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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 1-
INTRODUCTION

Multiple Use Management

Society's growing concern for ”coﬁservation” 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. C

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 iﬁpoftant and complicated as the
competition for limited and interrelated resources increases.

While the basic concept of multiple use is generally accepted, its
'applicatioﬁ is still.a difficult process. As outlined by Ridd (1964) -

the term "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 thé production and management of the variéﬁs resources or resource
combinations on that land area. These managed resources may be
competative or complementary to omne anothér. When applied to
resources, 'multiple use' refers to the various uées of those resources,
For example, the water resource can be used for irrigation, municipal
and industrial water, esthetics or recreation. Timbér can be used for
lumber, pulpwood, estheticg or Tecreation. Figure 1 (Ridd, 1964)
- provides' an overview of possible relétion;hips between resources and
resource uses. |

Multiple use land management involves both the multiple use of
individual.resources and the multiplé us€ of the land areas. A demaﬁd-
for a particular resource for a specific ﬁse will place demands on a
land area where that resource is'pfoduced.

"When speaking of multiple use, the fqur reédurces; water, timber,
forage, and wildlife, are generaily digcussed aloﬁg with recreation.
However,'recfeation is acfually a use to which the resources are put.
This recreational use is centered primarily on one‘resource; however,
the ”quality” of the fecreation is influenced by several resourées
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 operatioﬁ

started in any forest will affect not only the timber resource, but also
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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 tne land area in the'United States is in'forest3 brush,
or.rangeland. Of this area, the Forest Service has the responsibility
for managing 187 million acres te obtain sustained flows of goods and
services.under the multiple use management concept. This philosophy
requiree the balancing of various land uses to minimize conflicts while
‘providing for a eustained'yield over an extended time period.

With‘growing pressures frem timber and cattle interests fer
specific resource uses, the Foresf Service became more and more
" production oriented in its management. This was .at times accomplished
to the long tefm detriment of the .total environment. Timber and forage
production inereased 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 environmenf; [and] to premote‘efforts which will
prevent or eliminate damage to the environment" (USDA, 1974:243). "This

policy is one of balancing the amenities or duality of life against the
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continued use.of rehewable resources" (Lebpold5 1975:609). Reéogﬁi%iﬁg—
that man's activities do impéct the interfelafionships of the eqosyétem
components, the ﬁénagér must prépafe a detailed statement of the
énvironmental impacts of any proposed action that ﬁight have an éffect
on the quality of the human environment. |

The Forest Service'hgs been prepériné ”Multiﬁle Use'" or "Land, Use"
Plans to implemenp these directives. A Land.Use Plén is intended to be
a planning docﬁmenp directed at a specifip area of land. - Resource
capabilities. are identified, demands and.resource uses are estimated for
'fhe.present and future, énd management élternativeg are identifiéd and
presented to the public for scrutiny. -Thése.documgnts are brepared and
presented to the public: soliciting and éncouraging public involvement
and participation iﬁ determining management direction. 'Coppledlwith the
Land Use Plan is the Environmental Impact‘Statement which mﬁst be
prepared for any proposed.management action. This statement is an
attempt to identify and quantify the environmental impaété of the
activity. These impac£s must include not only théishort term'imme&iaté
effects, but also the long range effects of-the:actfyity.

'The public land manager is directed:bf-law to manage on a multiple
. use:anq sustained yield basis. He must analyze and document the-
enviroﬁmeﬁtal consequences of propbse& 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 algo include the
long range time. dependent effects. The system being impacted is a
complex maze of interrelated interactiﬁg,cause-effect relationships.

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

look at timber harvesting. The interactive influenceswéf‘timber
harvesting oﬁ the system might be illustrated as in Figure 2. For.
measurable impacts, we are primarily interested in the effects on the a
other resources and resource uses for the area.‘ The harvesting'of
timber from a given area and the method used in harfesting will have a
direct effect upon other resources sugh as water quality and quantity,
timber availability now and in the future, forage quality and quantity,
and the amount of tyﬁe of wildlife pfesent; These can be both §hort'and
long range effects. :

In addition to these primary.effects, the chaﬁges.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
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Figure 2. The Influence of Timber Harvesting Activity on Resources and Uses
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influences between resourcgé, that is, a change'in water quality might
affect timber or wildlife.

A natural force which -will impact.the system-ih a similar fashion-
-might be fire. Fire will ?emove 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 b?eaks,.etc? What happens if a major portion of
a drainage burns? Once again there are both short and long range
effects.which must be evalﬁated. |

It is this maze of complex, interacting influences which makés
multiple use management such a.difficult principle to pracfice in a
"real" world situation. The resources of an area are affected over a
period of time when a particular ac£ivity impacts tﬁe system. A.
chahge in oné_resource causes change in the other available resources
and their uses.

In this study, a procedure and methédology is developéd to aid the
“manager in anal&%ing the environmental effects of an‘impacting activity.
The aréa is viewed as a whole with resource.responses portrayed over

extended time periods.




Chapter 2
SYSTEMS AND SIMULATION: A METHOD

With continue& advances in computer technology and capabilities,
insights are being gained into complex‘problems by fhe use of sysfems
analysis and simulation. Major components of the system can be |
identified and the relationships between components quantified. These
can then be organizéd in a manner aliowing the designer and manager to
monitor the dynamic responses of fhe ﬁodeled system for extended time
periods. The sensitivity of the system to various inputs or decision

criteria can be presented and evaluated.

The Systems Approéch

Much has been wriﬁten in recent literature on sstems analysis.
Its major impetus began with the success of military scientific teams
during the second World War. After the war, much efférf was put into
applying this kind of thinking to nonmilitary problems. This school
of thought was labeled ”opefatiéns research'" and was applied.fo rather
small problems in production, marketing, and finance. Following these
" initial applications of science ﬁo.management, the electronic computef
grew in its capabiiities.

As the computer grew, so did the scieﬁtist's ability to look at and
solve larger and more complex problems. This increased gbi;itx 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 ﬁidened, 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" (Churéhman,
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.
N

E;//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'é clear statement of the approach taken sé that
its.opponenté 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 attituaes of mind with respeét
'td society. | |

In looking.at systems, Churchman stresses the importance bf thé
scientific approach. For this approach,. he identifies five basic
considerétions. These inclﬁdé the total system dBjectives; the systems
environment;'the resources of thg sys£em; the components Ef the system;
and the management of the system. These.considerations will be explored
further in the next chapter on the dgvelépment of the systems |
macro-model, . .

As ndtgd by Bjerke (1973), Churchman's approach alsé-implies the
need for interdisciplinary study teams. When studying complex problems,
each discipline with its specializations can contribute to a clearer
'understénding of the whole system. However, a trﬁly worthwhile
systems3anglysis.can be déveloped only when’eacﬁ 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 analyéis to the field of ecology amd environment. In an
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ecological system, it is ;een that everything.affects everything else,
and the complexity of interlopking cause-effect pa£hways confronts the
analyst with a superficially baffling problem in scientific analysi;.'
It is this interlocking network which is ghe most Identifying
characteristi¢ of the ecologiégl system. For the e@ologists, an
operational definition‘of a system-is‘”An iﬁterlbcking complex of
processes characterized by many reciprocal céuse-effect pathwéys”
(Watt, 1966:2). A principal‘attribute of an ecological system ig that
we can on}y understand it by viewing it as a whoig. |

Watt identifies some of the most important concepfs of systems
thiinking insofar as fhey can be applied in ecology. Perhaps the most
basic component of this thinking is thé operating maxim...extremely
complex.pfocessgs can be easier undérstood by dissecting them into a
large number of vefy;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+l as a function of the state of the system at time
t. Thus the understanding of the procéss is acquired-mot in terms of
its entire history, but rather in terms of the cause-effect relationships
that operate through'a:typical'tiﬁe interval.

Watt points out fhat another important tenet of systems analysis is
that optimiéation 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 systeﬁs -
_analysis is that of making the optimal choice from aﬁong an array of
-alfernative strategies at each of a sequence of times" (Watf, 1966;4)..
This leadg 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 simulétion for its anélysis.

Watt points out'threé reésons for the prominence of simﬁlation as
a'tool to the systems analyst. Most systems optimization problems are
so complex they cannot be worked out in any stréightforward fashion on
papef. Therefore, a system of trial and error is used to sélve them.
Varioﬁs 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 £ime aVailablé
to follow the exﬁerimenfs throﬁgh to -completion especially if there are
repeated'experiménts to be conducted. Finally, the actual experiments
may not be feasible because the outcome; might have a "ruinous" effect
on- the system being experimented with.

~ The book goes on to discuss such subjects as the organization and
management 6f complex systéms studies, the acquisitibn 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.

Systéms and Simulation

Simulation is an. important tool of the éystemg analyst. Howe&er,
it should be kept in mind ‘that systéms analysis does not mean yoﬁ must
use simulgtion, and systems analysis is not equated to simulation;
There is much knowledge and understanding to be gained about the system’.
merely b& studying it from the systems point of view, wi£hout carrying
the study through to simulation. For this research, simulation is used
so systems simulatian in general will be discussed here.

James R. Emshof£f and Roger L. Sisson (1970) introduce the reader_éo

'simulation models in their book, Design and Use of Computer Simulation

Models. This book takes the reader step—b&#step through the background
and technical skills réquired to learn and use simulation. = The reader is
introduced to simulation as a management aid and héw it is u§ed in
decision making processes. There is discussion 6f the technical aspects
of using simulation and general discussions of the nature ‘and uses-of
various types of simu1ations. Much of the discussion centers arQund
detailed examples explaining bésic te;hniqdes.

In Chapterz6,_the authors review some of the popular simulation
languages. The'advantageg'and diéadvéntages of the various languages.
are compared by a review of the pfocess of‘tranélating a préblem-;nto 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 thig reduction to be a factor of ten'". The
simulator resuiting from the use of an established 1anguage'is also
geﬁerally easief'to modify than one writter in a multipurpose language

such as FORTRAN.

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

specially designed simulation 1anguages. As the authors note, "Some of
these are actually languaggs 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). Thése 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 simulatibn language, wiil begin to think in
that language: fhus the language becomes useful in the actual problém
formulation.

The languages considered by the authors include:

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

GPSS a éomplete 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 compléte léhgqage oriented toward event-to-event
simulations in which discrete logical processes
are common (latest version: SIMSCRIPT II).

CSMP 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). :
DYNAMO a complete language oriented toward expressing
macro-economic models of firms by means of
difference equations.
JOB-SHOP  a program package that can be set up to represent a
SIMULATOR  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 probiems formulated in terms. of nonlinear
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diffefential gr'differencé equations. -It-hanalés variéblés that'are
continuous or nearly go over their eptire range.

' One distinction that should be.made is how a simulation languége
percelves the pfoblem. “As Emshoff and Sisson point out, the variébles
in a simulation may change in anyhof four ways:

1. fn a continuous fashion,'bﬁf at any point in time.

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

3. 'In a discréte.fashion and only at certﬁin pointé'in time.

4. 1In a continuous fashion, but only at discrete points in time.
GASP II can be thought of as a aiscrete simulaﬁiqn lanéuage where the
variables can change at any point in time or at specific points in time
depeﬁding'upon the discretion of the user. DYNAMO is primarily a
language where the variables change in a contiﬁuous'fashion but only at
certain'points in time. A newly revised version of GASP, GASP 1V,
combines both the continuous and discrete poséibilities of variable
changes. 1In facp, with GASP IV the variables can change either
‘discretelf, continuously, or both discretely and-continuéusly. 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 Dynémics

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
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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.

INFORMATION

DECISION

ACTION

Figure 4. Decisions and Information Feedback
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This illustrates an important charactériétic of. the information
network in a firm. The aecision that leads to control over a physical
process is based on infbrmafion about the prio? state of that prdcess.
Information about the.state of the sfstem is said to be fed back through_
the inférmation network to tﬁe decisiqn'point...qurestef (1961:14)
defines the information—feedbacklsystem in the following manner. '"An
information-feedbaék system exists whénever the environment leads to é
.&ecision 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 ﬁurpose of control. The information-feedback
control process is a continuous régenerative process with new results
leading to new decisions. This cycliﬁg keeps the system in continuous
motion. These systems as pointed out b& Forrester need not behéVe in a
predictable and satsifactory manner. .In fact, a complex
information;feedback system designéd by happenstance or in'accdrdance
with what may be intuitive1y'obvious will usually be unstable or
ineffective.

There are three factors or characteristics of .a system fhat result
in the system's behavior. 'Thgse include structure, deiays, 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 prqéess ana in.taking action
on ﬁhe-decisions. Amplification aé 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 Fforceful than might at first seem to be implied by
the informétion inputs to the governing decisions" (Forrester, 1961:16).

This concept of servomechanisms or information-feedback systems is
one of the most important’ foundations for in&ustrial dynamics. Until
recently, the effect of time delays, émplification and stfucture on the
behavior of systems was of little concern. 'Only now are investigators
becoming aware of the fact that the interactions between system
coﬁponents can be more important than the components themselves.

A second fouhdation on which in&ﬁstrial dynamics was developed is a
"better understanding of £he decision making process gained during the
1950is with the automation of military tactical.operations; A third
foundation is the development of experimental approaches to understanding
comﬁlex systems.. This has been accomplished through the use of models.

- The fourth foundation to the development of indusﬁrial 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 abproach progresses through

the fbllowing steps: |

1. Identify the problem.
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Isolate the factors that appear to interact to create the -
observed symptoms.

Trace the cause-and-effect information-feedback loops that
link decisions to action to resultlng information changes

‘and to new decisions.

Formulate acceptable formal decision policies that describe

- how decisions result from the available information streams.

Construct a mathematical model of the dec151on p011c1es,
information sources, and interactions of the system °
components.

v

.Generate the behavior through timé of the system as described

by the model (usually with a.digital computer to execute the
lengthy calculations).

Compare results against all pertineht available knowledge
about the agﬁual systemn.

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

Redesign, w1th1n the model, the organizational relationships
and policies which can be altered in the actual system to
find the changes which improve system behavior.

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

Probably the most'impbrtantlétep of this approach as with any other

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

_mamner in which it is defined will affect how it is perceived and

studied by any investigating team.

The 1a$t 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 objectivé 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) suggegts the use of the flow diagran.

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 sysfem 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 lévels; 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 deﬁelgped’by Alan B. Pritsker and Nicolas R. Hurst at
Purdue University as an extension of the simulation strucfpre of the
discrete event language, GASP II (Pritsker and Kiviat, 1969; Pritsker
and Hurst,‘1973; Pritskér, 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
décompbsition.involveé defining events and changes that will result
wﬂen the évenf occurs. The user must specify the mathematicai-logical
relations that transpire at an event occurrence and the casual mechanismf
b& which events occur. 'He is relieved, however, from the need for
sequencing events or modeling the timing of events during the simulation.
This is p?o&ided by tﬁe GASP IV foutihe.

" In the state-space dimension, the system model is broken down into
entities, which can Be desc?ibea by thei? attributes. Thesé'attributes
can be further classified as discrete or continuous. The disqrete
attributes are characferized 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 attribuﬁe is dyngmic, fbf its value changes over
the time span between event occurrencés. These attributes represent the
dynamic behavior of the system being ﬁodeled-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 coﬁpelled to
specify only the relationships whereby these values change. This: can
be done in terms of difference or diffefential equations. GASP IV
provides the mechanism for integrating these relationships over time
and thereby updating the values of the state variables.

fhe philosophy of GASP IV.grows out of a broader definition of
event thaﬁ is_normaliy 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 tb describe évents in terms of tﬂe mechanism by thch
they are schedﬁled. There aré those that occur at a specified point in
"time which has been projecfed by‘the user- This type of event is |
referred to as a time-event and is commonly thbught.of when working with
"next eveﬁt” ér "discrete' simulatioﬁ models. Another.type, referred
" to as state-events, occur when the system reaches a specifiéd sfaﬁe.

These events are mot scheduled to occur at a specified point in time, as
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events, but occur when staté variables meef prédetermiﬁed cénditions.
In GASP IV, time events can initiate state events, and state events can
initiate time events. This is left to the discretion of fhe user.

As a GASP IV simulation run progresses, the values of tﬁe state
variables are‘computed at small time steps. The values of the discrete
variables are computed at scheduled event times. When én éfent; either
state or discrete, occurs, the status of the system can chaﬁge: by'
altering the values of state or discrete variables; by altering the
relationships that exist between variables; and by changihg the number
of entity variables that exist. Between event times, only the values of
thé continuous state variables can'change.

The formalized world view of GASP IV cén bé'gummarizea 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'g FORTRAN based simulation language makes
it attiactive 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 upén an_area's:ecosysfem.
This studyf uéing the systems approach and systems simulation, focuses
on an approach to aid the manager analyze these dynamic effects over'
extended time periodé. The basic model will be developed with timber
harvesting as the impacping activity. This will be expanded to include
fire as an impacting force and road building as an impacfing activity.
These latter impacts are inéluded'to demonstiate the flexibility of |
this modeling approach. |

In iooking at harveéting and how it effects the ecosystem from the
multiple use viewpoint, two distinct simulation approacheg are indicated.
The logging system can be thought of as a:micro—system'which is
' proddciion orientéd. The manager is‘interested in producfivity at least
cost. The area'or écosystem 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, i972; Johnson, 1970; JBhnson et al., 1972)
in simulating the harvesting sYstem. The approach'taken was event
oriented GASP Iligimulation language. The model contains minute details
pf the harvesting aétivity. Effectiveness of the system.is measured
in terms of man and machiﬁe productivity and cosf. No attempt isvmade

to measure the impacts on otheér resources.
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For the macro—phase'of this systems modél, the effectiveness
méasure will be the avéilability or levels of all resoufces over'ﬁime.
. This phase will be désigned 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 .
controlliing the rate of flow between ievels and 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 tra&itional FORTRAN programming language
with the capability of combining bdth.discreté and continuous elements
of a system into one simulation model, offers a good approach to |
analyzing complex'problemg. The language has been used to analyze the
chemical electroplating process for pfoduction efficiency with
énvironmental 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—phaﬁe of the model
and.the linking of the two phase concept into a working model. The
GASP 1V simulation language will be used. It is hoped that this thesis
will demonstrate the usefulness of such a modc;ing approach in

dnalyzing 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'appro;ch which allows the manager to test the
dynamic respéﬁses of an ecosystem to activity impacts.

For this study, an ecosystem impaét 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 relafionships'into a mathématical-model which
will bé computerized and simulated. The model will be based on general
cause-effect relationsﬂips, 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*étep of 'this approach is £q iéentify the énvirqnment
or the fixed constraints of the systém. The environment of the.system
is that over which the system, as it 1is defined; has no control. In
.addition to 1yiﬁg outside the control of the system, the environﬁent or
fixed constraints also influenée hoﬁ the system performs.

The next step in.fhe séienfific approach'ig to identify the
resources of the system.” In contrast to the environment, reéources lie
within and can be‘changed by the system. In fact, the resources are
used by the systeﬁ 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 resoﬁrces 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
présented by Clivrchman is to identify the managemenf of fhe system.
Management is that'function-which sets the goals of-the components,
allocates alllof the resburces, and has direct conﬁrol 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, mén is

also a very important part of that ecosystem. With more and'more~peop1e
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inhabiting the same land area, there .is bound‘to be mofe pressures
pléced on the land aﬁd its uses. But man is the one component of the
ecosystem who has the abilify to choose his role and decide how he will
interact with his environment. He has the ability to influence his own
destiﬁy if you will.

So what is the role of ouf forested lands? What.is:the objective
used to manage these lands? For oﬁr National. Forests this goal;
derived from.the interpretation of all legislétion that applies fé
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 goallis limited by the folloWing constraints:

Land Capability - No activity may be allowed if if williresult

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 constralned 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.

Reééarch 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'noﬁiiook
at the specific objective toward which this thesis is directed. One
impo?tant element of the managemént'objective.is to test any proposed
management action against the lands ''long ferm productivity! and
"'sustained yield capability'. Anotlier element is to "optimize public
benefits from the National Forest land". |

The planner must evaluafe the froposed 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 ﬁight be'stated:

To represernit the imﬁacts 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 eﬁvironment or fixed constraints of the system are
primarily related to the area's location in time and space. This'
includes such elements as climatology, geogfaphy, physiography, and
existing cultural forces. Climatological elements include moigtur&
received in the form of rain and énow, temperature, and length of
growing season. The form of the land and its relation £o surrounding
areas are part of its geography. The soil chafacteriStiéS and production

potential are elements of physiography. Cultural forces of the area
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include existiné timber harvesfed areés,_exisfing roads and ény
developments.
The environment consists of those elements which fall outside the
gystem's boundary, but which infiuenée'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 boundaries. At

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

components as théy each use other resources; .timber uses_the area and
moisture resource; wildlife consumes fo?age, etc.

In addition to thosg already 1i§ted, the activities”of timber.
harvesting, road construcfioﬂ, aﬁd'fire would be-components.' The—
decision maker has diréct cdntrél 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'réspdnsible to the public for the
management of lands entrusted to it. It has contfol over allowable
timber cuts and harvesting practices. The Forest Service sets road

. construction standards and allowable access routes ahd is also
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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 objectivé we are addfessing;'namely (a) ecosystém respénée to
activity, and (b) optimization of activity productivity, it is logical
to divide the model into two bhases. The black box diagram of these
phases is shown in Figure 7.

In the eéosystem.phase, time 1s the kgy element. The planner is'
interested in changes in the system over extended time periods such'as
one to three hundred years. This phasé of the.model is represented by

combinations of recurrence formula. These equations are written:

SS(t) = SS(t-1) + (RATE; - RATE;) X DELTA,.

SS(t) is thé calculated -systems status at time t. SS(t-1) 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 raﬁe of
decrease. This change rate is then multiplied by the time increment
between updates, DELTAt. These equétions represent a continuous flow
mechanism which can beiwritten in terms of differential équations'as
DELTA, approaches zero. However, for this general model, DELTAt is

set to one monthi
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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 providéd by an existing
timber harvesting system simulation called SAPLOS. A’ refined version
of this package. is utilized to répresent in great aetail the‘
interrelationships anq productivity.of logging operations. This
simulator is a next-event type model wﬁere each event is scheduled at
some future:timé based on the status.of the system now. The time scale
used in this model is minutes.

Utilizing this detailed simulator, tﬁe planner has the capability
of looking at the harvesting system in great detail. He can design and
1éy out the logging operétion~for optimal efficiency. Inclusion of the
macro-phase of this model allows him to also look ét environﬁental
responses of the proposed layout.

The secéna type of activity impact is repfesented by fire and road
construction. These impacts can be thought of4as discrete fér‘they are
‘scheduled at a spécified‘point in time. They directlf inf;uence state
" variables in the macro-phase model as specifiéd 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 céntinuous variables, GASP.IV is‘ideally
suited to the task at hand, with seve?al coding changes in its output
plotting subrouﬁine. These coding changes were made, varyiﬁg the time
increment, to .jlmpro‘v.e output presentation. |

The model progresses through the two phases as.depicted in Figure 9.
Starting at ”tiﬁe now",'the_macrd—phase.operates in the.steady'state. |
This represents the'ecosys?em as it might be before harvésting, At a
specified point in time, say 1990;'harvesting begins. At this point,
the simulatioﬁ model shifts to the micro—phase with itS'operafion .
controlled by the discrete events of harvesting. System stétus is
recorded weekly during this phase. At the completion of harvesting, the
model once again retﬁrhs to the macro-phase'monitoring the;responées of
the ecosystem. During this phése, system status is recorded yearly.

Options a%a provided aliowing the user to request status reporting
on a monthly basis. This is particulérly useful if the systém is
. subjected to a firé or road building impact; The systems immed}a£e
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.inté six §ub§ystems: "1) area,

2} moisture-water, 3) timber, 4) forage, 5) wildlife,‘and 6) erosion;
This was done to facilitate gnderstanding from an interdisciplinary
perspective. 'The climatoiogist is primarily interested in the . -
moisture—water'subsysfemd 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 moisturejwatef subsystem.

In dividing tﬁe macro phase into these.segmgnts, physical flows are
contaiﬁed entirely within a subsysgéms boundary. However, information
about a state variable is used to influence the rates~of flow in other
subsystems. These information links repfeéent the interactions of the
ecosystem.

The remainder of this chapter is-devoted tb‘describing each -
subsystem of the macfo phase.in detail. The basic flow chafting gcheme
used is derived ffom that used by Forrester (1968). The symbols and
their.intended.meanings'are discussed.in Appendix A. Complete sysfemS'

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 clésseé for the
ecosystem model. .The'generalized flow diagram for this subsystem is
shown in Figuré 10. This complex is represenfed by five distinct area
classes. For modeling purpéses, thése.categories are assumed to be
mutually éxciusive. Each class is identified depending oﬁ the dominant
use or iﬁfluence of the -area.

Burﬁed area includes-all which has ¥ecent1y been subjected to fire.
This area is characterized by little or Mo vegetation with patches of
‘exposed mineral'soil. The assumption is made that this area has
production potential and will eventuaily return to range and finally
forest production. The major influence 6f this area on the‘éystem is in
terms of moisture holding capacity and erosion. Thére is also the
immediate effect of removing the area from biomass production.

Range area is dominated by its forage prbduction. This
classification includes all biomass productive area fhat is not-
producing timber. Though forage does grow ﬁnder standing timber, this
area is nbt included in the range classification.

fhe state variable, forest area, is that who;e major influeﬁce‘to
the system is timber production. This area includes all with growing
timber. The last area classes présented 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
allowéd to return to their natural state of biomass .-production.

-Pfovisions are made in this sﬁbéys£em 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
productivé area, burned area, and rbad area. |

Flows of area.within this subsystem arg'assumed to follow the
natural progpession from burned or closed road area to range area and
finally forest area. Provisions are included in the model for convefting
range and forest area to road area. The rates of these flows aré.
controlled by road construction and are explained further in the next
chapfer.

The.rates of flow, burﬂ to range and closed road to rangé,'are.set<
dp in the model as inverse.decay functions. The magnitudé of these |
decays ié specified by the uéer. :The flow from range to forest is
dependent upon afea sizes and éverage tree height.‘ The distance seeds
‘'will travel depends én tree height and the aséumption is made thét
timbef 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 gfowth is dependent upon thé
available moisture which'in turn affects wildlife capacity. In addition
to this; erosion ié caused directly by the amount of runoff occurring. -
The generalized flow chart of this regime is given in Figuré 11. For
more detail, the specific flow chart and accompanying equations-are
provided in Appendix.B.

" The mqisture—water subsystem receives two primar? inputs; snow and
rain. Snow is allowed to accumulate as snow paék and is stored untﬁl
spring runoff. This runoff plus any rain which might be recéived.
‘contributes to the available surface water.

The surface water that accumulates is dispersed by three modes:
absorption into the soil! runoff over the surface, énd evapdrapion'back
into the atmosphere. Surface water absorptien and runoff are dependent
upon the drea class on which the moisture is received. 'The three area
classes, bprn, range, and fofest, are assumed to have'diffefent.moisture
absorption capabilities. These values are determined by.the surface
water available and the areas field capacity or soil moisture holding
lcapacity. h

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 consumptioﬁ is determined by the biomass .
load being supported.by the site. The other method of sdilhmoisture

16ss is through percolation. The percolation rate for each land area





























































































































































































































































































































































