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'. THE RESEARCH PROBLEM

-

<A .

'~ Intr ion

o

" In the year 2054, the entire defense budget will purchase just one

- aircraft. This aircraft will have to be shared by the Air Force and Navy

'f~: 31/2 days each per week except for leap year, when it will be made

-f'-: available to the Marines for the extra day (Augustine 1986, 143).

i

”,

This somewhat facetious statement, based on extrapolation of aircraft

<

__{ unit costs and defense budgets, is one of Augustine's Laws that well illustrates

, the direction in which the United States is headed in terms of the weapons
which it is buying and the decisions it must face.

[ That this outcome seems impossible is a virtual guarantee that it will be

[ just that. What it means is that today's policies are unsustainable. They

‘Yo will be radically changed. The only question is how - whether in a

; political spasm or gradually, allowing those affected to plan ways of

o coping (Peterson 1987, 64).

733:_ The problem facing defense policy makers is how to bring about the reforms

'o; that are necessary in a manner that does not adversely impact the capability of

:I; the United States to defend itself and its global interests.

2

Since the 1960's there has been a continuous stream of government

o

and independently sponsored research, using many perspectives and
methods, into the problems of weapon acquisition reform. The research

. typically has been aimed at the Department of Defense and has involved a

:E', 1 ‘\

Wl ‘
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combination of economic, quantitative, and subjective studies. The studies are

-
v*

actually all quite subjective in nature because none of the analyses directly

PP s

PR S G QY VR

imply that specific policy recommendations would be effective. The

-
1]

$:'- recommendations have all been based on a certain amount of intuitive
;:: analysis which is provided by experts with experience in the system.
The conclusions of these studies have provided competing policy
alternatives that have been, in most cases, divergent. The result has been a
cyclical pattern in policy reform. The policies of succeeding administrations
tend to be resurrections of previous policies, such as prototyping, centralized
:_3'_. decision making, decentralized implementation, concurrent production and
{ development, and assorted contracting methods. During each administration,
the impact on the unit cost of the weapons which are procured using these
policies seems to be minimal, and so the policies are changed by following
administrations.  The number of policy alternatives which have been identified
are limited and so each of the policies is recycled in its turn.

Policy-oriented models have been widely used in the government to aid

in policy analyses and policy evaluations (Greenberger, Crenson and Crissey

«

. M % - i 2 ] ¥
L 2 AN ."“._‘.._"-_' A %

1976). Large macroeconomic models are routinely used by Congressional

budget staffs as well as the Office of Management and Budget. The Department

s N
LI

. of Defense is perhaps the biggest user of large-scale simulation models to aid
in policy and decision making at all levels. However, no such models have

been used to aid in the policy debates which continuously rage concerning the
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w‘-. widely held view that the United States has not been buying its weapons

w2

;ij efficiently. The annual cost of this inefficiency in dollar terms is probably in the

?‘ tens of billions of dollars if not higher (Fallows 1986, Stubbing 1986). Models
o

OF such as the one reported in the Meadows' Limits to Growth (1972) have been
-f?,:

K- able to attract significant public attention by their ability to infer some scientific

_ ' method to public policy analysis (Greenberger et al. 1976). Given the size of
"

':';'f: the defense budgets and the seriousness of the consequences of not following

o a prudent policy, it is surprising that a policy model has not been presented in

:'.-532 the public forum which is concerned with the public debate on defense

L~

e acquisition.

} According to Coulam (1977) a good understanding of the acquisition

?-_:'.E: system is required to develop the kind of policies which would be effective in
N

< . .

K- reforming the behavior of the system. Clark, Whittenberg and Woodruff (1985,
)

o 22) stated that the acquisition system is “large and complex, containing a

myriad of interrelationships among its components. This complexity makes it
° difficult for a policy maker to visualize and understand the complete system."

?::.’-: Policy models have been found to be effective tools in refining the intuition of

.-,:.r,

;2;3; policy makers (Greenberger et al. 1976). The educational role of policy models
o

S along with their ability to "provide a method of generating alternative answers

Z;:-.'..; given various structures and policies" (Clark et al. 1985, 43) make them well

‘ suited to an investigation of weapon acquisition reform.

O

o
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{ Problem Statement

-; The problem addressed in this study has four facets. First, what is the
E nature of the decision process and information structure in what is labeled here
._ as the defense acquisition system? Second, can a valid conceptual model be
_. developed which provides a framework for policy discussions and further

>

L% B

study? Third, can a valid computer-based policy evaluation model of the

'-:E system be developed using the conceptual model as a basis? Fourth, can the
‘~ usefulness of the models be demonstrated by testing representative policies for
! managing system behavior?

The objective of the study was to integrate the theoretical frameworks
‘.: which have been used in defense acquisition policy studies into a single

Z:: framework and then use it to develop a simulation model for studying long-term
:: system behaviors. From this objective, certain research propositions and

X research questions were developed which governed the conduct of the study.
The propositions are:

5 1. The causes of rapidly increasing unit costs, in real terms, for United
E States weapon systems can be effectively modeled conceptually based on the
g

‘}_ interactions between threat influences, national policies and fiscal constraints,
~

; defense acquisition policies, and the structure and policies of the defense

% industry (Chapter 4).

Sl 2. The complex interrelationships among the variables in the acquisition
~

. system can be effectively represented in a conceptual model which highlights
5

y
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5
pairwise interactions and identifies information feedback structures (Chapter
4).

3.  The complex interrelationships among the variables in the
acquisition system can be effectively modeled parametrically as a system of
difference equations (Chapter 5).

4. The influence of the threat on the weapon acquisition system can be
effectively modeled by using the relationships between Soviet and American
military capabilities, political objectives and domestic fiscal constraints
(Chapters 4 and 5).

5. The influence of the national political agenda and the inherent fiscal
constraints on the weapon acquisition system can be effectively modeled using
a macroeconomic system which relates GNP, revenues, consumption,
investment, budget levels, the budget deficit, the national debt, and defense
and social budget levels (Chapters 4 and 5).

6. Policy experimentation using the parametric model can demonstrate
effectively that policies implemented at the national and Defense Department
level might result in effective weapon acquisition reform (Chapter 6).

Because the objective of the study was to develop a conceptual
framework and policy model, the research questions are not stated in the
null-alternative hypothesis format, but rather as broad foundations that provided
direction for the research. The research questions provided a reference point

for the conceptual and simulation models, and were based on problem

______________________



6
behaviors associated with the acquisition system and policy alternatives which
deal with those behaviors.

Policies such as those supported by the Packard Commission Report
(President 1986) and the "Carlucci initiatives" (Carlucci 1981) will continue to
be ineffective even if they were totally implemented because they are too
limited in scope and do not make any attempt at correcting structural
deficiencies in the system (Goldwater 1987, Marsh 1986a, Ulsamer 1986).
Policies which will result in structural changes will require unprecedented
peace-time cooperation between the Congress and the Department of Defense;
however, the cooperation will be necessary to avoid a crisis due to the problem
of rising weapon costs (Kirkpatrick and Pugh 1985).

Most analyses and studies of the defense acquisition process have not
concentrated on the long term problem of rising unit cost of weapon systems but
rather on specific contributing causes of rising costs. The economic studies
reviewed in Chapter 2 (Gansler 1980, Baldwin 1967, Peck and Scherer 1962,
Fox 1974, Weida and Gertcher 1987) tend to focus on the economic

inefficiencies in defense industries. These studies assume a' priori that more
efficient production and allocation could by itself curb the rising cost of the
weapons. This view supposes that, like consumer electronics production, if
resources are allocated efficiently, product performance can be increased
simultaneously as production costs are lowered (Gansler 1980). These studies

have ignored the possibility that the desire to produce weapons which push the
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_: bounds of state of the art technology is a matter of policy which consciously
E limits the possibility of efficient production. The tradeoff relationship between
:: weapon technology and production costs has been well established (Dews
:: 1979, Gansler 1980, Perry 1971). There is no evidence, however, that the
§ United States military and defense policy makers are willing to modify the

(\ specifications for weapon system performance in order to benefit from lower
::" production costs which could result in larger weapon buys.

l Many of the other studies cited in Chapter 2 analyze the role of specific
:;: policies and their effect upon weapon system procurement efficiency. These
": policies include: competition in development and production (Archibald 1981,

Bickner 1964, Rich 1976), prototyping (Lee 1983, Perry 1971, Smith 1981),

contractor profitability (Profit '76, DFAIR 1985), austere development (Lee 1983,

Perry 1971, Rich 1986), multiyear budgeting (President 1986, Carlucci 1981),
dual source production (Beltramo 1983, Gansler and Kratz 1986), and
improved cost and schedule estimation (Baseman 1984, Bickner 1964, Rich
1986). These policies have been identified for many years and have been
implemented at least in some limited fashion (Dews 1979). The impact of the

policies on the cost of the weapons which are purchased has been minimal
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(Dews 1979, Stubbing 1986), although many of the proponents of these
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policies would undoubtedly argue that they were not fully implemented.
This research and the resulting conceptual and simulation models focus

on the rising unit cost of major weapon systems and the determinants of this
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behavior. System behaviors which have been thought to contribute to the
problem of rising weapon costs were examined. These behaviors include: low
levels of capital investment by defense contractors (Barker and Konwin 1982,
Gansler 1980), over-capacity at the prime contractor level (Gansler 1980),
under-capacity at the sub-contractor levels (Gansler 1980), lengthening
production and development periods (Rich 1986, Smith 1980), fluctuating
readiness levels (Fallows 1981, Luttwak 1984), and real increases in defense
spending being used to increase to unsustainable levels the number of weapon
systems in production (Fallows 1986, Clark et al. 1985).

The simulation model which is a product of this research can be used to
determine the long-term impact of current and previous policies on these
system behaviors. In addition, the model can be modified to specifically assess
the following research issues: 1) What impact does a reduction of the number of
weapon systems in production and development in a given year have on
resources allocated to the remaining systems, on development and production
schedules, and on unit costs? 2)  Will a reduction in government provided
plants and equipment result in higher levels of industry capital
investment, as a consequence of reduced industry capacity, and more efficient
means of weapon production? 3) Would a policy of limiting the number of new
weapon developments and production starts in periods of rising defense

spending result in more efficient use of defense funds in the tong-run?

The first research question was initially tested by Clark, Whittenberg and
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Woodruff (1985) using a more simplistic mode! than the one developed here.
The second research question is a direct result of Gansler (1980) who claimed
that an overcapacity exists at the prime contractor level within the defense
industry and that this causes a reluctance for firms to invest in new and efficient
production capital. The third research question is an attempt tc deal with the
problems resulting from the defense buildup which occurred between 1978 and
1984 (Fallows 1986). Fallows (1986) noted that spending increases were used
to fund the development of new weapons whose production and operation
would be unsustainable in the outyears, instead of being used to purchase
additional weapons already in production or to fund current readiness
accounts, such as spare parts, munitions and training.

The effectiveness of these and other policies can be evaluated based
upon model cutputs concerning the problem system behaviors as noted.  Unit
weapon cost ($ per unit), industry capital investment ($ per year), industry
capacity (units per year) and capacity utilization (% of total capacity utilized),
number of weapon systems in development, number of weapon systems in
production, number of units per weapon system produced, readiness level ($),
intelligence resolution ($), weapon technology level ($), and weapon inventory
level ($8) can all be tracked across time to determine the impact of these policies
on system behavior.

To address these kinds of problems, a specific research methodology

involving an iterative process of conceptualization, analysis and measurement,
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and modeling generally referred to as the systems science paradigm
(Schoderbek et al 1984) was followed resulting in the simulation model which
is presented in Chapter 5. Each iteration of the paradigm resulted in an
increased level of confidence in the conceptual model presented in Chapter 4
and the simulation model presented in Chapter 5.

As a first step a broad-based conceptual structure using information
available in the literature was developed. An initial version of the conceptual
model was developed at the same time. Then, participants at various executive
levels representing a cross section of the acquisition system were interviewed.
A complete list of those interviewed is presented in appendix A. These
interviews were used to evaluate the conceptual structure and the initial
conceptual model. The third step was the revision of the conceptual structure
and conceptual model. At this point the structure of the model based on four
interacting sectors was largely confirmed. The resulting conceptual model is
presented in Chapter 4.

The fourth step was to present an explicit statement of the conceptual
structure and conceptual model to the same executives for review. This round
of talks was directed at evaluating, verifying and validating the conceptual
structures.  The fifth step involved mathematically modeling the four sectors.
Each sector was tested and integrated into a single parametric model. The
simulation model is presented in detail in Chapter 5. Confidence building tests

suggested by Senge and Forrester (Forrester and Senge 1980) were
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performed. These test are described in detail in Chapter 3 and the results of the
tests are presented in Chapter 6. The last step was to perform a sample policy
experiment in order to demonstrate the usefulness of the parametric model and
further validate its conceptual basis. In the remainder of this chapter a more
specific discussion of the research methodology is provided along with an

overview and descrigtion of the acquisition system.

Background and Justification for th

Since the 1950's there has been a nearly continuous call for far-
reaching reforms in the way that the United States defense establishment
develops, produces and contrarts for major weapon systems (Coulam 1977,
Stubbing 1986). The basis for this pressure to reform comes from the public's
perception of wasteful defense spending, the rapidly rising costs of the
weapons which are procured, and a shrinking piece of the GNP being
allocated to defense, due mainly to an unwillingness to fund larger defense
budgets at the expense of expanding social programs (Weida and Gertcher
1987).  Contributing to the public's perception that the defense industrial
complex is unable to efficiently allocate defense resources are the well
publicized instances of spare parts overpricing, weapan program cost overruns
and delays. and the operational deficiencies of some of the weapon systems
which are procured (Rich et al 1986). The failings of the defense industrial

complex as illustrated by any specific weapon purchase are debatable as both
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proponents and opponents of the system have exaggerated the iscues in their
defense or condemnation of the system. There does seem to be a consensus
inat the weapons which are procured could be had at a much lower cost, but
disagreement comes when the cause for the increased costs is assigned.
Basically there are three groups which have been blamed for the inefficiencies
in c>fnse weapons acquisition: the defense industry, the Department of
Defense and the armed services, and the Congress.

Defense industries have been blamed for exacting unreasonable profits
(DEAIR 1985, Profit '76 1976, and h~ve been widely accused of fraud
(Schnever 1987). The Degartirzt of Defense has been accused of
~eoeaucratic inefficiency (Fallows 1981, Luttwak 1984) and pursuing wasteful
practices as a matter of policy (Fitzgerald 1972, Rasor 1985). The Congress is
maligned because of the institutionalization of "pork-barrel" politics and its
tendency to micromanage (Fallows 1981, Stubbing 1986, Weida and Gertcher
1987). What has been missing in the policy debates is a capability to determ
the causes of the system's behaviors, such as rising weapon costs, and a
means of evaluating policy alternatives. This research was accomplished in
order to develop a systemic framework and model which emphasize causality,
structure, and a long-term outlook to provide just this capability.

A systems perspective was essential because the wide ranging
elements involved in weapon system acquisition are all very much interrelated.

Previous studies have taken a more analytical perspective, dealing with a

- A A -
" 4‘\: PN DTS
LY ~
. Nl NN N .




e

L b

-

: 13

{

5 single element or relationship. However "one must be very, very careful,

\

1

e therefore, that in the process of isolating the system for study, one does not
“

\ ignore or cut out the essential interrelationships existing among the various
:: components" (Schoderbek et al. 1985, 7). Previous works have studied

contracting procedures (Peck and Scherer 1962, Scherer 1964, Fox 1974},

industry structure and behavior (Baldwin 1967, Gansler 1980), the acquisition

process (Defense Science Board 1978, Dews 1979, Fox 1974, President 1970,

. President 1986, Rich et al. 1986), and industry profitability and capital
, investment behavior (DFAIR 1985, PAYOFF '80 1980, PROFIT '76 1976) and
. have emphasized a relatively micro-analytical approach.

This research developed a systems framework model and a simulation
., model which together provide an explicit description of the system, provide a
\ reference point for policy debate, and provide a means for evaluating
’; alternative policies. Policy models are able to focus on causality within a
.» systems framework and have been shown to be effective in combining
. elements of the scientific method with policy making (Greenberger et al. 1976).
Policy models can perhaps best be categorized by the kind of
information that they generate and how it is used (Greenberger et al. 1976).
. The kinds of information produced by policy models include: unconditional
forecasts, conditional forecasts, and educational information (Greenberger et al
. 1976).  Unconditional forecasting models are perhaps the most frequently
mentioned type of model and are used as a technique for generating
%
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predictions about circumstances that policy-makers may face. Econometric
models fall in this category. Conditional forecasting models attempt to deal with
the consequences of policy decisions by making predictions contingent on the
actions of the policy-makers. Policy alternatives may be evaluated in this way
by estimating the impact of each policy and predicting the consequences.
Unlike the optimization models associated with operations research,
conditional and unconditional forecasting models do not prescribe a "best"
course of action for the decision maker. The models are used to supply
information to aid in the decision making process. This is the type of model
which has resulted from this research.

Policy models also generate information which is best suited to an
educational role, that is "to refine the intuition of policymakers" (Greenberger et
al. 1976, 25). This is perhaps the greatest contribution of these models to the
decision making process. Explicit models invite criticism and examination and
ara effective at providing a structure for debate (Greenberger et al. 1976). A

ucture for debate or frame of reference is exactly what has been missing in
the debates concerning defense acquisition. The first model presented in this
research provides such a conceptual structure. The conceptual model
detailed in Chapter 4 incorporates the views of many senior executives and
politicians who have participated in the acquisition process. [t provides an

explicit systemic representation of the acquisition process which stresses

causal relationships and provides the framework for a parametric model which
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provides greater detail and the possibility of policy evaluation or analysis.

The models address the question of how Congressional, Department of
Defense and industry structures and policies impact the cost of the weapons
which are procured. The models do not focus on the size of the defense budget
or the waste and abuse issue, but rather on rising weapon costs. The size of
the defense budget in any given year is impacted by world events and political
policy more than by military requiremenis which are hard to assess (Stockman
1986, Weida and Gertcher 1987). Many see the waste, fraud and abuse issue
as a "political attention getter" rather than a substantive defense management
issue (Correll 1984, Gileece 1985). The well publicized cases of overpriced
hammers and coffeemakers are used for their political value with the public,
and do not in and of themselves indicate a system run amok (Stockman 1986).

The determinants of weapon unit costs cited in the literature are:
unchanging weapon system performance specifications, production technology
used, number of weapons produced, length of production time, contractor
profits, weapon technology, and development period (Clark et al. 1985, Coulam
1977, Dews et al 1979, Fallows 1981, Fox 1974, Gansler 1980, PAYOFF '80
1980, PROFIT_'76 1976, Rich et al. 1986, Stubbing 1986). Each of these factors
are impacted in some way by the structures and policies which are pursued by

the defense industry, the Congress and the Department of Defense. The
studies cited have investigated one or more influences independently within an

industry or Department of Defense setting. None of these studies has
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developed a framework which is capable of determining how these influences
interact.

Of the many studies of the weapon acquisition system which have been
completed over the past thirty years or so, only three have proposed a sysiemic
representation using an explicit model (Barker and Konwin 1982, Clark et al.
1985, Sapp 1971). The most common method of study has been to apply
intuition and experience to develop arguments in support of certain policies
(Fallows 1981, Fitzgerald 1972, Luttwak 1984, President 1970, Rasor 1985,
Stubbing 1986). Studies such as the Packard Commission's (President1986),
the Defense Science Board's (1978), Profit '76 (1976), and DFAIR (1985)
characterize a kind of hybrid study which uses some quantitative analysis to
support conclusions which are based on intuition and the lessons of
experience. This reliance on intuition more than sound quantitative analysis is
evidenced by the divergent conclusions which are reached by successive
studies using the same data. Of the many government sponsored commissions
which have studied the defense acquisition problem, perhaps the so called
Packard Commission (President 1986) has been the most successful at
generating Congressional backing. This is probably due more to the political
circumstances of the day than anything, but it is not clear how the policies which
have been passed into law (Goldwater-Nichols DoD reorganization act of 1986)
will impact the behavior of the system.

The most analytical studies of the defense acquisition system have
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utilized economic theories. Peck and Scherer's The Weapons Acquisition
Process: An Economic Analysis (1962) and Scherer's The Weapons
Acquisition Process: Economic Incentives (1964) were perhaps the first really

influential studies, that coincided with the beginning of a decade of reform in
defense acquisition management (Fox 1974). These two studies, based on
case studies of twelve defense programs and seven highly technical
commercial programs, concentrated on the procurement practices and
regulations, and compared the behavior and performance of the contractors.
Fox's Arming America (1974) was billed as a follow-on study to the Peck and
Scherer study (1962). Fox found that the decision makers appeared to be
making the same mistakes in the 1970's as they did in the 1950's and 1960's.
Gansler's The Defense Industry (1980) is the most recent in this line of basically
economic studies of the weapon acquisition system. The Gansler book bases
specific policy recommendations on empirical analyses, however the causal
relationships which he hypothesizes are limited by the paradigms which he has
chosen. While these studies seem to be the most often cited studies, their
influence does not seem to have been able to result in a consensus concerning
weapon acquisition reform.  The macroeconomic and industrial organization
paradigms are unable to explicitly account for the interaction of all the pertinent
factors which these authors have identified.

"Causal order is a substantive or empirical problem to be solved by our !

knowledge about how the real world works, not by statistical gyrations” (Davis
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1985, 3). If the continual criticism of the system's behavior is justified, the
economic arguments of Peck, Scherer, Fox and Gansler apparently have not
been effective in providing a framework with the requisite variety (Beer 1967)
required for understanding policy initiatives for defense acquisition
management. Perhaps what is needed is a more systemic framework which
can incorporate the contributions of multiple paradigms (Churchman 1968).
The development of a causal model based on the views of participants in the
system as well as those offered in the vast collection of literature available on
the subject certainly seems to be what is needed and an approach not
previously taken. An advantage of such a model is that it allows an open
discussion of the explicitly stated assumptions that form its basis. This method
of scientific research is closely aligned with Popper's refutationism (Bell and
Bell 1980). Refutationists view knowledge as a set of

conjectures from which expectations can be deduced for empirical

testing.  Although scientists wishing to establish a theory hope the tests

will be passed, a crucial quality of scientific conjectures is that they be

refutable, or vulnerable to empirical error. If the conjectures pass

empirical tests, they are corroborated; if not, they are falsified. In either

case progress is made (Bell and Bell 1980, 15).

"A model is an experimental means of putting the theory into contact with
the real world" (Harris 1968, 116). Also lacking in these previous studies was a

way to test the policies which were recommended. The acquisition system is

one which seemingly provides everyone who has experienced it first hand a

different personal conceptual model about its behavior (Baseman 1984,
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Fitzgerald 1972, Fox 1974, Gileece 1985, Marsh 1986a, Stubbing 1986). There
have been a few attempts at developing such a model (Barker and Konwin
1982, Clark et al. 1985, Sapp 1971). None of the studies, however, have
received much notoriety and none really deal with a true macro systemic
structure.

The last type of approach to analysis found in the literature can be
termed "subjective study”. Included in these works are studies such as Fallows'
(1981) National Defense which was based on extensive interviews, Luttwak's
(1984) The Pentagon and the Art of War, and Stubbing's (1986) The Defense
Game, which was based on the author's experiences as a career civil servant in
the Office of Management and Budget. These three studies are interesting
because of the broad view that they have taken, but are really compendiums of
various personal perspectives about the system's behavior. Other subjective
studies which appear in the popular press more typically take a rather narrow
view of the system and the causes of the problems therein (Fitzgerald 1972,
Rasor 1985).

In summary the problem of weapon acquisition is truly systemic in
nature. As noted the studies mentioned have all taken a more limited view of
the "acquisition system" than is presented in this research. This research
studied the problems of weapon acquisition management with the aid of a
macro-level model of the system using a methodology which allowed the

inclusion of a wide variety of perspectives which are represented in the
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literature. The development of a model allowed for the system structure to be
explicitly stated and debated and for empirical validation of the theories
inherent in the model. The model stresses causality and therefore is useful as a
policy analysis as well as an educational tool to "refine the intuitions of

policymakers” (Greenberger et al. 1976).

isifi m_Structur

The reason behind the United States' tendency to procure increasingly
costly weapons (Augustine 1986, Gansler 1980, Fallows 1981) is, in large part,
the strategy which has been used for developing weapons since the second
world war. During World War I, the United States produced relatively low
technology weapons in vast quantities, technological advances tended to be
incremental and the weapons were prototyped and tested prior to production
(Coulam 1977). Following the war, the United States tended more and more to
push the state of the art in weapons technology, with the result being weapons
which are significantly more expensive in real terms and which take much
longer to develop and produce (Gansler 1980). For example, in constant
dollars, the 1960 F-4 fighter aircraft cost $3.5 million while the 1975 F-15 fighter
cost more than $12 million (Gansler 1980, 16). A similar comparison of the
World War |l vintage British Spitfire aircraft with its modern day replacement, the
Tornado, shows a remarkable 17,200% increase in constant dollar terms (Dyer

1985, 191). One result of the rapid rise in the cost of modern weapons is that
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no nation, not even the richest, is able to afford to equip mass armies with the
latest weapons as was done during the second world war and before (Dyer
1985, 191). In addition, rapid advances in technology create weapons which
are extraordinarily lethal. The combination of extremely lethal and extremely
expensive weapons results in smaller numbers of weapons available for

combat and means that any future engagements will probably be very intense

and very short, as both sides will be unable to produce enough weapons to
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(Dyer 1985, 192). Without advanced warning, conventional war can be
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expected to be what is essentially a "come as you are" affair. This will preclude
the United States from utilizing its superior industrial capacity, and puts a
premium on defense readiness (Dyer 1985).

This change in the way that the United States develops its weapons has
been mirrored throughout the world, including the Soviet Union, even some
less developed countries are buying the best weapons available (Dyer 1985).
Within the United States, this behavior has been reinforced by the coalition
which has been formed between the defense industry and its customers, the
armed services. The defense industry has obvious reasons for wanting
continuously to produce new and better weapons to replace existing ones, for
that is, after all, how the firms make a profit. The individual services also have

incentives to procure these weapons as they compete amongst themselves for
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a share of the national security role and the resources that go with it (Luttwak
1984, Fallows 1981, Dyer 1985). Because the defense industry is a powerful
and effective lobbying force representing a rather large and influential
constituency, it can exert considerable political pressure to achieve desired
ends (Stubbing 1986). The services are able to reinforce the political pressure
by focusing attention on the perceived threats to national security (Dyer 1985).
The services' behavior is reinforced by a system which bases promotion for
individual officers on their ability to successfully defend their own service's
interests and in acquiring new weapons, defining roles for them, and managing
the enormous amounts of resources involved (Luttwak 1984, Dyer 1985).

Whatever the causes, the net result is that United States weapon
acquisition policy has changed from large buys of relatively low cost, low
technology weapons to small buys of high cost, high technology, highly lethal
weapons which require long development periods and long production times.
In some respects, the trend is self magnifying, in that any weapons procured in
smaller quantities will cost more because industry overhead costs must be
spread over smaller production runs (Coulam 1977, Perry 1979). The rapid
increase in weapon technology and weapon costs has not coincided with real
increases in defense spending, which tended to be flat through the 1950's,
1960's and 1970's (Fallows 1981, Gansler 1980). As long as acquisition
funding stays at a nearly constant level and the United States continues buying

more expensive weapons, longer and cheaper production runs may be
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impossible due to fiscal constraints. One hope for breaking this cycle of
spiraling weapons costs is that production efficiencies would enable the United
States to produce the weapons more cheaply and high technology components
would become less expensive as they have, for example, in consumer
electronics (Gansler 1980). This has not occurred, largely due to the impact of
the ever increasing sophistication of weapons technology which has been
designed into the weapons produced. The requirements and design process
which leads to design specifications is accomplished early and design
specifications are not changed. This leads to a situation where performance
tradeoffs cannot be made based on economic arguments. Weapons design
continually has tried to stay on the leading edge of technology advances
(Gansler 1980, Fallows 1981, Luttwak 1984). Production efficiencies depend,
to a great degree, on the learning curve phenomena, large production runs,
and relatively stable product and production technologies (Gansler 1980). To

some degree the learning curve phenomena has been taken advantage of,

although the effects have been mitigated by the shorter production runs and

design instabilities of the weapon systems (Coulam 1977, Gansler1980,

Augustine 1985). ‘
A second factor, which mitigates a lower production cost offsetting any

increases due to technology improvements in the weapons, is that historically

the defense manufacturers have been heavily dependent on government

owned plants and equipment, especially in the aerospace industry (Gansler
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1980). The impact of this dependence is that production is not accomplished
using state of the art production methods, but more often using older and less
efficient plants and equipment (Gansler 1980, Coulam 1977).

As noted in the last section, the history of studies, both government and
private sponsored ones, dealing with the topic of weapon acquisition reform is
quite long, and they generally support the conclusion that basic reform of the
acquisition system has not been implemented effectively. In the 1960's
concurrency of production and development was implemented to reduce the
time of weapons development and to forego the expense of prototyping (fly
before buy) (Coulam 1977, Stubbing 1986). The current problems of the B-1B
strategic bomber procurement show the difficulty of managing concurrent
acquisition with highly sophisticated weapons (Moore 1987). Also in the
1960's, Secretary of Defense McNamara tried to implement joint purchases for
common requirements, with the most visible examples the Navy and Air Force
purchase of the F-4, A-7 and F-111 aircraft. Extensive modification of these
aircraft to serve particular needs of each service made this an expensive
strategy.  Secretary McNamara also introduced total package procurement and
tixed price contracts tn reduce cost growth, a centralized decision making and
budgeting process (PPBS) and created a sirong systems analysis group within
the Department of Defense (Stubbing 1986, Clark et al. 1985). Fixed price

contracts have created significant problems for some manufacturers and nearly

sent the Lockheed aircraft company into bankruptcy. In the 1970's, Deputy
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Secretary of Defense Packard implemented the Defense System Acquisition
Review Council process which reduced concurrency pressures and reliance on
fixed price contracts, and decentralized the responsibility and authority for
acquisition management (Stubbing 1986, Clark et al. 1985). In the 1980's,
beginning with the "Carlucci initiatives" and continuing with the implementation
of many of the Packard Commission's recommendations, the emphasis has
been on staged decision making, the budgeting process, incentive contracting,
and the perception of a lack of competition in the defense industry (Stubbing
1986, Clark et al 1986).

Because the defense acquisition system is not an easy one to pin down,
previous studies have narrowed the concept of this system to either a study of
the industry (Baldwin 1967, Gansler 1980), a study of the Defense Department
acquisition process (Peck and Scherer 1962, Scherer 1964, Fox 1974, Clark et
al. 1985, Coulam 1977, President 1970, President 1986) or a study of the
impact of weapons acquisition policies on the national defense (Weida and
Gertcher 1987, President 1986, Fallows 1981, Stubbing 1986). The model
presented here is a macrc one which integrates the effects of threats to national
security and global pressures; the setting of a national agenda and priorities;
the weapon development, contracting and production processes; and the
interaction of United States military capabilities with the threat. The model is
represented as a system of four interacting subsystems or sectors. The industry

sector embodies the structure and production characteristics of the defense
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industry in terms of industry capacity, capital investment, production cost
structure and determines the unit cost of the weapon mix which is determined in
the defense sector. The defense sector transforms the resources which are
allocated to it in the federal budget process into military capability. Military
capability is composed of four dimensions: readiness, weapon inventory,
weapon technology, and intelligence resolution. The national sector embodies
the federal budgeting process and interactions between the federal budget and
the United States' macroeconomic system. This sector places a fiscal
constraint on the acquisition of military capabilities as a result of trading off
social spending pressures, defense spending pressures and fiscal pressures.
The threat sector determines the demand for military capabilities resulting from
the interaction of the United States' and Soviets' political agendas. A
representation of the system structure, and the actors within the system, is
shown in Figure 1.

The military threat, which to a large degree is used to justify United
States defense expenditures, is posed by the Soviet military or its surrogates
(Luttwak 1984). Even in parts of the world where the United States would not
expect to face Soviet troops, the probability is high that American troops would
face Soviet trained and equipped troops (Dyer 1985). For this reason, as well
as a desire to develop a parsimonious model, the threat sector represents
primarily a Soviet influence. The real concern is not whether the Soviets are

the only threat that is faced because they are not, but whether it is the Soviet
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threat to which the acquisition system primarily reacts. The relationships in the
threat sector are patterned after those in a threat sector of a model of the arms
transfer process (Clark 1986). The interaction of the threat sector with the rest
of the system is primarily through the pressure for defense expenditures in
general, and increased pressure for specific defense expenditures depending
on Soviet advances in readiness, technology or force levels.

The national budgeting sectc: also is represented using a relatively
parsimonious strategy (Hall 1983, Stenberg 1980) based largely on classical
macroeconomic theories. This sector will incorporate GNP, interest rates,
consumption, investment, and three components of the federal budget: defense
expenditures, social spending and debt service. Interaction with the rest of the
system will occur through the pressure for defense spending and the defense
spending variables. The national sector has been included because of the
fiscal restraints that it will apply to the system, and because of the impact that
fluctuating defense budgets have on the Department of Defense ability to
efficiently procure weapons.

The defense sector is centered around the defense budget and is
included to represent specific military capabilities that result from defense
spending. The defense budget like the larger federal budget is decomposed
into four components: personnel, operations and maintenance (O&M/P);
acquisition; researcih and development (R&D); and intelligence resolution.

Tightly linked to the defense budgeting process is the defense procurement
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process. The defense sector is closely linked to the industrial sector through the
variables which makeup the procurement process. The procurement process is
represented by the relationships between R&D and acquisition spending and
the resulting technologies which are developed, the number of systems which
are developed and produced, the number of units of each system which are
produced, and the development and production periods.

The final sector, the industrial sector is included to reflect the
relationships between industry structures and policies and defense sector
outputs.  Industry structure is represented by industry concentration, industry
capacity, industry profitability and industry production costs. Industry policies
include capital investment, bidding and pricing. The defense sector outputs
and policies that impact the industrial sector include technology produced, units
produced, systems produced, industry subsidies, foreign military sales and the
provision of government owned capital. The defense and industrial sectors
were at the heart of this systemic model and required a greater level of detail

than the other sectors.

R rch Methodol
The development of the simulation model which is a product of this
research was a coordinated, iterative process. The system science paradigm
(Schoderbek et al. 1984) calls for the development of a conceptual model as

the first step toward the development of a parametric simulation model. This
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ot paradigm proposes an iterative process of conceptualization, analysis and

"h-L‘

e
_-:'f- measurement, and modeling.

>
.I'\.
"' The objective of this study, as stated in the problem statement, was to
N
,‘,.': develop an integrative systems framework and simulation model of the defense
N
: acquisition system. The first step in the process was a preliminary review of the
.{ literature. The literature review served multiple purposes. The review further
:}EC defined the research objective and research problems, provided the initial basis
L el ]
s(;_ for a conceptual framework with which to study the system, and provided the
[
':': basis for developing an interview guide which was used in the next step of the
process. The second step was to perform preliminary interviews with
executives and others who were closely involved in the system to refine the

Q ‘.(‘
",,
-‘.f_ conceptual framework, to refine the objective of the study and to determine the
L~
oo kind of literature which was most helpful in gaining a more detailed view of the

)

::-J- system.

-
o The third step in the modeling process was to combine the information
. gathered in interviews and literature review and use it in developing the initial
N conceptual model. A commonly used method for dealing with complex system
: structures while focusing on important interactions and relationships within the
o~

®
g system is causal analysis or influence diagramming (Coyle 1977, Richardson
and Pugh 1981). Using this technique required that the single interaction

o

. between each pair of interacting variables was considered in turn, and a causal !
|
_.: relationship hypothesized.  The difficulty in proposing such relationships was |
Cal |
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}‘ not in formulating individual relationships or hypothesizing the direction of the
influence, but in measuring its magnitude and dimension and in validating the
: existence of the relationships (Clark 1987). Many of the relationships identified
5 in policy models are commonly held views, while other relationships can be

)

S supported with citations from the literature or from the interviews. Both types
, are important and produce different kinds of validity problems. The approach
; taken for validation of the models developed in this research is described in

:2 Chapter 3.

:’. The development of the initial conceptual model was followed by further
~$ interviews and literature review in order to validate the concepts which were
q modeled. It is the nature of this kind of conceptual model that the validation
process is accomplished primarily by assessing the reaction of "experts" to the
» model. The result of these validation interviews was a further refinement of the
. conceptual model. The next step in the modeling process was to develop a

“‘ parametric model which corresponds to the conceptual model already

; developed. The parametric model required a modeling technique which could
incorporate quantitative as well as qualitative relationships, and which was

N

lf capable of effectively representing a complex decision/information structure.
. The system dynamics approach has been shown to be an effective modeling
technique for this kind of application. It is able to focus on the structure of the
. acquisition system and emphasize the importance of complex feedback

’ mechanisms that exist (Clark et al 1985, Richardson and Pugh 1981). The
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approach required that any assumptions concerning the system's structure or
behavior be explicitly stated in such a way that facilitates empirical or intuitive
challenges. This characteristic placed the approach in the "refutationist" vein of
scientific inquiry (Hall 1983). Forrester (1961) and Richardson and Pugh
(1981) found that submitting the model to this critical process helps to create a
more useful product for decision makers.

Just as with the conceptual modeling, the comments and criticisms of
those interviewed were incorporated into the parametric model.  Further
interviews, further literature review and data collection and testing was the
basis for the validation of the parametric model. Model validation was
conducted in accordance with the procedures outlined in "Tests for Building
Confidence in System Dynamics Models" (Forrester and Senge 1980). These
tests include tests of model structure, model behavior and policy implications of
the model. The results of the model validation process resulted in changes to
the parametric model and a fuller understanding of its capabilities and uses.

The last step in the modeling process was the policy experimentation
phase. During this phase, a policy experiment was conducted to demonstrate
how the simulation model might be used in an actual policy analysis setting.
This phase resulted in a fuller understanding of the system structure and
behavior, and provided insights into potential policy alternatives. Following the
development and validation of the conceptual and parametric models, and

policy experimentation, the research objective was reviewed and ideas for
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additional research into this area were developed. A representation of the

research process which is further detailed in Chapter 3 is presented in Figure 2.

Plan of Presentation

The presentation of the research generally follows the sequence in
which it was conducted. The research problem and the research hypotheses
that address the main and subproblems are developed in Chapter 1 along with
an overview of the area of study. The objectives of the study are stated and the
scope and limitations of the study are addressed.

A review of the pertinent literature is presented in Chapter 2 in order to
provide a conceptual framework for the study. The literature review served the
dual purposes of developing the need for the study as well as providing the
basis for much of the conceptual model presented in Chapter 4. Presented in
Chapter 3 is a discussion of the methodology used in this study. An
explanation of the causal modeling and system dynamics simulation
techniques as they relate to information based decision systems is included
and related directly to the theoretical framework developed in Chapter 4 and
the simulation model presented in Chapter 5.

A theoretical framework for this research and conceptual model was
developed and is presented in Chapter 4. This framework was based on a
survey of the literature concerning defense acquisition management, defense

economic issues, public policy and decision making and extensive interviews
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Develop an Integrative Systems Framework and Simualtion Model
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™ Literature  Review (Chapter 2)

\ Develop Interview Guide and Conceptual Framework

)

'\. Interviews (Appendix A)
Refine Conceptual Framework
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Conceptual Modeling (Capter 4)
Develop Causal Model
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Analysis, Measurement, Validate Conceptual Model

(Chapters 4 and 5 and Appendix A)
Literature Review and Interviews
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Parametric Modeling (Chapter 5)
Develop System Dynamics Model
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Validation and Verification of System Dynamics Model
(Chapter 6)
Literature Review and Interviews
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(Chapter 6)
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with knowledgeable experts.

The conceptual model described in Chapter 4 was developed with the
dual purpose of providing a decision aid to policy makers and p