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DOD acquisition process for space systems. The examination of market performance H
focuses on internal and allocative efficiency, revealing a dramatic decline in
productivity since the mid~1960s, due in large part to the increase in the unit
cost of materials.

It concludes by highlighting the links between the structure, conduct, and
performance.. It shows how deviations for effective competition in the market
result from these interactions, and recommends areas for further research.

/.

R L g . . .
4 | e8'y B
., E
. . . "
SECURITY CLASSIFICATION OF THIS PAGE
L R A T S T L DT L P Vi VI T PO P P P D P A U A A DA

i e ke e - vl S R k- ah e adiir-ofl




uuuuu

PRIAME /S i s Gl AR eall sl ABLA g S B ol dad et

Acknowl edgments

I owe my first thanks to my advisor, Dr. Robert Allen,
who introduced me to the field of industrial organization
through his course on industrial market analysis, opening the
possibility of this thesis. While there were moments I would
have wished for the luxury of an advisor with more relaxed
standards, I must acknowledge that his contributions made
a big difference in the quality of the final product.

I would like to thank Walt Wilson, Systems Accountant
with the Acquisition Management Information System (AMIS)
otfice, for explaining the AMIS and conducting several
valuable database searches. I would also like to thank
Captain Timothy Flaherty of the IUS Contracts Office for
making the Analytical Sciences Corporation studies available
to me.

I should also admit my debt to Frederic Scherer, whose

text, Industrial Market Structure and Economic Ferformance,

was kept at close hand throughout this effort. At times it
seemed as 1f Scherer had anticipated most of my questions,
providing insightful answers.

Thanks go to Dave Barber for providing a steady supply of
great music to write by.

My final and deepest thanks go to my wife, Susan, whose
uncommon sense never let me forget that life is not lived or

loved 1n front of a personal computer.

i1




Table of Contents

Fage N
A
Frefact « o o o o o o o =+ o s o = @« @ « & w44 4w oa o~ ii oy
Fola
o,
List of Figures . . « « « = « = = = = o « s = « o« = « &« = iv A
tist of TAablesS .« « =« « o « = » o 2 s @« «a o » o s s = = = v jff
ADSEract . « « o o « = = s s s = s &8 % = = = = = s a2 = vi
I. Introduction .« « « + 2 « s s « s s = o % = = s s = = 1
11. Effective Competition . . ¢ o + =+ = = o« o o « « =« = 15
III. Development and Structure of the Market . . . . . . 37
Origin and Early Evolution of the Military
Space Frogram . « <« + « « & a2 « = « = <« « v s = 37
The Space Industry Matures . . . « . « . . - = 45
Structure of the Spacecraft Market . . . . . . S0
IV. Conduct and Ferformance of the Market . . . . . . . S0
Conduct . . & « ¢ o a « o = = = = =« s = =« &« = = F0

ForformanC® . « « = 2 % = &« = s o s &« s 3 a « = 112

U, ConClusSione.s = o « o o & s = s = = s s &« s = 2 2 = = = 141

Review of the Critical Dimensions
of the Market . . ¢ ¢ & & o « s « o s s = a = = 141

Effective Competition in the Market . . . . . . 149
ConCluSion « =« o« o « « o« o o = s « « @« « =« « =« 15 S
Bibliography « =« « o = = o = o 2 2 o « = = « = + « » « « 13Z Bt
1 Y e

Accesion For

P e e - ——— e

NTIS CRA&!
DTIC T7TAB
U aaaou..ced
Justitication

R

By /

DutibQUOa/--"”".“""""""" b

aiu]. -4

Availability Codes

p———

Avail d-. d /Gr

Dist Spacial
111
|
— —

L1,




List of Figures

Figure Fage
1. Industrial Organization Paradigm . . . . . . . . . . 11
2. Timeline for a Typical Spacecraft Frogram . . . . . 74

T. Systems Testing Timeline for a Typical
Spacecraft Frogram . . .« « 2 « = = o s « = « = « =« « 75

4. Subecontracting Relationships Among Spacecraft
Manufacturers . . & & & ¢ & « o o a a o s o s a = &« 79

S. Effect of Annual Production Rate on Unit Cost
of Satellites & v v 4 4 4 e e s e e e s e e s e . . 1=

4. Trend in Communications Satellite Design Lives . . . 128

7. Trend in Communications Satellite Start of Missioﬁ
Fower . « ¢ ¢ o ¢ e« @ e s e s s e e 4 e e e e e . 129

-
)

8. Trend in Communications Satellite On-Orbit Weight . 130

. Trend in Communications Satellite Traffic Capacity . 131

[ TN Loe . T AT SRS e s E e w e S e N S T T e e
. . . RN - . . . R LI . PP P Ut o - LT
DN R A P RS L T T S O e T T e O e R TPt TP
PP IIE SEPRP D L A SR W T TP SR P O AP A A A A AR A AT .




ey F .y e

Table

II.

III.

Iv.

VIII.

IX.

XxI.

XII.

PRI I g oM~ ik 2Aa —

AL AT

. - T .--c.-_¢.'o ~ - Y .
R VR AR S A SV, WA

-

ist of Tables

Expenditures for Space Activities by Agency,
1985-1984 . . ¢ . 2 4+ s © % a = e « @ s = & = @« a

Number and Average Weight of U.S. Payloads
Launched, 1960-1980 . . . . . & & o « « « o =« = =

Spacecraft Manufacturers . . . « v « & « « + -
Rankings of Spacecraft Industry Firms . . . . . .

1984 Sales, Employees, and 4-Digit SICs Active In,
By Company .« « o « o ¢ =« a o« = o s « o @« a = a =

Shipments to the DOD by Industry, 1983 . . . . .

Employment in the Missiles % Space and Aerospace
Industries, 1978-198% . . . . . « o« ¢ « « « =« « «

Value of Net Sales of Space Vehicle Systems and
Farts, 1977-1982 . & & ¢ ¢ 4 o « o« o a = s » o =

Concentration Ratios for Space and Miscsiles
Industries . ¢ ¢ ¢ ¢ &« 24 4 2 s s x e % 8 e + u =

Spacecraft flualification and Acceptance Tests . .
Maior Systems Froduced, By Firm . . . . . . . . .
Estimated MYF S5avings for Space Systems . . . . .

Real Value Added per Froduction Worker per Hour,
19671982 . & & . 4 4 4 e e e s 2 e e s e e e . s

Increase in Real Value Added per Fraoduct:i:on
Worker Hour. 19&67-1982 . . . . & v &« ¢ « o & o .

Average Hourly Earnings of Froduction Workers,
D T R =

Average Annual Fay per Employee, 12&7-1922 | . .
Space Frogram Cost Factorz . . . & & « « « + « =«

Capabilities of Defense Communicat:ons
Satellites . . ¢ « ¢« & 4 4 4 a2 e e 4 4 a2 4 e =

Frice-Cost Maragins for Defernsze Industries o . o .

oy Tl AP OO U
D JC RSN AN RS -
N TR S D N N,
. e A '\ D

Fage

46

s
ra
i

-
-
V]

br
b
Q

120

.
.

Ja s
N
[
PR
. o7

4

o~

»
ap
o
s
ce

e

A

v

et
D

b 'y 4

e
A

Pl A A




Pl A inuil, AR RO R L MG S N 2 A A L N R ) A - A

AF1T/GSO/ENS/85D-4 v

Abstract N

This study examines the defense spacecraft market in the “Vv
context of the classical industrial organization paradigm. It -

takes as its basis for evaluating the performance of the

market the concept of effective competition, using the o
I criteria proposed by Stephen Sosnick in his article, "Taoward a !ﬂ_
Cocncr=te Concept of Effective Competition.” L

The 1nvestigation begins with a brief description of the

i origins and evolution of the military space program. It then ::
E describes the structure of the market—-—the composition and ii.
E concentration of the industry, the nature of the product and %ﬁ
i the extent of demand, and the conditions of supply. iﬁ

The discussion of conduct in the market focuses on the fff

acquisition process for Department of Defense space systems

v v v

and the recponses of industry members to this process. The =
discussion of performance concentrates on the issues of
internal and allocative efficiency., and reveals a marked o

decline i1n productivity since the mid-1960s.

.
2
t.
v
-
¥
g
b

The study concludes by highlighting the links between ;i:
zritical dimensions of structure, conduct, and perfaormance.
It shows how deviations from effective competition 1n this !?
marlet recult from these interactions, and recaommends further

rezear-h 1nto several aspects of the market.

vi A
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AN ANALYSIS OF THE DEFENSE SPACECRAFT MARKET

e
" .‘.
I. Introduction e
. »
:}:
o,

This chapter establishes the need and framework for this
thesis. 1t briefly discusses the criticisms leveled at the
defense industry, then analyzes one weakness in the economic
logic used to support such criticisms——the definition of what
constitutes an "industry.” It shows why studies of the

individual industries——in this case, of the spacecra+ft

industry—-are needed to assess the competitiveness of the
defense market. The basic question this thesis attempts to
answer is stated, along with the subsidiary questions
addrassed in the research. Next, the approach and methodology

of the research are described, including the limitations which

TATATY s o

must be placed on the findings of this study. Finally, an

outline of the remainder of the thesis is presented.

M ]

Background

; The defense industry has long been the target of
criticism that finds i; insufficiently competitive for the
good of the public. Its critics cite enormous cost overruns,
astronomical profits, inefficient producers, and unacceptable
goods (2:280). Many of these critics hold up this evidence
against the economic model of perfect competition and find it

wanting. One investigation stated that "the absence of

competition removes normal safequards against large prafits co

b
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and weakens the Government’s negaotiating position” (147:136).

Gansler. in his book on the defense industry, lists other

R

¢ -
-

A AN
«

examples of the market failures and imperfections they

- .

x

otz
x

y

identify: "prices rise with demand”: “"extensive barriers to

entry and exit"s "very few, large suppliers of a given item";
and "only 8% of dollars awarded on price competition” (é68:30-

). Based on these and ather discrepancies, they conclude

. .. o
P LS ST T T T . iR KRS S o

the industry is not competitive. Whether their conclusions
are true or naot, their arguments are substantially weakened by
flaws 1n their economic reasoning.

Their definition of an industry—-—-defense—-—is less than
useful for the purpose of economic analysis. It is a layman’s
term, misused in this context. "The notion of subgroups of
firms, termed “industries.’ is a part of everyday life.,"
writes Douglas Needham. “"When one attempts to define *an
industry,’ however, matters are not so simple” ({06:78).
Economic theory indicates that an effective definition of an
industry should account for substitution of producticn and
consumption.

On the production side. firms can be considered members
of the same industry 1f they employ essentially the same skill
and equipment., and are capable of converting to esach other’s
product line in the short run. On the demand side, firms

should offer goods and services that are close substitutes for

each other 1n the eyes of the buvers. This substitutability is
often measured by the cross-elasticity of demand between

goods. the degree to which the sales of one product are Efi

[P
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affected by the change in price of another. It is sometimes
difficult to measure cross—elasticity; in these cases,
another measure, that of "the ideal collusive group," is used.
On this basis, the members of an industry are those firms that
an individual firm would choose as members of its cartel if it
were legally possible to collude in setting prices (118:44).
Without commonality in production and consumption, an industry
cannot be defined in an ecanomically meaningful way.

By this principle, the defense industry is not
effectively defined. The firms in the industrvy provide goods
ranging from bullets to aircraft carriers, services fram
running mess halls to conducting advanced laser research. And
their facilities can be as simple as a small repair shop or as
sophisticated as a research, development., and test laboratory.
Although they share a common customer—-—the Department of
Defense—-—-there are numerous, distinct procurement
organizations within the Department, each with special needs,
policies, and practices.

Jo compound the problem of definition, many analysts rely
on simplistic economic maodels to evaluate their evidence.

Thev understand the workings of the models of pure competition
and monopoly. Fure competition requires many firms, producing
a homogeneous product, with price set by demand, and zero
ecanomic profits. Anything less than these tends toward the
monopoly model., and the i1mplied social evils therein.

Econaomists have lang realized that pure competition

probably does not exist 1n this world., never has existed, and
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never can (148:3). Instead, firms work within constraints of
supply, production, and demand that may inherently force them
away from the competitive model and toward monopoly.

The concept of effective competition attempts to bridge
this gap between theory and reality. First explicitly
outlined by J. M. Clark, who first called it “warkable
competition (35:241), it was a response to the use—-—-or, more
accurately, the abuse—-—of the pure competition model to
dictate public policy:

A more troublesome consequence of the model
consists of the narmative conclusions that are, rightly
: or wrongly, drawn from it. As a standard of so-called
; "perfection,”" it is one~legged, focusing on the
‘ - essentially static objectives of cost-price equilibrium.,
to the neqlect of the dynamic objectives cof progress.

This one-legged standard is frequently treated, without

warrant, as an ideal. And because it is unattainable,

all actual or possible conditions are, by comparison,

Jjudged inferior . . . or monopolistic [10:4511.

Clark proposed an alternative way to Judge the
performance of markets, one that accounted for the realities
of supply, production, and demand. I¥f pure competition is not
passible, then effective competition is "performance that
satisfactorily enhances the aagregate economic welfare without
gross and important discrepancies from the ideal performance
of the market"” (19:14)., This argument holds that the best
per+formance possible in a market is not, practically, pure
competition, but performance such that any feasible change in
its structure or conduct would in some decrease in social
wel fare. It is similar to the concept of sub-optimization in

linear programming, which says, in effect, "Do the best with

what vyou have”—--which is not necessarily the best possible
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given unlimited information, resources, and time.

Unfortunately. just what is best cannot be precisely
determined in most cases. The criteria for determining pure
competition are simple. The criteria for determining if an
industry is effectively competitive are more numerous, and
often subijective. They consist of various structural,
conduct, and performance norms (128:389-391). In many cases,
it is difficult to avoid value ijudgments:; in others, it is
hard to tell if a condition has been met or not (118:43).
Yet, in the absence of more objective yardsticks of industry
performance, effective competition remains a useful approach,
and is still offered as a tool in most texts on industrial
organization (193 763 873 91; 118; 149).

This may be because effective competition embodies a
paradigm of the process of industrial analysis itself. As
Scherer outlines in his text, industrial analysis examines the
basic conditions and structure of industries, their conduct,
and their economic performance (118:3-5). The structure of an
industry is the organizational characteristics that
significantly influence the nature of pricing and competition
in an industry (19:7). Its conduct is the set of practices
that buvers and sellers follow in responding to the dynamics
of the market. Performance is the result of the firms®
efforts——their outputs, prices, costs, technological
innovations, efficiencies, and product qualities. These
elements do not exist independently:; there are feedback

effects among them, and a complete industry analysis must

w
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consider these interactions (118:4-5).
Clearly, to evaluate the criticisms of the defense

industry, i1t 1s necessary to examine the individual defense

industries and identify common instances toward or away from

effective competition. Each discrepancy must be measured

against the available policy alternatives, and the net benefit

or loss expected from each change estimated. Only then can
public policy be accurate and effective.

among the more critical defense industries is the

spacecratt manufacturing industry. The Department of Detense

relies or catellites for essential communications, navigation,

meteorological, reconnaissance, and surveillance support of

1ts forces. Current military doctrine accepts space systems

as integral parts of the defense posture across the spectrum

of Zontlict, In the thirty vyears since the first military

4

satellite program began, defense expenditures on space

grocgrams have i1ncreased from less than $1 million in 1955 to

almost %17 billion in 1985 (8:5Z2; 104:100-101). Similarly,
the industry manufacturing satellites for the miitary has
grown from a group of small engineering and research shops
within aircraft companies to one of the top ten defense
industries in terms of sales.

The United States has recently undertaken its most
ambitious military space effort to date: the Strategic
Deftense Imitiative (SDI), which aims to provide a defense
against ballistic missile attack via a fleet of orbiting

satellites. The research and development costs for SDI for

S 5 :_.’-_’ "
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the next five years have been estimated at over $26 billion ;b
(26:49). The US Air Force is also studying a piloted Sé
transatmospheric vehicle and a manned military space glatform, :a
both of which would represent significant extensions of the Eé
realm of military aoperations into space. In addition, a Eé
unified Space Command has been formed to carry out mlitary !Ef
operations in space. iz
But the ability of the United States to carry out these ;Li

2

ambitious plans will depend not only on the military force

involved, but on the industrial base supplying them as well. e

? 0
v

The aerospace firms are eagerly competing for SDI study
contracts because the winners will gain the expertise to put
them in good position for "a bigger piece of the action" when S

the 5SDI hardware contracts are awarded (25:120). But has the ﬁ;

spacecraft industry adequately met the needs of defense in the

past? Has 1t been able to produce technologically innovative

. .
N .
PO RN
atald’

spacecraftt, without continual cost and schedule overruns®™ Has

L2 BRI O S
A

s e et et e
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the industry earned reasonable, but not excessive., profit
margins on defense contracts” Has the market encouraged
efficient firms, firms that have supplied the customer’™s needs
without :1mportant deficiencies? Are there areas which couid E_

be improved by changes i1n the DOD’s procurement policies™

(n

pecific Froblem ;f

These are questions of effective competition. Answering e
them requires study of the structure, conduct, and performance el
of the industry. Although many studies have investigated the R

nature of the aerospace industry, this term includes

R
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manufacturers of avionics, Jjet engines, civilian and military

aircraft, and civilian and military spacecraft. No study has
examined the performance of those firms designing, develaping,
and producing satellites for military missions in the
framework of a classical industry analysis. Given the
importance of these systems——and, consequently, these firms——

the desirability of such an industry analysis is clear.

Research Guestion

L

VN A

What do the relationships between the structure. conduct,

i
UR
L)

and performance in the defense spacecraft market indicate

.

.o
'-'l. PR
.
)
.

about =ffective competition?

Subsidiary Guestions. In the course of answering this

question, this study will also address these questions:

1. How did the defense space program begin, and how did
private firms become involved? How did the market grow, and
what changes occurred among customers and firms during this
period?

2. What constitutes the industry? Who are its members?
What are 1ts maior markets?

Z. What is the nature of the product and the conditions
of demand, and supply? What 1s the character of its
structure--concentration, the conditions of entrv and exit.
vertical i1ntegration., and government policies?

4. What are the salient features of the acquisition
process for defense spacecraft, and how do they i1nfluence the

canduct of sellers”?

7. What are the effective measures of performance? What

D T T N LI W D T G U -
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8. What are the criteria for effective competition? How

1 4
.

2
is the record of efficiency in the industry? How does the ff%:
=
industry compare with other defense industries in terms of e
PE.
productivity, costs, and profitability? ;}:
Kt
T

gt
e
»
.
-

0R)

does the evidence compare with these norms? Does the industry

=
meet the standards, and if not, what is the extent and Dy
significance of the differences? :fi
Methodology u

The basic research design of this thesis is that of a
case study. As laid out by Robert K. Yin, the five components
o+ research design important for a case study are the study’s
questions, its propositions (if any), its unit of analysis,

the logic linking the evidence with the propositions, and the

criteria for interpreting the findings (151:29). For this
thesis, these elements can be easily identified.

The question, stated above, could be further simplified ff«

to one that asks, "What is the nature of the industry?" For R
this reason, the study does not put forward any propositions,
since 1t is what Yin terms an "exploration," an investigation

into the characteristics of a subject rather than an attempt

bic.
to test the validity of a hypothesis (151:320). In such cases, Lo
the research is directed to some purpose~--in this case, to .
determine if there is a need for changes in public policy to . f
improve the performance of the spacecraft industry. This fq
industry 1s the unit of analysis. Since the i1ndustry can be ?ﬁf
SN
broken i1nto three sectors by the type of customer involved-- 'jx
the Department of Defense, the National Aeronautics and Space %3.
o
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Administration (NASA), or commercial space consortiums——this
study focuses on the defense sector, and limits its treatment
of the other sectors to the discussion of overall
characteristics.

The logical framework for linking the evidence to the
purpose of the study is the industrial organization paradigm
developed by Mason and others, shown in Figure 1 (118:4-5).
This model categorizes data according whether they describe an
industry's basic conditions of supply and demand, its market
structure, or its performance. These elements of the analysis
are not discrete or independent——thus, the interactions among
them is a subject that continually surfaces throughout the
study.

The criteria are those structural, conduct, and
performance norms identified by Sosnick and others as
characteristic of an effectively competitive industry (129).
These criteria are not all objective absolutes, but are
guidelines within which subiective judgment are reached.
Consequently, this thesis stands or falls on the validity of

the evidence and the logic supporting these Judgments.

Scope and Limitations

This study concentrates on the spacecraft industry as it
has existed since 1978. During this period, the malior
military satellite contracts now in effect were awarded, and
the outlook of the industry was significantly influenced by
the realization of the Space Transportation System and the

opening of space to commcerialization ventures. In the
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interest of security, it is limited to unclassified discussion
of military space programs and missions. In addition,
although international competition is growing rapidly in the
commercial sector of the market, this study will not address
the efforts of European and Japanese spacecraft manufacturers.
Like any other examination of a private industry from the
outside, this study suffers from having to aobtain most of its
data second-hand. Much of the information about the companies
in the industry is discerned “through a cloud of difficulties—-
variations in demand, products., product mixes, input prices,
input gqualities, long-lived commitments, cost accounting,
obsolescence, distribution costs, etc.” (128:398). It also
suffers the implicit and explicit shortcomings and biases of a

one-person effort.

Definition of Terms

Since several terms are used frequently throughout this
thesis, 1t 1s worthwhile to take a moment to clearly define
their meanings. "Spacecraft" and "space vehicle" refer to any
man—made vehicle launched from the Earth to operate in space,
and 1ncludes artificial satellites, upper stage propulsion
units, planetary and interplanetary probes, and manned space
vehicles. "Industry" refers to the commercial firms engaged
in the business of producing and marketing a common set of
products——in this case, spacecraft. The "missiles and space
1ndustry” equates to the Standard Industrial Classification
(8ICY 3751, Guided Missiles and Space Vehicles, while the

"spacecraft industry" equates ta SIC Z7612. Complete Space

12
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Vehicles. "Market" refers to both the members of the industry

and its maijor customers.

Qutline

Chapter 2: Effective Competition. This chapter presents
a discussion of the oriéin and development of the concept of
effective competition and the maior approaches to it. 1t
reviews the various criteria proposed by which to determine
its extent in an industry. and identifies the particular
approach used in this study.

Chapter 3: Development and Structure of the Industry.
The origins of the military space program are briefly
discussed, along with the entry of firms into the market, and
the growth of the market through the present. The process of
developing., designing, and building a spacecraft is outlined
to provide an understanding of the conditions of production.
The appropriate structural indexes are examined, along with
the basic conditions of the industry--the nature of spacecraft
as a product, and the forces of supply and demand. Key
features of structure, i1ncluding concentration, strategic
groups, the conditions of entry and exit, vertical
integration, and networking among industry members are also
discussed.

Chapter 4: Conduct and Ferformance. This chapter opens
with a review of the maljor systems acquisition process and the
types of contracts involved. It looks at how the distinctive
character of this process has influenced the response of

sellers, and how this response differs among strategic groups.
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The discussion of performance focuses on the internal and
allocative efficiency of the industry.

Chapter 5: Interpreting the Evidence. Here, the salient
facts about the industry are matched against the effective
competition criteria, and a judgment is reached. Some
interpretation of what the results mean for public policies is

attempted, along with suggestions for further studies.
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11. Effective Competition

This chapter reviews the literature aon effective
competition as a basis for evaluating an industry. It briefly
discusses the origins of the concept as an approach to
bridging the gap between economic theory and public policy.

It outlines the concept as it was first explicitly stated by
J. M. Clark, then reviews the various approaches to the
concept and addresses the criticisms of the concept. Finally,
it lists some of the many different criteria proposed for
determining 1f an industry was effectively competitive, and

identifies the approach used in this study.

Origins of the Concept

The idea aof effective competition has its roots in the
discussions of economists in the 1920s and *Z0s over the
application of economic theory to public policy. Economists,
beginning with Adam Smith and his theory of the free market
scciety, have long held up pure competition as the ideal for
the public good. At the same time, few would deny that the
criteria for pure competition—-—-a veryvy high number of sellers,
offering a homogeneous goaod at a price based strictly an
demand. with no seller large enough to 1nfluence the behavior
of the market--—-are too stringent for any real i1ndustry to meet
them. When economists began to enter the realm of public
policy-making in the first decades of this century, they saw a
agap between what economic theorv took as the i1deal and what

soci1ety. through its antitrust laws., tc-k as 1ts goal.
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Beginning in the early thirties, several economists
attempted to extend the theoretical framework into the middle
ground between monopoly and pure competition (91:11-13;
95:197-8). Joan Robinson offered “imperfect competition,” a
variation of perfect (pure) competition that redefined the
demand curve to account for interdependence among firms. E. H.
Chamberlin developed the theory af "monopolistic competition,”
to accomodate forces like brand competition and geographic
location in a competitive model. Joseph Schumpeter conceived

a radically different approach to competition, one based on

differences in technology between producers (91:39-43).

At the same time as these theories were being developed,
the new field of industrial organization provided empirical
data on the intermediate territory. through industry studies
and antitrust investigations. These studies usually followed
the model of basic industrial relationships developed by

Edward S. Mason, who divided market characteristics among

three categories: structure, performance, and conduct (118:4).
Industrial economists were eager to find a framework that
would help them to evaluate their data.

In 1937, Mason highlighted these differences in his
article. "Monopoly in Law and Economics" (12%2:247). Mason
described how the term "monopoly” was being used in legal
practice as a standard for evaluating business practices. The
use of contracts ta restrain trade and other predatory business

practices were considered attempts to monopolize, vioclatiorns
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of the Sherman Act. To ecaonamists, an the other hand,
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"monopoly" referred to a clearly understood model of the
market, characterized by monopolist’s ability to set his own
price, to control the market to his choosing.

This distinction between the legal and economic views of
monapoly extended to their respective views on competition as
well., "The antithesis of the legal conception of monopoly is
free competition. . . .[Tlhe antithecis of the =conomic
conception of monopoly is not free but pure competition
femphasis 1n the ariginall” (139:243). Thaose Qho tried to use
the theorv of pure competition in making public policy
confronted the fact that nearly all market situations contain
elements of both monopoly and competition. According to
Mason. "the formulation of public policy requires a
distinction between situations and practices which are in the

public i1nterest and those that are not" (139:247).

The Concept of Workable Competition

Three years after Mason’s article, J. M. Clark proposed a
an analvytical framework for examining market situations and
business practices as they exist in the real world,
incorporating economic ideas and theories, but aimed at
providing guldelines for public action (110:1846). In simnplest

terms, Clark’ s "waorkable competition." which term he later
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changed to "effective competition." is the best market

arrangement possible within the constraints of a freaze
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absence of a single characteristic of pure competition in an

industry, forcing the remaining characteristics to follow the
model did not necessarily result in the maximum public welfare
possible. *14 there are, for example, five conditions, all of
which are essential to perfect competition, and the first is
lacking in a given case, then it no longer follows that we are
necessarily better off for the presence of any one of the
other four" (36:242). Consegquently, argued Clark, attempting
to legislate all industries toward pure competition might
result in more harm than good.
Clark began by identifying ten factors which help to
characterize competition in an industry (36:247):
1. The standardized or unstandardized character of the
product.
2. The number and size—-distribution of producers.
3. The general method of price-making.
4. The general method of selling.
S. The character and means of market information.
6. The geographical distribution of production and
consumption.
7. The degree of current control of output.
8. Variation of cost with varying size of plant or
enterprise.
?. Variation of cost with short-run fluctuations of
output.
10, Flexibility of productive capacity.
He then described how, despite deviations from pure
competition in an industry, the forces of potential
competition and substitution can mitigate the seriousness of
these defects (Z6:246-8). He emphasized the time dimension o+t
the supply and demand curves, which is missing from the
classical market model: "LIIn actual elasticities of demand a

crucial element is the time required for a given change of

price to bring about a given effect on volume of sales”

18
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(36:247). When the dynamic aspect of competition is borne in
mind, Clark explained, the long-run effects of one firm’ s high
prices would be a much larger loss of sales than would occur
in the short run (36:248). He also proposed that when

differences in size exist among competitors. strong product

differentiation creates uncertainty that inhibits high prices _i@
(Z6:249) .

In this article, Clark did not propose criteria by which -
to iudge the workability of competition in an industry, but Sl

only argued that deviations from pure competition could work -

R
B

synergistically to achieve the same social benefits expected

from pure competition. However, his concept of workable R
competition, which could be judged from the interaction of the }éf
specific conditions in an industry, was eagerly taken up by ;?&

;]
economists, particularly those interested in industrial E%?
organization. Over the next two decades, at least eighteen ;&j
different views of what constituted workable competition and ';Ei

the criteria by which it could be measured were presented

(128:380).

Approaches to the Concept

The concept of workable or effective competition was one
of the hottest topics in economics throughout the forties and
fifties. 1Its defenders saw it as the most effective means for -EE
translating economics into public policy on the operation of
martets, but differed over the criteria to use. 1Its critics fi}
felt the concept failed as a taol for positive econamics l£f

because it supplied "no formula which can substitute for
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Judgment" (109:188). The sixties saw its fullest elaboration,
as well as its demise as an operational tool in the eyes of
many economists.

Stephen H. Sosnick comprehensively reviewed the
development of the concept through the late sixties in his
articles, "A Critique of Concepts of Workable Competition®" and
"Toward a Concrete Concept of Workable Competition" (128;

129). first, that

Two points are generally agreed upon:
perfect competition "is not a reliable basis for normative
appraisal of actual markets"; second, that it is necessary to
have explicit criteria of workable competition (128:380). The
focus of most of these authors—-—and the point of most
disagreement-—was the particular criteria required. The
various criteria proposed fall into three categories——
structure, conduct, and performance.

The writers differed on criteria in two ways (128:381).
Some disagreed on the basis of effective competition, and
hence, the categories from which to draw their criteria.
Edwards, for example, proposed to judge industries strictly on
structural characteristics; Markham, on the other hand.
favored a purely performance-oriented standard (S7:9-10;
?4:349). Other writers recommended different combinations of
structural, conduct, or performance criteria. The other point
of disagreement was the specific criteria chosen within the
respective categories. Three writers, for example, held that,

as conduct norms, there should be no misleading advertisement,

while six others held that there should be no unfair or
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3
YAOR

;.



-
A
3
o~
-

predatory practices (128:3%91).

The different views on specific criteria will be
discussed later in this chapter. The range of views on the
essential nature of effective competition-—-the various
combinations of cateqgories--will be ocutlined by reviewing the
views of the main proponent of each position.

The primarily structural approach to effective
competition was advocated by Corwin Edwards (57:9-10). He
held market organization to be the key to maintaining
competition, and identified seven structural characteristics
of competitive markets. Competition, in his view, "consists
in access by buyers and sellers to a substantial number of
alternatives and in their ability to reiject those which are
relatively unsatisfactory” (57:9). As Low and Sosnick have
shown, Edwards’® approach is unrealistic (21:47; 129:830). His
criterion of ease of entry, for example, is infeasible in some
markets:y another, that there be an appreciable number of
sources of supply, is not attainable in many situations if
"appreciable" means more than one.

The problem with a purely structural approach is that it
places too much reliance aoan certain market forces——-
countervailing power, potential entry, avoidance of antitrust,
and preference for long—-term over short-term profits——to
maintain an effective equilibrium. Simply meeting structural
norms is not a sufficient condition for optimal performance of
the market. Moreover, if performance data are available,

there is no reason to restrict one’s analysis to structure.
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At the other extreme to Edwards is the approach suggested

by Jesse Markham, which is essentially a test of market
performance (94). Using the rayon industry as an example, he
listed its significant characteristics, including its
manufacturing processes, price leadership and stability,
tariff protection., and rate of expansion and growth (94:3351-
354). He used the rayon industry because he considered there
was nNnop a priori basis for a judgment, since it both failed to
meet the conditions for pure competition and had nat been the
subject of antitrust action for over a decade at the time of
the article (94:350-351). He then described how any attempt
through public policy to change the industry to bring it
closer to the pure competition model would result in greater
social loss than social gain (94:354-258). Hence, he
concluded, the rayon industry was effectively competitive.

In fact, Markham’s test is performance-oriented only on
the surface, and masks the analysis aof the "relevant

variables” of the rayon industry that precedes it (128:828-

29). Indeed, Markham prefaces his discussion of the test by

saying, "“In any case, the warkable competitiveness of a
particular industry is gpen to debate only after the
structural characteristics of its market and the dynamic

forces that have shaped them have been appraised” (94:3328).

The practical problem with a purely performance-oriented

approach is that, in many cases, it is only instances of

extremely good or bad performance that can be detected

Nk v
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(128:397). Evidence on costs and profits must usually be seen
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through a screen of accounting methods, production decisions,
and management policies. As Sosnick puts it, "C[0Inly certain
extraordinary profit or loss rates could fail to be

rationalized by the many accounting problems and the

Justifications of risk-bearing, innovation, cost performance,
and resource reallocation" (128:398). Beyond this practical
problem is the conceptual problem of focusing only on the end
results of a market without regard to the means by which it
was achieved.

Most writers suggest a combination of structural,
conduct, and performance norms (128:389-391). They
acknowledge the interrelationships between these areas as
contributing factors in the degree of competitiveness in an
industry. Failure to examine and identify all types of
deficiencies may result in a conclusion that a particular
market 1s effectively competitive even though there may exist
serious deficiencies in other variables (129:834).
Comprehensiveness of criteria is a key to the usefulness of
the concept:

« « - 1+ the concept of workable competition is to
provide a reliable criterion for 1Judging whether a market
situation 1s socially satisfactory, 1t must ignore no
dimensions of normative significance and appraise
simul*aneously those which are interdependent [128:3299].
At the same time, performance is generally considered to

be "of ultimate importance" (128:381). Indeed, Bain defines
the "primary meaning" of effective competition as effective

performance (19:16). The flip-side of the disadvantage of

perfaormance tests as described above—--that only eitreme cases
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can be clearly identified—--is that performance tests most

clearly identify the extreme cases of bad or good situations
(19:163 128:392). At the same time. performance norms
summarize questions of value judgments implicit in the

operative concept of effective competition (128:392).

Criticisms of the Concept

Such value judgments are the focus of most criticism of
effective competition. The claim that effective competition
provides a more useful guide for public policy than pure
competition is undermined, say critics, by the fact that, in
the end, it offers no obiective substitute for Jjudgment
(109:188). Indeed, most praoponents do not state the social
wel fare values underlying their concepts of workability.

Bain is one of the few writers to explicitly refer his
definition to the operation of the economy as a whole (19:13).,
He identifies the principle measures of social welfare
represented by aggregqgate industrial performance: emplovyment,
production efficiency., stability, progress, composition of
aggregate output, and the distribution of income. He then
suggests that for each dimension, "it is passible to establish
certain standards or norms of what would be the most satisfactory
perfaormance from the standpoint of the tatal populacs" (12:13).

Stigler., however, reiects the notion that such standards
can be established with any certainty:

The doctrine of workable competition has a purpose
which is uncommon in the history of economics: it purports

to be a rule of applied ethics which will tell us in each
case how social policy should proceed (138:3051.
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The problem with prescribing a fixed set of norms, says

Stigler, is that this approach fails "to recognize that the
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society’s standards of acceptable performance change over
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time, sometimes fairly rapidly” (138:505). Since its
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proponents reduce the concept to a list of criteria without

hd -

identifying their underlying assumptions about social welfare,
he argues, "it attracts all the protagonists, who seek to bend
it to their purposes" (138:505). He concludes, consequently,
that the concept "is unlikely tao assist in the study of the
subject to which it pertains” (1328:505).

Fegrum echoes Stigler’s arquments, reiterating that
effective competition fails because it cannot offer a precise
gauge by which to tell when industry practices have reached a
point where thevy must be curbed (109:188). He suaggests that,
at best, the concept is redundant to the traditional models af
competition and monopoly. The formal models alone “provide us
with the conceptual apparatus, nomenclature, and criteria by
which we define economic efficiency and evaluate the significance
of the departures therefrom" (109:189).

Hay and Morris argue that the concept "ignores the second-
best theory" (B80:559). Fareto analvysis shows that in the
absence of all optimal conditions, affecting a change to the
optimal 1in a single candition does not necessarilyv improve the
overall situation, and may i1n fact worsen it. Consequently,

unless competition per se is gouod. effective competition can

onlv work through "an all-or-nothing Faretian policy package’

(80:559). Although this is agreeable in theory, in operation
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it requires an extensive apparatus to identify all types of EE
structure, conduct, and performance deviating from the F“.
optimal, define the socially acceptable standards for these ;E%
areas, and investigate all possible legal and administrative ;&:
sanctions to determine the best policy package. "Sadly," they :
conclude, "the state of economic analysis . . . is simply not i;
adequate for so complicated a task" (80:5460). Scherer argues Z;:
that this analysis problem just condemns the second-best i&.
theory as a guideline for public policy, and suggests that the ?;
practical approach is the "third best”"--to choose, among ff
alternative general policies, those that on average tend to ;&r

produce more favorable, if not optimal,., results (118:28).
Effective competition is one way of identifying specific

dimensions in a market which can be influenced by policy R

toward such more favorable results.
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Most proponents of effective competition admit the extent
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to which it relies on the iudgment of the analyst. As Markham
explains, "The concept owes 1ts creation to a public policy NG
need and not to the logic of abstract theory. It can, at iﬁ
best, be divorced only in part from value judgments” (24:749). iw
The role of Jjudgment becomes mast critical in those cases when }

th= evidence about an industrv is mixed. What combination of O

it

criteria met and unmet is acceptable” According tao Sosnick,
an industry is clearly and unambiguously effectively
competitive 1f and only if 1t meets all criteria (129:850).
Other cases will only indicate, strongly or not, that further

1nvestigation is warranted.
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In fact, Papandreou and Wheeler argue that it is
undesirable that public policy attempt to enforce all criteria
of workable competition (107:18-19). They agree with
Sosnick®s assertion that the judgments in an effective
competition analysis that pertain to a social value system are
what make the concept useful to public policy (107:204-207;
128:382). Policy is a reflection of the prevailing social
value system. I+ values change, policy responds, sooner or
later. I+ the operative caoncept of effective competition in
an analysis also reflects a value system in its definition of
social welfare, it will provide a clear indication in those
cases where the market situation strongly differs from the

norm. That the value system changes over time does not affect

the usefulness of such an analysis at the particular moment.
Maintaining effective competition through continual analysis

and enforcement, say Papandreou and Wheeler, is "the only

»
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meaningful alternative to a planned society"” (107:204).
Effective competition has not been proposed as a theory
to vie with the traditional models, but only as a meancs by
which judgment can be applied within a framework of economic
values. The traditional models, as has been decscribed, have
been found to be of very limited value fcf policy-making.
Analvsts like Markham have found industries which do satisfy
all their criteria. demonstrating the usefulness of the
concept for evaluating actual situations. That the value
systems underlying such analyses change does not render these

studies useless, only subiect to periodic reexamination.




Indeed, continued monitoring is in line with Clark’s concept
of a dynamic market, where time is a key dimension in the

madel.

Effective competition, then, is a rough but useful tool

for economic analysis aimed at framing public palicy. That it
is reliant on value judgments does not detract from its
usefulness when the underlying concept of social welfare is

clearly identified. It does not purport to produce a set of

instructions for antitrust action, but only indicates where o e
such investigations may be fruitful. It does not provide a
guaranteed cure, but it can at least pull together the v

symptoms for an effective diagnosis. };ﬁu

Criteria : L
What, then, are the criteria-—the symptoms—-by which to
diagnose 1f effective competition exists in a particular

industry? Almost every writer on the subject has proposed his

own list, and each list has its idiosyncracies. Since Sosnick

e e s v W W W e - v v v -

has thoroughly reviewed the literature on the subiject, this
section will simply review his two articles, addressing the
significant change in approach between the two, compare his T
views with those of his predecessors, and attempt to derive L
some consensus on the critical aspects of a market to look

i for.
f In his "Critique of Concepts of Workable Competition,"

Sosnick summarized the maost frequently-mentioned market

characteristics i1dentified in the works of eighteen economicsts,

ividing them into three categories, as shown (1Z8:7289-2%91):




Structural norms:

A large or an appreciable number of traders. or
several at least, none dominant; or as many as
scale economies permit.

Moderate and price—-sensitive guality differentials.
No artificial handicaps on mobility.

Adequate access to information.

Some uncertainty whether a reduction in price will
be met.

Absence of legal restriction.

Continued gpening of fresh areas and types of
competitive contact.

Caonduct criteria:

Firms should strive in rivalry without collusion.
Firms should not shield permanently inefficient
rivals, suppliers, or customers.

There =should be no unfair, exclusionary, predatory,
or coercive tactics.

Fersistent price discrimination should not occur.
Sales promotion should not bhe misleading.

Buyers should react fairly rapidly to differential
offerings.

Ferformance criteria:

tructure,

Operations should be efficient.

Fromotion expenses should not be excessive.
Fraofits should be at levels which reward investment
and efficiency and induce innovation.

Output should be consistent with a good allocation
of resources.

Frices should not intensify cyclical instability.
Guality should conform to consumers’™ interest.
Opportunities for better products and techniques
should not be neglected.

Conserwvation should not be disregarded.

Swuccess should accrue to sellers who give buyers
more of what they want.

Entry should be as free as the nature of the
industry permits.

The industry should aid in national defense.

Small groups should not hold excessive palitical
and economic power.

Employee’™s welfare should not be neglected.

tte number of items listed in the category of

Sosnick argues that structural norms are by far the

impartant (128:402-4095). This is because there is often

> 2lear answer to the question of what effect a structural

cecrd:t:on——say, the number of sellers——-has on performance.
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Mor=over, there may be no way to predict what effect a public
policy to change a structural condition may have on
performance. If there are three sellers, would performance
improve if there were five? Fifteen? Fifty? For this
reason, he recommends that structure be divided into its
malleable and intrinsic aspects (128:416). The malleable
aspects are those which public policy can, within reason,
influence. The intrinsic aspects are determined by nature,
tachnelogy, chance, or other factors beyond the control of
government-—the basic conditions of the market.

Since the aim of effective competition is to identify
where feasible changes would improve social welfare, Sosnick
maintains that no characteristic should be labelled
"catisfactary" unlescs its present state is unimprovable. For
a condition to be improvable requirec that (128:409):

1. At least one change that would improve performance is

possible.

2. Some reasonable remedy to accomplish the change is
available.

Z. The direction and strength of the effects be
predictable, including the effects of emploving
the remedy.

4. The desirable effects must outweigh the undesirable.

Sosnick then lists his own set of criteria, "a compromise
betwe=n mentioning every differ=nce among markets and
refer-ing to orlvy a few oversimplified variables" (128:414).
Many of the items agree with the list culled from the
literature, but in most cases., Sosnick provides a much more
complete description of the criterion than previously
zvsa1lable. His criteria are:
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Ferformance Dimensions.

d.
e.

Q.

h.

Economic profits should correspond to the enter-—
prises’ risks, i1nnovations., and costs.

Volume of sales should equal demand without con-
tinued excess demand or inventroy backlog.
Opportunities to reduce costs or improve products
should not be suppressed or neglected: obsolescence
should be corrected with reasonable speed.

Costs should be minimized over the relevant time span.
Fromotion should be informative, providing buvyers

the opportunity to be rational in their choices.
Froduct quality and variety should be appropriate
within the forces of economy and individuality.
Sellers and buyers should be lawabiding and mindful

of social responsibilities.

Froducers should favorably influence inputs,

insuring that natural resources are not exhausted.
Labor—-management relations should not be characterized
by frequent shutdowns, exploitation, or excessive wage
increases. Working conditions should be desirable.
Management should strive for the most profitable
longterm retuwrn on equity., except where it would
conflict with social welfare.

Concentrated economic power should be justified. and
protections should exist against its abuse.

Conduct Dimensions.

=

Enterprises should not employ unfair tactics against
actual or potential competitors.

Collaboration among firms should not promote their
own welfare to the detriment of athers.

Resale price limits should not be set.

Economic discrimination should not prey on weaker
sellers or disadvantage small buyers.

Methods of trade should be the most convenient and
not be conducive to exclusion or price leadership.
Aggressivensass in rivalry and bargaining should he
stronger or weaker if that would improve performance.
Buyer= and sellercs should be responsive to changes
that improve performance.

Sellers should disregard insignificant or ephemeral
price changes, unless greater price flexibility is
Justified.

Mergers should not change the structure of any
market in contravention of the norms for concentra
tion or conditions of entry.

Malleable Dimensions of Structure.

Q.

Interlocts should not uniustifiably threaten
competitors or raise gquestions of conflict of
interest.
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b. Buyer and seller concentration should not be such ..f

y that a change would improve performance. ﬁﬁ
c. Turnover should continually weed out truly less -

e dynamic and efficient firms, but at rate that E}
allows the reabsorption of resources. ﬁv

> d. Size, number of plants, integration, and markets L,
-~ should represent a search for growth and efficiencies. iv
e. Trade associations should not facilitate harmful ?*

collaboration. e\
f. Standardization and commonality should be pursued ‘
if it improves selections and reduces costs of use.
g. Information should be easily available to buvyers and
sellers.
h. Conditions of entry should be such that no change
would tend to improve perfaormance. -
1. Legal controls should favor optimal performance. !-

4. Intrinsic Dimensions aof Structure.

a. Froduct attributes, including durability, cost.
storeability, transportability, complexity.

b. Froduction characteristics such as period of 3
praduction, inventories, inputs, unionization, <
and number and skills of employees. '

c. Marketing features, including buyer uses, codes of
ethics, frequency of purchase, orderdelivery lag,
and importance of design to buyer. .

d. Organizational aspects such as partnerships. trusts, E
ownership, finances, planning horizons.

:% Ten years after this article, Sosnick offered a
considerably different list (129). In his article, "Toward a
Concrete Concept of Effective Competition”, Sosnick

established seven principles to follow in developing criterias e

ARG

"[2®]e specific, definite, explicit. realistic. discriminatinag,
comprehensive, and stringent" (129:829). He then listed 25

martat conditions which were verifiable, undesirable. and ff
remediable. 0f these, 10 were undesirable in themselves, :i
h while 15 were undesirable only because of their effects -
. (129:842) . Items 1 through 7 and 11 relate to performance, Y
- items 8 through 10 and 12 through 22 to conduct. and 27

~“~e

- through 225 to structure (129:847-8%51):

-
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Conditions Undesirable in Themselves

Unsatisfactory products.

Underuse or overuse.

Inefficient exchange.

Inefficient praoduction.

Bad externalities——inflicting costs which could be
avoided.

Spoliation—-—needlessly exhausting nonrenewable
resources.

Exploitation.

Unfair tactics.

Wasteful advertising.

Irrationality——sel f-defeating choices by buyers or
sellers.

b id by

SoON O

[

Conditions Undesirable in Their Effects

11. Undue profits or losses——for example, positive profits
when there is an inferior combination of gquality and
prices.

12. No research into reducing costs aor improving products.

1Z. Predation.

14. Freemption.

1S5. Tying arrangements.

16. Resale price maintainence.

17. FRefusals to deal.

i8. Discrimination not justified by difference in costs.

19. Misallocation of risk.

20. Undesirable collaboration.

21. Undesirable mergers.

22. Undesirable entry.

2Z. Misinformation.

24, Inefficient rules of trading.

25. Misregulation.

This list departs from the structure-conduct-performance
norms approach, but it has the advantage of speeding up the
diagnosis by i1dentifying those factors whose existence is
suffticient to keep an industry from being effectively
conpetitive. It is also clearer than his previous list., which
was full of openings for subliective judgment to enter: “Pro-
ducers should exert whatever favorable influence is needed and

reasonably available on the quality. availability, training,

and absoclute and relative prices of inputs" (126:417),
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: e
. Sosnick also abandons most of the structural criteria 5?3
e

proposed in the literature. He gives several reasons for this Eé;
(129:8337-8328). One is that there has never been a consensus ;ﬁi

of what is a satisfactory level of concentration or barriers 3£§

to entry. Another is that even if such a consensus is :E;

reached, these conditions do not necessarily imply E%C

satisfactory performance. He does, however, emphasize that N
while such structural conditions do not constitute necessary ;ié
S
or sufficient reasons for determining the extent of !gé
competition in an industry, they must be addressed as part of 'i
the overall analysis, for the clues they give to the i

interaction of all elements of the structure-conduct-

performance triad (129:879).

ol

What are the significant changes in the criteria from the

first articles on workable competition to Sosnick’s last list?

=
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3 Sosnick began his article by stating his goal ot developing

'
%
“»

«
.
2

"meaningful and manageable criteri1a” (129:828). Richard Low
and others have pointed out the flaws in approaches like
Markham®s and Edwards’, stressing both that their criteria

were not necessary or sufficient conditions and that their

criteria were of little use in practice (91:446-47; (0:29). By kﬁJ
keeping the aim of the concept :n mind. Sosnick came closer to
providing a means of assessing siltuations so that
opportunities for remedy by public policy could be identified. !Eﬁ
Norris Pritchard complained that Sosnick’ s second list :Uu
expressed its standards in "purely negative terms"” (11{2:477). E}

Yet, by approaching the subject in this way., Sosnick adopts IE;

et At e et et e . et
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the approach of public policymakers. Antitrust laws do not
state what situations are acceptable, but identifies those
that work against the social good. Rather than presuming a
set of norms for all industries, he attempts to identify every
market condition that is undesirable, verifiable, and
avoidable.

These three characteristics——undesirability,
verifiability, and avoidability—-—-are what make Sosnick’s list
particularly useful for the analyst attempting to assess the
need for change in the public policies affecting a market. 1If
a condition is not undesirable., while there may be interest in
looking into how the government can encourage its continued -
presence, there are probably also strong arguments against
tampering with the market forces. If a condition cannot be
veritied as being present in an industry. there is no point in
talking about remedies. If it is not avoidable-—-due to the
control of essential inputs by a foreign power., for example——
it lies beyond the realm of social control. If an undesirable
condition can be observed in the market, the analyst can try
to determine why it exists, and then evaluate passible policy
changes.

For these reasons. this study uses the set of criteria
listed on page IT to assess the character of effective
competition 1n the spacecraft market. EBefore leaving the
subject of effective competition, however, it 1s essential to
at least identify the underlying concept of social welfare

from which any value judgments in this study are made.
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. The principles that guide the government’s influence in ;%
economic activity are that all persons should enjoy at least zé

l some minimum set of economic conditions necessary for a gi
o

; healthy life, that economic power should not exploit or exalt :;
v %

private interests over those of the public, and that resources

A Y5

B
Crta
it

should be used efficiently to maximize output (93:185-6). The

v v
el

first principle is a matter of equity in the distribution of e

“ income and other benefits. The second is reflected in
.policies aimed at reducing moncpaoly power in markets. The e
third, efficiency, embodies efficiency in consumption, in

T production, and in the sovereignty of consumers to choose

- among alternatives (122:59).

In looking at defense markets, this last principle,

{ efficiency, seems the most impartant. As Richard Garwin has

'S written, 1in spending for national security, "A dollar spent EA

S unnecessarily is a dollar of military capability denied us" if

(6R:24). OGiven the significant trend toward increasing unit f!“

costs in defense programs, the ability of producers and m

™ program managers to minimize their cost curves and optimize

their output is the real proof of whether a particular defense

- market is or is not serving the welfare of the public. E:

With these values and the criteria provided in Sosnick’s

second list in mind, particularly those concerning aspects of

. eftficiency, this study will look at the specific character-—

. istics of the defense spacecraft market.
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111. Development and Structure of the Market -ﬂi

..

This chapter opens with a brief description of the genesis iég

of the military space program in conceptual studies undertaken 553

in the decade following World War 1I. It outlines how the T%

? industry took shape, beginning with development of experimental o
': systems and quickly evolving into the production of operational

7 systems. With this historical perspective, the structure of .‘

the industry since 1978 is examined. A definition of the
industry is offered, and its size is described and compared

with that of the overall aerospace industry. The degree of

concentration among sellers and buyers is estimated, and the
conditions of demand and supply are discussed. It evaluates
barriers to entry into the industry, then focuses on the n
question of subcontracting and coalitions in the DOD market

which influence its conduct and performance.

3 Origin and Early Evolution of the Military Space FProgram .
; Since this study focuses aon the military space market, it E
. is useful to begin with a look at its genesis and early growth. i}
4 The market for military space vehicles was born in the ﬁ;’

conceptual studies conducted by the Navy and Armvy Air Corps
during the 19240°s. The Navy study was in part contracted to -
the California Institute of Technology® s Guggenheim !ﬁ
Aeronautical Laboratory, which later became the Jet Fropulsion
" Laboratory, a major developer and producer of scientific space

vehicles. The Army’s study was contracted to Froject RAND,




originally a branch of the Douglas Aircraft Corporation, with
participation by North American and Northrop (79:69-75). These
were feasibility studies that looked into possible military
uses for artificial satellites, suggested tentative designs,
and outlined technological considerations (82:35).

These studies were remarkable in their prescience. A 1949
RAND report identified four of what have become the five
primary military uses of satellites: communications,
reconnalissance, surveillance, and meteorology—-—-only navigation
was not mentioned (72:89). None of these efforts resulted 1in
any significant hardware development, however., largely because,
although the subiect was deemed worthy of development, no firm
military requirement could be identified (79:83).

The first such requirement arose from the acceleration of
the ballistic missile program (82:34) Several factors came
together to promote satellite development. The recommendation
of the Strategic Missile Evaluation Committee i1n February 1954
to accelerate ballistic missile development meant that the
rocket technology required to launch reasonably heavy
satellites would be available for a space program. Second.
fears about Soviet missiles stimulated the desire for photo
reconnaissance and missile launch detection, miscions similar
to those proposed in the early ctudies. In Marzt, 1°SC. the
Ballistic Missile Division issued a request for proposal for
WS5-117L, a prototype photo reconnaissance satellite =z,stem
(27:228). Of the three bidders., Lockheed was selected to

develop the prototype system because it had a proven record =f
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building aircraft for the government (82:66).

>

Although the WS-117L program was approved. it took the Lo
dramatic launch of Sputnik in 1957 to provide the political :;a
momentum needed to push a full-scale military space hardware ég:
development praogram through (138:36). Ironically, the impact .

of Sputnik had been predicted over ten years earlier in the
first RAND report for the Army Air Corps, which stated:
Since mastery of the elements is a rzliable index of -
material progress, the nation which first makes -k
significant achievements in space travel will be .
acknowledged as the world leader in both military and T
scientific techniques. To visualize the impact on the R
world, one can imagine the cansternation and admiration e
that would be felt here if the U.S. were to discover =
suddenly, that some other nation had already put up a ‘75
successful satellite” [79:75). -
Suddenly, the gap between U.S. and Soviet programs had
international attention. Military and civilian decision-makers -
quickly began to work to close the gap., azzelerating on—-going Eﬂ
programs like WS-117L. and Vanguard. and giving new programs the
go-ahead. Less than two months after Sputnilk, for example, the
Alr Research and Development Command had already prepared an
astronautics program, pulling together its current space o
prorects and prioritizing potential efforts (170:ad), 'H“
One of the biggest decisions to be made was about who -~

would be responsible for military space programs. The Air -

Force’s Ballistic Missile Division, the Navy’ s Naval Research

Laboratory, and the Army’ s Redstone Arsenal were all engaged i~ -
developing experimental satellites and space boosters, and the }?
Vanguard program was being undertaken as a strictly civilian k%
effort. The Advanced Research Froiects Agency (ARFA) was !?
.
3
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N
established in November 1957 to coordinate all military Eﬁ\
programs, while the National Aeronautics and Space Admini- d;
stration (NASA) was formed in April 1958 to manage ;ﬁ
civil/scientific air space research. However, interservice Eé
rivalry continued, and responsibility was transferred back to :::
the services from ARPA is September 1959. When the Kennedy !?l
adminsistration took office, Secretary of Defense McNamara .E
ordered a review of the organizations for military space 5
research and development. Based on its findings, he issued DaD !s
Directive S160-22, "Development of Space Systems," which gave ;;i
the responsibility for full-scale development to the Air Force ;3’
(135:40-47) ., -??
These years were marked by tremendous growth. The first
U.S. military satellite, Discoverer I, was launched on 28 ;
February 1938. Along with WS5-117L., which was known as
Y-
Discoverer in its test phase, programs to develop missile )S$
launch surveillance (Midas). navigation (Transit), weather Eﬁ;
(Tiros), communications (Advent) and a manned space glider ;Vﬁ
(Dynasoar?) were underway by 1960 (120:4%S-77). The budget for ;;:
military space programs grew from $1 million in 1995 to $4°90 Eﬁi
million in 1959 (6:52). Similarly, the conceptual and i
organizatianal structure by which these programs were to be
managed was established: §{>
By the end of the Eisenhower administration, the ig
foundations of each of the major military space programs had e
been laid. Similarly. between October 1957 and October 1943 };
the policy guidelines that have determined the subsequent o
U.S. exploitation of space were also formulated [S6:726). N

The industrial base to support the space programs was also

4O
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formed during this time. The companies that had participated in
a deacde’s worth of studies were ready to reap the rewards of
their recently—-acquired expertise. RCA, for example, was
invaolved in RAND studies in 1949 and 1951, and was one of three
companies selected to conduct feasibility and design studies
for what was to become the WS5-117L system, incorporating the

Discoverer, Samos, and Midas programs. Although its design was

Ciachen ane ol iR
. T T L T .. v, .

rated the best of the three by the source selection evaluation
board, it lost the full-scale development contract to Lockheed
on the basis of experience. Looking for a way to employ its
new experts in satellites, RCA went to the Army Ballistic
Missile Agency, which it sold on the idea of developing a
system to provide television pictures of Earth from a satellite
(B2:646-68).

This project eventually ended up i1n the hands of NASA as

the Television Infrared Observation Satellite (Tiros). The

first Tiros. built at a cost of $10 million. was launched in

¢

*

April 19260, It was a tremendous success, producing useful

.
] .' I
. .

weather pictures on a regular basis., and in 19461, Fresident

.
s T2

Kennedy went forward with a $75 million program for an

operational weather satellite system {(82:68).

- Many of the space contractors alsc capitalized on their

- experience in guided missile work. General Electric, which

A pioneered work in ballistic missile nose canes and guidance
systems., entered the space field as the contractor for the
Discoverer re-entry system, and quickly won contracts tao develop

meteorological and scientific satellites (6£35:127-S). Ry 1241,

-
. 41 c.
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sales from space vehicle projects equalled those from nose—-cone ﬁzﬁ
NN

worlk (65:125). Y
"

The Rise of Systems Engineering. Guided missiles and ;4?
space vehicles were not, however, like aircraft aor anything }Ef
Yo

q" .

else the military had demanded or that these companies had

e

produced. On the buyer’s side, the Air Force found these

systems presented both technological and managements

' challenges. These systems were the most complex structures
that had been built at the time, comprising thousands o¥
components, subsystems, and unique devices. With the number of
subsystems, scientific and engfneering specialties, and ;?ﬂ
organizations involved, the task of coaordinating and managing AR
these efforts required skills combining engineering and
management——systems management (or systems engineering), as the
field came to be called. A 1953 Air Force survey headed by .
Jahn von Neumann found that no single major aerospace company
could handle the production and integration of the nose cone, -
missile structure, propulsion, and guidance systems (82:61).

Around the time of the von Neumann study. Simon Ramo and RN

Dean Wooldridge, engineers, vice presidents of Hughes Rircraft, ;Q:

I T T TG O YT T T Y T T e Y emmwe— . . . - -
"W
[}
1] ' v
L)

and members of the von Neumann committee., formed the Ramo-
Wooldridge Corporation, with capital support fram the Thompson

Froducts to offer systems management support to the military

! (@7:107) . In 1955, Ramo-Wooldridge was cselected as systems | =
. o
- engineers for the ballistic missile program, and soon became an ol
) e
X integral part of the Ballistic Missile Division management 5:
’ “u

a8,
! (100:15), By 1957, when 1t formally merged with Thompson -
. a2 7
J 5
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(creating TRW), the firm had over 2,000 emplovees with $29 e

CALR
Y

million 1n assets. Its fees for providing technical advice to
the Air Force averaged 147 of the estimated cost of contracts
supervised (B82:62).

When Thompson took over management of Ramo—-Wooldridge, it
set up a subsidiary, Space Technolaogy Laboratories, to carry on
the consulting work, while TRW competed for hardware contracts.
The aeraospace industry argued that this constituted amn unfair
advantage. In June, 1960, with pressure from Congress, TRW and
the Air Farce created a nonprofit corporation, the Aerospace
Corporation, with the sole responsibility of providing
technical support to government space programs (82:63). It
continues to function in this role today.

The same prablems of developing and producing complesx
space systems faced the contractors as well. ®As early as 1242,
both business and academic observers were noting the profound
effect the complexity of these systems had on the pattern of
business. Feck and Scherer found that over S0 of the proceeads
from military contracts were passed on through interbusiness
transactions (108:386). Fortune magazine, echoing the von
Neumann committee findings, concluded that "no single company
vet has the immediate resources to manufacture wholes vehicles®
(6£5:88). Companies attempted to offset the loss of revenues
to subcontractors by working as subcontractors themselves on
other contracts, thus offsetting the revenuez lost to their cwn
subcontractors while fully utilizing the resources in their

particular area of specialization. But the figures on
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subcontracting——4, 000 subcontractors to McDonnell on the
Mercury capsule contract alone-—testified to the magnitude of
the technical and management effort required to produce a space
vehicle.

In these early stages, then, space ventures were almost
exclusively the realm aof the government and the military. Only
one company, American Telephone and Telegraph, saw enough
commercial potential in space to undertake its own satellite
research and development effort. key developments in

communications technology., such as the transistor, large horn

antennas, solar power cells. and low—-naoise radio receivers,
resulting from EBell Labaratories’ aggressive research program,
made feasible a communications link using a satellite as a
relay antenna (82:1461-2). By 1960, these technologies had been
inteqrated to the point that AT%T contracted with Douglas for a
series of Delta rockets to launch its experimental satellites
(82:164). Telstar, first launched in 1962, was the first
satellite built with private funds, and the first to provide
voice, data, and television links between continents (27:258).
Within a year after the first Telstar launch, both RCA and
Hughes had launched communications satellites. However,
Fresident kEennedy was concerned about AT%T s ability to
establish a monopoly on satellite communications., and pclitical

pressure resulted in the creation of the Communications

T
Satellite Corporation (Comsat). to provide a commercial j&f
R
satellite communications system (82:1468). AT%T became a maior i&'

stockholder in Comsat. and withdrew from the zatellite

44




Caia Y Padintdan Saac o - Lae vy aae wi o
HEUEEEE A A AL A AS e S S0 S Al M A Sl il M td Al g o n vy ann s

manufacturing business.

The Space Industry Matures

In July, 1959, the Aircraft Industries Association changed
its name to the Aerospace Industries Association, to reflect
the industry’s "new role as the supplier of vehicles and
equipment for space exploration” (9:87). As a proportion of
the total industry workload, space equipment ranked third
behind aircraft and missiles, but the intensified launch
schedule for prototype systems and the rapid progress on full-
scale develaopment programs represented a significant demand an
manpower and facilities (10:88). Some companies, like Martin,
even left the aircraft business completely for the missiles and
space field. A Martin executive was quoted as saving, "We
don*t expect to ever design and produce another aircraft®
(10:1=22). A special issue of Foprtune magazine devoted to the
sublject in 19262 concluded that "the space effort alona will add

the equivalent of a good-sized industry to the economy”

Almost all public attention was focused on NASA s portion
of the space effort. President kennedy’ s speech to the
Congress on 25 May 12461 stated his belief that the United
States "should commit itself to achieving the goal. before this
decade is out, of landing a man on the moon and returning him
safely to earth” (?7:303-4). The race to the moon consumed
public interest and much of the budget for space through the
19460s (see Table I). There was a decline in NASA programs

following the end of the Apollo pregram, but Skyvlab and
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Table I.

R

'

Expenditures for Space Activities by Agency: 1955-1984 Q?
(Millions of Dollars) %}4

h"

"
41
L4

Fiscal Dept. of Defense NASA All Agencies
Year Total Percent. of Taotal Total

1955 3 1 1.3 % 3 74 3 75
1954 17 17.0 71 100
1957 48 32.0 a9 150
1958 134 26.1 144 521
1959 490 LH2.4 ‘ 261 785
1940 Sé1 S2. 342 1,066
1961 814 45.0 24 1,808
1962 1,298 9.4 1,797 3,295
1963 1,545 ?8.4 3,626 5,435
1964 1,599 23. 5,016 6,831
1965 1,574 22.6 5,183 4. 954
1966 1,689 24.2 5. 065 6,970
1947 1,464 24.8 4,830 6,710
19468 1,922 29.4 4,430 5,529
1749 2,013 337 3,822 5,975
1970 1,678 Z1.4 3.547 S.341
1971 1,512 I1. Z,101 4,741
1972 1,407 0.8 Z.071 4,575
1973 1,623 3.6 3,093 4,825
1974 1,746 z8.1 2,759 4,540
1975 1,892 8.5 2,215 4,914
1974 1,983 7.2 3,225 5. 320
1977 2,412 40,3 Z, 440 5,983
1978 2,457 9.7 I.582 5,188
1979 2,891 2.5 I,744 5,808
1980 T.162 41,2 4,340 7 5E7
1991 4,131 5.1 4,877 ?,185
1782 4,772 45, & 5. 457 10,466
1987 &, 290 49,4 6,144 12,720
1934 7.504 52.9 6,385 14,197
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Table II.

Number and Average Weight of U.S. Payloads Launched, 19260-1980.

19260 11 payloads 83° kilograms per payload
1965 44 863
1970 30 1023
1975 13 2273
1980 1S 2769

Source:

development and production of the Space Transportation
maintained NASA’s majority share of the space budget.

Although over half of the payloads launched into orbit by
1962 were military, these programs willingly conceded the
limelight to the manned space praograms (27:272). In 1941,

National Security Advisor McGeorge Bundy extended a media

blackout over the Dicoverer pragram, and most other programs

maintained a low profile for security reasons (27:3246).

The military continued to launch a high number of pavloads
per year through the early 19270s. These were for swveillance,
communications, navigation, meteorological, and unannounced
classified programs, all of which had transitioned from
advanced development and test into full-scale operations by
this time. PBeginning about 1972, however, the number of
payloads began to decrease. This should not be interpreted as
indicating a shrinking military space program. As shown in
Table 2, while the number of payloads decreased, the average
weight per payload increased. as designers exploited the
increase in lift capabilities due tao larger boasters by

building heavier satellites with greatly extended lifetimes.
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The lifetime of a Defense Meteorological Satellite Frogram

(DMSP) vehicle, for example, went from less than two years in

1965 to over six by 1977 (114:4-5).

£
x
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On the industry side of the space market, companies began

N
A
.
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to catch up with the surge in demand for space systems in the E%i
early 19260s. New facilities for development and production of iii
space vehicles were built, and these operations were formally ;;i
established as divisions in their carporate organizational i;}

.
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structure. In 1961, General Electric Space Systems Division

moved into its Valley Forge Space Technology Center, which
centralized advanced development facilities and research o
laboratories with space program management offices (11:100),
RCA opened similar facilities for its Astro—Electronics
Division in Princeton, NJ, as did Hughes, and Naorth American,
which redesignated its Missile Division the Space and
Information Systems Divisiqn (11:133). Grumman spent
approximately $2.7 million on space test facilities, including
a 15’420 environmental space chambher to simulate the thermal
and vacuum conditions of low earth orbit, a shaker stand to

subject spacecraft to vibrations like those encountered in

launch, a centrifuge, air bearing tables to test guidance and i
control systems, and a clean room in which the majior subsystems

and spacecratt could be assembled (11:110).

Throughout the 19460s, companies consolidated and expanded !ﬂ

s

their space facilities. Boeing spent over $20 million on its -
Space Center in kent, WA, while Douglas Aircraft’s investment fﬁ
in 1ts Space Systems Center in Huntington Beach, CA totaled $3S !ﬁ
48 -

L A S SRR « P P S i DR TN T I i S S




AMNGECIL I G A, ' G Er L Al A AR ek ade Bk SNEosieRo Al oS il e A bl oA ae AR

million by 1966 (12:95,101). Ling-Temco-Vought and Fairchild-
Hiller completed Space Technology Centers in the late 1960s,
each for over %25 million (13:80; 14:126).

Some of these facilities were quickly made aobsclete as
larger and more sophisticated spacecraft were developed.

Martin Marietta spent $5 million in 192467 on a 24’4326 thermal

vacuum chamber to accommodate spacecraft too large for its
smaller chamber; a year later, TRW added a similar chamber
(14: 1325 iS:le). The cost of such facilities motivates some
manufacturers to cooperate with their competitors. Ford
Aerospace, for example, used Lockheed’s acoustical test cell to bl
check out its Intelsat V satellites (81:103).

By 19263Z, all of the current members of the spacecraft

industry had entered the market; by 1972, mast of the other ;'%
participants had exited. Northrup built one scientific
satellite, the 0OV2, then never won another contract and shut
down its spacecraft operations. OGrumman did not build another e
spacecraft after the Orbiting Astronomical Observatory, but it
has recently begun to compete for Space Station,
Transatmospheric Vehicle and other advanced development T
contracts., and has announced it will form a Space Systems
Division i+ it wins any of these (1Z3:V-9, V-19; S:26 Feb 39). :;;
During the 1970s, the rate of growth of the industry fgﬂ
slowed, and even declined'slightly immedi ately after the last
Apollo mission. The DOD share of the space budget, however,

grew steadily from less than one-third to aover one-half by

,!/‘.',‘._.'.'.

/

1982. The members of the industry further developed their
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E expertise in particular space technologies, and thus, insured fﬁ?
' their share aof the market. Hughes, which had built the first ;EE
geosynchronous comsat, became the predominant firm in the new 551

commercial comsat market, followed by RCA and Ford Aerospace. ;;E

Rockwell retained its leading share of the NASA market by éﬁé

winning the Space Shuttle prime contract. By the late 1970s, ‘%f

the essential characteristics of the current market structure :ﬁg

had begun to form. ;ig

Structure of the Spacecraft Market ;}F

In his book, Industrial Organization, Joe Bain defines _i;

e
)
!!_',
)

market structure as "those characteristics of the organization

T
-

of a market that seem to exercise a strategic influence on the ?Eg
nature of competition and pricing" (192:7). The following set EE

NN

. :M‘ N
1

Y
e

of structural characteristics are those mast commonly used in

4

industrvy studies., and will be used in this study (98B:9-10): Nt
[
RS
1. Distribution of sellers by number and size-—seller :15
concentration. "
2. Distribution of buyers by number and size-—-buver iii
concentration. SO
3. Conditions of demand and nature of the product. s
4. Conditions of supply and technology. -j{
S. Conditions of entry to and exit from the market. A
6. Influence of government regulations and policies. -
The most critical step in analyzing the structure of an P
1ndustry 15 defining what comprises the industry. & properly
defined i1ndustryvy groups firms in a way that best enables aone to ﬁf
rt understand their behavior (28:91). To be effective, the
.
. definition must account for substitution in production and o
: consumption. Firms in the same industry should possess simlar 5%
A N
!! taci1li1ti1es and employ similar skills. Their products should be l£
B
5 0
:' S0
o i
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b close substitutes for each other’s in the eyes of the consumer,
if not actually homogeneous.
3 Most of the literature on defining industries focuses on

substitutability of demand (28:89-90). This substitutability

is often measured by the cross-elasticity of demand. The
cross—elasticity of two products, & and B, is measured by the

percentage change in the quantity of A demanded caused by a

A Jae e o )

percentage change in the price of B. Thus, if A and B are
close substitutes, an increase in the price of B would be

reflected in an increase in demand for A.

Cross-elasticities, however, are often difficult to
measure and do not always provide a practical tool for defining
industry boundaries. Boyer has proposed an approach that
defines the industry fraom the firm’s viewpoint (283 29). To
deftine an industry, he suggests, begin by focusing on one
output and assume it to be the sole product of of a firm. Then
look at that subset of the universe of sellers such that this
group c—ould 2xercise monopoly power aver this autput, i+ such
cocllusion were legal. This group of firms csn be defined as
Ehe industry producing that output. "In effect, the industry
Z2:fined for some output is its mroducer’s ideal cartel®
2 TATY.

This approach parallzals Forter’s belief that structural
aralysis should focus on the sources of competition perceived
bv the firm (110:22)., A firm’ s competitors are those sellers

that would be able to inflict significant losses by drawing

away sales 1f that firm act=ad as if it had monopoly power. The
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limitation on the selection of firms is that inclusion of a

PR |

P

firm must significantly imprave the group’s advantage; to the
same =utent, exclusion of a particular firm should not lessen
the 3roup’s advantage to a measurable degree. This definition
accounts for both substitutability considerations. The
collusive group would be constituted in such a way that its

behavior weould not be constrained by the decisions of

zompetitors in the short run. Thus, producers with dissimilar

bad

facilit.es and experticse would not be placed in the same
industry, nor would firms which sell to significantly different
customers. The collusive group serves to limit the analysis to
these sources of competition that mast affect the firm’s
cocmpetitive strategy.

AN industry definition must also deal with the problem of
potential compeatition. Boyer’ s solution 1= to "include all
holders of assets necessary to complete a cartel regardless of
whether the assets currently are or are not used to produce
demand substitutes”™ (29:7467). Forter’™s criteria for
identifying potential competitors uses similar logic (110:59):
. Firms that could cheaply overcome 2ntry barriers
Firms that have an "obvious synergy” with firms
activse in the industry
. Firms for whom competing in the industry .is an

obv.cus competitive strategy

4, Customers or csuppliers who may integrate backwards or
forwards into the industry.

Pl e

v

The product in this study is spacecraft--systems designed
to operate as artificial satellites of Earth, to travel on
interplanstary missions, or, in the case of the Space Shuttle,

to orbit and r2turn to Earth. Also included 1n this definition
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are upper stage systems., which are propulsion units designed
to lift payloads from low earth orbits into medium or
geosynchronous orbits.

These units are included for two reasons. First, these
units are similar to satellites in a number of ways. Some are
equipped with sophisticated guidance and control systems,
incorporate propulsion units in their structure, and are
designed to operate in the harsh space environment. The
control systems, in particular, separate them from simple
propulsion units and make them similar to satellites from the
production side. The facilities required to build upper
stages are essentially identical to those required to build
spacecraft——thermal vacuum chambers, clean rooms, and
vibration stands. These facilities could handle space
vehicles without major modifications.

Second, the firms currently producing upper stages—-—
General Dynamics, Boeing, McDonnell-Douglas, and Martin
Marietta-—have been engaged in manufacturing spacecraft in the
past, and are presently competing for Strategic Defense
Initiative research and development contracts (122). They are
clearly perceived by spacecraft manufacturers as competitors——
in fact, Ford ARerospace. and Hughes have each announced
satellite designs which i1ntegrate propulsion systems to
eliminate the n:2ed for a separate upper stage. These desiagns
are intended to attract customers seeking an alternative to

the high cost of the current comple: upper stages (I7: 64: 872).

Thus, the upper stage manufacturers meet Forter®s




criteria for potential competitors, and would have to be
included in the "ideal collusive group" of any spacecraft
manufacturer. This group would include bath firms currently
producing satellites and thase capable of developing
competitive proposals for new spacecraft system contracts with
NASA, DOD, or commercial customers. If these companies were
allowed to collude in bidding for contracts, they could
allocate contracts among themselves so that no firm would be
opposed in its bid. The group would thereby increase its
profits by eliminating the costs preparing competitive
proposals. These are major costs—-—-McDonnell-Douglas
attributed much of a 178% decline in earnings in i1ts missiles

and space segment between 1983 and 1984 to "high proposal

costs incurred in bidding on new space pragrams" (5:30 Jan 83).

This group does not include research organizations such
as Lincoln bLaboratories of MIT, the Jet FPropulsion Lab of
Caltech, the Applied Physics Lab af Johns Hopkins University,
or the Naval Research Lab. which have built spacecraft for
scientific purposes. These facilities have restricted their
activities to research ef*brts, and have official (DARPA,
NASA, U.S. Navy) or quasi-official connections with their
clients. While all of the companies above have competed for
or built scientific spacecraft, the research organications
have not competed for commercial or coperational military
svstems. Their motivations are more scientific than economic,
and do not really operate in the context pof a market model.

The firms 1ncluded in the spacecraft i1ndustry, as defined
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Table III.

Spacecraft Manufacturers.

Satellite Manufacturers

Ball Corp.

Fairchild Space Co.

Ford Aeragspace and Communications Corp.
(subsidiary of fFord Motor Co.)

General Electric Co.

Hughes Aircraft Co.

Lockheed Missiles and Space Ca.

RCA Corp.

Rockwell International Corp.

TRW Inc. '

Upper Stage Manufacturers

The Boeing Ca.

General Dynamics Corp.
Martin Marietta Corp.
McDonnell-Douglas Corp.

Saources: 140; 143Z,

1n this study, are listed in Table I11.

These companies are, for the most part. very large
corporations, and constitute the core of the defense and
aerospace industries. The seven top DOD contractors for
Fiscal Year (FY) 1984 were all firms participating in the
space industry (5:26 Apr 85). Table IV lists the respective
rankings of the firms in terms of total DOD praocurement, DOD
research, development, test, and evaluation (RDT%E)., and NASA
contract dollars awarded in FY 1984, as well as their ranking
in the 1985 Fortune "3500." (Several firms are not listed

because they were ranked in less than three cateqgories.)

These companies operate i1n a wide number of industries.

Table V lists the number of four-digit SIC industries each firm
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Table IV.

Rankings of Spacecraft Industry Firms.

Company DOD DOD RDTXE NASA Fortune S00
Name Contracts Contracts Cantracts Ranking by Sales
(FY 84) (FY 84) (FY 84) (1983

McDonnell-

Douglas 1 7 4 Z4
Rockwell 2 3 1 37
General Dynamics 3 & -] 44
Lockheed 4 2 S 43
Boeing S 1 4 29
General Electric & 4 15 9
Hughes 7 8 20 (not ranked)
Brumman 11 22 - 146
Martin Marietta 12 S 2 85
Ford 20 120 11 4
RCA 22 23 18 (not ranked)
TRW 24 10 21 59
o Sources: S:26 Apr 85, 30 Apr 85: 8:159: 6&2.
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Table V.

Total 1984 Sales, Employees, and SICs Active In, by Company

Company Sales in $M Emplovyees # of SICs
Ball $ 09 9.600 8
Boeing 11,130 88,824 S
Fairchild 892 13,500 9
Ford 44,450 380,077 23
General Dynamics 7.140 92,600 17
General Electric 26,800 404,000 10
Hughes (not reported) 58,800 12
Lockheed 6,490 79,400 12
Martin Marietta Z. 900 40,200 16
McDonnell-Douglas 8.110 85,589 13
RCA 8.980 119,000 10
Rockwell 8,100 103,500 22
TRW S5.130 85,099 7

Source: 1=4,

is active in, as well as 1984 sales and employees. For most
companies, however, space systems are not a major source of
sales. In 1984, the space aoperating divisions accounted for
less than S% of total sales for Roeing, Ford, GE, General
Dynamics, and RCA (101). ‘

Sizre of the Industry. While space sales do not account

for a large percentage of sales for most companies, the space
industrvy has surpassed missiles in its share of total aerospace
industry sales (8:15). Over the period from 19278 to 1984,
sales of space products increased at an average annual rate of
19.2%. compared to 15.6% for missiles and 12.3% for aircra+t.
By 1984, space sales represented over 20%Z of the total for
aeraspace (5:20 December 1984). With the increase in SDI

contracts and commercial satellite sales, combined with

declining airliner sales due to foreign competition., space
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Table VI.

Shipments to the DOD by Industry, 1983.

§s1c Industry Employees Sales
(thousands) ($M)
3662 Radio % TV Comm. Equipment 230.6 $ 18,135.5
3721 Aircraft 146.7 15,622.1
3761 Guided Missiles & Spacecra+ft 76.6 8,750.4
3724 Aircraft Engines 98.2 6,866.1
I731 Shipbuilding 88.7 6,099.3
3728 Aircraft Equipment and Parts 99.7 4,9%0.8
2911 Petroleum Refining 22.0 Z,493.8
3795 Tanks 14.0 2.288.0
3572 Electronic Computing Equipment 18.0 1.741.1
3483 Ammunition (except small arms) 24.1 1,360.9

Source: 48.—

growth will continue to outpace aircraft sales. In terms of
shipments to the Department of Defense., the combined guided
missiles and space industries (S5IC 37461) were the third
largest defense industry in the U. 5. in 1987, accounting for
over 10%Z of total shipments (see Table VI).

Employment in the missiles and space industries also grew
at a faster rate than aerospace during this period-—-an average
annual rate of 94, compared to an average of 2% for the
overall aerospace industry /see Table VII). During this
period. the share of aerospace employment accounted for by
missiles and space workers grew from 92.5% to 12.4%. Here
again, the increase in share of total aerospace =mplovment
reflects both an increase in space contracts and = decreace 1n
aircraft production.

There are three groups of customers for spacecraft:

commercial satellite communications companiez and consartiums,

i e e




Table VII.

Employment in Missiles & Space and Aerospace
Industries: 1978-19873.
(In Thousands)

Missiles % Space Aerospace
Year Total Production Total ’ FProduction
1978 3 29 241 476
1979 102 33z 1109 S&2
1980 111 35 1185 =98
1981 123 37 1201 590
1982 132 41 1162 545
1983 143 464 1151 22
T Source: B:57-
59
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Table VIII.

Value of Net Sales of Space Vehicle Systems and Parts, 1977-1983
(By Customer, in Millions of Dollars)

Year Military Nonmilitary Total
NASA Commercial

1977 % 814 $ 1,056 NA $ 1,870
1978 1,006 1.318 NA 2,324
1979 1,105 1,434 NA 2,339
1980 1,461 1.588 $ 434 3.483
1981 1.736 1,785 335 3,856
1982 2.606 1.773 70 4,749
1983 2,927 1,558 a78 4,963
(Mote: NASA sales prior to 1980 include commercial sales.)

NA = Not available.

Source: 47.
NASA, and the Department af Defense. Currently, the DOD is
the largest customer, followed by NASA and commercial
customers (see Table VIII).‘ ({Note that these sales figures
differ from the figures for space program expenditures in
Table I. This is because program expenditures include all
proaram costs, not just purchases of space systems.) The DOD
has the widest range of uses for spacecraft, including
surveillance, meteorology, navigation, communications, and
research. NASA is the primary sponsor of research programs,
but these only accounted for & payloads between 1978 and 19B4.
Its operational missions have been limited to meteorolaogy,
communications. and remote sensing. Until recently,,
commercial uses were limited to communications, but NASA and a
number of private firms are attempting to expand the realm of
commercial activities in space.

In fact., space commercialization is on a par with SDI as

4560
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the hottest space topic today. In addition to satellite
communications, four areas are seen as potential fields for
commercialization: remote sensing, launch vehicles, upper
stages, and space manufacturing (77). President Reagan has
expressed a desire to turn over operation of the LANDSAT remote
sensing satellite system to private industry, and if this is
done. it has been forecasted that this market will reach %2
billion annually by the year 2000. At least one company is
trving to develop a launch vehicle to compete with the Space
Shuttle and foreign boosters like the Ariane. Several
companies have been formed in the last two years to market
small upper stages for scientific and commercial payloads.
Finally, pharmaceutical and pure materials manufacturers have
been working with space companies to develop processing
pavyloads to ride on the Space Shuttle and take advantage of

E welghtlessness and other conditions of space.

Seller Concentration. The possession of monopoly power

1s a major concern of industrial analysis., and seller concen-
tration is the structural dimension most closely related to
this (118:54). A great deal of discussion has heen devoted to
determining the most appropriate wavy to measure concentration.
Hall and Tideman assert that measures of concentration should
have the following properties (77:167-164):

1. Be one~dimensional--that is, thevy should allow
comparisons between industries on a sinale level.

Be independent of the size of the whole industry.
Directly reflect moves between industry members
(e.g., increase when moving from a smaller firm %o a
larger firm).

. Be cardinal. If every firm were to be split evenly

j into two smaller firms, the measure would decrease by
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hal#f.
5. Be a decreasing function of the number of firms.
4. Range from O to 1 (for ease of use).

The concentration measures most often used in industrial
analysis are concentration ratio and the Herfindahl-Hirschmann
index. These are static measures, which describe the industry
at one time, rather than dynamic measures, which reflect
changes over an interval. The concentration ratio is the
percentage of the total industry size contributed by the n—
largest firms, where n is usually 4, 8, or 20. It violates
properties 2 and 3, but is calculated in this study because it
is the most commonly-used measure (77:165).. The Herfindahl-

Hirschmann index is defined as:

- A
H:E S'l

where §  is the market share of the ith firm, with n the number
of firms in the industry. H is also calculated when possible
since it avoids the shortcomings of the concentration ratio by
including all firms (78:146%9).

Concentration ratio is usually defined on the basis of
total industry sales, capacity., emplayment, shipments, or
value—-added by manufacturing (118:54). The Bureau of the
Census reports concentration ratios based on value of
shipments, employees, production workers, and value added to
the S-digit SIC level. The industry definitions used by the
Census have been frequently criticized 1n the eccnomic
literature, but the concentration measures derived with them at
least provide a rough benchmark of concentration in the

industry as defined in this study.
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Table IX.

Concentration Ratios for Space and Missiles Industries.

SiIC Description Year c4 Cc8
19252 Space Vehicle Systems 1967 -85 .99
37612 1972 .93 D

1977 .91 D
19254 R 2 D on Complete Space 19467 .82 .93
37614 Vehicles 1972 .85 .97
1977 D .99
1925 Guided Missiles and Space 1967 « 60 .85
Z761 1972 .62 .88
1977 .65 .73
3764 Space Propulsion Units 1972 <99 .92
1977 .69 .93
37469 Space Vehicle Equipment 1972 <70 .85
1977 .76 .86

Sources: 44; 45; 46.

The concentration ratios for the top four and top eight
firms in the space and missiles industries for the years 1947,
1972, and 1977 are listed in Table IX. The space vehicle
systems industry (SIC Z7612) is the most highly concentrated of
the aroup. The concentration ratios show a trend towards
1ncreasing concentration in the spacecraft industry. This
reflects the decrease in the number of firms active in the
1ndustrv between 1967 and 1977 (from 18 to 12). The
relatively lower concentration ratios for the overall space
and missiles industry (37461) and the space propulsion industry
(Z764) can in part be accounted for by the fact that "Guided
Missiles" and "Space Fropulsion" include non-space praducts

lite tactical missiles and their propulsion units, which are

&
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smaller and less complex than space systems, with a larger, {ﬁ
worldwide market among military forces. ‘g
The Census fiqures seem rather high when compared with hh

A

other estimates of market shares. Studies by Frost % x:
Sullivan, a market research firm, indicated that the top five Eg;
ot

firms in the FY 1984 SDI market accounted for 446% of sales, ::%

while the top five firms in the space reconnaissance and

' 8y 4y
'.'AJI
el 2

surveillance market held almost &0 of the market in FY 1984

e 5

som by

.
W Y
Y S S I VR

(L6; 120D . EBoth of these markets are subsets of the

spacecraftt industry (37612), and would be expected to =xhibit
higher., not lower concentration ratios.

Using data obtained from the Acquisition Management
Information System (AMIS5), a database of all current Air Force
Systems Command acquisition centracts, this author found that
the top four firms in the space vehicle industry accounted for
72% of dollars awarded by Space Division on contracts for
complete space vehicles, the top eight, 2374 (1). The
Her findahl -Hirschmann index for the firms in this sampl=2 is
0.11832. Taking the inverse of this number obtains the number
aof firms in the industry i+ all firms were of equal cize—-—

8.45, or between B and 9 firms (77:109). If this were tr-ue,

the C4 ratio would be 0.472, indicating an industry with

moderately high concentration. Like the SDI and recon-

Eﬁ

.
s,

naissance markets, the Space Division sample reprecents a lﬁ
- '.1
majror subset of the total spacecraft. and would be enxpected to }S
'u . \ll

o
* ;{

2xhibait higher, not lower, concentration.

The difterence between the concentration ratiose reported
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by the Census and those obtained from these samples can be

attributed in large part to how the Census assigns plants to an
industry. The Census categorizes plants according to the
primary product produced in the plant, as determined by value
of shipments. With this method, some plants involved in the
production of spacecraft would be excluded from the sample.

For example, the primary SIC for Rockwell’s Space Systems

Division, a facility in Seal Beach, CA which produces the GPS
satellite——the largest current DOD satellite program—-is
identified as 36462, Radio and TV Communications Egquipment
(134). The primary SIC for RCA's Astro-Electronics Division
in Princeton, NJ, which is one of the "Big Three"
manufacturers of commercial communications satellites, is also
3662 (134). The SIC for the Lockheed Missiles and Space
Company facility in Sunnyvale, CA, is 37611, Guided Missile
Systems, because its primary product is the Navy’s Trident
missile. Excluding these plants, each of which represents a
significant share of total spacecraft production, from the
Census sample would pnssibiy drive the resulting concentration
ratio higher than what may actually be aobserved in the
industry.

Nevertheless, it is safe to say that the space vehicle
industry is highly concentrated. Still, industries with C4
ratios above 0.60 are considered tight oligopolies, especially
when characterized by high entry barriers and a tendency

towards cooperation (120:6146). Such structural features are

typically associated with excess profits and other performance j{w
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results. However. as will be shown, the evidence on

Bl

performance indicates this has not been the case in the

{ -
) .i.-.! ]
\ spacecraft industry. N
RN

Buyer Concentration. As stated earlier, there are three Q;\

customers for space vehicles: DOD, NASA, and satellite

AL
..

communications companies. The DOD’s share of the space budget

surpassed NASA s in 1982. Even before then, the DOD was :k;
perhaps the most influential customer in the market, through ) ‘-
its extensive R &% D programs, which benefited the industry both
directly through contracts and indirectly through the

commercial applications of technology developed under these ftt
contracts:

. The United States is the only country (except the

L, USSR) where the powerful drivers of large military R % D :5;
budgets serve to accelerate the advance of space technology. li_

Elsewhere, the lack of military space programs is loudly ol

resented by the industry [31:11861. ,ii

This 1s not to say that there have not been similar benefits :33

] from NASA programs. In many cases, though, the technology used T X
- in NASA programs——-the LANDSAT remote sensing satellite, the :fj

GOES meteorological satellite, and the TDRSS tracking and data
relay satellite, for example—-—was first developed for military
systems.

NASAT s influence in the industry also differs from DOD°s
because it tends to have a smaller number aof on—-going
programs, a few of which are extremely large. This means its
cantracts are concentrated more tightly than DOD's (117:241), Ei:

In FY 1982, for example, the top 4 NASA contractors accounted s

for 45% of the dollars awarded, compared to 1&.6% for the *op 4

3
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DOD contractors (42; 8:159).

The commercial market is the newest and smallest set of
customers. At present, the market is limited to
communications satellites. The customers include both
domestic long-distance communications networks such as Western
Union, AT%T, Satellite Business Systems, and American
Satellite and international consortiums such as Comsat,
Intelsat, Telesat Canada, Permutel, and Inmarsat. The
commercial market is growing at about the same rate as the
DOD., and it is expected to surpass NASA and become the equal
of the DAOD by the year 2000, due to the expansiaon of
commercial activities into aother uses of space (77). At the
present, however, the maijor buyers are, in order of size, the
DOD, NASA, and commercial communications firms. Thus, in the
DOD market, the buyer concentration is 1.0.

Conditions of Demand and the Nature of the Froduct. The

demand for space vehicles reflects the characteristics of the
customers described above. NASA°s demand is most clearly
irregular, rising with maijor, highly visible programs like
Gemini, Apollo, Skylab, and the Space Shuttle, and falling in
between yvears. The impact of maijor programs is accentuated by
the fact that NASA prime contracts tend to be few, large, and
highly concentrated in their distribution. BRecause the DOD
has the most extensive operational programs, the cycles of
individual programs-—-rising with development and the award of
the production contract and falling as the satellites are

launched and placed into operation--are somewhat dampened by
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overlaps among programs. 0One system may come up for
development competition as another completes its production
run. Although the commercial market is relatively new, its
demand behavior will reflect the demand for its own products——
long-haul communications, pharmaceuticals, remote sensing
data, and pure materials. The number of users and the variety
of their needs will in all likelihood make this the most
stable of the three markets in the long run.

The cyclical nature of demand is combined with the limited
extent of the market for space systems in terms of the number
of units needed. Between 1958 and 1983, successful U.S5. space
launches totaled 822 (49:583). During the period 1978-1987,
the annual launch rate averaged less than 20. Although
launches often carry more than one payload, the total number of
space vehicles launched remains low.

Until the recent award of a contract for 28 Global
Positioning System (GPS) satellites to Rockwell, the largest
number of satellites produced for a program was 16, for the
Defense Satellite Communicationg System (DSCS) 11 program.
Even this number is misleading. since the initially contracted
number was 6 (3). Virtually all scientific satellites are
built in lots of I or less., and most commercial buvs are for 2
to 6 spacecraft. The small size of most orders is due to the
high cost of spacecraft. which stems from the nature of the
product itself.

Because spacecraft, unlike any other products made on

Earth, do not operate on this planet, they have characteristics

68




unlike other terrestrial products. They must survive launch on
a rocket, which subjects them to stresses 8 to 12 times the
force of qravity on Earth and to supersonic acoustic shocks.

On orbit, they operate in an environment much different from
Earth’s. Unprotected by the atmosphere, they encounter
temperatures ranging from near absolute zero to hundreds of
degrees Centigqrade. They are constantly bombarded by cosmic
rays, solar proton emissions, infrared and ultraviolet
radiation, and micrometeorite particles. They exist
weightless, in a high vacuum. And until the development of the
Space Shuttle, they were inaccessible for inspection, repair,
or resupply. Even with the Shuttle, the cost of a repair
mission is on the order of $30 million.

This environment creates a whole set of engineering
challenges. The tremendous energy required to accelerate an
obiect to the velocity where it can escape from the Earth,
spacecraft must be launched on rockets which are themselves
engineering achievements—--3% structure and 95%Z fuel. The 1lift
capacities of launch vehicles limits the weight of satellites—--—-
the ma:imum load that can be boosted to geosynchronous arbit,
for example, is 3,100 kgs. The structure of the spacecraft
must be strong enocugh to survive the shock of launch, but not
so heavy as to exceed the booster®s weight limit, or even to
encroach upon the weight available for power, communications,
guidance, and other systems. The less weight taken up by the
structure, the more that can be used for other functions like

the pavyload. Thus, there has been substantial research into
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and application of compaosite materials in spacecraft, reducing
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the weight of structures from around 147 of total weight in
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1960s spacecraft to less than 3% in current vehicles (17:19).
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The thermal, radiation. and vacuum conditions of space

force systems to meet exacting specifications. The side of the

szqlny

spacecraft facing the sun generates very high temperatures at

the same time that the shaded side experiences extreme cold.

The thermal protection design must shield against this range of !k;
temperatures, while Jiving off the excess heat generated by the ;%f
equipment inside, and balancing the temperature flux between :ég
the hot and cold sides. The shielding must prevent solar ;%l

radiation from penetrating and destroying the electronic
circuitryv. In a hard vacuum, the boundary layer of gasses on a S
surfzce are released, and metals touching each other tend to 'g
weld tagether.

Other systems on a satellite must also carry aout

.
.

zophisticated tasks autamatically. The guidance and control
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system cn a spacecraft must be able to compute its present
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position, velecity, and attitude, compute the deviations from
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the desirad orbit and attitude, and instruct the propulsion

fa

and/or statilization system to correct the deviations. Far R
szt=lli1t=s with communications,., navigation, or surveillance or N

cther sensar systemes, the satellite must alsa provide a stable

platfzrm not subiect to the loads produced by other parts of

L At
the spacecraft. The power system must generate all electricity R
sl
nreds, as well as insure adequate reserves are stored in s
s
Eatter_ 2= shen operating in the Earth'=s shadow. The satellite DN
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must be able to respond to communications fram Earth, repert
the health and status of all systems, receive, store, and
execute commands, and download data collected by the payload.

The costs of low production runs are increased by the
tendency to redesign units based on the on-arhbit performance af
preceding ones. Modifications are made to correct faults found
in earlier units after launch. The result is that even within
a single series of satellites each one may be different in its
design. PRecause of the complexity and low number of
satellites, non-recurring costs like prototype development
represent a large share of the total unit caost of a satellite.

Taken together, these cor=siderations make spacecraft very
expensive items. The DSCS 111 (Defense Satellite Communi-
cations System!) satellite, for example, cost $145 million per
production model unit (127:80). The Intelsat V commercial
communications satellite cost $86 million per unit (127:64).
in comparison, an F—-15 fighter plane costs approximately $30
million, a B-1R bomber over $320C million. Added to the cost
of the spacecraft itself is the cost of the launch vehicle,
the booster stage, if operating in other than low orbit, and
the ground support equipment and personnel to track, command,
and cantrel the csatellite, which can be much more than the
zost of the satellite itself ().

Eecause satellit=s are costly to build and 1launch,
produced in small numbers, and intended to operate in the
harsh environment of space, a fair amount of the cost of

productiorn is the validation of the design through very
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Table X.

Spacecraft Qualification and Acceptance Tests.

Electrical systems performance
Radio frequency antenna range
Radio frequency interference
Antenna boresight alignment
Thermal balance

Thermal vacuum

Fressurization and leak check
Solar array deployment

Solar panel illumination

Mass properties/spin balance
Acoustics

Pyrotechnical shock
Sinusoidal vibrations

Fower system end-to-end test

Source: 41:70.

very extensive reliability tests (17:20; 41). Satellites are
designed to the highest degree of reliability of any man—made
systems. Every single part on the satellite must be tested to
confirm it will withstand the stresses of launch and operate
properly in space. Computer-aided design (CAD) and computer-—
aided manufacture (CAM) are heavily used to build in high
reliability. Subsystems supplied by subcontractors must meet
rigid specifications, and rigorous quciity assurance program
administered by the prime contractor oversees their
production, test., and inspection (41:65). Once delivered.
these components and subsystems are tested individually., then
assembled with the spacecraft, and both subsystems and the
complete spacecraft are subiected to a battery of verification

tests. Typical gqualification and acceptance tests for a

r

spacecraf are listed in Table X. These tests create

conditions well beyond those anticipated in routine launch and
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on-orbit operations, and commonly take as long as the actual
assembly of the spacecraft. The tests require dedicated
facilities, including computers to simulate electrical inputs
and measure responses, thermal chambers to test performance
and thermal balance in the extreme temperature conditions of
space, antenna ranges where the vehicle s receivers ;nd
transmitters are calibrated, software labs where control and
diagnastic routines are validated, acoustic chambers where the
cratt is subjected to the sonic stresses of launch, and
vibration stands to check its ability to withstand the
mechanical stresses of launch.

The process of building a spacecraft is a lengthy one.
Figure 2 shows the timeline of a typical spacecraft program
from contract award to launch. As can be seen, the design and
development process is longer than the production process, and
the systems test process about as long as the actual assembly
of the spacecraft. Figure 7 details the systems test timeline
for a typical program. These timelines are essentially equi-
valent for both military and commercial spacecraft (127:34-

A . In addition, the tests required by military and
commer<lal customers are larqely the same (127:12-13).

The extent af the overall market for spacecraft, then, is
Iimited, and demand within this market tends to be irregular.
The nature of the product is such that order sizes are small,
with a very strong emphasis on reliability and testing, as well
as changes in design between individual spacecraft in the same

order.
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Conditions of Supply and Froduction Technology. The ?%i
basic tnputs tao an industry are labor and materials, which ;;2
come together through technology in production facilities to :é%
produce a finished product. In the case of the space vehicle Sﬁg
industry, the characteristics of the product described above f;.

are reflected in the costs facing producers. e
The technical sophistication of space vehicles creates a
need for large numbers of scientists and engineers. Indeed, it
was the launch of Sputnik that created the impression aof a
scientific education gap between the US and the USSR, prompting

huge increases in enrollment and funding for engineering and

other technical programs (97:160-2). Production workers

constituted only 317 of the total missiles and space workforce

in 1984, compared to 47% aof the avionics and airframes work-— T
force and 48.3% for the overall aerospace industry (8:144-5),

This clearly indicates the space industry workforce is

predcminantly white—-collar, with the majority of employees ;i;
angaged in scientific, engineering, management, and admini- e
strative duties rather than in production itself. Of the 2,542 o
employees involved in satellite design, testing, and i53
manufacturing at Hughes, for example, over 4%5% are engineers, ey
compared to production workers, who represent 28.5% of the -
total (130). The ratio of engineers and scientists to

production workers in Lockheed’s Space Systems Division was o
four to one (24). A recent Government Accounting Office (GAD)

study of employee compensation by 12 aerospace contractors

found that an average of ©BY% of total pavyrolls went to profes-




sional pay. 15% to clerical, and 27% to factory pay (71:3). L

-
3

Raw materials represent a small percentage of the cost of

A ) .
s
d -
[N

materials—-—-less than 2% in 1982, compared to over 77% for j}ﬁ
o
electronic and other components and assembled electronic ;ﬁ-
he
~
subsystems (47:16-17). The increased use of composites to save ?>

‘4

N
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weight will further decrease the use of aluminum, steel,

PR
LRI

nickel, titanium, and other metals. The demand for electronic

ok

(O
[N

parts and systems is not unique to space vehicle production—— ot
the aerospace industry first began to notice the importance of Lt
. this technology in the early stages of the guided missile

S programs in the mid-1950s, and quickly began to integrate NS

upstream {(1346:83-95). Many of the companies in the space o

E vehicle industry are, in fact, major electronics producers. ;i;
: The performance requirements of spacecraft. however, 52:
translate into specifications for components considerably Ea'

Ej different from those for terrestrial products (3). As ;ﬁ
- described earlier, every component and subsystem on a ﬁ;
spacecraft must be tested both individually and as part aof the gf

assembled spacecraft, in addition to the standard quality iﬂ

assurance checks. Because production runs are small, however, a\

) suppliers are often unable to reach an economical lot size. As ;:
” a result, Aeraospace Corporation cost studies have found, the :;:
i unit cost of a space—gqualified component supplied to a prime :;?
. vas
contractaor is higher than the unit cost of a comparable com— !i
? ponent for other military or commercial uses (Z; S5:20 Apr 84). i;}
é In addition, the technical requirements for space systems ;E
: are 2ften at or ahead of the state of the art (127:10-12). ?i
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Thus, prime contractors may be forced to subcontract out for
key components based less on the economics of make—or-buy than
on the fact that their scientific and engineering personnel
have no expertise in a particular technology. In other cases,
the demand for a particular type of component is so small that
there is only one source.

The subsystem suppliers are often other members of the
industry. Hughes, for example, is currently the only domestic
source of travelling-wave—tube amplifiers (TWTA), an essential
element of all communications satellites. Two former TWTA
manufacturers, Varian and Watkins-Johnson., ceased making space-—
qualified TWTAs in the early seventies because they felt the

xtent of the market was too small for an acceptable return on
their investment (23:37-40).

As the interaction matrix in Figure 4 shows., virtually
every member of the industry has had subcontracting
relationships with the other members. This indicates that few,
1f any, firms are capable of manufacturing entire space
vehicles themselves. Instead. economic and technical
cansiderations force them to contract out numerous subsystems.
Fockwell, the GFS prime contractor, for example, has over 30
subcontractors, who provide such items as propellant tanks,
thrusters, the orbit injection subsystem. antenna transponders,
thermocontrols, electronic filters, and solar arrays (123).

Firms have begun to involve subcontractors at the intial
stages of competition now, by forming coalitions to bid on

programs. The bidders responding to NASA°s Space Station
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{An X indicates a subcontracting relationship between firms.) !?E

Figure 4. Subcontracting Relationships Among Space “ehicle ;
Manufacturers (derived from 5, 55, 131). e

requests for proposals were all multi-firm teams, ranging in R
size from 4 to 25 members (§5). During the Milstar concept
validation phase. competitors included teams of Baoeing and Ford .;-i
Aerospace. TRW, Hughes, and RCA, and Lockheed, Martin—-Marietta,
and McDonnell-Douglas (119). This approach allows the prime to
share the cost of proposal development with 1ts subcontractors, ;“}

and reduces integration problems in the production phase by
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establishing a common understanding of the system design from
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ve. -les reflect the importance of reliability, and have ;z
evaolved as the size and complexity of these systems increased. !E
As mentioned earlier, manufacturers have often had to rebuild Eif
or add to these facilities as designs changed and spacecraft #f
became too big, too heavy, or too complicated. RCA, for !E
example, recently completed a 44’x%46” thermal vacuum chamber to :&;
accommodate the larger spacecraft made possible by the size of ;E;
the Space Shuttle payload bay, along with a kK-band antenna i;
range to test new antenna systems (17:20). %g
Rarriers to Entry and Strategic Groups. Bain defines the ;;
condition of entry as "the disadvantage of potential entrant ;é

50X

“ et
A

firms as compared to established firms" (12:252). An outside

v
. '
)

firm which acquires the plants and assets of an industry

~ v
-
.

s

¢
Vo

member—-such as General Motors, which recently bought Hughes——

is not considered an entrant unless it adds to production

'

capacity. “Mere change of ownership . . . does not constitute

. . .
A ety B

(A

new entry" (19:252).

4 % te

.“,' s -

There are three types of barriers to entry: economies of

STy

scale, product differentiation, and absolute cost advantages. .
The first is not vet significant in the space vehicle industry. ;-
Froduction runs are still low and designs vary greatly between

programs. But manufacturers are becoming attuned to the

efficiencies of production where feasible, as in the comsat *i
market, where Hughes, Ford. and RCA all offer standardized o
spacecraft designs to reduce the cost of design changes between N
systems, and the scientific and space industrialization market,

where Fairchild has developed a Multi-Mission Spacecraft (MMS)
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design to incorporate a variety aof payloads (S8).

Froduct differentiation is largely a matter of brand
loyalty. When the buyer initiates the development of the
product, as in the case of the space vehicle industry,., where
customers request from manufacturers proposals for satisfying a
set of requirements, the designs offered are evaluated more on
their own merits than on the reputation of the aofferor. In
fact, in government source selections, all company identifiers
are removed from proposals before evaluation.

To effectively compete for a spacecraft contract, a firm

must first of all demonstrate its ability to meet the technical

v

and management demands of designing, building, and testing a A

.l
LR

spacecraft. This requires the firm possess an extensive .

research and development base. The firm seeking to enter the

»
) .
]

market must possess the capability to exploit a price or design
opportunity, and to withstand a possible reaction by the
dominant firms to new competition. Clearly, certain firms like
Hughes and Lockheed possess a substantial base of knowledge in
their particular spacecraft technology specialties, and must
certainly influence the decision of other firms to compete for
such contracts.

The decisions as to which contracts to bid on is a
reflection of the firm's competitive strategy—-—-a combination of
the ends the firm is striving for and the means by which it
seeks to achieve them (110:xvi). The process by which a firm
develops its competitive strategy includes identifying its

present cituation, analyzing the factors of the industry., its
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competitors, and governmental influences, evaluating
alternative moves against these factors, and choosing that
alternative that best directs the firm towards its goals within
this market context (110:xix-xx). In the context of the
spacécraft market, the strategic choices of primary interest
are which systems a firm picks to compete for and which markets
the firm chooses to compete in.

By looking at how each firm chooses to compete in the
spacecraft industry, it is possible to identify "strategic
groups”: that is, groups of firms following strategies that
are similar in key ways (110:129). The composition and
character of these groups affects the level of rivalry within
the industry, including competition for contracts. In the
spacecraft industry, strategic groups can be characterized
primarily by their specialization and their choice of markets.

If one looks at the list of systems a firm has produced
over the time it has been in the industry and compares it with
another’s list, trends towards specialization in one or two
types of systems can be seen. Table XI lists major military
and civilian space systems produced by each firm over the last
twenty-five years. A tendency on the part of most firms to
specialize is apparent. With Apollo, the Space Shuttle, and
GFS. Rockwell has estahlished itself as the expert at deploying
large-scale space systems. Ball has limited itself to small
scientific satellites. The areas in which a firm specializes
stem mostly from what programs the firm worked on in the early

stages of the industry. Hughes® expertise in spin-stabilized
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Table XI.

Maijor Systems Froduced By Firm.

Ball
CRRES (scientific)
ERBS (scientific)
IRAS (scientific)
F-78-1 (scientific)

General Electric
Nimbus (remote sensing)
LANDSAT (remote sensing)
UARS (remote sensing)
DSCS II1 (comm)

Hughes
GOES (weather)
Intelsat 1V (comm)
Anik C (comm)
Galaxy (comm)
Falapa (comm)
SBS (comm)
Telstar {(comm)
Westar (comm)
Leasat (comm)

McDonnell-Douglas
FPAM-D (upper stage)
Skylab (manned)
Gemini (manned)

Rockwell
Apollo (manned)
Space Shuttle Orbiter
GFE (navigation)

TREW
PSCE 11 (comm)
Fltsatcom (comm)
TDRS (data relay)
DSF (surveillance)
Vela (surveillance)

Boeing
Mariner
SAGE (scientific)
Inertial Upper Stage (IUS)

Ford Aerospace
IDSCP {(communications)
Insat (comm % weather)
NATO III (comm)
Intelsat V (comm)

General Dynamics
Centaur (upper stage)
ARAS (scientific)

Lockheed
SAMOS (surveillance)
MIDAS (surveillance)
MILSTAR (comm)
Teal Ruby (scientific)

Space telescope (scientific)

Martin Marietta
SCATHA (scientific)
Transtage (upper stage)
Viking (scientific)

RCA

Amersat (comm)

Anik B {(comm)

Bstar (comm)

Satcom {(comm?
Spacenet (Zomm)

DM5F (weather)

Tiros (weather?
Transit (navigation)

Source: 142,
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geosynchronous communications satellites, for example, is the
result of its having built the first such satellite, Syncom,
for NASA in the early 1960s.

Specialization in the spacecraft industry thus affects the
market sectors in which a firm competes. The commercial market
is currently limited to communications satellites, and is
dominated by the major comsat producers——-Ford Aerospace,
Hughes, and RCA—-referred to as the "Big Three"” by the
aerospace industry press (3Z0). The Big Three have been able to
exploit their expertise in comsat technology only because they
have also been able to adapt to the perspective of commercial
customers (20). Unlike government contracts. commercial space
contracts often require the producer to get involved in
financing the purchase (127:v). In édditinn, commercial
customers are less interested in advanced technology than in
cost-effective performance, and their contracts are now almost
exclusively fixed-price agreements (127:v).

At the other end of the spectrum from the Big Three is
Ball, which has the smallest market share and has only built
small scientific satellites for NASA and the DOD. Also
somewhat in the same position as Ball is Fairchild, which has
been unsuccessful so far in its attempts o establish itself in
the commercial market (S:146 Sept 8I%S). Lacking the financial
resources and substantial technical resources of larager
producers, they have concentrated on research spacecraft
programs, which present fewer risks due to their smaller size

and scope and their reliance on cost-plus contracts.
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In between are those firms usually considered the core of
the defense industry——firms like Lockheed, General Dynamics,
and McDonnell-Douglas. Like these firms® other operations,
their space systems divisions are primarily involved in working
on government contracts. Looking to maintain or expand their
market shares, they often find themselves competing for the
same contracts. Unlike the Big Three, they have preferred the
customer—-arranged fipnancing of NASA and DOD contracts to the
cooperative ventures found in the commercial market (30).
Indeed., one firm has cited the problems of marketing and
financing arrangements as its main reasons for staying out of
the commercial market (124).

The firms in this middle group tend to be less specialized
than those in the other groups. Although they recognize the
limitations of their expertise, they have often overcome their
technical disadvantages in competetion for particular programs
by simply subcontracting out those systems they cannot provide
themselves. The most striking example of this behavior is the
Milstar program, a survivable strategic'and tactical
communications satellite system. Lockheed beat out TEW for the
£1.0S billion development and prototype production contract.
Lockheed, however, has little experticse in communications
subsystem, and soon after winning the contract, 1t negotiated
with TRW to build the communications payload (119:42). Hughes
and RCA are also developing subsystems for Milstar.

The primary barrier to entry into the industry, then, is

one of absolute cost-—-the cost of acquiring and maintaining *the
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corps of scientific and engineering skills and the set of

:
SRy
production and test facilities required to build a space 2
vehicle—-—which is compounded by the limited extent of the ?Ei
LE
market. Within the industry, firms face financial and 2;

o
J

technological obstacles which influence how, and in which
markets, they choose to compete.

The DOD Market. Since Chapter Four focuses on conduct
and performance of the industry in the DAD market, the last

topic to examine is the unique structural aspects of this

market. There is an extensive literature on the defense
mafket, which generally agrees on its key structural
characteristics (2; 683 108; 140). The most obvious feature
of the DOD space vehicle market structure is that there is
only one buyer—the DOD, whaose purchasing agency is the Space
Division (SD)> of the Air Force Systems Command, headquartered
in Los Angeles. CA. As the sole buyer, Space Division is the
predominant influence in the market. As mentioned earlier,
the degree of seller concentration appearcs to be less in the
Space Division market than in the space vehicle industry as a
whole. This is at least in part due to the fact that the DOD
has a larger number and wider variety of programs than NAEA,

and more diverse requirements than commercial customers.

The DOD is also distinguished by itz method oF procurament.
The process through which the DOD acquires its major systems
is outliined in the next chapter. For the purpocse of this
discussion, 1t is sufficient to mention three aspectz af the

process which affect market structure.
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First, until the final phase-—-production and deployment,
there is no durable good, aside from prototypes, produced. In
each of the three preceding phases——concept exploration,
demonstration and validation, and full-scale development, the
DOD issues requests for proposals to which bidders reply with
studies and design proposals. These proposals are evaluated on
a number of factors, including technical competence,
performance parameters, ability to produce, and cost. Thus,
the selection of source of supply depends on much more than
price alone. Indeed, Feck and Scherer, in their study of the
major systems acguisition process, found that design,
contractor capability, past performance, and industry planning
considerations plaved at least as much of a role as cost
(108: 361-383).

Second, the life-cycle of major systems are on the order
of 10 to 20 years. Of course, the process of replacing a
system are underway well before it becomes obsclete; even <o,
production contracts for particular systems may be sffered anly
every 5 to 10 years. As the cost of svystems has been rising
faster than the defense budget, this has meant that prodiction
contracts are fewer., bigger. and less frequent (85:71-22).

Finally, this process is characterized by an extencsive

f the

]

management and oversight system. HRefore =ach phase
process begin, reviews are conducted at the Space Division,
Systems Command, Air Force headquarters. and DOD levelz (DODY.
These review authorities, combined with the Space Division

program office staff and Air Force Flant Representative Office

37

| SR

)

B

D S |
v

(3]
RN
o0

pooe
.
.

Ay Ny
RaRr:

.

F Tl I ¥ e
BAAY

SR

P
'lll

Lttt
» .
RSLI

v

¢

et

-

]

.
v B
A A

H

¢ ¢ x -
s T

R
LA

-

k|

s
e
2

L . S U A ’! b




.- AD-A167 ‘.2 ﬁﬂ ﬁﬂﬁLVSIS OF THE DEFENSE SPHCEC!HFT MARKET(U) ﬂll
ORCE _INST OF TECH WRIGHT-PATTERSON ARFB OH SCHOOL OF
ENGINEERING B S BIGELON DEC 85 ﬁFXT/lSO/ENS/OSD-Z

2/2

UNCLASSIFIED




N
(33

MICROCOR

Y " - -"’ e v '\-_'.' M - ‘e . Y N - . " a . .t - - T - - -~ B - -
IRV 's“‘ "‘..-.-" PTG RO TP Ve A B A ST e g
Bl snil i G- N TR W IR T G Y & IS PR VRS SAPCRPR T S TS0 R WL TR WL W v W W W o A

&2

W}E}

(PEEEE R

E1
ey
-
L YN
ENIE

CHART




SAREAAA & E AL aiE AT S UL s g gl e o e o o S A e it e e

(AFPRO) personnel, introduce significant management overhead
costs for contractors (Z).

These characteristics of this market add to the barriers
to entry identified above by favoring those firms with a
history of experience in DOD space systems, significant R %.D

resources, and familiarity with the DOD acquisition process.

Conclusion

In summary, the space vehicle industry is oligopolistic,
and faces a monopsonistic buyer in the DOD market. The nature
ot the product——its technical complexity, high cost, and
extremely high reliability——influences many of the conditions
of demand and supply. These features, added to the small size
of most spacecraft order, results in a situation in which prime
contractors have to subcontract out, often to ather industry
members, without much leverage in determining price. The
absolute cost of having the capacity to develop and build
spacecraftt, when compared to the extent of the market for such
products, presents the most significant barrier to entry.

The implications for competition are not clear. Adams and
Adams contend that from a purely structural standpcint, a
monopsony-oligopoly market does not supply a benchmarlk for cost
performance., and any potential monopsony power can bea
neutralized by networking among industry members (2:281-2). On
the other hand. Scherer suggests that:

A virtual infinity of potential design feature
combinations is open to bidders, and each firm’s _Judgmert
concerning the guality-cost-time tradeoffs most likel. to

win approval from the customer . . . invariabl, differz from
that of its rivals {118:2011.
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Faldor also finds that there is "intense competition between

ll‘

the maijor contractors to obtain future contracts®” ((85:27>. The
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basis of this competition, the behavior of sellers in
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responding to it, and how the space vehicle market has

performed are examined in the next chapter.
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IV, Canduct and FPerformance of the Market

This chapter examines the conduct of the military space
market—-—the process of acquiring space systems for defense
needs and how firms respond to this demand-—-and its
perfarmance——the outcomes of the market in terms of
efficiency, equity, and social welfare. It begins with a
general description of the maljor systems acquisition process,
then looks at the particular example of space systems. The
process is then examined from the seller’s paoint of view, in
terms of how competition for contracts is determined by the
strategic groups in the industry. The discussion of
performance begins with a look at the appropriate measures of
market performance. It then examines the dynamic and internal
efficiency of the market., and evaluates profitability and

risk-bearing in terms of allocative efficiency and equity.

Conduct
Bain defines market conduct as "the patterns of behavior

th

1]

i which they sell™ (19:2). Peck and Scherer have suggested
that 2 contracting system, rather than a market system, is the
appraopriate commercial equivalent to the maicr svstems
acqulisition process (108:53-41). A contracting system differs
from a s1nple market model in that the buyer and seller agree
to *he terms of the purchase before the praoduct enicsts

(108:51) . The contract mav clearlv specifv the product or

t enterprises follow in adapting or adiusting to the markets
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service to be provided, or it may cover tasks whose results
cannot be foreseen in detail in advance.

Discussions of conduct in industrial organization texts
tend to emphasize the price and production behaviors of firms
and their competitors—how they determine what to produce, how
to market, and how to price. 1In a contracting system, conduct
is a matter of how the buyer and seller come together to make a
contract-—-how the buyer solicits sellers, how sellers choose
which solicitations to respond to and how to respond to them,
how the two parties reach agreement on the terms of sale, and
how the contract is carried out.

This csection describes the conduct aof the pracess of

acquirinmg space systems for the DOD. This process is similar

a4
r

hat by which the DOD buys most of its major weapons and

o

-

Lo or

T

systems. Rather than thoroughly analyzing the maior
system acquisition process, this discussion simply outlines the
general gprocess, and then treatz the particulars of space
Tystem acguisition in more detail. It concludes by e:xamining
the process from the seller®s point of view——how firms choose
which zZontracts to compete for and the nature of competition
for “hesze contracts. Finally, it tries t= set the conduct of

00 space svystem acquicitions into perspective by comparing it

with the zonduc*t of commercial space programs.

Major S.stems Acquisition. The Secretary of Defense
desigrates requirements as maljor systems acquisition programs

bae=d 2n the magnitude of the needs, the extent of interservice

1
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nvolveme-rt, and the development risk (S0). In general,
systems are malijor if their estimated RDTYXE costs exceed $200
million and/or production costs exceed $1 billion. A system
comprises more than Jjust a weapon or spacecraft; it includes
peculiar support equipment, facilities, training, technical
documentation, spare parts, testing and evaluation, and initial
operation and maintenance (946:4).

The major systems acgquisition process includes (20):

Defining a need o
Budgeting and financing

Soliciting and exploring alternative solutions
Conducting test demonstrations

Choosing what to procure

Selecting souwrces

Conducting price and cost analyses

Negotiating and awarding contracts

?. Administering contracts

10, Operational use and disposal

VO~ b H) e

The bhasic guidelines for this process are outlined in DOD
Directive S0QO.1, "Maior Systems Acquisitions” (S0). A basic
aobiective of the process is that "Effective design and price

competition . . . shall be obtained to the maximum extent

practicabl

D

to ensure that def?nse sycstems are cost-effective
and are responsive to mission needs" (S0:2).

The maior systems acguisition process has distinct phases.
Nocrmnally, these are concept exploration., demonstration and
validation, full-scale develaopment, and production and
deplovment (S0:4). Frior to each phase, reviews are conducted
at all levels, from the program office up to the Secretary of
Defense, to evaluate the status of the program and determine i¥

1t should be advanced +to the nex* phase, continued for further
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study in its present phase, or cancelled (96:19). The top E;&
level review group is the Defense Systems Acquisition Review E‘
E Council (DSARC), which normally considers programs at ;}T
A =
E Milestones 1 and I1--prior to the demonstration and validation E%
| and full-scale development phases (S51:2). Along with the DOD -
E councils, the General Accounting Office and Congressional
s .

-

committees evaluate these programs as their funding is

submitted in the DOD budget. [ %
Component services surface their requirements for new :ff
systems in Justifications for Major System New Starts (JMSNS), _ A

submitted to the Secretary of Defense with their Frogram
Obiectives Memorandum (FOM) for the budget year. The BN
objectives of a system acgquisition program include a variety of jﬁﬂ

factors, which frequently come into conflict (103:2-1): "

Improved performance
Economic affordability
Technical advances
Risk reduction .
Improved gquality -
Strengthening the industrial base

Socio-economic considerations (e.q.. labor surplus
markets, small businesses, minority +firms)

N ) e

1f the program is approved in a Frogram Decision Memorandum
‘FDM), a Frogram Manager (FM) is appointed, and a Svstem
Frogram Gffice (S5F0) organization is established. This marks

the beginning of the concept exploration phase.
g

’

The EFD is the focal peoint for the management of the
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entire acquisition process for a system (96:4). The procgram

manzger 1s responsible for preparing. defending. and managing

1

- R
'V N

oAy

¢

N the grogram budget and schedule, for devising the acqguisition
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strategy., for the study, design, development, testing,

production, and initial operation of the system, for assuring
logistics support, and for selection, negotiation, and
administration of contracts. The SPO organization includes
program cantrol, configuration management, engineering,
logistics, procurement, production, testing, training., and
operations =xperts tg assist the FM in acquiring and fielding
"2 system that meets the approved mission need and achieves the
established cost, schedule, readiness, and affordability
obJjectives" (SO:11). The SF0O exists throughout the lifetime of
the system to retirement.

One of the first steps in the concept exploration phase is
the development of an acquisition strategy. This plan lays out
how techniczal and contractual considerations are to be
irtegrated to maintain competitive exploration of zlternatives.
It includes guidelines for trading off investment., schedule,
ang performance risks to avoid sole—-source procurement. The
primary goal 2f the acguisition strateqgy is to sustain the

power of th

b}

DOD to influence price and other terms in 1ts
ccntract regotiations by mairntaining the pressure of
zompetition on the seller.

Much 2f the emphasis on 1ncreasing competition and

reducing systems costs centers on optians available in forming

Ind

H

pil

cquizition strategy. such as flv-offs, dual sourcing.
component breab-gut., econcmic order quantity (EO@) . and multi1-
year orocurement (MYF), A flvotf involves developing two

altern

DU

tives 1n parallel, with competition for the production
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zantract. Dual-sourcing continues competition through the

production phase by contracting with two separate firms for the
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same system. A variation on this option is component break-—
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out, in which the SFO deals directly with subcontractors,

e

supplying subsystems they produce to the prime contractor as

e
s

.
1

Gavernment—furnished equipment (GFE). EDQ and MYF do not

e
o

increase competiticn, but seek to reduce costs by allowing
contractors to take advantage of efficient production runs and
the financial security of a multi-year contract.

The +first major contracts let are usually for systems
decign concept studies. These are sclicited through a Request
for FProposal (RFF) identifvying mission need, operational
environment, threat, schedule and cost goals. and performance
abiectives. Bidders then propose technical approaches,
outl:ining design features and cast, schedule, and performance
parameters. These study contracts are typically +fixed-price,
with a short period of performance——around a year. At the same
time, cocst-plus contracts mav be awarded for research and
davelopment of specific subsystems or technologies.

Bacsed on the results of the systems concept studies and
=logy development. the SF0O determines the alternativel(s)

he best potenti1al balanc=2 of performance, schedule, ii

1
+
4+

1N

"

2
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r

and Zost P46:17), These alternatives are outlined in the !i,
S,stem Toncept Faper (SCF). which is submitted through zervice s
~aview channels toc the DSARC and the Secretary of Defense “or X

tre1- decision. Approval of the 5CF is Milectone 1 and marks !L
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the beginning of demonstration and validation phase.

In this phase, the alternatives are examined in more
detail, and the value and feasibility of the design are
explored in depth (926:22-25). This is accomplished in studies,
prototypes, or a combination of both. A primary aim is to
reduce or isolate technical risks and economic uncertainties.
The fly-off is currently the preferred approach to this phase
because it provides more information for weighing the
alternatives and keeps competition going longer in the
acjuisition process. For some very large or highly
sophisticated systems, however, the costs of dual-sourcing-—or
even development of a single prototype——are prohibitive.

I+ approved by the DSARC, the system proceeds with full-
scale development. This involves the design, fabrication., and
testing of a pre-production prototype, along with preparation
of *he docunentation, training., and support equipment. The
ra1n 2vents in this phase are the preliminary and critical
desi1gn reviews (FDR and CDR), in which the SFO and the
contractor fs) enamine the design in great detail, making
changes and agreeing on the final system configuration. The
CZF 13 the last formal chance ta commert on the desiagn before
z++12:al commitment o accept 1t (Qb:6). The SFO conducts
[ri1t1al Operational Test and Evaluation (IOT%E) on the
Je.2laopment system model (s) to qualify and validate that it
per+arms according to specifications, or to document defects.

The service Secretary has the authority to make the

Milestone 111 decizion to advance the program into production
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and deployment, provided the cost and schedule thresholds
established at Milestone Il are met (926:29; S0:S). The actual
contractual commitment to production is made at this point.

Except in cases of dual-sourcing, the SF0O has by now entered

S SRR T T T e T AT m— ® v v

into a bilateral monopoly with the prime contractor. Any
changes introduced into the schedule, design, or cost of the

system must be negotiated on a sole-source basis. This

AR » 3 s,

situation, critics hold, fosters a degradation of all system
attributes—-—-time., cost, and performance (&£8:93).

Throughout this process, a considerable oversight

4

structure monitors and influences its progress. The SFO is
assisted in the administration of the contracts by Flant

.. Representative Offices, which reside at a number of contractor
facilities. In addition to the reviews described above, each
program is scrutinized annually when 1t submits its budget

N request. Frograms with "high visibility"—--high costs.

- embarassing cost or schedule overruns, or controversial
requirements——are also subiect to i1nvestigation by the Office
of Management and Budget, the General Accounting Office, and

. House and Senate Committees. Although industry and DOD leaders
. criticize these layers of reviews, for most programs, they do

not introduce significant changes to a program’s schedule or

funding (53:78B-82; 108:451-60). What they do contribute,

v
e
.

though, 1s a perception by many members of the industry that f~

L
YN
»
)

these aversight groups are "a constant source of disruption .

and interference" {(5:2 Jul 84: 10L2:457) .,
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Space Systems Acquisition. The process by which Space

Division acquires space systems for the DOD differs only
slightly from that described above. (Although this study
concerns itself with the spacecraft market, it must be
remembered that space systems, like other major systems,
include more than just the satellites. The SD SFOs are also
involved in the procurement of command and control equipment,
upper stage boasters, and sometimes receivers, ground stations,
or other user equipment.) Space programs have historically
followed a four-phase process (103:2-8).

In the first phase, concept exploration, the i1nitial
proposals for the system are prepared. 0Once the JMSNS for a
space system has been approved and a SF0O formed. the SFO
releases a Request for Proposal (RFF) for comprehensive system
studies. Depending on the number of bids received and
avallable funds, three tao five firms are then awarded fi1:ed-
price contracts., These firms prepare system design proposals
that 1nteqgrate advanced develaopment studies undertaiten 1n R4D
programs i1nto an overall concept. Much of the SF0O s wort in
this phase 1nvolves worling out the specific requirements and
preparing —ost estimates.

These proposals are then evaluated and one or more are
then selected to be developed in the next phase--concept
validation. The proposals are considerably enhanced and
refined, and substantial engineering effort i1s put into

preparing a competitive package. The SFO takes a great deal of

m

r= to insure that i1nformatiorn about rival designe do not pass
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between competitors. The SFO holds preliminary design reviews

to examine each design and make final comments regarding its

T T Y

specifications and requirements. Once the decision to proceed

™

to full-scale development has been made and all comments have

been e:xchanged between parties, the SF0O issues an RFFP for the

AT

full-scale development contract.

The bidders then submit their designs in the form of

proposals. When the proposals have been received, the SFO
holds a source selection board to choose the winning design. A
cost-plus—-i1ncentive—-fee contract 1s neqotiated and awarded, and

the prime contractor begins work on one or more development

S\ JEn AR EN D

models of the spacecraft. Development models of ground support

aquipment and user systems are also built. The development

model =z are launched and the entire space system is
aperationall s tested. Thise phase may last from two to eight
y2ars, In most cases, the decision to go ahead with the final
phase, production and deployment, 1s a formality, with a fi:xed-
price contract being negotiated with the secle source.

fcquisition strategies for SD SFOs are fairly limited in
number, given the nature of the product and the spacecra+ft
1ndustry and budgetary constraints. There has never been a
cas2 af prototvpe fly—-2fFf or dual-sourcing of the spacecraft
1teel s, Camponent breal —out hacs been tried infrequently, such
as 1n the D5CS 111 proaram, where the travelling wave tube

ampl:fiers were procured from two sources to 1nsure an adequate

suppl v of these high-rist components (27:78-8%). Onlv since

[0
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the Congress opened up the options for multi-year procurement
in the 1982 DOD Authorization Act have SPOs had much leeway in
choosing their contracting approach (18:1-3; 111:169).

The types of contracts used in this process reflect the
degree of risk involved. The initial system design concept
studies are low-risk, paperwork exercises, and are purchased
through fixed—pfice type contracts. Here the burden of cost
control is entirely on the contractor, although there is
evidence that firms spend much more than the price of the
contract on their preparation effort (48:74). Their motivation
is based in the nature of the opportunities to compete for a
system. It is almost unheard of that a firm not involved in
preparing a concept study is a serious contender for the
concept validation or full-scale development contracts.
Instead, the three to five firms winning the study contracts go
on to compete for the concept validation contracts. The full-
scale development and production contracts will inevitably be
awarded to one of winners of the second phase contracts. So a
firm’s main opportunities to compete for a major system are in
the first two phases of the program.

The risk increases significantly in the full-scale

development phase, when the contractor attempts t

]

translate

"

Fe paperwoart 1nto actual hardware (68:79). All of the malior

n

pace systems now i1n production--DMSF, DSCS I1I, DSF, and GPS——
incurred the majority ot their cost and schedule overruns in
this phase (S5). As of September, 1985, for erample, there had

been 284 contract modification arders written to the DSCS 111

100
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full—-scale development contract (1). The more the requirement
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stretches the limits of technology. the more likely the
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contractor will run into problems. The greater risk associated

s
A
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)
n .

with the development stage is reflected in the cost-plus-type

W

b

contracts used, under which the contractor is reimbursed for

'::‘:‘
lxﬂ o

'
.
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LA iy

all "reasonable, allowable, and allocable costs incurred," plus

—~ v
: '.‘v',!','

“fee
.

v
[DEN
'
E)

a fixed amount of profit——an award or incentive fee (Z8:15-2),.

I3
i

In fact, the Milstar program, considered the most ';
technically complex and ambitious military satellite program
ever undertaken, "raised serious guestions about the industry’s
ability to deliver within cost and on schedule" (119). The
very advanced technology requirements of the Milstar program iﬁ?
was cited as the prime reason for teaming by bidders on the
development contract (63). Each of the three bidders in the .EL
concept validation phase-—Boceing, TRW, and Lockheed-—was allied

with other major space firms——-Ball, Ford Aerospace, Hughes, and

RCA among them——in their proposal. Teaming works to reduce the ~';
perception of risk on both sides of the contract. The Eﬁ;

LSRN
composition and size of the teams "eroded [DOD] concern about f%?
one company’s having enough capability or experience to build :%i

the system” (11°9). And by working out cooperative aqgreements

W

t the outset, the team members can spread aut the risk of
cancellation, which, in the case of Milstar-—-a costly. comple:,
and controversial program, wacs considered high.
The production contract is typically some form of fived- N

price contract, since the maljority of development risks and  v*
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design changes are assumed to have occurred in the full-scale
development phase. A number of observers have criticized this
assumption, pointing out that design changes otten occur after
the contract award, and each has to be negotiated and priced
with the contractor (3; 72; 73; 136:171). A comparison of Air
Force and commercial comsat development and procurement
contracts found that the Air Force made a greater number of
changes to their contracts, but that this was largely because
each contract change is treated separately, while commercial
programs tend to incorporate a number of changes into a single
contract modification (127:10). The same study compared two
similar comsat acquisitions—-DSCS 11 and INTELSAT-IV-—and found
that while the price change on the DSCS Il program was 19%,
versus 2% on the INTELSAT-IV program, the final overall cost of
the DOD system was slightly less than the commercial (127:43),
The authors conclude that the difference in price changes was
in part due tao the Air Force’s having underestimated the
original cost (127:47).

A recent development in the acguisition strategies for the
production phase of spacecraft is the use of multi-year
procurement (MYF) contracts. Out of the six maior AF MYF
contracts, three are for the production of space systems——DMSPF
Block S-D, DSCS III, and GFS satellites. The DOD has argued
that MYF contracts offer substantial savings in the production
phase, when requirements and designs have stabilized. Under
Fublic Law 97-86, the criteria used to determine when MYP

contracts are appropriate are (111:172-7):
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Table XII.

Estimated MYF Savings for Space Systems.

System Annual Buy Cast MYF Cost Sa;ings
. - _
4 DMSF-SD $ 295 M $ 246 M $ 49 M
H DSCS-111 16 824 a2 _
-

1
GFS 1620 1343 212 '-i'.'_-.i?

Saurces: 111:1763 73:20.

1. PBRenefit to the government from cost avoidance savings or
improved delivery scheduls,

2. Stable requirement——firm production rate, fiscal year

- phasing, and quantities; low risk of cancellation.

Z. Stable funding.

4, Stable configuration--relatively few changes in design:
the cost of changes should not drive costs beyond the
funding profile or significantly affect MYFP savings.

S. Cost confidence such that a fixed-price type contract
is appropriate.

The esstimated savings from using MYF contracts rather than
annual procurements for the three space systems are listed in

Table XII. The BAD has disputed Air Force estimates of MYF

0}
™

avings, citing the failure to consider *he social Jdiscourt
rate and the impact of changes to launch schedules (77). In

addition, contractors have evpressed a number of concerns about

MYF contracts (111:174-17%):

1. Cancellation protection--overhead ard opportunit. costs
are not adequately covered by cancellation ceilings.

2. Excessive risk-—-long—-term contractz do nct allow for
adiustments due to factors beyand *he contractore’
control, such as supply conditions and 1aunch .o2h:.zla2
changes.

Z. Feduced profitability--no coverage of i1imputed 1nterest
charges on working =zapital.

4. Changing economic conditions—-risk of anpredicted

inflation in labor rates, compensatior, matarials,

overhead.
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Indeed, unless the MYF contract addresses the baorrowing
capability of the firm, its excess capacity, capital asszets,
cash flow, and labor market, it may not significantly improve
the extent of contractor capital investment (11Z7:18-9).
Despite these issues, however, the current DOD\:olicy is to
encourage the increased use of MYF contracts in the production
phase (52).

In all but sealed-bid and sole-source procurements, the

award of a major coantract is determined through a source

selection. The sellers have little or no direct influence on

the choice. The source selection praocess is conducted in tight
confidentiality, to avoid any possible coercion from bidders.
The proposals, stripped of any company identifiers, are
evaluated by knowledgeable perzonnel selected.from technical
and management areas relating to the system, assigned full-+time
to the source selection. The evaluation teams submit the
scores of the respective proposals to the source =election
board., which weighs these with other criteria, such as propocced
cost, past performance, schedule realism., contractor
capability. and cost cr=dibility (115:74; 108:7461-B%)., THhe
recommendation of the board is presented o the commarder of
Space Divizion for the final decisicn. Once the cortractor has
been selected, negotiators begin working out the tarme =f the
contract, including the actual price and fee st-ucture.
Finally. when funds have been authorized, the ccocnt-act 1s

si1gned.
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Along with the phasing and contractual structure of the .
space system acquisition process, the extended development and .

deployment periods and instabilities in requirements,

fl"!
.
U

¢

management, and specifications influence the risks in a

oty 0yt
AN

AR

program, and thus, the competitive behavior of spacecraft

. ."‘.

manufacturers (5:1 June 1983). As described in the preceding

- a e

chapter, the process of building a spacecraft is itself
lengthy, taking from one to three years. The concept
validation and full-scale develapment phases can last as long
as nine years (55). The concept validation and preliminary
design phases of the DSC3 III program, for example, lasted two
years, and the full-scale development phase lasted almost five
(5S)Y. The more controversial and complicated the requirement,
the longer the process takes. The first phase of the GFS
program lasted over faour years, and the production contract was
signed nearly nine years after the program began (S5). The
length of time of a program indirectly contributes to
instabilities in management. Due to the Air Force practice of
transferring it= personnsl every three or four vears, program
managers change several times cver its lifetime, and the
overall level of knowledge aof the system in the SFD remains
lcw.

A variety of factors influence a program’s s=chedule. The :}h

biggest factor is the complexity of the technologies involved E
(5:7 December 1984). The euplosion of new developments in the .1

fiald of electranics have allowed far significant leaps in )

sensing., computing, control, and =signal processing svstems., but
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along with these advances have come almost geometric increases :f‘
l.'. %
in the resources needed to verify and validate the capabilities !Eb
of these systems (5:20 April 1984) ., In the first three vyears :EE
i
of the GPS program, praoblems with the navigation signal *}‘
transmitter and receiver systems caused a nine—-month delay in
[ the development schedule (75:16-19). Only 2 of the 10 atomic
clocks (a critical element of the navigation payload) on the
GFS prototype satellites had no problems, and S of the ather 8 !E

failed completely (74:9-11). Froblems stemming from the more
sophisticated capabilities of the DSCS III design added ne=arly f};
five months to the testing schedule (126). :
These delays can affect the launch schedule as well,
resulting in further delays. A SFD has to sign up for a launch
vehicle two tog three years in advance. A satellite’s oarbit and is

the availability of boosters and launch facilities create

"launch windows"——periods during which a launch is feasible. ?h?
Depending on the program, these windowe can be months or even Ff:
vears apart. The S-month testing delay in the DSCS III program i;i

combined with other factors to result in an !18-month delay 1n

the first launch date (124).

The overcsight structure described =arlier contributes to
the perception of program instability. Changes in DOD and

tederal budgets introduce the possibility of a program’s S

funding being reduced, stretched ocut. or even cut. The nemory AR
(AN

of the cancellation of the Manned Qrbital Laboratory program ir Ty
i

1?76%? and subsequent transferz and lavoffs are still fresh in :¢ﬁ
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the minds of senior Air Force and industry space managers
(120:198). The GFS program was the subiject of 9 critical
General Accounting Office reports between 1977 and 1987, and
the multi-year procurement of DSCS I1]l spacecraft was rejected
by the Congress the first year it was proposed (72:19; S:2 Jun
83).

The process by which Space Division acguires space
systems, is characterized, then, by the program and contractual
structure, and the inherent risks of advanced space technology,
compounded by lengthy program timelines and schedule and
funding changes due to factors often beyond the control of the
contractor. The opportunity to compete truly exists anly at
the outset of a program. The rewards, however, can be high-
dollar, multi-year contracts.

Sellers’ Responses. The nature of the defense space

system acguisition process explains much of why many aerospace

)

firms are eagerly vying for Strateqic Defense Initiatiwve (5D

[ ]

F & D contracts: "If you don’t get one, you'll be tehind the
power curve" (2Z5Y., A firm can’t afford to bid on =2verw program
that comes along, though. The cost of preparing = cropocsal
tends to be proportional to the size of the program involved,
and this zost is reportedly increasing (S5).

The response cof sellerzs to Fequests for Fraoposals for
space systems 1< 1nfluenced by a variety of factors: the
firm' s design and production capabilities., existing and

prorected demands. its perceptions about its competition, its

confidence about the program and the preospect 2 production
107
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contracts, and its long-range competitive strategy (108:405-4).

These factors also have much to do with the strategic group a
firm finds itself in. This section will attempt to show how
competition for Space Division contracts reflects the character
of the strategic groups in the spacecraft industry.

The three strategic groups described in the previous
chapter are: the "BRig Three” firms heavily involved in the
commercial market--Ford Aerospace, Hughes, and RCA; the
largest group. comprised of firms like General Electric,
Lockheed, and Fockwell, which possecss substantial space
development and production resources and who are overwhelmingly
reliant on NASA and the DOD for their space sales; and
Fairchild and Ball, which lack the financial clout of the other
industry members, and which have met with the most success in
building scientific satellites for the DOD and NASA. Thece
groups are not necessarily static or distinct from =ach othar.
Firms from different groups often compete for the same
contracts. Their motivations, however, differ in much the same
way that their intra-industry positions differ.

For the group with the smallest martet sharee, Rall and
Fairchild. the choice of contract=z is influenced both bv %the
need to maintain their specialty and the desire Lo bhreak into
other markets. Ball proposed a low-cost satellite misszile
warning system to the Air Force 1n 1982 in an attempt to evpand
into operational systems (124:469), It secured its largecst

contract ever for the Infrared Astronomy Satellite (IRAZS) tao
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develop its expertise with larger spacecraft, but incurred $20
million in cost overruns because it underestimated the problems
associated with a cryogenically—cocled system (124:732). Eall
is also exploring the commercial market with its design for a
small Earth resources satellite (Aeras). Fairchild has had
only one success in the DOD market, providing the upper stages
for the first series of GFS satellites. Instead, it has
concentrated on contracts with NASA on scientific programs or
svstems with high applications potential. It has been working
since the late 1970s on a multi-mission spacecratt design for
MNASA (S92 22). A version of this design, the Leasecrsaft
satellite, will carry scientific and commercial payloads which
can be periodically serviced by the Space Shuttle. Fairchild
has also attempted to interest DOD and foreign customers in the
multi-mission design as an alternative to building separate
satellites.

Firms with a long history of maior DOD and NASA contracts
tend to obey the "follow-on imperative"-—-that is, they seel to
maintain or expand their existing levels of =mplovymert zand
praduction capacity (88:3204; 85:27-T0) ., The larger the sicse of
their facilities and workforce dedicated to government space
contracts, the more pressure there islon a firm to
steady stream o2f contracts coming. To this =2nd. firms like
Loctheed and TEW "have planning groups. whose sole functicon 13
to —honze suitable successors for the weapons that are
currently being produced and who worbk clasely with similar

groups 1n the services" (835:70', Focktwell, for evample, ic=s
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currently working on the multi-vear contract for GFS
satellites, producing an average of eight a vear. If it winrs
the contract for replenishment satellites, its production line
will remain open through the early 1990s, but at a rate of four
satellites a year. Consequently, it is working on design
concept studies for a NASA system~——TOFEX—-—and two SDI proiects
(S:26 Mar 84; 133).

The competition for SDI contracts reflects the follow-on
imperative felt by the firms in the middle group. Four SDI
programs are considered to have a good chance of producing
maijor spacecratt contracts (123). Boeing, Lockheed, Martin
Marietta, and Rockwell have won design concept study contracts
far the Space-Based Laser System. Boeing, Lockheed, and TRW
are preparing studies on the Satellite Defense System.
Lockheed, Fockwell, and TRW are working on the Space
Surveillance and Tracking proiject, and General Electric,
Grumman, Lockheed, and TRW have study contracts for the Boost
Surveillance and Tracking project. The study contracts ares not

subst

B

ntial~—the prices range from $1 million +to $& million (1),
But, as cstated =arlier, these Zompanies believe that the

early bird gets the worm. The fallow-on 1mperative equates to
maintaining cr euxpanding martet shares. Thiz 13 clearly
demonstrated by the fact that Locliheed., which currently has the
larjecst zhare of the defense spacecraft martet, is i1nvolved in

all four projects. Boeing and TRW are 1r claose competition

hil

with Loctheed 1n terms of total contract dollars (40), Thece
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firms were also in competition in the concept validation phacse
of the Milstar program (24). The Milstar program is expected

to be the last major defense space program to begin production

DA

) SO

<

¢

before the end of the decade (119:S1). The competition for the

.".‘

I

TR
PMND

A
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full—-scale development contract, between Lockheed and TRW, both

"3

of whom had facilities invalved in major production contracts
{(Space Telescope and DSF, respectively) which would run out
i about the time that the real work on Milstar would begin, was
reported to be very fierce (1172:51). "There was cheering in
the halls when Lockheed won Milstar"™ (32Z).
. 0f the "Big Three", only Hughes has shown much i1nterest in
the SDI pragram (40). This lack of interest in the long—term
opportunities of the SDI program reflects a number of
.characteristics of this strateqgic group. First, all three
compania2s are looking to develop their shares of the commercial
martet, coming out with new designs aimed at attracting Third
World customers and others eager to enter the direct
broadcasting (DEBS) business, and trying to stay ahead of
competi1t:on from Japan., Britain, and Francs=s ‘T T1). Tecznd,

~ with thelir growing commercial sales, these firms are less

)

N dependent on prime defense contracts to keep their perzonre!l
and facilities busy (67) . Finally., these firmns are not

] withdrawing ‘rom the DOD or NASA martets comrletelv, but +hew

]

zan aftford to be more selective 1n their bids. They compete
for svstems they have specialized in. FCA is involved 1in the
follow-2n to 1ts DMSF satellites, and Hughes has won

cort-=ct

M

N

tcr the successor to the Defense Suppert Frogram (DSF»
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spacecraft (E5). They are also working as subcontractors to
firms 1n the middle group-—-Hughes and RCA are both members aof

Lockheed® s Milstar team, and Ford QAerospace was teamed with

L Iaf et e il o0 2 i b oy o p e

Boeing on its bid in the concept validation phase of Milstar

(119).

Ferformance

Definition and Measures. A market s performance is

measured by i1ts end results——the outputs, prices, costs,
designs, and rate of techncoclogical advancement of its firms f 
“19:10) . Stekler and others have argued that traditional ' ‘ “:.
measures of performance-—the external and internal efficiencies 3
of plants and firme, profit rates, and the ratio of selling

costs to sales revenue——"are not totally applicable to the

aeragspace industry” (1736:154: 108:546-7). E::ternal
etf:z1encies, for example, are affected by government
orocurement awards aimed merely at keeping production lines
from going out of existence (17&:154:; 28:708). Low profit

~atas are often talen to be an indicatar of an efficient

1rdustr o3 1n the case of defense-oriented firmes, their low
r creofirts may have no relation ko their efficiency (4B:1346-7).
- The joal 2+¢ $31rms with a large percentage ot defernse sales mav
'
: ~Tt be to aarimize prafits, but to marimize the e-tent of
- Qo .=ramernt subsidization of research, development. and
-
- croduction fazilities (99:214-5:; 85:20). Thie 1s hecause they
.

per-=syve unacceptably high costs associated with converting

teere operations o a commercial marbet (4A8:48-S0)
112
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In order to determine how to measure the performance of
the defense spacecraft market, 1t 15 useful to consider the
main reason for the the market’ s existence-—the development
and acquisition of spacecraft to support national security
needs. As mentioned earlier, the primary criteria by which
the DOD compares alternative systems are state of the art
advancement, operatinnal‘performance, total life-cycle cost,
time, and uncertainty. How well the market has performed is
2 matter of how well it has proceeded towards aptimal results
in terms of these criteria. Optimization of technoleay.
performance, cost, time and uncertainty can be viewed as the
public’s goals for the market.

These defense acquisition goals can he placed into the
context of traditional market performance geoals. Shepherd
identifies these goals as (121:22):

1. Efficiency. which includes:

a. Dynamic =2fficiency

b. Internal efficiency

T Allocative efficiency
2. Equity in the distribution of wealth

and i1ncome.
Technolaogical state of the art advancement equates with

dvnamic efficiency——the rate of 1nnova*ion and i1invention.

Unfortunatel s, as Bain has written. "meaningful appraisal ar

14

perfarmanc2 1 the dimencion of 1nnovational progress 1s not
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"We lack an empirically applicable standard +for
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orogressiveness” (19:47°1,501).  Sosrnick says that if

Ind

k

]
3

= are no personnel or recsources dedicated to research 1nto

aroduct or process improvements, 1t 1ndicates undesirable
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martket performance, but acknowledges that beyvond that it is
not possible to distinguish good performance from bad in this
dimension (127:8464). Scherer uses several appraoaches to
compare the progress of innovation in different industries,
but stipulates that his analysis does not apply ta R & D work
carried out under government contracts (117:409). The R &% D

contractor accepts little of the risk and acts under the

]
o

detailed direction of the government. Since over 73% of R
funds 1n the aerospace industry are provided by the govern—
ment, it is difficult to assess the rate of technological
nrogress resulting from private investment. For this reason,
this study does not attempt to evaluate the performance of the
spacecraft market in this dimension.

Minimizing costs and system acquisition times are goals

el 3

W

ted to internal efficiency. As has been descrihed, the
characteristics of the management of DOD programs have much to
do with their cost and schedule performance. This does not

mean, however. that trends in firm-related efficiencies cannot

b= =zeparated fram trends in DOD program management.
Froduct:ivity measures such as value—added per manhour. as well
2 aualititative production process innovations cam give some
indication of internal =ffici=ancies. In addition. althoughb it
mzv not be possible alwayes to separate DOD from industry
infiaences op program costs and schedules., it 1z worthwhile to
avamine their trende as an indicator of the sfficiency of the

martet——+the combined actions of the buver and the sellers.

Fimally, reducing bcth the uncertainty 2Ff pregram and the total
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cost relates to allocative efficiency, since this often comes

.
down to a matter of risk-bearing and profit—-taking. :3:
S
Determining the proper allocation of risks and costs between ;ﬁt
«Ta
t“ ~

the DOD and the prime contractor and agreeing on the profit

,l’ *
LA
»

margin appropriate to the investment and risk assumed by the

[4

v
l"'l.'.‘
NI PR

prime contractor are major goals of a program manager.

Optimizing program uncertainty equates to optimizing the
distribution of risk between the DOD and the contractor. Peck
and Scherer have described how contractor risk—-bearing can be
viewed as an aspect of both internal and allocative efficiency
(108:328). The purpose of risk-bearing is "to minimize under
conditions of uncertainty the expected cost (actual cost
weighted by relevant prabability values) of accomplishing a
result." Risk-bearing is also a matter of allocative
g+ficiency, since 1t "involves the optimization of resource
commi: tments among alternative payoff poscsibilities.” Defence
contractors have aoften used risk as the Jjustification for the
profits they earn on relatively small capital investments
116:28). Some measure of how well the market has performed in
terms of allccative efficiency can be obtaimed by evaluating

profit rate

]

in light of the risks borne by contractors.

Tre nature of profits or lesses in the industry is=s also an

aspect of equity. Scherer has written (118:32-4):

Eguity i3 a notoricusly slippery concept. but it
implies at least that producers do not secure rewards far
in excess of what is needed tpo call forth the amount of
services supplied.

Frcfit is the most tangible reward cecured bv a defense
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contractor for his services (108:214). Froducers earning ::#
monopolistic excess profits while turning out systems with gg%
major cost and schedule overruns is an indication of clearly géﬂ
undesirable performance with respect to equity. Bain also :E?
views profit performance as an aspect of both allocative !F}
§ .
f efficiency and equity, but adds that it is not sufficient in ;;2

itself to cover the issue of income distribution, since it says
little about distribution of personnel income. For this
reason, the discussion of equity in the spacecraft market will

limit i1tself to the question of the rewards——profits——earned by

contractors.

Thus, although traditional measures of performance may not
entirely apply to a defense-oriented market, there are ways to
describe how this market performs in relation to the goals of
internal and allccative efficiency and equity. How this
performance may be judged, given the structure and conduct of
the market and their interaction, is discussed in the next
chapter.

Internal Efficiency. Firms aim for internal efficiencv by

minimizing their production costs. While 1t is not feasible to
determine the cost curves for spacecraft manufacturers, it 1s

possible to infer something about the internal efficiency of

the marltet from facts about productivity in the 1ndustrv and
*he cost and schedule performance of defense satellite
programs.

A primary measure of productivity is the value added by
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Table XIII. b

Real VYalue Added per Froduction Worker per Hour, 1963-1982. ‘E‘

"SIC  Industry 196% 1967 1972 1977 1982 o

o

_ i

it

3761 Missiles, Space 10.38 28.98 32.22 36.01 40,94 i?

IS7> Computers (NA) 22.87 26.78 32.61 71.94 VH

3721 Aircraft 13,70 13.42 19.62 23.11 22,49 fji

F795 Tanks 11.89 8.65 12.41 16.21 22.19 "

662 Comm. Egquipment 13,39 134.26 18.08 21.85 21.42 A

3724 Aircraft Engines (NA) (NA) 15.93 16.87 17.21 o

7483 Ammunition (NA) 8.77 2.872 14,09 17.17 st

3728 Aircraft Farts (NA) (NA) 14,49 16.57 16.85 ]

Z721 Shipbuilding &.76 7.466 8.06 11.29 10,93
All Manufacturing 10,08 11.7%2 1Z.26 15.12 1Z.84

.

Sources: 443 45S; 465 47; 49:746; B:26—-27: and calculations by
the author.

Note: Figures adiusted for inflation, using the Federal Frice
Deflators for SICs 3721, 3724, 3728, and 3761, and the Federal
Frice Deflators for Durable Goods Defense Purchases for all other
SICs (19272 = 100)., .
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manufacture, defined as the value of shipments less the cost

of materials, per worker per hour. As can be seen from Table !
X1, the missiles and space industry has, since 19467, led f
cther defense industries in this category. But simple value-
added +igures do not provide a fair basis for evaluating an
industry’s productivity. A

]

A more revealing statistic is the increase of value-added

per worker over the last 1E years. An efficient industry Ei
should exhibit a steady increase in worker productivity. The ::é
fi1guras for value-—added per production warker hour have only gﬁ
been reported for the vears 1947 and 1982 for SIC 2758172, JE

Complete Spcace VYehicles, due to problems of disclosure (47; 44;

4%; 344>, The figqures +for 1947 and 1982 are $29.50 and $70.77, B
117 -
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Table XIV.

Increase in Real Value-Added per Production
Worker Hour, 1967-1982.

SI1C Industry % Increase, 1967-1982
3795 Tanks 157 %

348= Ammunition 6

3721 Aircraft &8

3662 Radio & TV Comm. Equipment S0

3731 Shipbuilding 47z

2761 Missiles and Space 41

3573 Electronic Computing Equipment 40

All Manufacturing 17

27612 Complete Space Vehicles - 29

Source: Derived from Table 2.

respectively. Adiusted by the Federal Price Deflators for SIC
I7561, these figures are $41.14 and 3$292.06, representing a 29%
decrease over the 1S-year period.

This 1s the worst record of productivity progress
axhibited in any defense industry. The eguivalent figures for
SIC 27611, Complete Missiles., adiusted for inflation, are
$16.64 and $76.81. which represent a 121% increase. The rate
of 1ncrease for the other 4-digit SIC defense industries for
which 19457 and 1982 figures are available ares listed in Table
X1y, {The aggregate value-added figure for SIC 2751 is higher
than the respective figures for 27411 and 37412 due to the
contribution of the remaining product classes. which had an
aggregate value—-added figure of $S1.70.) The SIC 2761 industry

ranks near the bottom of this group: considering that, of the
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Table XV.

Average Hourly Earnings of Froduction Workers, 19463-1982.

51C Industry 19632 19467 1972 1977 1982

3761 Missiles, Space 4.89 5.15 &£.29 6.22 S.63
I57F Computers (NA) z.78 4,19 Z.92 T.72
3721 Aircraft 4.8 4,62 S.14 S5.24 S.60
3795 Tanks 4,07 4,12 5.21 .45 5.44
3724 Aircraft Engines (NA) (NA) 4.8= 5.20 S5.12
I662 Comm. Equipment 4,00 4,25 4.51 4 4.18
2728 Aircraft Parts (NA) (NA) 4.86 5.03 4.88
Z487 Ammunition (NA) Z.77 .79 Z.91 Z.95
I72Z1 Shipbuilding 4,30 4.435 4.5 4.50 4,563
All Manufacturing .46 Z.66 Z.9S 4.06 I.79

Sourcess: 44 45; 46;.47; 49:746; and calculations b;_the author.
Note: Figures adiusted for inflation using Consumer Price Index
(1972 = 100).
two maior segments of this industry, only guided missiles
showed a positive increase in value—-added, these figures
clearly indicate that the productivity trend in the spacecraft
industry is significantly worse than in other defense
industries.

In contrast. worker compensation in the spacecra+t
industry remained the highest of all defense industries (see

Table XVY)Y. Average hourly earnings of production workers in

4]

1C 74612, Complete Space Vehicles, adiusted for inflation,

ncreased 3.3% from $5.44 an hour in 1947 to $5.92 1in 19872,

[

-~ -

This compares to a2 2.2% increase over the same period for SIC
2745411, Ccmplete Missiles. and a Z.5% increase for all

manufacturing industries. Moreover, wages in SIC T7412 are

the highest in the missiles and space industry, which in
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Table XVI.

Average Annual Fay for All Emplaoyees, 19646—-1982.

SIC Industry 1967 1972 1977 1982

3761 Missiles, Space ¢$13,03°9 14,795 $14,795 $13,749

3IS7= Computers 10,180 11,521 10,760 10,359
3721 Aircraft 10,180 24369 12,320 12,198
I79S Tanks ?.626 11,017 11,605 11,785
I724 Aircraft Engines (NA) 12,002 12,615 11,759
3662 Comm. Equipment 10,9211 11,244 10,687 10,234
T728 Aircraft Parts (NA) 11,332 11,538 11,198
Z487 Ammunition (NA) 8.727 2,059 8.878
721 Shipbuilding ?.714 ?.8%6 7,797 ?.715
All Manufacturing 8.521 ?.210 .Z17 8,626

Sources: 443 45; 46é6; 47: 49:746:; and—calculations by the author.
Note: Fiqures adjusted for inflation using Consumer Frice Index
(1972 = 10Q0).

turn consistently have been highest of all defense

industries. The average annual pay for all workers in the
missiles and space industry has also been consistently led
defense industries since the 1960s (see Table XVI). A recent
survev of compensation by 12 aerospace companies at specific
facilities, including a maior spacecraft plant (TFW Redondo
Beach, CA), found that factory and clerical pay averaged 8%

over the Bureau of Labor Statistics (BLS) mear for similar

positions (71:46.,9). The survey also reported that the

average employee received 74% maore i1n total compensation and
benefits than the average manufacturing emplovee (71:10-11).
A major contribution to the decrease in measured

productivity may be the increasing cost of materials in

relation to the value of shipments. The ratio of the cost of

120
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materials tao the value of shipments for SIC 374612 almost

doubled between 19467 and 1982, from .204 in 19467 to .S77 in
1982. For the same period, this ratio increased by only 17%
in SIC Z7611. In four—-digit industries, casts of materials
in proportion to shipments increased by 21% for missiles and
space (SIC 2761) and 10%Z for aircraft (SIC Z721). The ratio
for a2ll manufacturing industries increased 7% during this
period (4%9:746).

The dramatic increase in the cost of materials relative
+o the value aof shipments may be due to a combination of
factors. As described in the previous chapter, the majority
of materials costs in the spacecraft industry are for
finished products, particularly electronic equipment. To be
space—qualified, these subsystems and components must be
manufactured under tight quality controls and subiected to
rigorous tests. These measures would be expected to increase
the cost of a space—qualified part over that of one for
terrestrial use. Moreover, the understanding of the space
environment and the design life and unit cost of spacecraft
have all increased since the 1960s. So the specifications
for components are more exacting now., and there is greater
emphasis on reliability (17:15). Components must be able to
operate years longer than the parts on 19460s spacecra+ft. The
cost of the failure of a component can now result in the loss
of hundreds of millions of dollars, compared to tens of
millions 1n the 1960s.

Compounding increase in the need for quality contral and
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reliability is the growth of alternative markets for some

T

components (3). Solar power cells, for example, are an
essential element of all spacecraft electrical generation
systems. The market for solar cells was rather limited in
the 1960s, and the space business represented a maior buyver
(44). With the rise of interest in alternative energy
sources, however, the commercial market for solar cells has
grown dramatically, and is far more profitable than the =pace

market (Z; 47). OGiven this situation, the small quantity of

IMSAGR AN SR .am an

most spacecraft parts orders, and their extensive gquality
control and reliability specifications, the spacecraft
manufacturer has little leverage in controlling the price of

these materials. And the problem is exacerbated by when the

buyer faces a sole source aof supply (3).

Clearly., the spacecraft industry has had littls success
in offsetting increases in the casts of inputs with increzses
in productivity. This is largely because the spacecraft
industry 1s still a relatively immature industry, whose
product 1s "built the old—-fashioned way—-—bv hand” (77, The e

1ndustry has not ignored new production *echnigques, but zirce

spacecraft are custom-built and i1ncorporate small guantiti=s

[}

i

4+ a large number of different part=, *hese 1nnovatiors nust

mall praductioan rums

o

e flexible and cost-effective for

)

(EE. TS,

c:IE). For thie reaszon., sa:d one Foclwell! offi1c1:21, "An

investment on the scale of rchotics 1= cut 2f +he aguesti-n"

‘S7)Y. Manv of the critical manufactur:ing and aszembk! . *asis
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are still manual (33). As discussed in the previous chapter,
a maior cost i1n spacecraft production is not manufacture
itself, but qualification testing, and this is where some
savings have occurred (5:15 Jan 8S;: S6). The use of
computer—-aided design (CAD) has allowed stresses, loads, and
resonant frequencies to be more precisely calculated. thereby
reducing the amount of shock and vibration testing required
(17:21). FRockwell estimates its use of automated test
aquipment reduced the time needed to test the GFS satellites
from 4T weeks to I4 (57).

Internal efficiencies related to economies of scale have
only recently been observed in the industry, in part due to
multi-year procurements. The best documented =xample of this
is Rockwell’s experience with the GPS program. The
guaranteed order for 28 satellites enabled Rockwell to make
one-~-time bhuys from suppliers, allowing the subcontractors to
gear up for ecornomical runs, rather than having to start up
and shut down on a year-by-year basis (I3 127). The size and
period of the contract ($1.2 billion over 4ive vears)
nrovided the stability for Fockwell to invest over $30
million in new production and test facilities. Rockwell
hired an 1ndustrial architecture and engineering firm to
study *he production process and design a productior line
arganized into stations. At these stationcs. equipment is
dedicated to their respective tasks. cutting down on time
previously needed to move, set-up, and check out equipment

when satellites were assembled one at a time (57)Y.,

-l
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The relatively high rate of production (8 a vear®
realizes savings from the learning curves of production and
test personnel, as well as from the full employment of these
crews (see Figure 35). In the past, there were large idle
periods between satellites, and the company would have to
choose between paying the crews during idle times or lavying
them off. The latter solution was often the more expensive,
particularly in the case of test technicians, who were in high
demand among the aerospace firms in the Los Angeles area (Z56).

As explained earlier, it is difficult to isclate which
cost changes are due to contractor performance, which to the
program management, and which to other factors such as the
availability of launch vehicles. A study recently completed
by Air Force Systems Command did attempt such a2n aralysis for
a number of programs., including some space programs, but this
author was unable to obtain this data. For this reason, this
study looks at cost overruns as indicators of the etficiency
ot the market, and does naot assign particular responsibility
to the industry or tne DOD.

Feck and Scherer define efficiency in maljior systems
acqguisitions as (108:509):

CRJccomplishing a desired result with the ainimum
poscsible expenditure aof resources. A result, in thice sense,

is obtaining a weapon system of a certain quality in a

certain time.

One statistic they use in evaluating program performance is the
development cost factor, which is the ratio of actual program

cost to the original cost estimate (108:429)., This meacure
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Figure S.

RECURRING COSTS FER UNIT

NON-RECURRING COS5TS FER UNIT

1 =] 10 15

NUMBER OF SATELLITES FRODUCED FER YEARR

Curves derived from Space Division Standard
Spacecratt Cost Model.

Recurring costs include costs of materials.
facilities, labor, and testing.
Non—-recurring costs include costs of destiagn
and protoype develpopment.

The ratio of recurring to non-r=2curr-ing costs

varies widely among pragrams.

Effect of Annual Froduction Rate on Unit Costs

of Satellites (7).
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y Table XVII. RnE,
.1 --'.J
} -~
l Space Frogram Cost Factors. Ef:
':":'::
- " “Program  Base Year Original Frojected Cost Factor .?ﬂ
. Estimate Total Cost o
- ‘U
¢ ————— - o
! ¥ |
\ DMSF 1975 $ B842.5 M $ 2262.5 M 2.69 ¥
. DSCS 111 1977 105Z.7 2032.6 1.92 e
N DSF 1978 4731.6 6268. 3 1.33 .
- GFS 1972 17Z0.8 2821.7 1.46 N
P R
' Note: Frolected costs as of 71 July 85 Systems Acguisition -
I : Report. ! F
s Source: S: 20 Aug BS. '
- bears close resemblance to the degree of X-inefficiencv. which
h is defined as the ratio of excess costs toc minimum costs iij
- .‘l
(171:22) ., o
Cost factors are easily obtained from the Systems
Acqguisition Reports published guarterly by the Department of
Defense at the request of the Congress. These list the currsnt

and cumulative actual and proijected cost escalations for
select=2d weapons systems. The most recent figurecs for four
space programs, along with their development cost factors,
are listed in Table XVYII. Everv program has run over its
ariginal cost estimate, but their performance chould he

e cost

1]

considered in relation to other programs. The avera

fIn}

T M e '__-,."'-4.—.-7,.'7’,‘,_-.4 -
N S s . . . A

\m

]

factors for Army., MNMavy., and Air Force preograms 1n the s

report were 2.22, 1.78. and 1.88, respectivelv., and the
average for all DOD programs was 1.87. With *he e:cepticn of
the DMSF program. which had two on-orbit failures 1n 1976

whose replacement accounts for much aof the coest 1nc-=ase, the

RO
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programs were within the overall averages for the services.
This compares faverably to the performance of 12 maljor
systems programs in the late 1950s-early 1960s period studied

-

b
' . A

by Feck and Scherer, which had an average cost +factor of
(108:429). The decrease in cost overruns is attributable to
improved cost estimation, the shift from cost-plus to fixed-
price contracts since the early 17605, and the implementation
of various cost-control statutes and regulations (4:AZ6).
Gansler holds that "The most aobvious result of the
failures of the market in the case of defense is the high and
rising price of defense equipment. . . By contrast, commercial
equipment has been going down in constant-deollar price, while
its performance has been geoing up" (68:83). These
observations are not entirely valid in the space market.
First, while 1t is true that total space system costz are
1ncreasing, 1t 1s rather meaningless simply to zompare
bottom—-line price tags between systems designed and praduced

ten or twenty yearcs apart, since the svstems ars 23uivalent

in name anly (S:20 Apr 345 . The capabilities of both

civilian and militarv satellites have increased =steadily over

the last 25 vears. Figures & through 9 show haow design life,
power ., welight, and capacity has increased for both military

a2rd c1v1li1an communications satellites. Table YVIII sktows

how capabilitiee and costs have increased over three
Jenerations of defense communications =z=atell:ites. In

additicon to the capability figures listed in Table XVIII,

three systems differ in number, power, coverage, and
127
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Table XVIII.

Capabilities of Defense Communications Satellites.

System First Weight Fower Channels Design Unit

Launched (Dry) (Watts) Available Life Cost

IDCSF 1966 45.F kg 40 1 Z yrs $ I M

DSCS 11 1271 536.0 kg S35 4 S yrs $ 6O M

DSCS III 1982 85=.0 kg 1150 ) 10 yrs $136 M
Note: Unit costs in constant 1983 dollars. -

Sources: 127:79; 131.

steerability of antennas, anti-jam features. survivability,
and Yariety of missions they can support——consistently
improving with each generation (129). Simply comparing the
increase in unit costs over this period ignores these
improvements in the capabilities of the systems. A fair
comparison would require an in—-depth breakdown of
capabilities and costs., combined with determination of
appropriate weighting factors for technological differences.
Second., it is unfair to directly compare the unit costs of
military and commercial space systems, because their designs
differ significantly. Military satellites must be able to
carry out their missions in the face of the threat of attack,
while commercial satellites are designed to operate in a
For this reason.

peacetime environment only. the decign of a

military communications satellite, for example, "trades off a
large portion of its potential communications capacity in
return for nuclear hardening and antiiam capabilities not found

132
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on commercial systems" (127:8). Thus, the DSCS Il satellite ';b
carried only 2 communications transponders, compared to the 12 :;.
carried on INTELSAT IV, a commercial communications satellite E:ﬁ
of the same generation (127:108). ;
o

Third, unit costs for commercial systems have behaved like iﬁl
those for military space systems. The average cost af the FE

INTELSAT commercial communications satellites (in constant
1982 dollars), for example, has gone from $27 million for

INTELSAT 1 in 1964 to $82 million for INTELSAT IV-A in 19773,

to $178 million for INTELSAT VI in 1983 (127:61-4). ;jﬁ

Comparing roughly equivalent generations of military and ;}
. =

commercial communications satellites shows that the unit cost >

of the military satellites increased 2267% between DSCS II and
DSCS 111, compared to 2147 between INTELSAT IV and VI
(127:64,80). Here again, "sticker price" comparisons do not
include improvements in capacity and capability. Al though
total costs have increased, the price per circuit per month if
on INTELSATS has decreased dramatically, from $S000 in 1945 e
to $78 in 198Z%. As mentioned above, military communications
satellites trade off significant communications capabilities
in return for improved survivability against threats, so a kﬁ;

comparison of communications capabilities vs. cost 1s only .

partially accurate.

Since military communications satellites must meet

tactical and strategic needs beyond carrying long-distance ':ﬁ

‘.\,:

, . . . Y

communications, circuit month costs are not available, and toe

S

would not provide a comprehensive basis for camparison in any 1 
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case. However, simply comparing the DSCS I1 and DSCS III
satellites (excluding IDCSF satellites, which differed
significantly in the service they provided), the ratio of
unit cost to available channel-months has decreased fram %
0.25 million per channel per month to % 0.19 million.

Comparisons of costs versus capability are even more
difficult to derive for navigation, meteorclogical, and ather
military satellites. The example of the DSCS satellites does
suggest, at least, that unit cost trends for military space
systems do not differ significantly from those for commercial
syétems. In addition, the ratio of capability versus cost
shows that while unit costs have increased, the cost of the
services provided by the satellites has decreased—-—
dramatically for commercial systems, less so for military
aystems.

Equity and Allocative Efficiency—-——-Profits and Risk-

Bearing. In 60re than one way, profit is the bottom line of an
industry’s performance. For defense industries, in the minds
af the public, profit—-—-high profit-—-is the best indication that
producers are reaping "rewards far in excess of what is
needed."” This section looks at the profits =2arned in the
spacecraft i1ndustry in light of “"what i1s needed to zall forth
the amount of services supplied"-—-in particular, the financial
risks assumed by contractors in producing a space system.

This discussion must begin with a caveat. No firm has

ever reported its earnings from the sale of spacecraft. Only
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one firm. TRW., even reports its total sales proceeds from
cspacecraft (143). The fact i1s that satellites are still a
small part of any firm s business, too small to show up even in
a line—of-business report. Therefore, this study must rely on
assumptions and approximations.

The main assumption is that the profits from spacecraft
production do not differ significantly from those earned in
other lines of defense business. First, there are controls on
the profits earned from defense contracts. The neqgotiated fee
in cost-reimbursement contracts must keep net profits within

the statutory limit. The Vinson-Trammel Act restricts the

'
P
l\ .
oo
,'.

»L

profit on sales earned on major systems contracts to 12% on

BTN I

production contracts over $10,000, 15Z on R % D contracts

(146:280). The Renegotiation Board exists to investigate

suspected cases of excess profits on defense contracts and
raduce them to within the legal limit (144:6). The General
Accounting Office also conducts audits of contracts to identify
and bring pressure (but not to prosecute, since it is an
advisory body) on cases of excess profit. Second. between 1976
and 1981, there were only 2 cases of defective pricing brought
before the Renegotiation Board from Space Divis?on (146: 151,

This suggests that profits on coantracts with Space Division

have not been cobserved toc be excessive., Finally, there is 2
substantial body of analysis of the profitability of defense
firms. none of which has conclusively established anv tendency
towards high profits (68:85-89). Indeed, the averwhelming

evidence indicates that defense firms have =arned profits lecss
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\ than or equal to those in other commercial sectors (14:1103;

27:7328; B6:2903 99:314; 138B:1692; 146:151,188). g%
Two approximations of return on investment will be used to EE
assess the profitability of spacecraft manufacturers relative f
to other defense firms. The first is the price-cost margin, !5‘
defined for Census data as (118:272):
VS - MC - FC :;;
vs K
where VS stands for the value of shipments, MC for the cost of -
materials, and FC for payroll cost. Although not a close ?
approximation of profitability, since it does not include the o

cost of central office and other overhead functions, this indesx
is used because it is readily available for a large number of
industries through the Censuses of Manufacturers. The second .
is the ratio of operating profits to sales. This ratio has
been said by some to be "largely useless for economic analysis”
unless accompanied by capital investment figures,., because it
provides no measure of the investments required to generate I
revenues (101:9). There have been suggestions., however, that
return on sales is a useful index in defense industries, where
firms often tend to focus more on increasing the volume of
sales than on return on investment, (48:84-5; 101:9). In
addition, this i1s the index used in DOD contract negotiations.

The price-cost margins for the spacecraft industry (SIC

PR )
P

T7612) for the only vyears reported, 19267 and 1982, are .204

« o s
’
D)

and .166, respectively, suggesting a decrease in

profitability (44; 47), In contrast, the figqures for the
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Table XIX. ]

-":n‘

Price-Cost Margins for Defense Industries, 12467-1982. ;ﬁf

SIC Industry 1967 1972 1977 1982 ;fﬁ
l:;‘-'l~
3761 Missiles, Space .27 .29 .32 .33 wol

3572 Computers .29 .27 .33 .31 -

3721 Aircraft .17 .22 .28 .16

3792 Tanks - 07 .21 .18 .23
3724 Aircraft Engines (NA) -18 « 25 .27

3662 Comm. Equipment .18 .24 .30 . 20 LT

3728 Aircraft Parts (NA) <27 .28 .28 RN

3483 Ammunition .15 .11 .29 .36 n

Z731 Shipbuilding .14 .14 . 20 .24 ;{

All Manufacturing .23 .22 23 - 23 -

i “Sources: 443 45: 463 473 49:746; and calculations by the )
author. b

guided missiles industry (SIC 37611) for the same years show ” :

i an increase, from .196 to .218. The trend in spacecraft also ﬁff
| differs from that observed in other defense industries, all -
] of which had consistent increases in their price-cost margins iﬁj
i between 19467 and 1982 (see Tahble XIX). Moreover, the 198C Rﬁ'
Lo

margin for spacecraft was lower than all other aerospace S

industries (SICs %72 and T76) except aircraft., which o

: experienced a recession in the early 1980s (4:A25). This may Cfl
) e
N k.

indicate that the spacecraft industry is somewhat less
profitable.
Profits—-to-sales ratios, on the other hand, appear to be

increasing in the missiles and space industry. A sample of

<l
.,‘!‘.' Cee
,1:;-‘:‘1"4

profit-to-sales ratios in the SIC 2761 line of business between zi}

, 1978 and 1984 for & firms (Boeing, General Dynamics, Lockheed, i%&
LN

! McDonnell-Douglas. Martin—-Marietta, and Rockwell) revealed g-
; 3
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