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, CHAFTER 1
INTRODUCTION

Overview

Over the past twc years ''combat readiness' has

become the basis fcr the managemeatv of the United States'
military resources {34:7). General David C. Jones empha-
sized its importance in his 25 January 1979 presentation to
the Senate Armed Services Committee when he stated, "I have
long espoused the philosophy that 'Readiness Now' is the
best insurance for the security of our country. . . [25:28]."
The fact that combat readiness is critical to our national
security and is utilized in the management of our military
resources makes the undcrstandiang of what combat readiness
is and how it is achieved of utmost importance to military
managers. The Fiscal Year 1978 Department of Defense Report
defines combat readiness as:

'Readiness' refers to the capability to respond
adequately to diverse situations and to sustain that
responsc as long as necessary. The 'readiness' of
Defense combat forces depends on a myriad of diverse
and often interrelated factors [29:2].

This definition primarily addresses what combat forces are
capable of doing, but does not discuss what factors contri-

bute to combat readiness or how it is derived. Brigadier

General Patrick J. Halloran, the Strategic Air Command
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Inspector General, discussed some of the factors which com-
prise readiness in the August 1978 issue of TIG Brief. He
stated that readiness ". . . encompasses all facets of any
unit operation. It is the equipment, people, leadership
knowledge, maturity, teamwork, and discipline that combine
to keep us prepared [32:3]." The necessity of being pre-
pared is the reason for the importance of combat readiness.
The Soviet's development and deployment of highly sophisti-
cated and destructive weapons leaves us "little or no time
for preparation should any hostile action be initiated
[15:3]." Readiness is needed not only for survival should
we come under attack but also to deter attacks. It has
become the most important element in the operability of
current national security plans (32:3).

As important as combat readiness is, it is elusive
when attempts are made to measure it. Combat readiness is
a dynamic concept, but we can measure it only in terms of
static evaluations of the elements which comprise it. This
diéparity presents a major challenge to military managers

(24:6A-35 to 6A-48).

Problem Analysis

An accurate system to measure combat readiness is
essential to determine the Air Force's contribution to
national power (33:7). Assessing the current system's

ability to do this has been the topic of many studies in




recent years (29:27). Although improvements have been made
in this area, the management of combat readiness requires
more than the ability to determine a unit's level of readi-
ness. The use of this information to determine where defi-
ciencies exist and what actions can be taken to best correct
them is required to effectively manage combat readiness.
Current understanding of the elements which comprise combat
readiness and how they interact does not allow accomplish-

ment of this task (29:3).

Problem Statement

The term '"Combat Readiness'" is used in the United
States Air Force (USAF) as the basis for managing our
resources (34:7). There is no clear understanding of
exactly what factors affect combat readiness or how the
factors that do affect it interact dynamically to determine
a unit's level of combat readiness. Due to this lack of
understanding, no analytical vehicle has been developed
which will enable a commander to determine how a change in
policy will affect combat readiness prior to the policy's

implementation.

Justification for Research

In 1976, the US Navy justified a request for addi-
tional training funds based on the need to improve readi-
ness. Their request was refused because Congress indicated

they could not determine the existence of a readiness
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deficiency from the Navy's readiness reporting system (37:3).
In 1977, the Senate Armed Services Committee reported that
it was "often impossible for the services to relate proposed
expenditures to specific, planned changes in readiness
[29:4]." The committee went on to direct the services to
link proposed expenditures to the established readiness
requirements (29:5). These two occurrences emphasize the
importance of the capability to measure readiness and
justify expenditures in terms of readiness.

General Michael Rogers, former commander of the Air
Force Logistics Command, stated that one of the vital issues
in readiness planning is the need for the '"development of
credible capability assessment systems that measure output
activity versus resource input in terms of readiness
[17:40]." This ability to measure output versus input is
more critical today due to resource limitations which do not
allow the implementation of all desired programs (34:39).
The ability to understand how the elements of readiness com-
bine to determine our level of combat readiness is the first
step in this process. Once we understand how readiness is
derived, we will then be able to project how policy changes
affect combat readiness and evaluate the relative worth of
different programs. This evaluation ability will insure the
most effective utilization of resources in terms of improved
readiness and enable the Air Force to justify to Congress

the proposed expenditure of funds.




Research Objectives

The general objective of this research project is to
provide a vehicle to enable ccimmanders to project the
effects of their policy decisions in terms of improvements
to combat readiness, prior to the policy's implementation.
The specific objectives are:

1. identify the factors affecting combat readiness;

2. capture the interaction of these factors in

their relationship to combat readiness;

3. construct a dynamic systems and mathematical
model of the combat readiness system; .

4., develop a computerized model which can be used
for policy development and analysis;

5. verify and validate that the model 1epresents
this system; and

6. identify critical areas of coacern for policy

§ makers.

’ Scope

i This research will develop a model of the tactical
. forces of the USAF. It will deal with the primary elements

which interact to determine the level of readiness of a
Tactical Fighter Wing (TFW). A macro approach is required
for the model to be useful as a management tool. If the
scocpe was narrowed to model a particular situation, then the

i model would only represent that situation and only be useful

o t ‘ el




in its management. The macro approach will allow the model
to be of value in aiding commanders with combat readiness
decisions in the variety of situations that they presently

face (7:5-8).

Plan of Presentation

The research will be presented in a format which
follows the basic outline presented by the Research Objec-
tives. Chapter 2 will include a general discussion of the
areas which impact combat readiness and the system dynamics
approach to research. The actual processes involved in
modeling will be presented in Chapter 3 to aid those
readers who are unfamiliar with system dynamics in following
the research. In Chapter 4, causal loop diagrams will bte
utilized to capture the interactions of the various factors
which affect combat readiness. The interactions of these
factors will be quantified utilizing flow diagrams and
system equations in Chapter 5. Chapter 6 will discuss the
combat readiness model validation and the areas of concern
to management which were identified through experimentation
with the model. The £final chapter will summarize the

research findings and present recommendations.

[
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CHAPTER 2

LITERATURE REVIEW

History of Readiness

For many years the military has used the term combat
readiness to define a unit's or person's ability to perform
an operational task (40:360). During the first half of this
century, concern in this area was limited to times of war.
When Ehe United States was not at war, readiness levels
would drastically decrease. This is evidenced by the exces-
sive time that was required to field combat units after the
initiation of hostilities. It took eight months from the
time the United States entered World War II until the
Eighth Air Force flew its first bombing mission from
England (23:160). The nature of combat during this period
allowed for preparation after the war had started (25:27).
As weapon systems became more complex and far more destruc-
tive, the need for a constant state of high combat readi-

ness became more important.

Increased Emphasis on Combat Readiness

As weapon systems have become more complex, the le.d
time for their development and production has become longer.
Today it takes approximately seven years from the time the

design process starts on an aircraft until it becomes

7
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operational (4:4). During World War II, the B-29, the most
complex aircraft of the war, was designed and entered com-
bat in a gériod of three years (23:127). This increased
lead timé applies not only to the development and production
of ;Hé weapon systems but also to the acquisition of spare
pafts and the training of personnel to operate and maintain
these systems.

While the lead time required to field weapon systems
becomes longer, the time available to field them is becoming
shorter. The destructive capability of weapon systems has
vastly increased over the past thirty years. Today fighter
aircraft can carry far larger conventional bomb loads than
the B-17 could in World War II (23:161). The advent of air
refueling has given the Air Force a world wide striking
capability. The fielding of intercontinental ballistic
missiles has brought with it the ability to directly expend
ordnance anywhere in the world (32:9). All this increased
destructive capability converts to a shorter time available
to prepare for a war once it starts (32:3).

The increased lead time required to develop and pro-
duce weapon systems for combat in combination with a
decrease in the time available to field effective fighting .
units calls for an increased combat readiness. For the past
several years, General Jones has stressed the need for
increased readiness with his philosophy '""Ready Now.' He

stated in his March 1979 presentation to the Senate Armed

8




Services Committee that, "In the past, we have never been
ready when a war came, relying on a large acceleration lane
to build up after an attack. In modern warfare, we do not
have that luxury [25:27]." He also went on to stress the
importance of ". . . maximizing our capacity to fight with
what we have today [25:28]." Combat readiness will continue
to be the main aim in the Air Force in the foreseeable
future. Brigadier General Patrick J. Halloran, Strategic
Air Command Inspector General (SAC IG), stated, '"Readiness
will continue tc receive emphasis because it is the single
most important element in the workability of our national
security posture [32:3]." The discussion thus far has dealt
with the importance of readiness, although its importance is

clear, the measurement of readiness is not.

Readiness Measurement

One of the difficult factors faced in the management
of combat readiness is the lack of agreement of how readi-
ness is achieved. The February 1979 issue of TIG Brief
stated,

Readiness is the end result of a series of con-
scious and dedicated efforts. It does not happen, but
must be purposefully achieved through individual and
collective action--a total system [10:5].

Although the article does not discuss what ''dedicated
efforts'" are required to achieve combat readiness, it does

make an important point. That point is that readiness is a

system and must be managed as a system., Unfortunately the

9




current measurement system only measures static factors such
as the percentage of aircraft mission ready (24:6A-35 to
6A-48). Lieutenant Colonel Thomas A. Musson, in his Air War

College research report titled Readiness Measurement and

Reporting Systems, found that,

. . . the existing systems are directed at
measures which can be described as similar to the
engineering theorem 'availability.' In fact some
people equate readiness with availability ([29:29].

The Unit Capability Measurement System (UCMS) was
implemented in 1975, and represented a vast improvement over
previous reporting systems (29:16-21). It takes into account
all of a weapon system's capabilities and concentrates on
the wartime missions which a particular unit is expected to
perform, in our various planning documents. Each unit is
rated separately in each mission it is capable of per-
forming. For example, the F-4 is capable of air-to-air com-
bat, conventional ground attack, nuclear weapons delivery,
and to differing degrees, guided weapons delivery. Each
unit which flies F-4s is assigned one of the missions as its
primary designated operational capabilities (DOC) and one or
more as a secondary DOC. Units then report readiness in
each DOC separately, through the chain of command, to give
the Joint Chiefs of Staff (JCS) a clearer idea of the Air

Force's actual ability to perform its wartime tasking

(29:47).

10
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The UCMS looks at a unit's total readiness by
measuring its materiel, equipment, logistics, and personnel
readiness (29:19). These separate factors are used to give
the JCS a "snapshot' of the present level of readiness and
enable them to project the readiness needs of the future.
Because readiness is a system, an increase in one area, such
as equipment, does not necessarily mean an increase in total
readiness. All the elements and their interrelations must

be considered to determine a unit's readiness. To aid in

the understanding of this process it will be helpful to look

at the elements which comprise combat readiness.

Combat Readiness Elements

The list of factors which contribute to combat
readiness is endless. Virtually everything that is accom-
plished in the Air Force contributes either directly or
indirectly to combat readiness (37:40). In keeping with the
scope of this thesis, looking at combat readiness on the
macro level, consideration will only be given to those fac-
tors which contribute directly to combat readiness. These
factors will be referred to as "elements," and divided into

the areas of personnel, equipment, and materiel.

Personnel
No matter how good a weapon system is, it cannot be
effective without personnel to operate and maintain it. Not

only are the proper number of personnel needed, but they

11
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must have the right training and experience (35:9). A
recent article in TIG Brief stated that "our deterrent cred-
ibility hinges on our level of combat readiness, and relies
on training programs to develop that readiness [35:9]."
Better training is often referred to as more realistic
training. The article went on to say that '"the single most
important ingredient of training for combat is realism
[35:9]." Upon initial investigation of this comment it
seems to be directed to the weapon systems operators, but it
is equally important for maintenance, logistics, and support
personnel. The personnel in each of these areas must be
prepared for combat if combat readiness is to be achieved.
Security police must be trained to battle saboteurs and

guerrilla groups; firemen must be trained to deal with large

'scale damage from airfield attacks. The best way to achieve

the desired training levels is through frequent and real-
istic training exercises. The more realistic our training
scenarios, the better prepared personnel will be for combat

(35:10).

A R T tae T

Equipment

In assessing the contribution of the equipment pos-
sessed by a unit to its combat readiness, there are many
elements which must be considered. They include:

1. Equipment capability

2. Equipment maintainability

5. Equipment reliability
12
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Each of these elements makes a distinctive contribu-
tion to combat readiness (29:18-20). The net effect of that
contribution cannot be viewed in a void. If a new aircraft
is introduced with a vast improvement in capability, an
increase in combat readiness would be expected. This would
hold true only if that aircraft had reasonable reliability

and maintainability. If the aircraft was extremely diffi-

cult to maintain the net effect of its introduction may be a

decrease in capability. The key to managing combat readi-
ness is the ability to understand these relationships. Just
as the elements of equipment readiness are interrelated, so
are the areas we are discussing. Equipment readiness and
personnel readiness must be considered in conjunction with

materiel readiness to assess total readiness (29:18-20).

Materiel
General Rogers, a past commander of AFLC, stated,
Our contribution to force readiness is an essen-
tial one, and without a responsive logistical support
capability, our first line weapon systems would
become little more than static displays [37:37].
Parts and supplies are needed not only to maintain weapon
systems, but also for the equipment that is used to service
and repair these weapon systems. A multimillion dollar air-
craft can be grounded for the lack of a small value replace-
ment part or the availability of its servicing equipment

(37:36-41). Currently DOD uses the operational ready rate

of weapon systems to measure levels of materiel readiness

13




(17:ii). DCD is required to submit to Congress an annual
materiel readiness report. The objective of this report is
to provide Congress with projected materiel readiness levels
based on possible Congressional funding alternatives. An
October 1979 General Accounting Office (GAO) report found
that the current DOD materiel readiness report did not
adequately meet this objective (17:iii). The primary short-
fall was DOD's inability to ". . . make reliable quantita-

tive projections of the effect of appropriations requested

‘on materiel readiness requirements [17:10]." The GAO also

discussed the problems associated with using a materiel
readiness report in isolation. The other factors which con-
tribute to combat readiness could provide better funding
alternatives or could render improvement in the materiel
area ineffective in improving the overail level of combat
readiness (17:10). Analytical tools are needed which are
capable of determining the contribution of different Con-
gressional funding alternatives to improving combat readi-
ness (22:9). Such a tool must consider all the elements
which contribute to combat readiness and their inter-
actions to adequately link resource expenditures to readi-

ness improvement.

System Dynamics

The management of our vast and complex military and
social systems is a task which has become increasingly
difficult. Our systems today are characterized by the

14
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enormity of their scale and the interrelatedness of their
elements (13:vii). This increase in complexity has greatly
complicated the task of managing these systems. With less
complex svstems, managers are able to predict system reac-
tions to different policy decisions. This cause-and-effect
reasoning process works well if the intexrelations of the
system elements are properly understood and analyzed. As
systems become more complex it becomes more difficult for
the human mind to cope with all the elements involved and
accurately predict what a system's reaction to a change will
be (13:viii). The difficulty of aécurately predicting how
complex systems will react to policy changes has prompted a
search for new analytical techniques to be used in their
management (13:vii). One such technique which was developed
and is considered the most powerful such tool presently
available is computer simulation (22:15).

Simulation of a system involves the construction of
a model which represents the real world system.

A simulation of a system or an organism is the
operation of a model or simulator which is a repre-
sentation of the system or organism. The model is
amenable to manipulations which would be impossible,
too expensive or impractical to perform in the
entity it portrays. The operation of the model can
be studied and, from it, properties concerning the
behavior of the actual system or its subsystems
can be inferred [30:2].

The development of the computer in the early 1950's brought

with it the ability to experiment using mathematical models

of complex systems to simulate the system's reaction to

15




various inputs (30:1). Since its development, computer

simulation has been utilized in the management of many com-
E plex systems. The art of analyzing systems by developing
E mathematical models which simulate their interactions over
time is called "system dynamics." Some areas of successful
E application include: transportation, economic, environ-
mental, military, and agricultural systems (22:192-193).
The successful application of the system dynamics approach
: to complex systems and its increased importance in their

management has led to a search for new areas of application.

The military currently uses system dynamics in aerodynamic
design, combat scenario development, and determining man-
power requirements (30:3). Further application of this
management tool to areas such as the combat readiness
system will greatly improve our understanding of such
systems and improve our ability to efficiently manage them.
The system dynamics approach is predicated on the
l movement of a model, which represents the system of
) interest, through time (14:13). By performing experiments

on this model we can determine how policy changes will

effect the system. The system dynamics approach is based
on several premises, These premises are:
‘ 1. Decisions in management and economics take

' place in a framework that belongs to the general
class known as information-feedback systems.

16
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2. Our intuitive judgment is unreliable about
how these systems will change with time, even when
we have good knowledge of the individual parts of
the system.

3. Model experimentation is now possible to
fill the gap where our judgment and knowledge are
weakest--by showing the way in which the known
separate system parts can interact to produce
unexpected and troublesome overall system results.

4. Enough information is available for this
experimental model-building approach without great
expense and delay in further data gathering.

5. The "mechanistic" view of decision making
implied by such model experiments is true enough so
that the main structure of controlling policies and
decision streams of an organization can be represented.

6. Our industrial systems are constructed
internally in such a way that they create for them-
selves many of the troubles that are often
attributed to outside and independent causes.

7. Policy and structure changes are feasible
that will produce substantial improvement in
industrial and economic behavior; and system
performance is often so far from what it can he
that initial system design changes can improve all
factors of interest without a compromise that
causes losses in one area in exchange for gains in
another [6:13-14].

Research into the behavior of military systems was
2 one of the primary motivating factors in the development of
the system dynamics approach (14:14). This research led to
the following four concepts which are considered the founda-
tions of system dynamics.

, 1. The theory of information-feedback systems.

2. A knowledge of the decision-making process.

3. The experimental model approach to complex
systems.

17
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4, The digital computer as a means to simu-
late realistic mathematical models [14:14].

Although each of these foundations play an important
role in the use of system dynamics, the information-feedback
system is the most important. "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 [14:44]." 'Management
decisions are made in the framework of an information-feed-

back system. . . [14:61]." Figure 2-1 represents this sys-

~tem and when used in the system dynamics approach, it

represents the 'control system structure'" of an organization.
Decisions are made based on the comparison of apparent
achievements to desired achievements. These decisions are
transformed by delays and noise which exist in the system
and by the structure of the system itself. The transformed
decisions cause changes to the system which are represented
in the diagram as real accomplishments. Delays, noise, and
bias affect the way real accomplishments are perceived by
managers and the apparent achievements are again compared to
desired achievements to make future decisions (38:416-417),
Information-feedback systems are present in all levels of
organizations. Their effectiveness in bringing about
desired achievements in an orderly fashion determines a

system's stability and growth (14:61).

18
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Information-feedback systems are concerned with the
flow of information. The decision-making process which
occurs within these systems is the second foundation of
system dynamics. Decisions are not '"free will'" but are
strongly influenced by the information-feedback system in
which they are made (14:17). By increasing understanding of
this decision-making process and the influence of the
information-feedback system on it, problems such as bias in
the system can be identified. Once problem areas have been
identified, policies to correct them can be investigated.

When the information-feedback and decision-making
processes of a system are understood they can be captured in
a model to simulate the operation of the real system. By
moving this model through time we can study the effects of
possible policy changes on the operation of the system and
introduce policy changes which produce a more effective
system (14:13). This experimental model approach to
improving systems is the third foundation of system
dynamics. The last foundation is the use of the digital
computer to conduct the simulation. Prior to the develop-
ment of digital computers, such simulation was not possible
due to the large number of interactions which exist within a
complex system (14:18). When the computer became available,
the computational barrier was removed and system dynamics

methodology was vastly enhanced.
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Summar

The importance of maintaining combat ready forces

has increased as weapon systems have become more complex

and destructive. This need for increased readiness
on Air Force managers the requirement to accurately
current readiness levels and to continually improve
This task can best be accomplished by understanding

elements of readiness and how they interact to form

places
assess

them,

the

the

combat readiness system. Due to the nature and complexity

of the combat readiness system, the system dynamics approach

is the best tool currently available to aid in the management

of this systen.
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CHAPTER 3

RESEARCH METHODOLOGY

Introduction

The need for an analytical tool which will enable
commanders to determine how a change in policy will effect
combat readiness is a major DOD problem (28). Currently
there is no clear understanding of how the factors that
effect combat readiness interact to determine a unit's level
of readiness. The understanding of these interactions is
the key to the development of an analytical tool which will
improve combat readiness management. The system dynamics
modeling technique was developed to aid in the management
of complex systems. This technique involves the capturing
of the interactions which occur within a system and the
development of a computer model which simulates that system
(18:9-11). This chapter will discuss the system dynamics
modeling technique and how it will be used in the develop-

ment of a tool for managing combat readiness.

Causal Loop Diagrams

Once a problem has been identified, the next step in
the system dynamics approach is to isolate the factors which
appear to bear on the problem (14:13). In Chapter 2, factors
which affect combat readiness were addressed under the broad

heading of personnel, equipment, and materiel.
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The interactions which occur between both the factors and
the areas determine levels of combat readiness. The factors
which effect combat readiness combine to form ". . . infor-
mation-feedback loops that link decisions to action to
resulting information changes and to new decisions . . .
[14:13]."

Causal loop diagrams are utilized to describe feed-
back relationships (i8:7). They play two important roles in
the system dynamics process,

First, during model development, they serve

as preliminary sketches of causal hypothesis.

-Second, causal loop diagrams can simplify illus-

trations of a model. In both capacities, causal

loops allow the analyst to quickly communicate

the structural assumptions underlying his model [18:5].
To aid in the development of causal loops, pairwise

relationships as shown in Figure 3-1 are developed.

+

AIRCREW
SORTIES ' EXPERIENCE
FLOWN LEVEL

Fig. 3-1. Positive Pairwise Relationship

This pairwise relationship represents the interaction

between the number of sorties flown and aircrew experience
levels. The arrow indicates the direction of flow and the
plus sign indicates the relationship is positive. A rela-

tionship is positive when ". . . all other things being

23
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equal, a change in one variable generates a change in the
same direction in the second variable relative to its prior
value [18:7]." In this case an increase in sorties flown
results in an increase in aircrew experience level. "A
negative relationship denoted by a minus sign occurs when

a change in one variable produces a change in the opposite
direction in the second variable [18:7]." Figure 3-2 is an

example of a negative pairwise relationship.

AIRCREW
EXPERIENCE SORTIES
LEVEL REQUIRED

Fig. 3-2. Negative Pairwise Relationship

In this case an increase in aircrew experience level causes
a decrease in the number of sorties required.

Pairwise relationships are combined to develop
causal loops. They are primarily used to visualize real
world systems in terms of feedback loops (18:5). Causal
loops are most helpful during the early stages of model
development. ''When a feedback loop response to a variable
change opposes the original perturbation, the loop is
negative or goal seeking [18:9]." Figure 3-3 illustrates

a negative loop.
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SORTIES ALRCREW

FLOWN EXPERIENCE

+ LEVEL
SORTIES SORTIES
SCHEDULED REQUIRED

+\_/

Fig. 3-3. Negative Causal Loop
In this loop, an increase in sorties flown causes an increase
in aircrew experience level which causes a decrease in
sorties required. This decrease in sorties required causes
a decrease in sorties scheduled which results in a decrease
in sorties flown. The original increase in sorties flown
has a net effect of reducing sorties flown. ''When a loop

response reinforces the original perturbation, the loop is

positive [18:9]." Figure 3-4 illustrates a positive loop.
/—\+
AIRCREW AIRCREW
RETENTION EXPERIENCE
+

INDIVIDUAL

AIRCREW AIRCREW

SATISFACTION WORKLOAD

Fig. 3-4. Positive Causal Loop
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In this loop an increase in aircrew retention causes an
increase in aircrew experience which in turn causes a
decrease in individual aircrew member's workload. This
decrease in workload causes an increase in aircrew satis-
faction which results in increased aircrew retention. The
| initial increase in aircrew retention regulted in even |
f‘ greater retention. The causal loop diagrams developed to
represent the combat readiness system are hypotheses of the
interaction which exist within the system. As with any

?' hypotheses, they must be verified. The verification was

% accomplished through an interview process. : ;

Interview Process

: Interviews were conducted with key managers at

different levels of the combat readiness system. The levels
of management ranged from the Tactical Fighter Wing to the
Office of the Secretary of Defense. A listing of the
persons interviewed is contained in Appendix C,

The interviews were conducted utilizing the con-

sistent but unstructured interview guide shown in Appendix B

and the causal loop diagrams discussed in the previous
section and shown in Appendix A. The causal loop diagrams

were introduced at the beginning of each interview and

questions were directed towards verifying the relationships

TR 5 b sy s ”

depicted and determining what decisinns, if any, were made

‘ in the management of these relationships. When conscious

s S
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management decisions were made which affected the causal
loop diagram relationships, questions concerning the
information flows, decision criteria, implementation, and
the feedback process were asked. This information was used
to further structure the initial model; amend it as
necessary; and to determine the levels, flow, delays, bias,
and structure of the combat readiness system. The levels,
flows, delays, and bias were utilized in the development

of detailed flow diagrams and system equations. This

process is discussed in the following two sections.

Flow Diagrams

Flow diagrams are developed in conjunction with
system equations and represent the interaction within a
system. The flow diagrams are pictorial descriptions of
these interactions. The use of visual images lends clarity
to the interactions and serves to link the verbal descrip-
tions of the system to the rate equations (14:81). Flow
diagrams will be developed using the information gained
about the system and will display relationships in terms
of levels and rates. Levels are accumulations within a
system (14:68). An example of a level in the combat readi-
ness system is aircrew experience. Levels are determined
by the difference between the inflows and the ocutflows.
These flows are called rates (14:68). Rates represent the

instantaneous flow between two levels in a system and are

27
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LEVELS--present values of those
variables that have resulted
from tne accumulated differences

DECISION FUNCTICN (RATE)~--policies
that control the flows between

levels
FLOWS~-the movement of: information -—e— = - -
material —
personnel =

SOURCE/SINK~--represents source oOr
destination outside the system

AUXILIARY VARIABLE--provides independ-
ent meaning to decision function

PARAMETERS~-~-characteristics of a system
considered constant

DELAYS--represents the process of time
delays

Fig., 3-5.
Flow Diagramming Symbols (6:82-84)
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determined by the levels they connect (14:69). For example,
if the aircrew experience level was below a desired
standard, management would attempt tc increase the aircrew
retention rate. ''The decision functions are the relation-
ships that describe how the levels control the flow rates
[14:13]." The test to determine if a factor is a level or
a rate is accomplished by bringing a system to rest (14:68).
Levels will continue to exist if the system-is at rest
while rates will cease.

To enhance the ability of flow diagrams to depict
the actual decision functions which are active within a
system; flow sources, auxiliary variables, parameters, and
delays are added. The symbols which are used to depict each
of these and a definition of what they represent in the
system is given in Figure 3-5. These symbols are combined
in 2 flow diagram which represents the actual decision
structure in the system. They depict how information flows,
where delays are encountered, where and how decisions arve
made, and how they efl::t rates. Figure 3-6 is a simple
example of a flow diagram. It shows how the symbology is
utilized in depicting the decision structure. In this
example a delay in information exists between the level and
the auxiliary. Information about the level, after reaching
the auxiliary, is compared with the goal to determine rate.

In this decision structure the delay in information would
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cause the rate to lag the actual level. Simultaneous to the
development of flow diagrams, system equations are generated

(14:81).

System Equations

Like flow diagrams, system equations define the
rates of flow which occur between the levels of a system
(14:77). Their depiction of the decision process is mathe-
matical. Each equation is developed independently and the
equations are compiled to represent the system. "It should
be stressed that equations are not 'right' in any intrinsic
or mathematical way. They merely describe what we have
chosen as the most significant relationships [14:140-141]."
They are correct if the way the system is perceived is
correct, and incorrect to the extent that the system is
misinterpreted (14:77).

Levels are assigned initial values in the model and
then as the model progresses through time, the rate equa-
tions determine changes in levels and the level equations
determine changes in the rates. A simple example of this
computational procedure follows:

1. Compute the first rate using the initial value
of the level.

2. Multiply the rate by the time interval used in

the simulation to determine the level change.
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3. Add the change in level computed in Step 2 to
the initial value of the level to determine the new level.

4. Repeat the process to progress the model through
time (8:19).

Time is denoted in system equations by the use of
letters., J represents the past, K the present, and L the
future. In this way past information can be used to
determine rates which are applied to present values to
determine future values. By adding delays, bias, and noise
to this process, the operation of the actual system can be
depicted. System équations are divided into six categories:
level (L), rate (R), auxiliary (A), initial value (N),
constant (C), and supplementary (S). The time dimensions
are utilized when dealing with level, rate, and auxiliary
equations only. An example of a rate equation is:

R RT.KL=DELAY 3(CONST*LEV.K, DT)

C CONST=.1

C DT=.5

RT - RATE (units/month)

CONST - CONSTANT (fraction/month)

LEV - LEVEL (units)

DT - DELAY TIME (fraction of a month)
This equation determines the rate which will be used for the
level computation in the KL time period. It is computed by

multiplying the constant (.1) by the level in time period K.
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DT=.5 represents a delay of two weeks. When all the rate
equations have been developed, they are combined to form the

model of the system.

Model Verification and Validation

Model validation is defined as '". . . the process by
which we establish sufficient confidence in a model to be
prepared to use it for a particular purpose [7:18]."
Validation tests are, in effect, attempts to prove that a
model is incorrect. As tests are applied and fail to prove
the model incorrect, confidence in the model grows.

Although this process will never allow complete Qalidation,
it will raise confidence to a level where utilization of a
model for its intended purpose is possible (7:181).

R. C. Coyle, in his book Management Systems

Dynamics, presents a five step process for model validation.
It is this validation process which will be used to validate
the combat readiness model. The first step in Coyle's
validation process is to view the entire model, as it fits
into its environment, to determine if the system boundaries
are correct. Of critical importance in this area of model
validation is the consideration of the model's objectives.
The model's objectives determine what factors from the
system's environment must be included. If the model fails
to capture factors from the environment which impact system

behavior, then the model's use to improve system behavior
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would be iimited or totally ineffective. After the system

boundaries have been validated, the model should then be

viewed for gross errors (7:182).

The actual computer model must be checked to deter-
mine occurrences, such as negative personnel or product
flows, do not exist. This portion of the validation process
primarily insures that events which occur in the model are
possible in the real world. It is a check to insure that
the model's equations are computing values which are con-
sistent with what the modelers had intended. The process is
accomplished by obtaining a listing of the factor values from
each model sector and checking that they are reasonable,.
After the model has been checked for gross errors, the
model's structure must then be reviewed (7:183).

The model is studied to insure that its structure
corresponds with that of the actual system. This process
focuses on the variables which exist in a model and insures
that they are properly interconnected. The study and
validation of the system's structure is a difficult task
and is primarily a confidence building process. As more
information flows or decision functions are determined to be
correct, more confidence is gained in the model. When
sufficient confidence is gained in the model's structure,

the parameter values can then be viewed for correctness

(7:183).
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The parameter values that are used in the model vary
in importance. The vast majority of the model's parameter
values are robust in nature. Values which are within the
approximate range of the actual system values are sufficient
for proper model operation. In each model there are several
parameter values which are critical. It is these parameter
values that the model attempts to idéntify and when manipu-
lated result in the discovery of ways to improve a system's
performance (7:183).

The last step in the validation process is to view
the model's behavior as it relates to the actual system's.
Although the model's performance generally does not
correspond identically with that of the system's, its
stability and response to shocks from the envircnment should
be consistent with the actual system's (7:183),

When the validation process has provided sufficient
confidence in the model, experiments with the model's
structure can be made in an attempt to determine changes
which will improve system performance. These experiments

fall under the brcad area of sensitivity analysis.

Sensitivity Analysis

"The final judgment of industrial dynamics models
rest on the extent to which they are helpful to the manager
in designing better industrial systems [14:133].'" Mathe-

matical techniques are not yet powerful enough to disclose

(2]
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solutions for problems which are encountered in complex
systems (14:17). An experimental approach is used in which
models are manipulated to determine areas of sensitivity.
This process is called sensitivity analysis. Areas in a
system which are sensitive to change require increased
management attention (14:276). New policies and management
structures are developed and tested on the model in an
attempt to determine ways to improve the system. A sensi-
tivity analysis on the combat readiness system will yield
two benefits. Areas of sensitivity within the system will
be identified and studied to determine policy changes that
will improve the system. Proposed resource expenditures in
areas such as maintenance or materiel can be studied to
determine their effects on the system and therefore, their

relative worth in improving combat readiness.

Summary

The system dynamics methodology is the most powerful
tool presently available for the study of the combat readi-
ness system, Utilizing this methodology, the factors which
effect the combat readiness system will be studied and a
computer simulation model will be developed. After the
model has been verified and validated, a sensitivity
analysis will be conducted to determine ways of improving

combat readiness.
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The first step in this process was the development -

of the causal loop diagrams which were utilized in the

interview process. The amended causal loop diagrams, as

they appeared after the interview process, are shown and

discussed in the next chapter.
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CHAPTER 4

COMBAT READINESS MODEL CAUSAL LOOP DIAGRAMS

Introduction

Presented in this chapter is a conceptual model of
the combat readiness system. Due to the size of the system,
and the large number of factors involved in determining the
USAF's readiness posture, the model has been divided into
ten sector diagrams. The first sector diagram provides an
overview of how pressure to'improve combat readiness is
generated and the other nine sectors give a description of
how pressure to improve combat readiness interacts within
the system in achieving readiness goals. The relationships,
which are hypothesized in the sector diagrams, were devel-
oped from the literature review and the interview process.
The primary purpose of this chapter is to provide a general
understanding of the relationships which exist in the USAF
combat readiness system. A detailed discussion of the
structural elements which exist in each of the sectors will

be given in Chapter S.

Combat Readiness Overview

The USAF combat readiness system is characteristic
; . of all large scale system. It is a goal oriented system

which is connected by the flow of personnel, materiel,
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money, and information. The interactions of these flows
combine to determine the Air Force's rcecadiness posture.
Figure 4-1 provides an overview of the combat readiness
system. It is a causal loop diagram which addresses the

many factors that drive the system and determine levels of

combat readiness.
Prior to discussing the relationships which are

depicted in Figure 4-1, it is important to discuss the role

of the USAF combat readiness system as it relates to the

national security objective. '"Our basic national security

TR TR RS

objective is to preserve the United States as a free nation

with its fundamental institutions and values intact [44:1]."

o T

The USAF combat readiness system can be viewed as an
instrument of national power which, if necessary, is
available to the National Command Authority to insure this
nbjective is met. The fact that the national security

objective is to preserve the United States indicates that

——

there is a threat to American society. It is this threat

from enemies of the United States which requires the USAF

be ready to enter combat if the National Command Authcrity

. eml LS
s

deems it necessary. The combat readiness requirements of
. the USAF are, therefore, determined by the national
objective and the enemy threat.
P Figure 4-1 depicts enemy capability as a factor
| which is determined by the number of weapon systems it

‘ possesses and the capability of these weapon systens.
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If either of these factors increase, then the enemy
capability increases. Unfortunately enemy capability is
not easily determined. United States intelligence agencies
provide information as to approximately what it is, but the
United States' view of enemy capability is only a percep-
tion of actual enemy capability (5). The United States'
perception of an enemy's capability is compared to the per-
ception of our capability to determine if a force deficiency
exists. The United States' force deficiency as depicted in
Figure 4-1 can be either positive (a disadvantage) or
negative (an advantage). It is also impacted by national
objectives (5). If the United States' national objectives
called on the USAF tc be a stronger instrument of national
power, the force deficiency would increase without any
change in either the United States or enemy force capabil-
ities.

The United States' force deficiency is not the only
factpr which impacts the pressure to improve combat readi-
ness. Encmy expansionary activity, which is contrary to
national objectives, also generates pressure to improve
combat readiness (5). Enemy expansionary activity, or a
threat, does not occur in a vacuum. It occurs due to a
combination of two factors. These factors are the enemy
perceived advantage and the perceived willingness of the

United States to use force. As is shown in Figure 4-1, the
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enemy perceived advantage is generated in the same way as
the United States' force deficiency. It is a comparison of
enemy capability to their perception of the United States':
military capability. As enemies of the United States
perceive a larger advantgae, or smaller disadvantage, their
willingness to partake in expansionary activities, which are
contrary to national objectives would increase.

The second factor mentioned, the enemy's perception
of the United States' willingness to use force also has a
major impact on snemy expansionary activities (45). As an
enemy's perception ot thie United States' willingness tn use
force decreases, it is more likely to engagze in expansionary
activities. How an enemy perceives the United States'
willingness to use force is not determined by the United
States' military capability but is a resultr of th: resolve
which is projecced by the political leaders of the nation.
If political leaders shcw strong resolve and a willingness
to use the military elements of national power, then enenmy
expansionary activity will decrease.

Once a pressure to improve readiness is generated,
it is channeled into several different areas. They include
the military budget, personnel readiness, and equipment
readiness. The military budget, which is a result of th2
pressure to improve readiness and the national economy, in
combination with the pressure to improve personnel and

equipment readiness result in improvements in these areas
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and increases in combat readiness. The resulting increase
in combat readiness will decrease the enemy perceived
advantage and the United States' force deficiency resulting
in an eventual decrease in the pressure to improve readiness.
The combat readiness system as modeled here repre-
sents a closed-loop, negative feedback system. As discussed
in Chapter 3, negative feedback systems are goal seeking.
In this case the goal of the system is to insure the USAF,
as an instrument of national power, is capable of insuring
the national objectives are met. The following nine
sectors of the model deal with the activities which occur
between the generation of pressure to improve combat
readiness and the resulting increase in combat readiness.

The first sector which will be discussed is that of aircrew

manning.

AIRCREW MANNING

In the area of personnel readiness the model has
been divided into six sectors. The first to be presented
is aircrew manning. Insuring that a sufficient number of
aircrews are available to pilot the USAF weapon systems in
war is the goal of this sector of the system. This goal is
shown in Figure 4-2 as desired aircrew manning. It is
determined by the number of weapon systems which the USAF
possesses and the aircrew manning factor. If either the

number of w