOWvT I MvTMMNT( I J ) STRT 120
A T Hi n o i = T I M STRT 121
ATRIB14)= 0 . 0 STRT 122
ATRIB( 5 ) =DI SI STRT 123
ATRI B( 6) =1J STRT 124
CALL FlLEM I I I SlRT 125
DLTIM(IJvS)=TMMNT(IJ) STRT 126

120 LSTUS(IJ )=G STRT 127
STRT 128

•s che du l e  truck a r r i v a l s  TO LANDING SIRT 129
STRT 130

130 MM=MM*NPBCH»NSKD STRT 131
NN=NNvNSTKvNRTK STRT 132
IF ( (NSTKvnPTk ) . L E . O )  GO TO 190 STRT 133
DO 180 IJ=MMvNN STRT 134
IF ( KSYS. E0.2)  GO TO 140 STRT 135
CALL TRIPT ( I J . 3 . T I M . D I S T . 0 ) STRT 136
GO TO 160 STRT 137

140 J=NN-Nd TK STRT 138
IF I I J . LE. J ) GO TO 150 STRT 139
CALL TRIPT ( I J . b . T I MvDI STvO I STRT 140
AT R IB ( 2) =3 . 0 STRT 141
GO TO I 73 STRT 142

150 CALL TRIPT I l J v 5 . T IM. OISTv0) STRT 143
160 A t r I B (2) = i . o STRT 144
170 ATRIBllI=TNOVvTIMvTMMNT(IJ) STRT 145

ATRIB(3)=10»»4»TIM STRT 146
AT RI B( 4) =0 . 0 STRT 147
ATRIB(S)=DIST STRT 148
ATRIB(G)=IJ STRT 149
CALL FILEM ( I ) STRT 150
O L T I M d J . S I  = I mMNT(IJ) STRT 151

180 L S T U S ( I J ) =3 STRT 152
STRT 153

•NOW SCHEDULE THE END OF THE FIRST DAY STRT 154
STRT 155

190 ATPIB I I I=TNOWvTIDAY STRT 156
ATRlB( 2 ) = 8 . C STRT 157
ATRIRl3 1 = 0 . 0 STRT 158
ATRIB( 4 1 = 0 . 0 STRT 159
ATRIR( 5 ) = 0 . 0 SIRT 160
ATRlB(G)= 0. 0 STRT 161
CALL FILEM 11 I STRT 162

STRT 163
ITP = 7 STRT 164

STRT 165
RETURN SIKI I 66
END STRT 167

Figure 41. (continued)
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c
c
C

C

C

SURHOUTIME ENDLOG ENDL
COMMON /GCOMl/ ATHIB(O) . JEVNT.MFA.MFE(6)  .MLE(O) . MSTOP. NC«0R. NENDL 

I NAPO,NNAPT.MNA FR.NNF I L . NNQ(O) .NNTRY.NPRNT.PPARM( ? S . A ) .TNOw,TTAEGENUL 
3 . TTCLR.TTF I N . TTNTH(O) .TTSET ENDL

COMMON /GCOM?/ UD( 2 5 ) » DDL(25)  .OTFUL. DTNOH. I SEES.LFL AG( I ) ,NFLAG.ENDL 
TNNEUn.NNEOS.NNEQT.SSI2S) ,SSL(2S) , TTNEA ENUL

COMMON /GC0M3/ AAERR.OTMAA.DTMIN.UTSAV.II TES, LLERR,LLSAV, ELSEV, RREENDL 
1RR.TTLAS.TTSAV.RESLS ENDL

COMMON /GCOMA/ UTPLT(IO).MHLOW(ZS).HHWIO(ZS), I I CRD.I ITAP( 1 0 ) ,JJCELENDL 
1 ( 1 )  , LLABC( ZS. Z ) ,LLAHHIZS,2 ) .LLAHPl I I . Z ) . LLART( ZS. 2 ) . L L P h I ( 1 0 ) ,LLENOL 
ZPLOdOI  , LLPLT, LLSUP(IS)  ,LLSYM(IO) . MMPTS ,NNCEL ( ZS) .NNCL T . NNH I S . NNPLENDL 
3 T , NNPTS(IO) ,NNSTA,NNVARdOI .PPHI (10)  , PPLO(IO)  , I I SUUd 0 , 1 0 )  ENDL

ENDL
COMMON /STVBL/ I ACT, IBM,I CM,GRMO,P I,ACRE ENDL

ENDL
LOGICAL IACT ENDL

ENDL
TACT=.FALSE. ENOL

ENDL
I INN=NNPLt ENDL
NNPLT=O ENDL
CALL SOTPUT ENDL
NNPLT=IINN ENOL

ENDL
•••CLEAN UP FILE Tl ENDL

ENOL
10 IF (NNQd)  .LE.O)  GO TO 20 ENDL

CALL RMOVE (MFE(I  I , I ) ENDL
I J = ATRIB(Z) ENDL
IF ( I J . G T . O . A N D . I J . L T . 1 5 )  GO TO 10 ENDL
CALL FILEM (6)  ENDL
GO TO 10 ENDL

20 IF ( NN 0I 6) .L E. O)  GO TO 30 ENDL
CALL RMOVE ( M F E( 6 ) . 6 )  ENOL
IJ=ATRIB(Z)  ENDL
IF ( I J . G T . O . A N O . I J . L T . 1 5 )  GO TO 20 ENOL
CALL FILEM ( I ) ENDL
GO TO 20 ENDL

30 CONTINUE ENDL
RETURN ENDL

ENOL
END ENDL

IZ
34
5
6
7
8 
9
1011IZ
13
1415
16
17
18
1920 
21 
22
23
2425
26
27
28
29
30
31
32
33
34
35
36
37 
39
39
40
41
42

Figure 42. FORTRAN Source of Harvest Ending Routine, ENDLOG
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SUnWOUTlNE GPLOT ( I T L . XX, T. !PLOT) GPLO
OIHENblON X X ( 6 ) . PLOG(O). PH IG( O) . NUUT( 1 1 7 ) ,  RANGE(O), ITTL(T) GPLO 
DIMENSION NNPTS(O),LLSTM(O),LLABP( 6 ) » I P C I ( 6 ) ,NNVa p ( 5 ) « I TLE(3)  GPLO
COMMON /GCOMI/  ATRIB(O) ,JEVNT,Hf A, MFE10) ,MLE(6) , MS!OP,NCHOR«NGPLO 

INAPO,NNAPI, NNA IR,NNfIL,NNO( o ) , NNTRT, NPRNI ,PPARM(PS,A I , TNOW. TTHEGGPLO
2 , TTCLRfTTf lN.TIRIH(O)  ,TTSET GPLO

DATA ! P L U S , I B LNK, IAST, IPRO, 1 « I N / I H , , I H , I H«, 1 H . , I H - /  GPLO
C GPLO

DATA ITTL/3HYSS,3HM0S,3HWKS,AHFIREiAHROAO,AhCLRO.AHHARV/ GPLO
C GPLO

DATA NNVAR/ 6, 6 , 5 * S * 6 /  GPLO
DATA NNPL1 / 5 /  GPLO
DATA LLABT/8HTIME /  GPLO
DATA NNPTS / 6 ° 0 /  GPLO
IF (!PLOT) 1 0 0 , 1 1 0 , 1 0  GPLO

10 IT=IPLOT GPLO
NVAR=NNVAR I !PLOT) GPLO

60 WRITE MT) ITLfT., (XX ( I )  , 1 = 1 , NV AR) GPLO
90 NNPTS( IPLOT) =NNPTS( !PLOT)»1 GPLO

GO TO 760 GPLO
100 I F P = - I P L ot GPLO

ILP=IFP GPLO
GO TO 120 GPLO

H O IFP=I  GPLO
ILP=NnPLT GPLO

120 DO 750 N = I FP , I LP  GPLO
IT=N GPLO
NVAR=NNVAR(N) GPLO

I 3o rewi nd  i t  gplo
READ I IT) LLP LT , I TLE.LLSYM,LLABP GPLO

I AO NPT=NNPTS(N) GPLO
IF ( LLPLT.LE, O) GO TO 150 GPLO
WRITE (NPRNT.B3C) N . ITLE GPLO
WRITE (NPRNT.810)  LLABI , (LLABP( I ) , I = I . NVAR) GPLO

150 DO 160 I = HNVAR GPLO
P L O G ( I ) = I . E20 GPLO

160 P H I G ( I ) = - I . £20 GPLO
DO 290 J=I fNPT GPLO

230 READ I IT I I TL. TSN. (XX( I ) , I = 1 , NVAR) GPLO
DO 270 IP=I,NVAR GPLO
IF ( XX lI P) - PL OG( I P)  I 2 4 0 , 2 5 0 , 2 5 0  GPLO

240 PLOG(IP)=XX I IP)  GPLO
250 IF ( X X ( I P ) - P H I G M P ) )  2 7 0 , 2 7 0 , 2 6 0  GPLO
260 PHI G( I P) =XX (I P)  GPLO
270 CONTINUE GPLO

IF (LLPLT.LE.O) GO TO 290 GPLO
280 WRITE (NPRNT.820)  ITTL(ITL)  ,TSN,  (XXM) , I = I ,NVAR) GPLO
290 CONTINUE GPLO

IF (LLPLT.LE.O) GO TO 295 GPLO
WRITE (NPRNT,840)  (PLOG( I ) , I = I , NV AR) GPLO
WRITE (NPRNT,850)  ( PHI G( I ) . I = I , NVAR) GPLO

295 IF ( LLPLT.EO. l I  GO TO 720 GPLO
300 WRITE INPRNT,770)  N , ITLE GPLO

DO 410 I = I ,NVAR GPLO
400 RANGE ( I ) = P H I G ( I ) - P L O G ( 11 GPLO
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Figure 43. FORTRAN Source of Output Plotting Routine, GPLOT



159

OR=RANGE( I ) » . 2 5  UKLU
0 ] =PL0G( I ) *QR GPLO
0 2 = 0 1 * OR GPLO
03=02*0R GPLO

410 WRITE (NPRNT*7dOI LLSYH(I) ,LLARPI I I .PLOGl I ) . 0 1 . 0 2 , 0 3 .  GPLO
I P H l G ( I )  GPLO

WRITE (NPRNT.7N0) LLABT GPLO
WRITE (NPRNT.SHO) GPLO

440 REWIND IT GPLO
REAO ( I T)  LLPLT GPLO
READ ( I T)  I T L . T S N , ( XX( I ) , I = I ,NVAR) GPLO
IPT=I  GPLO
GO TO 480 GPLO

460 ITL=ITX GPLO
IF ( IPT.EQ. NPT)  GO TO 480 GPLO
IF ( I TL. GT. 3 )  GO TO 4 6 5  GPLO
IF (I  T L . N E . ITLLI GO TO 480 GPLO
I Y = TS N »1 00 0 0 . 0 «0 .5  GPLO
IF ( I  T L . N E . I )  GO TO 461 GPLO
IF ( I Y . E O . I Y / 1 0 ' 1 0 )  GO TO 463 GPLO
GO TO 46 9 GPLO

461 IM=TSN GPLO
IF I I N . NE .I  I GO TO 469  GPLO

463 OO 464 J =2 , I CO GPLO
464 NO UT( J) =I mIN GPLO

GO TO 474 GPLO
465 DO 466 J = 2 , 1 0 0  GPLO
466 NOUT(J)=lPRO GPLO

GO TO 474 GPLO
4 69  OO 470 J = 2 . 100 GPLO
470 NOUT(J)=IBLNK GPLO
474 DO 475 J = I . 1 0 1 , 2 5  GPLO
475 NOUT I J I  = IPLUS GPLO

GO TO 486 GPLO
480 DO 484 J = I , 101  GPLO
484 NOUT(J)=IPLUS GPLO

ITLL=ITL GPLO
486 OO 487 J  = 1 0 2 , 1 17 GPLO
487 NOUI(J)=It iLNK GPLO

NCOUN = 103' GPLO
OO 620 IP=I,NVAR GPLO
PLl P=XX( IP)  GPLO
IF (PL I P-PLOG( I P ) )  6 2 0 , 4 9 0 . 4 9 0  GPLO

490 IF ( P L I P - P H I G t I P )  I 5 0 0 , 5 0 0 , 6 2 0  GPLO
500 IF (RANGE I I P ) I 6 2 0 , 6 2 0 , 5 1 0  GPLO
510 NPCT = IPLIP-PLOG( IP I ) « I OO. /RANGE( I P ) ♦ I . 5  GPLO

IF I I P T . L E . l ) GO TO 515 GPLO
IF ( N . E 0 . 2 I  GO TO 515  GPLO
IF I N. E U . 4 . ANO.IR.EU.11 GO TO 515 GPLO
IF ( N . E O . S . A N O . I P . E 0 . 2 )  GO TO 515 GPLO
11 =MINO( I PCT( I P ) , N P C T - I )*1 GPLO
12 = MAX0 ( IPCT ( IP)  , N P C T . D - l  GPLO
GO TO 516 GPLO

515 I l=IP=NPCT GPLO
516 I PCT( I P ) =NPCT GPLO
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Figure 43. (continued)



160

OO 615 1= 1 1 . 12 GPLO 111
N O N p  = N O U T ( I I GPLO 112
I f  ( N O N P . f O . L L . r H U P )  ) GO TO 615 GPLO 113
I f  ( NO N P. E O . I 8 L N < . 0 k . N 0 N P . f U . IPLUS.OR.NONP.ECI. IPRO.CIR. GPLO 114

I NONP.fO. !MINI GO TO 600 GPLO 115
560 I f  (NCOUN-I 17) 5 7 0 . 6 1 0 , 6 1 0 GPLO 116
570 DO 590 J  = I 0 3 » NCO' 1N. 3 GPLO 117

I f  (NOUT( J . I I-LLSYM I I P ) ) 5 9 0 , 5 8 0 . 5 9 0 GPLO n s
580 I f  (NOUT(J)-NONPI 5 9 0 . 6 1 5 , 5 9 0 GPLO 119
590 CONTINUE GPLO 120

NOUT(NCOUN)=NOUT( I I GPLO 121
NOUT(NCOUN♦ I I=LLSYMI IP) GPLO 122
NCOUN = NCOUNO GPLO 123
GO TO 615 GPLO 124

600 NOUT I D=LLSYM ( IP) GPLO 125
GO TO 615 GPLO 126

610 N0UT(117)=IAST GPLO 127
615 CONTINUE GPLO 128
620 CONTINUE GPLO 129

TSL=TSN GPLO 130
I f  ( IPT-NPT)  6 6 0 , 7 1 0 , 7 1 0 GPLO 131

660 READ ( I T)  I TX.TSN. ( XX( I ) , I = I ,NVAR) GPLO 132
IPT = I P T U GPLO 133
I f  (TSN. E0. TSL)  GO TO 460 GPLO 134
WRITE (NPRNT. 8 0 0 )  I TTL( I TL) » TSL»NOUT GPLO 135
GO TO 460 GPLO 136

710 WRITE (NPRNT.800) I TTL( I TL I , TSL. NOUT GPLO 137
WRITE (NPHNT.aaO) GPLO 133
WRITE ( NPRNT. 7 9 0 )  LLABT GPLO 139

720 I =NPT ttNVAR GPLO 140
WRITE ( NPRNT, 8 6 0 )  NPT. I GPLO 141
NNPTS(N)=O GPLO 142

740 REWIND IT GPLO 143
I f  .(!PLOT) 7 6 0 , 7 5 0 , 7 6 0 GPLO 144

750 CONTINUE GPLO 145
760 return GPLO 146

GPLO 147
770 f ORMAT ( 1H1. 56X, 13H»»PL0T NUMBER. 13 , 2 H » * / 5 1 X, 3 A 1 0 / / 5 9  GPLO 148

I X, I 4HSCALES Of PLOT) GPLO 149
780 f  ORMAT ( I X , A l , IH=,  AlO , E 1 1 . 4 , 4 ( 14X, E 1 1 . 4 ) ) GPLO 150
790 f  ORMA T ( I HO, 3X• AS, 3X, I HO. 4 X, I HS. 3X. 2H10 . JX. 2H15 . 3X. 2H20, 3X.  2H25 » 3 GP LO 151

I X , 2 H 3 0 , 3 X , 2 H 3 5 . 3 X , 2 H 4 0 , 3 X , 2 H 4 5 , 3 X , 2 H 5 0 , 3 X , 2 H 5 5 . 3 X , 2 H 6 0 , 3 X , 2 H 6 5 , 3 X , G P L O 152
2 2 H 7 0 . 3 X . 2 h 7 5 . 3 X f 2 H 8 0 t 3 X . 2 H 8 5 . 3 X . 2 H 9 0 f 3 X . 2 H 9 b . 2 X . 3 H l O O » I X . IOHUUPLICGPLO 153
3ATES) GPLO 154

800 f  OWMAT 11 X , A 4 , F B . 4 , 2 X . 1 17A1I GPLO 155
810 EORMAT (2X.A9 « 10 ( 2 X « A 1 0 ) / ) GPLO 156
820 f ORMAT <I X , A 4 , f 8 . 4 , 1 0 ( E 1 2 . 4 ) ) GPLO 157
830 FORMAT ( I H l . 4 0 X , 1 4 H « » TAbLE NUMBER, 1 3 , 2 H « * / 4 h X, 3 A 1 0/ ) GPLO 158
840 FORMAT (/4X,7HM1NIMUM.I OE l 2 . 4 ) GPLO 159
850 FORMAT (4 X, 7 HMAXIMUM. 10 E 12 .4 ) GPLO 160
860 FORMAT (/ /X5X,21HOUTPUT CONSISTS OF , I 6 . I 3 H POINT SETS ( . 1 6 . BH PGPLO 161

IOINTSl  I GPLO 162
870 FORMAT ( SX, 2 1 HSTORAGE ALLOCATED F 0 R . I 6 . 1 3 H  POINT SETS I , 1 6 , BH WORDGPLO 163

IS )/5X,21HSTORAGE NEEDED F OR, 1 6 , 13H POINT SETS ( . 1 6 , BH WORDS I IGPLO 164
880 FORMAT (7X.5HM YR) GPLO 165

GPLU 166
END GPLO 167

Figure 43 (continued)
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