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PREFACE 

This stud y was conducted for Naval Air Systems Command, 

Cost Analysis Di vi sion, under ONR contract number N0001484WR35075, 

dated 10 January 1984. The work statement which specified the 

task to be accomplished reads as follows: 

This study will study and respond to crit icisms of 
our prior efforts, attempt to exp and the data base 
of competitive ly acquired major weapon program cost, 
and establish whether more specific production capacity 
utilization data can be used to im prove the precision 
of savings estimates produced by a quantification model . 
A method for more reliably forecasting capacity utilizati on 
will be specified. The objective is to develop and 
document an easy-to-implement, computer-based model 
for forecasting the savings obtainable from competitive 
procurement of major weapon systems. The effectiveness 
of contractor teaming approach as a competition tool 
will be examined. Framework for future research plans 
will be established. 

This final report, along with a diskette containin g programs 

for forecasting, is submitted in fulfillment of the contractual 

requirement. The diskette is not available for public release. 
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EXECUTIVE S~~ARY 

The aerospace industry capacity util ization r ate (CU) was 

identified in our earlier study as a strong determinant of weapon 

syste ms cost savings under dual source production competition. 

This study reviews and responds to comments on and criticisms 

of our earlier efforts, expands the data base for further analysis, 

examines the feasibility and desirability of using more firm-specific 

measu res of CU, and develops a more reliable method of forecasting 

the aerospace industry's capacity utilization. This study also 

examines the contractor teaming approach as a competitive procurement 

tool and develops plans for future research on weapon systems 

co mpet ition. 

Two observations may be made from our analysis of firm-specific 

measures of business conditions. First, none of these alternative 

measures consistentl y satisfied testing for statistical signi

fican ce. Second, for those alternative measures of business 

conditions wh ich were significant in an isolated case, the R 
l 

values wer e higher than those obtained using the industry capacity 

utili za tio n rate. 

One way to interpret these findings is that some firms may 

put more weight on alternative measures of business conditions 

than on indust r y capacity utilization in making their pricing 

decisions, but different firms opt to use different measures. 

It is eve n possible that different measures may be emphasized 

by the same firm at different times. 

It can be concluded that, for cost estimation purposes, 

the aerospace indu stry capacity utilization is more reliable 

than other measure s of business conditions. 

iii 



Our eff ort to bui ld a r el i able model for proj ectin g ae r ospace 

industry CU resu lt ed i n a d y n ami c mo del which expre s s es the 

percentag e chan g e in c apa cit y (CA P ) fo r the ne xt FY (t+1 ) as 

a function of the present a nd r ecent pa s t s t ate of CU an d th e 

percentage change in output (OUT) expe c ted for the next year. 

This model proves to be a reliable, accurate forecasting model. 

Based on the forecasts shown in Table 3. 7, it appe a rs that 

conditions will be relativel y favorable f or dual sourcin g during 

most of the next decade. However, there wi ll be a brie f per iod 

during the mid-to-late eighties during wh ich e sp e ciall y alert 

management of the procurement process will be nece ss a ry if net 

financial benefits are to be expected. 

Our analysis has shown that advance kno wledge o f ae r ospac e 

industry capacity utilization can improve the Go v ernment 's a b i l ity 

to plan for econ o mical procurem e nts o f major wea po n s y s t e ms. 

This ability is useful in both cost estimation an d procurement 

policy-setting. 

The cost savings which resu l t fr o m du al s ourcing a re a 

function of CU and the division of the procur em e n t bet\vee n the 

original supplier and second the source. As CU r ises the amount 

of the savin g s declines. Th e best resu lts ha v e been achieved 

when the divi s ion is such that the sec on d source i s c alled upon 

to supply no more than a bout 1 0 - 1 5 % of the dollar amount of 

the procuremen t : that is, whe n t h e di vision of dollars to the 

original source, D1, i s i n a r a n g e of 85 - 90 %. The net fin a ncial 

benefit (NFB) from d u al s our c in g can be approximated with the 

following equation: 

i v 



NFB = 27.38- 1.267 CU + .942 D1 . 

Historical l y , dual sourcing has generated positiv e NFBs only 

when CU has been below about 80%. But savings should be obtainable 

when CU is as high as 85% with proper control of D1 . 

When procurements are conducted under sole sourcing the 

direction of the impact of CU changes on prices is just the 

opposite. A parametric pricing model for missiles which includes 

a CU term in addition to the conventional quantity (Q) and production 

rate (R) terms was derived: 

p = k q-.327 R-.339 cu-1.205 

This model should enable the use of CU forecasts to assist in 

the refinement of cost estimates when a procurement is to be 

conducted using sole sourcing. 

We were able to identify several additional programs that 

appear to be suitable for inclusion in studies of dual source 

competition procurement. A quick validation check was performed 

for each of the additional programs and none of the results 

contradicted our basic conclusion that the aerospace industry 

capacity utilization (CU) is a strong determinant of savings 

from dual-sourcing. 

Appendix B contains a separate report which examines the 

contractor teaming approach as a competitive procurement tool. 

Suggested plans for future research on weapon systems competition 

are discussed in Chapter 6. 

v 



CONTENTS 

PREFACE ii 

EXECUTIVE SUMMARY iii· 

Chapter 

1. A BRIEF REVIEW OF PRIOR WORK 1 

SUMMARY OF PRIOR WORKS 1 
SUMMARY OF COMMENTS AND REVIE WS ON OUR PRIOR WOR K 7 

Definition of Risk and Riskiness of Defense 
Business 8 

Profit Reduction and the Erosion of the De fense 
Industrial Base 10 

Amortization of Fixed Cost and Profit Variati on 12 
Both Willingness and Ability Are Necessary for 

Competition 13 
Cost/Quantity Relationships 13 
The Validity of Using An Approximate Capacit y 

Index 14 
The Ability to Forecast Industry Capacity 

Utilization 15 
The Reliability of Parameter Values 16 
Time Lag between Negotiated Sales and Deli veries 17 
Inappropriate Test of Model Performance 17 
"80% Rules" Leaves No Margin for Forecastin g 

Error · 19 
Recalculation of Competition Savings / Losses 20 
Summary 21 

2, ALTERNATIVE MElSURES OF BUSINESS CO ND ITIONS 

FIRM-SPECIFIC MEASURES 
INDUSTRY SALES, NEW ORDERS, AND BACKLOGS 
EMPIRICAL TEST 
CONCLUSIONS 

~' F~R~tASTI~G AEROSPACE INDUSTRY CAPACITY UTILIZATION 

22 

22 
23 
24 
26 

28 

A CLOSER LOOK AT CAPACITY 28 
RELATIONSHIP BETWEEN CAPACITY AND OUTPUT CHANGE S 30 

Data 30 
Analysis 32 

FORECASTING OUTPUT CHANGES 36 
Data 36 
Analysis 37 

LONG-TERM FORECA ST OF CAPACITY UTILIZATION 40 
THE PROGNOSIS 43 
EQUILIBRIA 45 

vi 



4 . AN OTHER LOOK AT DUAL SOURCING EXPERIENCE 

CAPACITY UTILIZATION AND EFFECTS OF QUANTITY SPLIT 48 
QUA NTIFYING THE SAVINGS 50 
AN EMPIRICAL EXAM I NATION 52 

Data 52 
Analysis 53 

DISCUSSION 56 

5. CAPACITY UTILIZATION AND SOLE SOURCE ACQUISITION 

SOLE SOURC ED PROGRAMS 

58 

58 
59 
61 
64 

ANALYSIS 
I MPLIC ATI ON FOR SOLE SOURCE ACQUISITIO N 
DISCUSSION 

6. IMPLEMENTATION, REC0~1ENDATIONS, AND CONCLUSIONS 65 

IMPLEMEN TATIO N OF FINDINGS 65 
Price Change and CU 65 
Timing of Procurement and CU 67 
Quantity Split and Savings 67 
An Example 68 

SUGGESTIONS FOR FUTURE RESEARCH PLANS 69 
Quantity Split 72 
Different Forms of Second Sourcing 72 
Multi-Year Contracting and Market Environment 73 
Degree of Subcontracting and competitive Savings 74 
Cost Growth and Economic Environment 75 

CONCLUSIONS 75 

Appendix Page 

A. ADDITIONAL DUAL-SOURCE COMPETITION DATA 78 

B. ASSESSMENT OF THE ASPJ COMPETITIVE CONTRACTOR TEANlNG 
ACQUISITION STRATEGY 87 

LIST OF TABLES 

Table 

1.1 Competition Savings (Loss) and Capacity Utilization 2 

1.2 Competition Savings (Loss) and Capacity Utilization 
(Original vs. Recalculated) 20 

2.1 T-Ratios for Alternatives 25 

2.2 RJ Values for CU and Alternative Me asures 26 

vii 



3. 1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

4.1 

4.2 

5 .1 

5.2 

5.3 

A.1 

A.2 

A.3 

Aerospace Industry Capacity and Output 

Forecast of CU When Output Change Is Availabl e 

Funding Request for Aircraft and Missiles 

Predicted Output Using Regression Equation 

Result of Output Prediction Model 

EIA Forecast of DoD Aerospace Market 

Forecasts of Aerospace Industry CU 

Summary Data of Weapon Systems Examined 

Quality of Regression for NFB = F(CU, D1) 

Sole-Sourced Programs Studied 

Parameter Values for Sole Source Program Cost Model 

Predicted Savings (Loss) at Various Levels of CU 

Walleye Missile Cost Summary 

Standard Missile cost Summary 

Sidewinder AIM-9B Cost Summary 

LIST OF FIGURES 

Figure 

1.1 Evolution of Competition Savings 

1.2 General Economic Condition As A Price Determinant 

3.1 

3.2 

3.3 

Aerospace Industry Capacity and Output, 1954-1983 

Actual vs. Predicted Capacity Utilization 

CU Through Time--History and Forecasts 

viii 

31 

35 

36 

38 

39 

41 

42 

53 

56 

59 

60 

63 

82 

84 

85 

5 

6 

33 

40 

43 



Chapter 1 

A BRIEF REVIEW OF PRIOR WORK 

Aerospace industry capacity utiliz a t ion wa s identified 

in our earlier study1 as a strong determinant of weapon s ys tems 

cost savings under dual source production co mpe t i t ion. Thi s 

study reviews and responds to comments on a nd c ri ticisms of 

our earlier efforts, expands the data base fo r further ana ly s i s, 

and develops a more reliable method for fo r ecas t i ng pr oduct i on 

capacity utilization. This study also e xamines t he cont r a ctor 

teaming approach as a competitive procureQent tool an d de velops 

plans for future research on weapon systems competition. 

In this chapter, we will provide a brief summary o f o u r 

earlier work. We will also review and respond to comment a nd 

criticism. 

SUMMARY OF PRIOR EFFOR TS 

Using economic theory as the conceptual un derp in nin g, we 

hypothesized that the price the Government has to pa y f o r major 

weapon systems is dependent on, apart from the well kno wn l e arning 

curve phenomenon, the degree of competiti o n. The deg r e e of c ompe-

tition, in turn, may be a function of the fi rm 's general business 

condition and the alternatives available t o i t. 

As a simple check of the plausi b i l i ty of the hypothes i s, 

the data reported in Table 1.1 were a ss e mbled. The pr ogr am 

1w. R. Greer, Jr., and S. S. Liao, ''C ost Ana lysi s for Dual Source 
Weapon Procurement," Naval Postgradu a te School Technical Report , 
NPS54-83-011, October 19 83. (A13535 1 ) 
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sav i ngs ( loss) d a ta we re take n f r om a report prepar ed by th e 

Sciences App l icat i on In c .2 (SAI) The capacity utiliz a tions 

were av erages of the a n nual f i gures for the aerosp a ce in dustry 

for the years du r ing whi c h du al source procurem e nt wa s in e f fect 

for each p rog r am . 

Table 1.1 

Competiti on Sa v in g s (Loss) and Capacity Utilization 

P r o c u rement 
Program 

Tow 

Rockeye Bomb 

Bullpup AGM-12B 

Shillela gh Missi l e 

Sparrow AI M-7F 

MK -46 Torpedo 

Sidewinder AI M-9D/G 

Percent Savings 
or (Loss) Due 

to Competition* 

26.0 

25.5 

18.7 

(4.7) 

(25.0) 

(30.7) 

(71.3) 

Annual 
Average Capacity 

Utilization During 
Dual Source Phase+ 

63.5 

70.9 

76.2 

87.0 

81.6 

91.6 

82.3 

Source: * Beltramo and Jordan (1982]. 

+ Federal Reserve Board 

Our interpretation of this preliminary check was that it 

te n d s to support the general hypothesis. Greater savings do 

appe ar to hav e r e sulted from competition when industry capacity 

uti lization was relatively low. Encouraged by these results, 

2H . N. Beltramo and D . W. Jordan, "A brief Review of Theory, 
Ana l ytic a l Met h odolog y, Data, and Studies Related to Dual Source 
Competitio n in th e Pr ocu rement of Weapon Systems," (Preliminary 
report), Division of Co st Analysis (MAT-01F4), Headquarters, 
Naval Material Comman d, 2 7 August 1982. 
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we went ahead with th e act u a l an a lysis o f the determi nants affecting 

the price pai d by the Gover nme nt for weapon systems. 

Most recent attempts to sharpen our cost estimatio n abilitie s 

have focused on adding a production rate term to the conv entional 

learning curve model.3 We replace the production rate term 

with a capacity utilization term and added an a dditional parameter 

to capture the effect of different forms of compe tition (dual 

source or winner-take-all). 

We felt that the result of this attempt should be comp ared 

for performance with the best learning cur ve/production rate 

model we could construct. Due to the limit e d number o f histories 

for major weapon s y sterns which ha v_e been dual source d, the only 

available data for testing the t\vo models' performance was the 

set used for the derivations. The basic plan of the test was 

to use each modei to forecast at the onset of procur ement what 

the total procurement cost "will be" for each of the seven pr ograms, 

then to compare the actual cost to the forecast. From Table 1.2, 

one can clearl y see that the capacit y utili zation model has 

outperformed the rate model in every test. The average arithmetic 

and absolute errors are lower for both ve r sions of the capacit y 

utilization model than for either version of the rate model. 

In addition, the lower standard deviations (shown in parentheses ) 

indicate the program-to-program variations of actual from forecasted 

cost are also lower for the capacity utilization model. We 

3c. H. Smith, "Production Rate and Weapon System Cost: Research 
Review, Case Studies, and Planning Hodel," U. S. Army Proc urement 
Research Office, Report No. APR 0 -80-05, November 1980. 
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Table 1. 2 

Comp a rative Pe rforma nce of Mo de ls 

Mean Arit h metic Percentage Error: 

If Median Parameters are used 

If Mean Parameters are used 

Me a n Absolute Percentage Error: 

If Median Parameters are used 

If Mean Parameters are used 

Learn i ng 
& Rate 
Model 

27.2 

(93.1) 

41.4 

(81.7) 

64.3 

(68.6) 

60.6 

(66.2) 

Le ar ning & 
Capacit y 

Utilization 

4.0 

(38.2) 

6.0 

(41.4) 

30.6 

(19.8) 

34.7 

(18.6) 

v iew t h is outcome as strong support for our original hypothesis 

th at industry capacity utilization is a strong determinant of 

major weapon system prices under competitive procurement. 

In short, the major conclusion of our prior work is that, 

wh il e the production costs of weapon systems are affected by 

a host of factors, including cumulative quantity and production 

ra t e, these variations alone do not explain the full variation 

i n p r i ces paid by the Government. Based on our statistical 

analys is, we find a major price determinant (neglected by previous 

researche rs ) to be the state of industry capacity utilization. 

Figures 1.1 a nd 1.2 illustrate the evolution of competition 

studies and cont r as t o u r approach with prior studies. 
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Unit 
price 

Unit 
price 

Unit 
price 

(a) Learning Effect Not Con s idere d 

$ 

Last sole source price 
r/ 

---- - -- - ----- -',~- - - . ----1 

$ 

$ 

- . - - - - . -- - - . . * ---1 

Estimate d sa vings attributed 
to competition 

F
. / . . . 
1rst compet1t1ve pr1ce 

--------------------------------- Cum u l a t i ve quantity 

(b) Learning Effect Extrapolated 

Competition introduced 
J 

stimated Sav in g s 

--------------- -----------------Cumulative quant i t y 

(c) Learning Curve and Production Rate 

Figure 1.1 Evolution o f Compet i ti o n S t ud i e s 
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Probability 

Probability 

1. o, 

0.8 

0.6 

0.4 

(a) During Ec onomic Slump 

I 
I 

I -- ------- -- - -- -- - '... . ,; I 

I 
/ I 

.. l 

/ 
I Probability of 

keeping production 
cost below a given 
level 

/ 
0. 2 I 1 

o -1'---L---l---+---+---+---+---+ $ (million) 
5 6 7 8 9 

Bid price = Cost (C) + 
Fee (F) 

(b) During Economic Boom 

0 • 8 - . - - - - - - - - - - - - - - - - - - ->j ,. 

0.6 

0.4 I 
/ 

/ Probability of 
keeping production 
cost below a given 
level 

0. 2 / ' 

/ : 
0 ~---~---+---+---¥'---+---+---+---+ $ (million) 

5 6 7 8 9 

--------------------r--J 
l C : F 
-------------------~--

Bid price = Cost (C) + 
Fee (F) 

Figure 1.2 General Economic Condition As A Price Determinant 

6 



Given the limite d data base for dual source we ap o n s y s tems 

research, the task faced by an analyst is to iden tify d o minan t 

factors. Our analysis show ed t hat industry ca pacit y u ti liza t ion 

can be us e d as a proxy of general business condi tions , along 

with the learning curve effect, to exp lain the chan g e i n the 

prices of weapons systems procured under dual source competit i o n . 

SUMMARY OF COMMENTS AND REV I EWS ON OUR PRIO R WORK 

In addition to the presentation to the sponsors ( NAVAIR 

and NAVCOHPT), the results of our pr ior work wer e pr e sent ed , 

in part or in their entirety, at the DARE (Defense Acquisition 

Research Elements) meeting and the Federal Acqu i sit ion Research 

Symposium. While the great majority of reactions were favorable, 

there have been comments and criticisms that merit further atten-

tion. Some comments are constructiv"e in nature, while othe::- s , 

although well intentioned, appear to stem from misunderstandin g . 

Although the results of our prior work are all de f en sible statis-

tically, it is necessary to examine all available comment s t o 

determine which should be incorporated into our model a n d which 

should not. 

Two written reports were pr epar ed by SAI.4 T h e general 

comments may be classified into the followin g cate go r ie s: 

(1) Definition of ris k and riskiness of defense bu s iness. 

4M. N. Beltramo and D. W. Jo rda n, "A Review of Mater ial Prepared 
by NPS for NAVAIR on Dual Source Competition," Sc i ence Applications, 
Inc., 20 September 1983, and "A Detailed Re v iew of Co st Handbook 
for Dual-Source Weapons Procurement," Science Appl ica tions, 
Inc., 5 November 1983. 
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(2) P r ofit re ducti on and the erosion of defense industrial base. 

(3) Amor tiz a t i on o f fixed cost and profit v a riation. 

(4) The n ecessary requirements for dual sourcing. 

(5 ) Th e relationship between production cost and production 

quantity. 

(6) The v alidity of using an approximate capacity index. 

( 7) The ability to forecast industry capacity utilization. 

(8) The reliability of parameter values due to the limited 

d at a availabl e . 

(9) The time lag between negotiated sales and deliveries. 

(10) Inappropriate test of model performance. 

(11) The use of the "80% rule." 

(12) The need for recalculation of Savings/losses figures. 

In this section, we will discuss the comment and criticism 

in detail. 

Definition of Risk and Riskiness of Defense Business 

SAI criticized our earlier work for failing to explicitly 

d efine risk, and argued that risks should be related to potential 

loss of capital. According to this definition, SAI argued that 

d efense business is not risky relative to commercial business 

b ecause of four peculiar arrangements in major weapon system 

contracting: (1) government-funded development cost, (2) government

f u nded facilities and government-furnished equipment, (3) cost

pl u s pr ofit contract, and (4) allowance of certain termination 

cos t s . 
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Risk is a concept which is fr e quentl y re fe r red to in normal 

everyday social interchan g e. It is 

to understand but d i fficult to d e fine. 

cation, a definition more relevant to 

a concep t which is easy 

Fo r decision model appli 

th e decision in que stion 

is necessary. Defining risk as relating to pot ent ial loss of 

capital is, of course, valid; but it is most rele van t when making 

an initial capital investment decision. For an a e rospa c e company, 

already in the defense business, the decis i on is not whether 

to enter the defense business and run the ri s k o f lo s ing the 

investment. Instead, the more relevant decisio n is how much 

in the way of resources, including fixed assets and wo r k in g 

capital, should be allocated to the defense sector; t ha t i s, 

how much defense business should the firm be willing to handle. 

Clearly, the choice is not one of entry but rather one of all oca

tion. For this reason, we chose to use three different definitions 

of risk. 

First, we viewed risk from inside the firm, thr o u gh the 

eyes of management, b y stressing that manage ment mus t budget 

cash flows and exhibit appealing pictures of net inco me growth. 

These tasks are made easier if earnings are stable an d predictable. 

Second, we tried to view risk through the eyes of t he financial 

markets by examining the total risk as mea su r ed by Value Line 

with its "Price Stability Index". In b oth c a ses, the result 

consistently 

with higher 

showed that higher risk 

percentages of government 

me asur es are associated 

bus ines s . Although the 

third definition of risk, beta (systematic r isk), is not signifi

cantly correlated with higher percentages of gove r nment business 

9 



among a erosp ac e fi r ms, we di d find the betas for aerospace firms 

to be higher than the market aver a ge. Thus, in the context of 

resour c e a ll oca ti o n , g ov ernment business generall y is considered 

b oth by man a gement and the financial markets to be riskier, or 

less desirable, than other segments of business in the aerospace 

industry. 

It should be noted that how the concept of risk should be 

d efined is not a central issue. We can even say that risk is 

not a relevant issue. We used risk as a convenient but not 

a necessary tool to denote the variability of profit. 

Even if we accept SAI's definition of risk, defense business 

still is not as attractive asSAI indicated. Even though contractors 

are eventually reimbursed for facility investment, the contractor's 

reluctance to invest in facilities is evident in Defense Procurement 

Circular 76-3. What is relevant to the contractor is the actual 

capital used on a given contract, which is difficult to determineS 

and is almost always under-reimbursed by the Department of Defense.6 

Profit Reduction and the Erosion of the Defense Industrial Base 

The SAI report7 maintained that further reductions of profits 

through driving hard bargains when industry capacity utilization 

is low would be likely to accelerate the erosion of the defense 

5Air Force Systems Command, "Profit Study '82," Summary Report, 
Andrew s Air Force Base, undated. 

6s im o ns on, G. R., "Misconceptions of Profit in 
National Co n tract Management Journal, Winter 
issue 2 . 

7Beltramo a nd Jo r dan, "A Review," cp. cit. 

10 

Defense 
1982, 

Policy," 
Vol. 15, 



industrial base. SAI's position was that the c ost co ~?o~ent 

of the price of weapon systems normally account s for Clore than 

90% of the government's expenditure f or a prod uct, and that 

any reduction in price must come in the for m of greater effici ency . 

A necessary condition for SAI's position to b e valid is 

that the cost and profit figures can be determined with a reasonable 

degree of accuracy. On the surface this is a reasonable assumption, 

as cost and profit figures are routinel y s cruti nized by contra c t 

negotiators and contract auditors. However, there is a fallacy 

rarely recognized by users of accounting data. The preci se 

numbers ~ontained in accounting reports give an aura of accuracy 

to the numbers. In reality, as we pointed out in our earlie r 

report, the cost of a product cannot be precisely determined. 

It can only be approximated by using a series of relati vel y 

subjective allocations. As a result, th"e cost of producing 

a product is the figure both parties agree to accept rather 

than some "true" cost. By the same t oke n, the profit figure 

is as subjective as the cost figure, as sever al r es e arche rs 

have found.8 Therefore, a lower price may co me in the form 

of lower profit or lower cost, or both. What we hav e suggested 

is that greater price reductions are obtained when industry 

capacity utilization is low; but we also emphasized that "the y 

(program managers) should resist the natural te mptation to take 

overzealous advantage of lulls in capacity utilization to drive 

8Hoppe, D. R., "Dual Award and Competiti on: You Can Have Both," 
Air Force A-10 System Program Office; Hyers, M. G., NcClenon, 
P. R., and Tayloe, H. M., "Price Competit ion in the DoD," Washington , 
D. C.: Logistics Management Instit ute, 1982. 

11 



'hard bargains,' and bu y goods at very lo1v profit margins. "9 

Amortization of Fixed Cost and Profit Variation 

SAI researchers offered a different interpretation of the 

relation ship between the profitability of DoD contracts and 

capacity utilization. They argued that:lO 

When capacity utilization is high, contractors may 
make higher profits as a result of amortizing fixed 
costs over a large output quantity; whereas when capacity 
is low, fixed costs must be amortized over a relatively 
low quantity. Thus, the conclusion that program managers 
may drive "hard bargains" during times of low capacity 
is not proven by the analysis. 

This interpretation would be valid had we measured the profit-

ability of DoD contracts independent of commercial business. 

However, in our earlier work, we me~sured the profitability 

of DoD contracts in relation to the profitability of commercial 

business. Thus, the change in profit should be proportional 

in both sectors when the fixed costs are amortized over more 

or fewer units and the profitability of DoD contracts relative 

to commercial business should be stable. Our study showed that 

this relative profit changes in the same direction as changes 

in industry capacity utilization. There are two possible inter-

pretations for this phenomenon. First, defense contractors 

have been able to obtain higher p rofits from the government 

when the general business environment was favorable. Second, 

the government may have been bearing a disproportionate share 

of contractors' indi rect cost, and when their larger share of 

9Greer and Liao, op . cit., p. 5.8. 

lOBeltrarno and Jordan, "A Detailed Review," op. cit., pp. 13-14. 
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indirect cost is spread over more uni ts, i t s impa ct on profit 

from defense work is more significant. 

Both \{illingness and Ability Are Nece s s a ry f o r Compe tition 

SAI's report criticized that we assume the abilit y to co mp e te 

is guaranteed by the technology transfer proce ss. 1 1 This is, 

of course, to set up a straw man and attac k it . Chapter 1 o f 

our earlier report clearly emphasized that b o th willingnes s 

and ability are necessary requirements for compet i t ion . 12 As 

discussed in our report, we found that willingnes s t o c ompete 

may be reasonably approximated with a surrogate me a sure such 

as industry capacity utilization. Naturally, willingness to 

compete became the focus of our study, which is quantitati v e 

in nature. Ability to compete, on the other hand, is technolo g i c al 

in nature. As in most research dealing with weapon s y st ems 

competition we list it as a necessary requirement, but di d not 

attempt to quantify it. 

Cost/Quantity Relationships 

There was no direct criticism of our fin d in g s in th i s area. 

However, in their report, SAI repeatedly maint aine d that dividin g 

production between two sources causes potent ial econom i es of 

scale that might have been available to a sin g l e sou rce producin g 

a larger~ quantity to be forgone.13 Exp l ici t a n d implicit in 

llBeltramo and Jordan, "A Review," op. cit., p . 6. 

12c d .. . . reer an L1ao, op. c1t., p. 1. 4. 

13Beltramo and Jordan, "A Review," op. ci t . , pp . 7-9 . 
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their discussion is that findings not co nsistent with their 

hypothesis are illogical . However, va rious researches have 

documented increase, decrease , or no cha nge in cost when productio n 

quantities we re varied . We app roached the issue with an open 

mind and attempted to incorporate the production rate into our 

model. However, the conclusion is that the statistical significance 

of a production rate term cannot consistently be substantiated. 

The explanation for this conclusion was discussed in detail 

in our earlier re p ort. 

The Validity of Using An Approximate Capacity Index 

Our use of the Federal Reserve Board's aerospace industry 

capacity utilization index as a measure of contractors' willingness 

to compete was criticized. SAI argued that the FRB defines 

the Aerospace Industry to also include miscellaneous transportation 

equipment and that the correct industry should be Ordnance. 

We obtained the industry capacity utilization data from 

an FRB printout, and were a wa re of what detailed information 

was available and what were included in each industry group. 

The aerospace industry as defined by the FRB was as specific 

as could be obtained. The FRB does not have capacity utilization 

data for the "Ordnance" industry. Therefore we could not verify 

whether it would or would not be more appropriate (or statistically 

more significant) than the aerospace data used in our prior 

work. It should be noted that OSD's Defense Economic Impact 

Modeling System (DEIMS, 1982 ) used Standard Industrial Classification 

(SIC) #3761 for missile s, SIC #3721 for aircrafts, and SIC # 

3724 for aircraft engines and parts, all sharing the same prefix 
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of #37. Ordnance and ammunition was cl assi f ied by DEIMS as 

a subgroup of fabricated metal pro d uc t in d us try, wi th a SIC 

# 34 prefix. Further evidence of the appro pri atenes s of using 

the aerospace industry for our analysis can be se en in The Stati

stical Abstract of The United States, which g r oups Qi ss il e s 

and space vehicles in the same category as aircra f t and ai rc raft 

engines. 

Criticisms such as these, however, really mis sed t he point, 

and manifest a misunderstanding of our attempt to u s e a me a s u r e 

of general business conditions to quantify th e wi llin gne ss to 

compete. For example, S AI argued that "plant utilizati on and 

equipment utilization within a plant related specificall y to 

the particular end item in question may be as important or mo re 

important." To prove their point, SAI researchers went on a t 

length to calculate the plant utilization rate, but foun d no 

correlation between plant utilization and industry capac i t y 

utilization. All this can prove is that there is no statistica lly 

significant correlation between the end item price and the util i 

zation of the plant in which the item was produced. \v h y might 

this be the case? One must realize that plant ut i lization has 

a significant bearing on the rate at which factors of p r oduction 

are consumed, but not on the general bu s i ness conditions. He 

have shown that the production rate is not a sig n ific an t price 

determinant under dual-source procuremen t , ther ef or e, we did 

not expect SAI's attempt to prove other wise. 

The Ability to Forecast Industry Cap ac ity Ut ilizati on 

The usefulness - of our model depends on the a vailability 
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of a reliable capacity utilization forecasting model. SAI argued 

that the decision to establish a second source requires long 

lead time and any forecast of industry capacity utilization 

that far in advance may be so speculative as to be meaningless. 

Dismissing the usefulness of a model before it is polished is 

premature, of course. Even with a simple time series forecasting 

technique, we have demonstrated that our model outperforms other 

currently available models. One of our main focuses in this 

current study is to explore the possibility of developing a 

more reliable capacity utilization forecasting model. 

The reliability of parameter values 

SAI maintained that some of the data supplied by them to 

us may have been inappropriate for other than case study purposes. 

They discussed three of the seven cases in which competitive 

split buys probably did not exist. 

were symptoms rather than causes. 

findings. 

What were described, however, 

They did not contradict our 

SAI researchers also argued that learning curve slopes vary 

significantly among the cases examined and it makes no sense 

at all to prescribe a learning curve slope for a model. The 

reader should note that averaging the slope was done for purpose 

of testing the performance of our model by assuming that the 

second sourcing decision was to be made very early in the program 

when there was no specific information about the learning curve. 

Nowhere in our report did we suggest that the parameter values 

were to be used as they are. In fact, it was noted that the 
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parameter values should be altered when mo re specific information 

is available.l4 

Time Lag between Negotiated Sales and De l i ve r ies 

SAI researchers maintained that the corre lation between 

capacity utilization and price paid by the govern ment r emains 

an unproven hypothesis because of data problems rel a t ed to the 

"industry" and the varying lag time between neg o tiat ed s ales 

and deliveries.lS The former was clarified earlier a n d the 

latter was mitigated by our use of smoothed data. Our u se o f 

the resistant time series smoother followed by a simple Hann i n g 

running. averagel6 was partly designed to handle time lag problems 

and partly to take into consideration the fact that managerial 

decisions are not made on the basis of single year data but 

are more likely to be on the basis of a multi-year perspective. 

We cannot claim to have eliminated the time lag problem, but 

its effect was minimized. In fact, we tried both unsmoothed 

and smoothed data and the latter consistently outperforme d the 

former. 

Inappropriate Test of Model Performance 

SAI researchers argued that "to properly t es t whether an 

industry capacity utilization concept can more r e li ably estimate 

14Greer and Liao, op. cit., p. 5.6. 

15Beltramo and Jordan, "A Detailed Review," op. cit. , p . 13. 

16see P. Velleman, 11 Definition and Compari so n of Ro bus t Nonlinear 
Data Smoothers," Journal of the American St a tistical Ass ocia t ion, 
September 1980. 
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dual so u rce co mpetition costs than a production rate model, 

b o th mo d els should be of similar form (i.e., eit he r include 

or e x clude the H and N dummy varia bl es from both mode ls)."17 

This is, of course, another example of misunderstanding of the 

industry capacity utilization concept. M and N (dummy variables 

used denote split-buy or winner-take-all competition) were as 

much an integral part of the capacity utilization model as U 

(capacity utilization rate). In fact, the value of M depends 

on the value of U. To include M and N in other models would 

necessarily incorporate the capacity utilization concept in 

the model. 

Although not presented in our earlier report, the following 

combination of variables were tested: 

A. Lear ning curve (LC) 

B. LC plus production rate 

C. LC and capacity utilization 

D. LC, rate, and capacity utilization 

Our attempt was to see if adding the capacity utilization to 

existing decision models would improve their performance. In 

theory, adding a significant explanatory variable to a regression 

model should improve the results. However, we found that (D) 

did not perform nearly as well as (C). This can easily be ex-

plained. As we mentioned earlier, production rate is a highly 

plant-specific variable. The effect 

can be drastically different between 

of doubling production 

two plants, making the 

variable unsuitable for a statistical model such as ours. Further, 

1 7Beltramo and Jordan, "A Detailed Review," op, cit., p. 15. 
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the number of data points for each progr am tends to be very 

limited. Adding one more variable means l osi n g a degree of 

freedom. Therefore, a critical choice in an y att empt to develop 

a statistical model is to select. only th e dominant variables 

rather than attempting to include all possible variables. 

"80% Rules" Leaves No Hargin for Forecasting Err o r 

SAI researchers argued that "the '80 % rule' leaves almost 

no margin for forecasting error as a winner is o b s e r v e d at a 

capacity utilization of 76.2 and losers are o bs er v e d a t 81 . 6 

and 82.3."18 They further argue that "if the go v ernme n t used 

an industry capacity utilization index and capacit y le v el r ul e 

(e.g., 80% rule) to assist in the sole source/ dual source deter

mination, contractors could easily game the situation to the 

government's disadvantage. "19 One must realize that the " 80% 

rule" was based oh a preliminary 

at what point in time the dummy 

hypothesis check to determine 

variable M should take on the 

value "1." The actual sole source/dual source decision sti l l 

depends on 

in Chapter 

the results of analysis using the equation d e ve l op e d 

4 of our earlier report. We have not teste d the 

sensitivity of the capacity utilization ter m. There fo re , the 

criticism is premature and purely conjectural i n nat ure. 

As to the possibility of gaming by the contr acto r , th e criticism 

is as valid as criticizing the Internal R e ve n u e S e rvice for 

developing a decision criterion to select tax returns for audit 

18Ibid., p. 17. 

19Ibid., pp. 17-18. 
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on the ground that t ax p a y e r s will cheat the governmen t by using 

t h e decision crit e ri on to their ad vantage. 

Recalculation of Com petiti o n Sav ings/Losses 

SAI researchers pointed out to us that the savings/losses 

from competition shown in their report20 include both competitive 

split buys as well as winner-take-all awards. To examine only 

the impact of the competitive split buys, they recalculated 

the savings/losses. The original and recalculated figures, 

along with the capacity utilization index, are shown below: 

Table 1.2 

Competition Savings (Loss) and Capacity Utilization 

(Original vs. Recalculated) 

Percent Savings (Losses) 
Due to Competition 

Procurement 
Program 

Split - buy & Split - buy 
Winner-take-all* Only# 

Tow 26.0 22.6 

Rockeye Bomb 25.5 3.7 

Bullpup AGM-12 18.7 25.8 

Shillelagh Missile ( 4 0 7 ) ( 6 0 3 ) 

Sparrow AIM-7F (25.0) (20.5) 

MK-46 Torpedo (30.7) (36.0) 

Sidewinder AIM-9D/G (71.3) (22.0) 

Annual 
Average Capacity 

Utilization During 
Dual Source Phase+ 

63.5 

70.9 

76.2 

87.0 

81.6 

91.6 

82.3 

Source: * Beltramo and Jordan, "A Brief Review," op. cit. 

# Beltramo and Jordan, "A Detailed Review," op. cit. 

+ Federal Reserve Board 

20Belt ramo and Jordan, "A Brief Review," op. cit. 
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We used these numbers 

our hypothesis. It is 

(losses) figures would 

Summary 

as a preliminary plausibilit y c heck of 

evident that either column of s avi ngs 

lead to the same logical conclus i on. 

In summary, we conclude that the SAI researchers' criticisms 

of our earlier work stem partly from their misunderstanding 

of the capacity utilization concept and partly from their using 

preconceived conclusion to judge a statistical model. The bulk 

of their criticism may be explained away if one realizes that 

the capacity utilization concept introduced in our earlier work 

was a surrogate measure of aerospace contractors' general business 

environment rather than a specific plant's equipment or capacity 

utilization. We followed standard statistical methods, and 

the data used in our analysis were reproduced for ease of repli

cation. Since the findings are statistically significant, the 

result should not be criticized for failing to support someone 

else's preconceived hypothesis, unless the methodology is defective. 
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Chapter 2 

ALTERNATIVE MEASURES OF BUSINESS CONDITIO NS 

In this chapter, we examine to see if the use of other alter

native measures of business conditions or firm-specific measures 

of capacity utilization rather than composite capacity utilization 

for the aerospace industry would be more reliable for cost estimation 

purpose. 

FIRM-SPECIFIC MEASURES 

Virtually everyone who read our first report [Greer and 

Liao, 1983] suggested that the capacity utilization rate of 

the specific firm in question would be a better measure of the 

firm's business condition. This is certainly possible, as a 

firm with a lot of idle capacity may be hungry for business 

and may submit a bid price lower than it would have had it been 

busy. On the other hand, a firm may survey the industry in 

general and its main competitors in particular and determine 

that real competition does not exist because other firms in 

the industry are busy. Under this circumstance, a firm with 

idle capacity will not necessarily lower its bid price to a 

significant degree in order to win business because the pressure 

for business from potential competitors is not high. These 

are theoretical conjectures, of course. The issue must be examined 

empirically . In this section, we discuss firm-specific measures 

used in the empirical test. 
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In addition to t he Federal Reserve Board, which collects 

capacity and output information from firms on a monthly basis, 

the Bureau of Census and Bureau of Labor Statistics also collect 

capacity utilization data at longer intervals. However, all 

three organizations cited confidentiality as the reason a nd 

declined to disclose firm-specific data. 

None of the firms contacted by the inv estigators was willing 

to disclose the needed information. Therefore, the only feasible 

source of information is the financial data compiled by invest ment 

service organizations. 

Relevant data for those firms involved in the seven programs 

discussed earlier were extracted from Moody's Industrial Survey 

and Value-Line Investment Survey. Four variables are potentially 

useful in measuring a firm's capacity utilization: sales, cost 

of goods sold, gross plant assets, and net plant assets. The 

cost of goods sold was subsequently eliminated due to its colli

nearity with sales. The remaining variables were expressed 

in ratio form to reflect the extent of plant asset utilization: (1) 

gross plant assets over sales and (2) net plant assets over 

sales. 

A number of contractors are subsidiaries of large conglo merates 

or privately held. Meaningful data were not publicly accessi ble, 

resulting in several cases of missing data. 

INDUSTRY SALES, NEW ORDERS, AND BACKLOGS 

The Statistical Abstract of the United States reports t h ree 
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categories of business conditi o n measures for the aero s pac e 

industry: net new ord er s , n e t sa les, and backlog. It i ncl ude s 

aircraft and par t s, a ircra ft engines and parts, mi s si les an d 

parts, a nd ot her re la ted products and services. Da ta prior 

to 1 9 6 0 were not properly segregated for this study, this accounts 

f or the missing data in the empirical test section. 

EMPIRICAL TEST 

Data discussed above were compiled and adjusted to constant 

dollars for testing . To see if the use of above mentioned alter

native measures of business conditions would improve the cost 

estimation in major weapon systems acquisition, we first determine 

whether or not each of the alternative measures would be a ·signi

fic a nt exp l anatory variable in the standard . regression equation. 

The regression model has the following general form: 

(2.1) 

P , of course, is the unit price for each buy. The Q term is 

th e familiar mid-point quantity associated with each buy, as 

used in the conventional learning curve model. The M term is 

the alternative measure of business conditions discussed above. 

Each of the alternative measures was substituted into the model 

t o see if the t-value associated with the term was significant. 

The results are shown in Table 2.1. 
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Table 2 . 1 T-R a tio s fo r Alternat i ve Heasures 

Gross Ne t 
Plant Plant Ne t New Critical 
Asset Asset Sales Ord e rs Backlog Value 
----- ----- ----- ---- - - ------ - --------

(Original Source) 

Bull pup * * * * * 
MK-46 7.79 * * * ~- 2 . 92 

Sparrow * * * * ~-

Rock eye ? ? ? ? ? 

Shillelagh ? ? ? ? ? 

Sidewinder ? ? ? ? ? 

Tow ? ? ? ? ? 

(Second Source) 

Bull pup * * 8.95 * * 6. 3 1 

MK-46 * ~- * * .. ~ 

Sparrow * -2.84 ~- 3.00 ~- 2 . 13 

Rock eye ? ? ? ? ? 

Shillelagh ? ? ? ? ? 

Sidewinder -2.39 ~- 2.91 * ~- 2. 11 

Tow ? ? ? ? ? 

* Statistically insignificant 

? Insufficient data 

An examination of the t-rati o in t able 2.1 shows that the 

alternative measures were si gn ifica n t i n only four of the seven 

cases with sufficient data f o r test i n g. To s ee if the use of 

alternative measure in these f ou r ca s es would be more reliable 
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than the aerospac e industry capacity utilization (CU) rate for 

cost estimation purposes, a comparative analysis was don e by 

examini ng the coefficient of determination, or R2 value . Thi s 

value indicates how well the variables in the regression equation 

explai ns the variation in the unit price. The R2 value, adjusted 

fo r the degree of freedom, for each of the four cases are listed 

in Table 2.2. 

Table 2.2 R2 Values for CU and Alternative Measures 

Program Contractor 

NK-46 Aero jet 

Bull pup Maxon 

Sidewinde r Raytheon 

Sparrow General 
Dynamics 

R2 Values 

cu Alternative 

32.7 4 7. 1 

60.7 99.4 

49.2 81. 1 
76.2 

95.5 97.9 

CONCLUSIONS 

(Gross plant assets/Sales 

(Net industry sales) 

(Net industry sales) 
(Gross plant assets/Sales 

(Net plant assets/Sales) 
(New orders) 

In this chapter we examined the feasibility and desirability 

of using alternative measure of business conditions as an explanatory 

va riable in major weapon systems cost estimation models. Two 

observations may be made from the analysis. First, none of 

the alternative measures was consistently significant across 

the programs. Second, for those alternative measures of business 

conditio ns which were significant in a specific case, the R2 

values were highe r than those obtained using the industry capacity 
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utilization rate. 

One way to interpret these find i n g s i s t hat s ome firms may 

put more weight on altern a tive measures of b usine ss conditio ns 

than on the industry capacity utilization measure fo r their 

pricing decisions, but different firms opted t o use dif fe re nt 

measures. It may even be likely that different mea su r es may 

have been emphasized by the same firm at different ti mes. 

Apart from the statistical significance of a var i a ble, one 

must also judge the usefulness of a variable by t h e ea s e of 

access to the needed data. From the standpoint of timely rep ort in g , 

industry capacity utilization has a clear advantage over altern at i v e 

measures, as the Federal Reserve Board release the data on a 

monthly basis. It may be concluded that, for cost estimation 

purposes, the aerospace industry capacity utilization is mo r e 

reliable than other measures of bus~ness conditions. 

Now that we have concluded that knowledge of the state of 

capacity utilization in the aerospace industry is an import a nt 

component of program management, how is one to know prior to 

the moment of introducing a second source just what capacit y 

utilization situation will be? It is necessary to forec ast. 

The next chapter examines forecasting techniques. 
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Ch a p t er 3 

FORECASTING AEROSPACE IN DU ST RY CAPAC I TY UTILIZ AT ION 

It seems c l ear by no w that the aerospace industr y capacit y 

utilizat i on rate is a maj o r price determinant of major weapon 

sys te ms when the procurement 

The e xpl anat o ry p ower of our 

is conducted under competition. 

model is evident. Knowledge of 

the sta t e of capacity utilization in the aerospace industry 

i s e ssential in the acquisition of major weapon systems under 

competiti on . 

We formerly attempted to use a Box-Jenkins time series model, 

or the so-called ARIMA model, to forecast monthly aerospace 

industr y capacit y utilization rates with only limited success. 

In th i s chapter, we will discuss our current efforts to develop 

a rel i a bl e forecasting technique to predict capacity utilization. 

A CLOSER LOOK AT CAPACITY 

The capacity utilization rate, as reported by the Federal 

Re serve Board, 

ou tput o f the 

is determined 

industry. This 

by dividing the capacity by the 

suggests that, to forecast the 

c a p aci ty ut i lization rate of an industry, one must consider 

b o t h out put an d capacit y . This idea may be captured in a simple 

model : 

CUt +l = f [ CUt, De lta(OUTPUTt+l), Delta ( CAPt+l)] (3.1) 

The model impli e s tha t th e c u rrent state of capacity utilization 
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(CUt), and the expected change in output and c apacity (CAP) 

should jointly determine that stat us of capacity utilization 

for next year (t+l). We may hypothes ize, however, that some 

sort of relationship exists between the two unknown v a ri a b le s 

on the right hand side of the model, changes of output and capacit y . 

The business community is obviously int e rested in forecastin g 

output. Indeed, it is logical to assume that output forecasts 

become a basis for making decisions to alter e xisting amounts 

of capacity. If an industry anticipates declines in output, 

it is likely to allow its capacity to remain static or even 

to shrink. If firms expect improving business con d itions, i.e., 

if increases in output are anticipated, then they are more li kely 

to expand capacity. Thus, we may further hypothesize that 

Deltp(CAPt+l) = £[CUt, Delta(OUTPUTt+l)] ( 3 . 2 ) 

Eq. 3.2 suggests that when deciding by what amount to change 

capacity for the next period ( t+ 1) ' the firm will consider its 

present ( t) state of cu and the anticipated change in output. 

If this relationship proves to be correct, then Eq. 3 . 1 ma y 

be simplified as follows: 

CUt+l =£[CUt, Delta(OUTPUTt+l)] (Eq. 3. 3) 

This model implies that, given the present state of CU, the 

expected capacity utilization in the industry may be predicted 

from the expected change in output in the next period. Thus, 

a prerequisite for projecting the capacity utilization rate 
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is the determination o f the parameters for Eq. 3.2. The next 

section deals with this issu e . 

RELAT IO NSHIP BET WEEN CAPACITY AND OUTPUT CHA NGES 

To derive the parameter for Eq. 3.2, our intuition tell 

us to expect positive association for both variables, i.e., 

positive changes in capacity are relatively more likely to occur 

when CU is high, and when large increases in output are expected. 

It is important to recognize that the usefulness of Eq. 3.2 

will ultimately depend on an implicit prerequisite condition 

that forecasts of changes in output are available. In this 

sense, this model really constitutes a transposition of existing 

forecasts. For now, we will assume that accurate output 

forecasts are available so that we can assess the performance 
. 

of the model alone. The issue of output forecasts will be discussed 

later in the chapter. 

Data 

Table 3.1 shows the data for capacity, output, and capacity 

utilization for fiscal years 1954 through 1983. The data were 

compiled from the quarterly figure reported by the Federal Reserve 

Board and converted to fiscal year averages in conformity with 

the Federal Government fiscal calendar. 

The columns labelled "capacity utilization," " . " capac1ty, 

and " " f output were converted rom the Federal Reserve Board data 

as d iscussed earlier. The fourth column shows the percentage 
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Table 3. 1 Aerospace Industry Capacity and Out put 

Chan ge in Chan ge in 
Fiscal Capacit y Capacity from Outp ut f r om 

Year Utilizati o n CaEacity Last Yea r OutEut Last vea r 

1954 83.23 75.33 8.81 62 .7 0 2.9 0 

1955 71.67 78.00 3.54 55.90 -10.85 

1956 74.98 80.93 3.76 60.68 8.55 

1957 84.70 84.33 4.20 71.43 17.72 

1958 75.07 85.05 0.85 63.85 -1 0 . 6 1 

1959 70. 12 84.93 -0. 14 59.55 -6.73 

1960 68.82 85.00 0.08 58.50 -1.76 

1961 66.43 84.68 -0.38 56.25 - 3.85 

1962 72.44 82.90 -2.10 60. 05 6.76 

1963 81.32 81.10 -2.17 65.95 9.83 

1964 82.83 84.03 3.61 69.60 5.53 

1965 81 . 2 7 87.73 4.40 71.30 2.44 

1966 88.26 93.98 7.12 82.95 16 . 34 

1967 92.67 104.38 11 . 07 96.73 16.61 

1968 89.69 113.70 8.93 101.98 5.43 

1969 86.99 116.80 2.73 101.60 -0 .37 

1970 80.22 118.90 1.80 95.38 -6 .12 

1971 66.69 121.00 1 . 7 7 80.70 -15.39 

1972 64.88 122.65 1 . 36 79.58 -1.39 

1973 70.57 121.70 -0.77 85.88 7.92 

1974 75.30 120.30 -1.15 90.58 5.47 

1975 73.15 118.90 -1.16 86.98 -3.97 

1976 70.93 117.32 -1.33 83.22 -4. 32 

1977 73.21 115.90 -1.21 84.85 1.96 

1978 79.17 116.75 0.73 92.43 8. 93 

1979 89.26 122.03 4.52 108.93 17. 85 

1980 90.49 127.78 4.71 115.63 6. 15 

1981 83.78 133.78 4.70 112.08 -3. 07 

1982 73.43 139.38 4.19 102.35 -8.6 8 

1983 68.56 143.65 3.06 98.48 - 3 . 78 
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chan g e in c a pacity from the previous year, the varia ble whose 

behavior is the focus of our at tention, as described in Eq. 3.2. 

Where negative numbers are re porte d capacity has shrunk-- presumably 

from obsolescence or time-related attrition or from d~sposal. 

The last column contains the actual percentage changes in 

output from the previous years. Since the purpose for now is 

to determine the parameters for Eq. 3.2, we will presume that 

this column could also be read as forecasted changes. Later 

in the chapter we will address the issue of output forecasts. 

Analysis 

Figure 3.1 graphically depicts the data of Table 3 .1. The 

dotted line on the top represents the level of aerospace industry's 

capacity. The solid line represents the level of the industry's 

The percentage changes of ~ach variable are captured 

slope of the respective line for the time segment in 

o utput. 

in the 

question. And the distance between the two lines represents 

the magnitude of idle capacity for a particular time period. 

Several observations can be made from a careful examination 

of the plot. First, an increase in output generally led to 

expansi on of capacity. Second, large amount of idle capacity 

generally led to shrinkage of capacity. Third, capacity increases 

tended to lag behind output increases following periods of large 

amounts of idle capacity, which simply meant that when the industry 

has a lot of unused capacity, the idle capacity absorbed the 

increase in output. All these observations are intuitively 

c orrect and consistent with the hypothesis discussed earlier. 
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After several iterations of data exploration, a mu ltiple 

regression model produced th e following result: 

Delta(CAPt+l) = -26.89+0.367[(CUt-l+CUt)/2]+0.217Delta(OUTPUTt+l) 

The T-ratios for the two independent variables are 8.70 and 

6.05 respectively. The adjusted R2 is 77.0%. With 25 degrees 

of freedom, all of the above statistics are significant at better 

than the 1% level. As anticipated, the coefficients for the 

explanatory variables are positive, depicting the expected positive 

association. 

This equation explains the business community's proclivity 

to make capacity changes in terms of its present and recent 

past state of CU, and its own anticipation of changes in output. 

It gives us a means of preparing moving, dynamic forecasts of 

changes "in capacity, assuming we possess forecasts of output 

(as well as a history of CU). 

To assess the strength of the regression equation, we prepared 

a CU forecast by using the FRB output as the input for Eq. 3.2. 

The results are shown in Table 3.2. It should be noted again 

that this validation method is designed to separate the quality 

of Eq. 3.2 forecast from that of output forecast, which will 

be the focus of our test in the next section. 

It can be seen from Table 3.2 that, if reliable output forecast 

is available, the CU forecasting model developed above can predict 

the state of capacity utilization in the aerospace industry 

with a high degree of accuracy. We now turn our attention to 

forecasting aerospace industry output changes. 
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Table 3.2 Forecast of CU Wh en Out pu t Chang e I s Avail able 

Fiscal Cap a city Ut i l iz a tion 
Year Actual Pred ic t ed Diff e re nce 

1956 74.99 75.24 - 0 . 25 

1957 84.70 85.23 -0.53 

1958 75.07 75.99 -0.9 2 

1959 70.12 70.01 0. 11 

1960 68.82 69.10 - 0 . 28 

1961 66.43 6 7.93 - 1 .5 0 

1962 72.44 72.72 - 0. 28 

1963 81.32 79.03 2.29 

1964 82.83 81.63 1.20 

1965 81.27 81.09 0 .1 8 

1966 88.26 88.56 - 0 .3 0 

1967 92.67 95.75 -3.08 

1968 89.69 93.37 -3.68 

1969 86.99 86.34 0.65 

1970 80.22 77.37 2. 8 5 

1971 66.69 65.5 8 1 . 1 1 

1972 64.88 65.29 - 0 .41 

1973 70.57 7 1 .28 - 0 .71 

1974 75.30 75.6 6 - 0 .36 

1975 73. 15 73.2 3 - 0 . 08 

1976 70.93 70.42 0 . 51 

1977 73.21 71.87 1 .3 4 

1978 79.17 77.38 1 . 79 

1979 89.26 87. 37 1.89 

19 80 90 .49 88 .59 1. 90 

1981 83.78 8 1 . 99 1.79 

1982 73.43 7 3 . 02 0.41 

1983 68 .56 69. 74 -1.18 
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FORECASTING OUTPUT CHANGES 

It is undeniable that the DOD is a major source of the aerospace 

industry's business. Government usually accounts for between 

40% and 60 % of total sales of the heavily defense-oriented industry. 

Therefore, it is logical to hypothesize that the aerospace industry 

output may be significantly correlated with DoD's procurement 

budget. We will proceed to test this hypothesis. 

Data 

Table 3. 3 shows the budgetary procurement data for fiscal 

years 1961 through 1980. The data were compiled from three 

sources: (1) Five Year Defense Plan, (2) House Appropriations, 

and (3) Senate Appropriation Hearing Records. The Five Year 

Defense Plans cover the years 1962-1980 and the remainder was 

based on congressional sources. 

Table 3.3 Funding Request for Aircraft and Missiles 

(In FY72 $1,000,000) 

Fiscal Year Amounts Fiscal Year Amounts 

1961 5,415 1971 9,107 

1962 7,189 1972 9,897 

1963 7,270 1973 9,824 

1964 7,052 1974 9,956 

1965 6,478 1975 10,767 

1966 9' 148 1976 13,644 

1967 9,925 1977 19,167 

1968 9,843 1978 24,250 

1969 9,694 1979 26,662 

1970 8,528 1980 32,036 
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Analysis 

Since the data rep o rted i n Ta bl e 3. 3 ar e budgetar y figures, 

one would expect that the figure would correl a t e with the aerospace 

industry's output in subsequent years. The fol l o wi n g regression 

equation shows the result by using one time lag: 

OUTPUTt = 66.431 + 1,834(BUDGETt-1) 

The R2 adjusted for the degree of freedom is 51.4% and the T- r atio 

for the Five Year Defense Plan budget is 4.47, both are st a ti s t ically 

significant at the 5% level. It is interesting to note that 

the coefficient of determination, which measures the percen tag e 

variation in the dependent ovariable which is explained by t h e 

independent variable, falls within the range of government busi ne s s 

experienced by the aerospace industry during the past thr e e 

decades. Therefore the simple regression model perfor ms a s 

well as one can expect. Table 3.4 shows the actual output leve l, 

the predicted output level using the regression equat i on, and 

the residuals for each period. 

It should be noted that the Durbin-Watson statisti c for 

the above regression equation is very low (0.3 7 ), in d i cating 

a strong autocorrelation among the residuals. This au to c o r relation 

may be attributed to the cyclical variation i n the commercial 

market. 

Using the Box-Jenkins method o f time s er ies an a lysis, the 

residuals were analyzed with an autoregressiv e model with the 

order of two, or ARINA(2,0,0). Let us assume t ha t the r esid ual s 
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Table 3.4 Predicted Output Using Regression Equation 

Fiscal Year Ac tual Output Predicted Output Residual 

1962 60.05 76.36 -16.31 

1963 65.95 79.62 -13.67 

1964 69.60 79.76 -10.16 

1965 71.30 79.36 -8.06 

1966 82.95 78.31 4.64 

1967 96.73 83.21 13.52 

1968 101.98 84.63 17.35 

1969 101.60 84.48 17.12 

1970 95.38 84.21 11.17 

1971 80.70 82.07 -1.37 

1972 79.58 83.13 -3.55 

1973 85.88 84.58 1.30 

1974 90.58 84.45 6.13 

1975 86.98 84.69 2.29 

1976 83.22 86.18 -2.96 

1977 84.85 91.45 -6.60 

1978 92.43 101.58 -9.15 

1979 108.93 110.90 -1 0 97 

1980 115.63 115.33 0.30 

from the regress ion equation is designated by E, or error, the 

resulting equation is as follows: 

Et = 0.0593 + 1.4145(Et-1) - 0.7505(Et-2) 

The coefficients for Et-1 and Et-2 are statistically significant 

at the 5% level. Combining the simple regression equation and 

the autoregressive equation, we obtain an output estimation 

model as follow s: 

OUTPUTt = 66.4803 + 1834(BUDGETt-1) + 1.4145(Et-1)- 0.7505(Et-2) 
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Table 3.5 shows the strength of the o utp ut predicti on model, 

using the Five Year Defense Plan budgetary data a s the only 

input. Predicted capacity utilization of t h e a er ospace industry 

shown in Table 3.5 was based on the coeffi c ient s for Eq . 3.3 

discussed in the preceding section. Figure 3 . 2 graphically 

depicts the high degree of reliability of the capacit y ut ili z ation 

method discussed in this chapter. The soli d lin e r ep r e s ents 

actual capacity utilization rate reported by the Fe de ra l Re s erve 

Fiscal 
Year 

1<362 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

Table 3.5 Result of Output Prediction Mo del 

Actual 
Output 

60.05 

65.95 

69.60 

71.30 

82.95 

96.73 

101.98 

101.60 

95.38 

80.70 

79.58 

85.88 

90.58 

86.98 

83.22 

84.85 

92.43 

108.93 

115.63 

Based on Output Prediction Model 
Predicted Output Capacit y 

Output Error Change Capacity Utiliz a tion 

62.69 

66. 18 

72.74 

75.30 

74.59 

95.88 

100.34 

98.93 

95.46 

85.09 

72.87 

80.64 

89.01 

92.45 

84.87 

85.61 

94.52 

102.97 

119.47 

-2.64 

-0.23 

-3.14 

-4.00 

8.36 

0.85 

1.64 

2.67 

-0.08 

-4.39 

6.71 

5.24 

1.57 

-5.47 

-1.65 

-0.76 

-2.09 

5.96 

-3.84 

11 . 43 

5.58 

9.90 

3.53 

-0.94 

28.54 

4.65 

-1.40 

-3.51 

-10.87 

-14.36 

39 

10.67 

10 .36 

3.8 8 

-8.20 

0.88 

10.40 

8.94 

16 . 02 

84.79 

86. 18 

88.96 

92.37 

95.21 

101.49 

109.70 

11 6 .49 

120.88 

121.76 

118.43 

116.59 

117.58 

11 9 .86 

12 0 .5 1 

120 .26 

122.07 

1 26.07 

133.30 

73.94 

76.79 

81.77 

81 . 52 

78.34 

94.47 

91 . 4 7 

8 4.9 3 

78 .97 

69 . 88 

61 . 53 

69.17 

75.70 

77 . 13 

70.43 

71.19 

77.43 

81.68 

89.62 



Board. The dotted lin e represents our prediction described 

above. 

LONG-TERM FORECAST OF CAPACITY UTILIZATIO N 

Although using the Five Year Defense Plan budgetary data 

as the basis to forecast aerospace industry output and capacity 

utilization has been shown to be highly accurate, the period 

for which forecasts can be made is only one period ahead of 

the release of the Five Year Defense Plan. For second sourcing 

decision, we must look ahead at least five years into the future. 

There£ ore, the use of a long term output forecast is necessary 

if Eq. 3.3 is to be useful. 
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The Electronic Industries Associ ation (EIA) sp o nsors the 

preparation of ten- year forecasts o f DoD procurement s . The 

figures shown in Table 3. 6 cover FY83-93 for aircraft, missiles 

and space (which essentially defines the non-commercia l segments 

of the aerospace market).1 

Table 3.6 EIA Forecast of DoD Aero spa ce Market 

Forecast 

Output 

FY (Bil FY84$) 

83 42.7 

84 49.5 

85 52.4 

86 55.2 

87 57.0 

88 58.2 

89 57.5 

90 55.9 

91 54.2 

92 52.5 

93 50.7 

Forecast 

Change in 

Output 

15.93% 

5.86 

5.34 

3.26 

2. 11 

-1.20 

-2.7 8 

-3.04 

-3. 14 

-3.43 

The Value Line Investment Survey is another source of reliable 

(but shorter-term) forecasts for the performance of the aerospace 

1This information was abstracted from a conference manual, White, 
L.B., Anal zin & Forecastin The Technical 
Marketing Society of America, 
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industry.2 The progn osis r ep orted in its industr y a na lysi s 

dated April 20, 1984, lends creditability to the EIA forecast: 

. we expect defense 
the 1980s, although the 
will slow as the budget 
needs are met. 

spending to grow throu gh out 
annual percentage increase 
gets bigger and immediate 

Value Line expects the total aerospace market to grow at only 

a 5.33% rate from (CY) 1983 to 1984, but then at an average 

rate of about 8.34% from 1984 until 1988. This is attributable 

to a currently weak commercial market which they expect to improve 

dramatically by the mid-eighties. These different shorter-term 

outlooks will provide an opportunity for sensitivity analysis. 

Table 3.7 Forecasts of Aerospace Industry CU 

Forecast of CU based on 

EIA Value Line 
FY Forecast Forecast 

84 77.44% 71.97% 

85 81.02 77.42 

86 82.58 81.96 

87 82.11 85.24 

88 80.78 87.44 

89 77.67 82.64 

90 74.33 77.45 

91 71.82 73.75 

92 70.09 71.30 

93 68.78 69.56 

2value Line, Inc., New York. 

42 



THE PROGNOSI S 

Based on the forec a sts shown in Table 3 . 7, it appears t hat 

conditions will be rel a tively favorabl e for dual sourcin g during 

most of the next decade. However, there will be a brief period 

during the mid-to-late eighties during wh i c h especially alert 

management of the procurement process will be nece s sar y if net 

financial benefits are to be e x pected. Fig u re 3 . 3 summarizes 

our findings. 
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The solid lin e in F igu re 3.3 traces actual CU from FY5 3 

through FY83. Tw o fore casts are shown as extensions of that 

line. The d o tted l ine is an outlook constructed from Value 

Line 's e xpec tatio n s of aerospace industry growth. The dashed 

l ine represents a forecast on the basis of the EIA prognosis 

for DoD procurements. 

Prior experience with major weapon systems has shown that 

positive savings can be expected from dual sourcing when CU 

lies below 80%. The zone lying below the shaded bar can therefor e 

be thought of as identifying time periods d uring which dual 

sourcing is the logical choice. 

Since dual sourcing should not be expected to produce savings 

wh en CU is above about 85%, the ~rea above the shaded bar identifies 

times when sole-source procurement would be favored. These 

conditions are not expected to prevail during the next decade. 

The shaded bar itself can be thought of as a "caution zone." 

Careful management of a procurement is necessary if positive 

savings are to be experienced when CU lies within this range. 

F or example, if a program's capacity constraints or other factors 

pre v ent what appears to be an optimal division of procurements 

b etwee n the original supplier and the second source, it might 

b e preferable t o plan on using sole sourcing from about FY86 

t hr o ug h , say, FY89. Since this may be a difficult time during 

whi c h to use d ual so u rcing as a cost-reducing apparatus, the 

best pol i c y might be to remain very flexible. 
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EQUILIBRIA 

Since the CU forecasting model discussed in th e chapter 

expresses the rat e at which capacit y is growing a s a f u nc tio n 

of recent CU and the growth rate anticipated for output, a co n stant 

rate of output growth should lead to a CU equilibr ium point. 

This equilibrium can be determined either iterati vely or 

analytically. 

Table 3.8 contains an array of possible growth rates and 

the CU equilibrium which would be associated with each. 

Table 3.8 Output Growth Rates and CU Equilibria 

If Output Equilibrium 
Growth Rate Is CU Will Be 

- 2% 69.0% 

0 73.2 

2 77.5 

4 81.8 

6 86.0 

8 90.3 

It is intuitively appealing to note both that t he economy 

is more efficient in terms of CU when it is growing at a fairly 

rapid clip and that competition would be more effective as a 

price reducer during slow-downs. 

However, we might make additi onal observations which are 

more relevant to the procurement process. Dual sourcing would 

not normally be useful as a cost -r educing apparatus unless the 
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sustai n ed rate of output growth was less than about three or 

thre e -a nd-a- hal f percent. Even with exceptionally good management 

it wo uld be difficult to achieve net financial benefits when 

the growth rate exceeded roughly five percent. 

Value Line anticipates (real) output growth in the aerospace 

industry will average 7.7% between now and the end of 1988. 

The EIA expects the rate of growth in the DoD portion of the 

market to decline to less than three percent by FY88, and to 

continue declining through FY93. 

These growth rates should not be interpreted as 

sustained, so equilibrium conditions will not actually be achieved, 

but the anticipated trends do lend credence to the principal 

conclusion reached in the chapter. During the mid-to-late eighties 

especially careful management of the procurement process will 

be necessary if we are to reap net financial benefits from dual 

sourcing. The best opportunities for using dual-source procurement 

during the next decade will occur after FY88. 
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Chapter 4 

ANOTHER LOOK AT DUAL SOURCI NG EXPERIENCE 

There have been many studies ident ifying and quantif ying 

the procurement cost consequences of dual sourcing. The theoretical 

roots of much of this work go no more deeply than learning curve 

theory. Much has been made of the "shift" and "rotation" w·hich 

seem to be apparent in the learning curve when a second source 

is introduced.1 

Increasingly, production rates are being recognize d as 

also having an important influence on procurement costs.2 Indeed, 

production rate effects are often used as an argument against 

dual sourcing.3 

Second-source start-up costs, including the costs of (1) 

technology transfer, (2) special tooling, test and production 

equipment, (3) educational buys and (4) administrative costs 

to the Government, have also been recognize d as affecting th e 

outcome of a dual-source procurement.4 These must be offset 

1For example, see Cox, L.W. and J .S. Gansler, "Evaluating the 
Impact of Quantity, Rate, and Competition," Concepts (Autumn 1981). 

2Bemis, J .C., "A Model for Exam inin g the Cost Implications of 
Production Rate," Department of Defense, Product Engineering 
Services Office, Defense Log istics Agency, Cameron Station, 
Alexandria (undated). 

3Bemis, J.C., and J.S.W. Farg her, Jr., "Model for Determining 
the Effects of Production Rate Change and Dual /Second Sourcin g 
Decisions," (unpublished draft). 

4For some interesting insights, see Myers, M.G., P.R. McClenon, 
and H .M. Tayloe, "Price Competit ion in the DOD," Logistics Hanagment 
Institute, September 1982. 
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against price savings to determine the net financial benefit 

derived. 

It is also recognized t hat procurement cost savings must 

be · discounted to present value using an appropriate time value 

of money. Failure to do so will overstate the economic advantage 

available from dual sourcing.S 

Finally, we wish to cite our earlier work done for NAVAIR 

demonstrating that capacity utilization in the relevant industry 

is an important determinant of the savings obtainable under 

dual sourcing.6 It is this work upon which we seek to build. 

CAPACITY UTILIZATION AND EFFECTS OF QUANTITY SPLIT 

In the above-cited NAVAIR work, capacity utilization (hereafter 

referred t o as CU) was found to be positively correlated with 

the price paid to an original-source contractor under dual-source 

competition for major weapon systems.7 That is, when CU is 

hi gh--when there is very little idle capacity in the industry--

neither the threat nor the fact of competition is sufficiently 

onerous to induce much in the way of price concessions. However, 

SArchibald, K.A., et al., "Factors affecting the Use of Competition 
in Weapon System Acquisition," Rand Corp., R-2706-DR&E, February 
1981. 

6Gree r, W.R., Jr., and S.S. Liao, "Cost Analysis for Dual Source 
Weapon Procurement," Naval Postgraduate School technical report 
No. 54-83-011, October 1983. 

7Much of the data upon which this work was based were collected 
by and for Beltramo, M.N. and D.W. Jordan, "Issues to be Considered 
in Establishing Dual Source Competition," (second report) Division 
of Cost Analysis (MAT-01F4) Headquarters, Naval Material Command, 
24 September 1982. 
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if CU is low (implying larger amounts of idle capaci ty in the 

industry) competition can be valuable as a pric e-reducer. 

We will model the price paid to the ori ginal sour ce, P 1 , 

as a general-form function of CU and all other factors, OF: 

P 1 = f ( CU, OF) . 
( 4. 1) 

Again, the direction of the relationship between P1 and CU ha s 

been found to be positive. 

The same relationship between CU and the price paid to 

the second source can be expected if both are in the same market.8 

Therefore the same general model will be sufficien t to describe 

the factors influencing P2 : 

P 2 = f ( CU, OF) . 
( 4. 2) 

Next consider the division, or splittin g, of the procurement 

between the original source and the second source. There are 

many possible ways to measure this division.9 For example, 

either quantities or dollars could be used. Also, one could 

measure the split during only the competitive phase of a program 

Bour earlier study (see footnote 6) confirmed this positive relation
ship. However, the numerical values of the coefficients are 
different for the original and the second source suppliers. 

9The interested reader might like to study Bell, J.P., "Competiti o n 
as an Acquisition Strateg y: Impact of Competitive Research 
and Development on Procure ment Costs," Institute for Defense 
Analysis paper No. P-1744, November 1983. 
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or during the entir e prog ram. For simplicity, we will measure 

the division in t er ms of total (real) dollars spent with each 

respective source over the ent i re life of the procurement. 

D1 will repres ent the percentage of the total procurement dollars 

captur ed by the original source. D2 is the percentage the second 

source receives. (Please note that D2 = 100% - n1 .) 

Next, we can define a weighted average procurement price 

paid under dual sourcing, Pd: 

(4.3) 

By substitution, 

pd = [Dl x f(CU, OF)]+ [(100%- D1 ) x f(CU, OF)]. (4.4) 

If other factors (OF) are held constant, Eq. 4.4 implies· that 

the weighted average price paid under dual sourcing is a function 

of D1 and CU. 

QUANTIFYING THE SAVINGS 

The procurement price savings generated by dual sourcing 

are conventionally determined by comparing the actual prices 

paid with the prices which would have been paid under sole sourcing. 

More will be said later about sole-source prices, but, for now, 

simply let the sole-source price (which is assumed to be greater 

than the dual-source price) be Ps, so the price reduction achieved 

by dual sourcing is Ps - Pd. 

50 



Earlier it was pointed out that establishing a se c ond source 

(after some period of procuring from only the ori g in al source) 

requires the incurrence of start-up costs. Some st a rt-u p costs 

undoubtedly increase with the proportion of the total q uan tity 

to be procured from the second source. These might include (but 

are not necessarily limited to) the costs of special tooling, 

test and production equipment, educational buys, and perh a ps 

some of the administrative costs borne by the Government. 

Start-up costs (SC) must be offset against the discoun t e d 

present value of the savings in procurement price to determine 

the net financial benefit (NFB) from dual sourcing. 

equation form, 

In simple 

( 4. 5) 

To review the direction of the impact of changes in the 

critical variables on NFB, first consider CU. From Eq. 4.4 

we know P d rises when CU rises. Therefore, Eq. 4.5 tells us 

that NFB (which we seek to maximize) declines as CU rises. 

We save less when CU is high. 

The other variable of interest is D1 , percent of procurement 

dollars captured b y the original source . Here the relatio n s h i p 

is more complex. In theory, savings result when the ori gi na l 

source is pressed by a second source under conditions of low 

capacity utilization. This might imply that as D1 declines 

NFB rises, because the pressure placed upon the original source 

to reduce P 1 would be even greate r: 
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must be reached at some point.10 And raising D2 causes SC to 

rise, thereby reducing NFB. 

The final· determination of the relationship's shape, as 

well as the most likely optimum point (if there is one) is therefore 

compl ex and must be studied through empiricism. It is to this 

task that we now turn. 

AN EMPIRICAL EXAMINATION 

Data 

The data examined in this study include weapon systems acqui-

sition histories and industry capacity utilization data. These 

data have been used and described in our earlier study, but 

we will briefly describe each here. 

The weapon systems data describe the economic outcomes 

of seven major weapon acquisition programs which were dual sourced 

after an introductory period of sole-source procurement. The 

savings (loss) percentages listed in Table 4.1 are those previously 

reported for these programs.11 

The CU data came from the Federal Reserve Board in quarterly 

form. They were converted to a fiscal year basis before use. 

The CU figures reported in Table 4.1 are averages for the fiscal 

years during which each of the programs was dual sourced and 

10Not e that if this is taken to either extreme (D1 = 100% or D2 = 
100%) you are in a sole-sourcing situation again. 

11see footnotes 6 and 7. Other analyses have produced similar 
results. See Sherbrooke and Associates, "Quantitative Acquisition 
Strategy Model s," Potomac, Narch 1983. 
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(when applicable) the first year i n which a winner-t a ke-all, 

"buy-out" competition was held .12 

Table 4.1 Summary Data of Weapon Systems Examined 

Procurement 
Program 

TOW 

Rockeye Bomb 

Bullpup AGM-12B 

Shillelagh Missile 

Sparrow AIH-7F 

MK-46 Torpedo 

Savings or 
(Loss) Due to 

Competition (NFB) 

26.0% 

25.5 

18.7 

Sidewinder AIM-9D/G 

( 4.7) 

(25.0) 

(30.9) 

(71.3) 

Average ( 8.8%) 

Average 
CU During 

Competition 

65.8% 

67.7 

75.7 

88.8 

83.0 

89.4 

83.4 

79.1% 

D1 for 
Program 

85.9% 

88.0 

88. 3 

86.9 

70.0 

46.2 

10.8 

68.0% 

The data from which D1 was derived came from th e same source 

as the savings (loss) data. Constant dollar costs were used 

to avoid any distortions which might have been introduce d by 

inflation. 

Analysis 

By examining Table 4.1, the rea de r can confirm that of the 

seven programs studied, only three generated price savings (Ps - Pd) 

12This is the only year in which a buy-out competition has been 
found to have a siginficant i mpa ct o n pri ce. See Greer and 
Liao, op. cit. 
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with present values which wer e high enough to more than offset 

the start-up costs (SC) required to obtain them. In other words, 

in only three cases was NFB from Eq. 4.5 positive. Indeed, 

the average of the savings (loss) column shows an overall average 

loss of 8.8%! In each of the three "savings" cases, CU averaged 

less than 80% during the competitive phase of the program. 

The D1 values for most of the programs with positive NFBs fell 

within a range of about 85-90%. 

Further analysis can provide even richer insight. A regression 

can be run on the data contained in Table 4.1. If we regress 

NFB us ing CU and D1 as predictors, the result is: 

NFB = 27.38- 1.267 CU + .942 D
1

. (4.6) 

The T-ratio statistics from the regression were -2.86 for CU 

and 6.54 for D1 . This yields significance at better than the 

.OS level for both predictors. The R 2 adjusted for degrees 

of freedom is 93.6%--a very good "fit." 

Again, we see that as CU rises NFB declines. In addition, 

it is clear that, within the range of values for the quantity-split 

shown in the table, tilting the division of the procurement 

toward the original source produces greater savings. However, 

this conclusion should be qualified due to serial correlation 

of residuals. 

The residuals from the regression model shows a moderate 

deg ree of first order autocorrelation. Rearranging the data 

in an ascending order according to the quantity-split, D1, for 
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the regression analysis r es ults i n e ve n s tr onger first order 

autocorrelation among residuals. Fur th e r a naly s is o f the resi dual 

shows that this phenomenon is c aus ed b y the n onlinearity of 

the relationship between NFB and D1. As di s c ussed earlier, 

when D1 declines, NFB 

the original source to 

diminishing returns must 

rises, because the pre ssure placed upon 

reduce P 1 would be e ven g r eater: but 

be reached at some p o int. And re ducing 

D1 beyond certain point causes SC to rise, th er eby reducing 

NFB. On the other hand, if the second source receiv e s only 

a nominal amount of quantity, i.e., D1 approaches 10 0% , i t wo uld 

not pose as much of a threat to the original source. Th erefore , 

NFB would decrease as D1 approaches the extreme points at both 

ends. Unfortunately, for the limited number of observations 

available for analysis, the values for D1 cluster in t h e 70% 

t o 9 0% r an g e . \v e we r e una b 1 e t o d e t e r m i n e w i t h s u f f i c i en t c on f i d e n c e 

the shape of the curvilinear relationship and its turning poi nt. 

With this limitation in mind, let us assess the qualit y 

of the regression model 

predict, and comparing 

by examining the values of NFB it would 

these with the actual values. This is 

done in Table 4.2. While the predictions are not perfe ct (other 

factors are never precisel y equal), a gain wo u ld always have 

been predicted when in fact there wa s a ga in, and a loss would 

have been forecast when a loss actua l l y occ urred--an d the magnitudes 

are ordinally correct. 
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Ta ble 4.2 Qualit y of Regress i on for NFB = f(CU, D
1

) 

P rocu re ment 
Program 

TOW 

Rockeye Bomb 

Bullpup AGM-12B 

Shillelagh Missile 

Sparrow AIM-7F 

Actual 
Savings or 

(Loss) Due to 
Competition (NFB) 

26.0% 

25.5 

18.7 

NK-46 Torpedo 

Sidewinder AIM-9D/G 

( 4.7) 

(25.0) 

(30.9) 

(71.3) 

Average ( 8.8%) 

DISCUSSION 

Predicted 
Value 

Using the 
Regression 

24.9% 

24.5 

14.6 

( 3. 3) 

(11.9) 

(42.4) 

(68.1) 

( 8.8%) 

So far, the analysis has verified that dual-source competition 

produces greater NFBs for the Government when there is substantial 

idle capacity in the relevant industry. At the average value 

of D1 , 68%, a "break-even point" would occur at about CU = 72%. 

It appears that, in many of the cases studied, the second 

source has been called upon to play a larger-than-optimal role. 

Greater net financial benefits have been experienced when the 

second source was allotted about 10-15% of the procurement. 

It seems plausible that this amount of business is sufficient 

to induce the desired original-source price reductions during 

period s of low CU, but not so large as to require outsized amounts 
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of start-up cost. In fact, th e data contained in Tabl e 4 . 1 

combine with Eq. 4.6 to sugg es t that with close contr ol of D1 

it would be possible to generate savings with CU as hi gh as 

about 85%. Unfortunately, limited observations and the distribution 

of D1 do not allow us to determine the ex act shape of the curvili ne ar 

relationsh ip and pinpoint the point of diminishing return for 

the quantity-split. Further study is need ed to tackle this 

neglected issue. 
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Chapter 5 

CAPACITY UTILIZATION AND SOLE SOURCE ACQUISITIO N 

Thus far the development of the literature has implicitly 

assumed there to be no association between capacity utilization 

(CU) and the price paid under sole source acquisition, p 
s . 

Wh ile this in fact may be true, the issue bears examination 

inasmuch as an accurate statement of net financial benefit (NFB) 

would require knowledge of any functional relationship between 

P and CU s . 

SOLE SOURCED PROGRAMS 

In examining procurements that were sole sourced, we used 

data for missile, fixed-wing aircraft and helicopter programs .1 

One may question the reliability of these data, which were compiled 

from congressional records, as a true representation of actual 

acquisition cost to the Government. For lack of better source 

to collect sufficient data from a cross-section of major weapon 

systems, we used them to see if a clear correlation exists between 

the price paid by the Government and the CU of the aerospace 

industry. One may reject the reliability of the magnitude of 

a specific coefficient, but the pattern of the relationship 

between the variables examined should not be denied if a consistent 

and logical pattern is found. 

1These data were taken from Nicholas, T.G., U.S Military Aircraft 
Data Book, 6th ed., and U.S. Missile Data Book, 8th ed., both 
by Data Search Ass ociates, 1984. 
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With this data caveat in mind let us di s cu s se d t h e pr og r ams 

to be analyzed. A number of s ole-so u r ced programs we r e selected 

for scrutiny. T h o s e s h o w i n g n o s t a t i s t i c a 1 s i g n i f i c a n c e \v e r e 

eliminated from further analys is. Table 5.1 l ists t hos e t ha t 

survived this initial screening. 

Table 5.1 Sole-Source d Pr og ram s Studied 

Fixed-Wing 
Aircraft 

EA-6B 

A-6E 

A-7E 

A-lOA 

C-9B 

C-130H 

E-2C 

F-14A 

F-lSA 

F/A-18A 

Helicopters 

AH-lS 

CH-53E 

UH-60A 

ANALYSIS 

Missiles 

ALCM (86B ) 

HARPOON (84 A) 

IMPROVED HA WK (23 B) 

PHOENIX (54A) 

The following model was run for each program: 

( 5. 1) 

The dependent variable, P, is the average unit price fo r each 

lot. The constant, k, is the intercept in the con ve nt ional 
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learning curve model. The firs t term of this mod e l, qa , wil l 

be recognized as t he con venti o nal learning curve. Th e i ndep e n dent 

va r iable, Q, is the mid-point unit number.2 Th e second term, 

Rb, is t h e n ow-familiar Bemis alteration of the learning curve 

model , which includes a production rate term.3 Following convention, 

we used the annual procurement quantity as a surrogate for rate. 

The final term, cue, adds our capacity utilization term. CU 

is define d as being for the aerospace industry as a whole. 

Linear regression was used to derive parameter values for 

each program (from the log form of the model), and the statistically 

significant values were then averaged by category. The results 

are shown in Table 5.2: 

Ta bl e 5.2 Parameter Values for Sole Source Program Cost Model 

Parameters a b c 

Fixed Wing (R2 = 72.8%) -.160 -.389 -1.062 

Helicopters (R2 = 91.7%) ns -.293 -1.265 

Missiles (R2 = 89.8%) -.327 -.339 -1.205 

The a- and b-parameter values reported in Table 5.2 are 

typ ical. Fixed wing aircraft show a 90% learning curve (a = 

-.1 60) and missiles show 80% (a = -.327). Helicopters, with 

th e i r small-qu antit y , short run production , display no statistically 

2The conventional formula, 
th e lo t "mid-point" for 
op. c i t. 

3o . p. Cl t. 

((Q + 1)/3) + 0.5, 
the first lot. 
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significant learnin g cu r ve par a me ter. The r ate term (b- paraoeter) 

values found are in lin e wit h thos e foun d by Bemis. 4 The c- pa r ameter 

holds greater intere st . 

It is clear fr o m e x a minin g the "c" values in T able 5 . 2 

that CU (as well as the more conventi o n a l terms) offers insight 

which could be useful in both cost estimatio n and procurement 

policy-making settings. That is, advance knowledge of CU would 

enable procurement costs to more a c curatel y be estimated--\{hether 

the mode is sole or dual source. 

IMPLICATION FOR SOLE SOURC E AC QUI S I T IO N 

The exponent values shown in Table 5.2 in d icate t he re is 

a tendency for procurement costs to fall as the aeros p a c e industry 

CU rises if a procuremen t is conducted in a sole-sour c e mo de . 

(Note the negative exponents for the CU ter ms.) This tenden c y 

probably derives from the practice of allowing a contra ctor 

to spread his fixed costs over the smaller number of units pr o d uced 

when the market is slackens and overall cor p or a te CU is low-- thus 

"cost-justifying" a higher p r i ce. 

There is some cause-effect simila r ity b e tween price changes 

induced by changes in CU and c h an ge s in production rate, R, 

u nder sole source environment. In either case, fixed costs 

attach to different quantiti e s o f outpu t . However, in the case 

of CU the quantity change is a ch ange in overall corporate output 

(as it relates to corpor a te ov erhead). A rate change (R) ll_ 

4o . p. Cl t. 
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itself causes only a change in the allocation of those fixed 

costs which originate in the facility (or segmen t) which is 

used for the program in question. Either of these changes can 

occur independe ntly of the other, depending on what is taking 

place in the rest of the firm. The two will be identical only 

if the program of interest is the only business the firm has. 

However, a notable feature in Table 5.2 should be mentioned. 

Not e that the negative exponents for c are all much steeper 

than those for b, indicating that a . change in CU has a much 

more profound effect on the price than the same percentage change 

of R. This is probably the result of the corporate structure 

in the aerospace industry, i.e., the plant in charge of a specific 

weapon program is only a small segment of the whole firm. This 

observation also helps explain why CU is such a strong determinant 

of weapon system. price, as we ha v e discussed earlier. 

Table 5.3 helps to summarize the findings thus far. Over 

the last 30 years CU has in fact varied over a range of 66% 

to 93%. The 30-year average has been 78%. The first column 

in Table 5.3 shows various different levels of CU over this 

range. The next two columns show the savings (loss) we might 

expe ct to result from dual sourcing those missile programs examined 

above (no generalization can be made to aircrafts as no historical 

dual source data can be analyzed) at those levels of CU for 

two different values of D1 ; 68% and 85%. Note again that savings 

result from dual sourcing when CU is low; losses are experienced 

when CU is high. Much better results can be expected when n1 

= 85% than when D1 = 68%. 
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Ta b le 5 .3 Pre d ic ted Savin g s ( Loss) at Va r io u s Leve l s of CU 

(Miss i le s ) 

Savi ng s fro m 

Dual Sourcin g 
cu D1 = 68% D1 = 85 % 

95% (28.9%) (12.9%) 

90 (22.6) ( 6. 6) 

85 (16.3) ( 0. 2) 

80 (9.9) 6. 1 

78 (average) (7.4) 8.6 

75 (3.6) 12.4 

70 2.8 18.8 

65 9.1 25.1 

Sa v i ngs f r om 

Sole Sourcin g 

21 . 1% 

15.8 

9.8 

3.0 

0.0 

( 4 .8) 

(1 3.9 ) 

( 24.6 ) 

The final column in Table 5.3 req u ire s e lab orati on . Let ' s 

conceptualize a standard (or "normal" ) so le - so urc e pr i ce as 

one which could be expected at CU = 7 8%--the average f o r th e 

last 30 years. The figures in t h is co l u mn s how the per c e ntag e 

change in price we could ex pect if CU were to rise or fa ll to 

t he indicated level. For e x ampl e, an inc r ease i n CU from 78% 

t o 85% would be expected to p rodu c e about a 10% pri ce saving s 

when we refrain from dual sourc i n g. If CU were to fall from 

78% to 70%, we could expect the p r ice to ris e by about 14 % if 

we continue the sole source mo d e . The entr y i n th e CU = 7 8% 

row is, o bviously, zer o . 
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DISCUSSION 

To summarize, if "standard" or "average" condition s prevail 

(CU = 78%), a well-managed dual-source program could be expected 

to produce small NFBs for the Government. But dual sourcing 

has an unambiguous edge over sole-source procurement when CU 

is very low--say 65-70%. Sole sourcing appears to be financially 

preferable when CU is high--particularly above about 85%. 
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Chapter 6 

IMPLEMENTATION, RECOMME NDATIONS, AND CONCLUSIO~S 

Our analysis has shown that advanc e knowledg e of aerospace 

industry capacity utilization (CU) can improve the Government's 

ability to plan for economical procurement s of major weapon 

systems. This ability is useful in both cost estimation and 

procurement policy-setting. In this chapter, we will discuss 

the implementation of our findings and suggest future plans 

to further the understanding of weapon cost determinants. 

IMPLEMENTATION OF FINDINGS 

Price Changes and CU 

The methodology developed in this paper points to ways of 

improving the cost-estimation process for major weapon systems. 

It is now possible to calculate the percentage change in price 

that can be expected to result from forecast changes in the 

state of CU once the procurement mode is known. For exampl e, 

if we know a fixed-wing aircraft is to be procured sole source, 

and if CU is, say, 80% at the onset of procurement but is expected 

to decline to 70%, we could expect the price to rise above what 

it would otherwise be by, 

70-1.062- 80-1.062 

= 15.2%. 

Parameter values shown in Table 5.1 may be used to estimate 
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sole source price c ha n ge s f o r othe r categories of weapon systems. 

Co s t estim ation under d ual sourcing is more complex in 

tha t it requ ires advance knowledge of more of the conditions 

surro un d in g the procurement.! In its simplest form we may use 

t he price p r ediction models developed in our earlier study.2 

For convenience, the equations are reproduced here. 

For the Original Source: 

With median values: p = kQ-0.278 CU1.25 e-0.201M e-0.854N (6.1) 

With mean values: p = kQ-0.26 CU1.765 e-0.201M e-0.854N ( 6 . 2 ) 1 

For the Second Source: 

With median values: P = kQ- 0 · 174 

With mean values: p = kQ-0.214 

-0.520N 
e 

-0.520N 
e 

"P", of course, is the average price for the buy. 

(6.3) 

(6.4) 

"k" and "Q" 

are the intercept and midpoint cumulative quantity found in 

the learning curve model. "CU" represents capacity utilization 

while "M" and "N" are dummy variable, with M=l if the buy is 

under dual sourcing and N=l if the competition is winner-take-all. 

lw. R. Greer, Jr., and S. S. Liao, "Cost Analysis for Dual Source 
Weapon Procurement," Naval Postgraduate School Technical Report, 
NPS54-83-0ll, October 1983. (Al35351) 

2 I bi d., p. 4.9. 
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Our curre nt analysis foun d additional evi dence that the 

div ision of proc u rement dollar s is another determinant of the 

magnitude of competitive savings . But the most important re s ult 

i s the de velopment of a relia ble CU f o rec asting method to allow 

operationalizing the concept of fitting the procurement mode 

(dual source versus sole source) to the CU conditions whi ch 

a re expected to prevail during the competitive phase of the 

procurement. 

Timing of Procurement and CU 

Tailoring the procurement mode to the CU conditions may 

be as simple a matter as better timing. We have s how n that 

it is virtually impossible to generate any kind of saving s by 

introducing a second source supplier when the industry capacit y 

utilization rate is 85% or hi g her. On the other hand, when 

CU is lower than 80%, dual sourcing presents an opportunity 

for savings, and it should actively b e considered. 

Quantity Split and Savings 

We found that the magnitude of competit ive savings to be 

closely related to the split of procurement dollars between 

the two suppliers under dual so urc i ng. 

may be involved in this relationship. 

Two different factors 

First, much as the CU 

reflects whether there is competitive pressure in the market, 

the division of procurement has an impact on the de g ree of compe-

titive pressure. The more of the procurement is allocated to 
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the new source, the more creditable the competitive th reat is. 

On the other hand, tilting the quantity split to the new so ur ce 

also increases the second sourcing start up cost. Therefore, 

dimi nishing returns must be reached at some point. Unfortunately, 

we have not been able to determine the exact shape in the 

relationship. 

An Example 

To illustrate how our findings might be implemented, let's see 

how they could be used to assist in the procurement planning 

for AIAAM. 

An SAI report was couched in terms of a 60/40 or 70/30 

division for the AIAAH, with full scale development beginning 

in FY85, original source production starting late in FY89, and 

the onset of competitive buys in FY94.3 Based on our analysis, 

the policy planners might like to consider two alterations which 

could improve the financial outcome of the program. 

First, it appears the plans for the division might profitably 

be revised toward keeping more of the procurement dollars with the 

original source--say to 85/15 or even 90/10. Eq. 4.6 tells us this 

change alone could easily make the difference between experiencing 

a financial loss or a gain from dual sourcing the program. 

Second, the anticipated state of CU should certainly be 

consid ered in the planning process. Table 3.7 shows CU is expected 

3Beltramo , M.N. and D .W. Jordan, "Analysis of the Cost Implications 
of Dual Source Competition for the AIAAM," Science Applications, 
Inc., 2 March 1983. 
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to be relativel y high during FY86-FY 89. These year s are likely 

to offer conditions which favor sole s our c ing. Ther efore, the 

sole-source ph a se of the program, which SAI envi s i ons stc.rtin g 

late in FY89, might profitably be moved up (providing t e c hnological 

factors do not diminish the desirability of such an action). 

This would enable the Government to take full advantage of an 

industry which will be in a position to spread its fixed costs 

over large quantities of output. 

On the other hand, excellent conditions for dual sourcing 

will be present after FY89. He would expect sole sou rc ing du rin g 

this period to be relatively expensive, but that sign ificant 

financial savings could be generated by using dual-source compe

tition. SAI assumes competition would not be introd uced until 

FY94. Policy makers might attempt to mo ve this date up as well-

to use the slack conditions to full advantage. 

SAI anticipates the total cost of AIAAM to exceed $350 

million (FY83$), and that, "competition for the AIAAH woul d 

II However, be unlikely to result in overall cost savings 

we find that if the division of procurement dollars could be 

revised to an optimal level, and the dual-source procurement 

mode timed to fit the CU conditions anticipated for FY90- 9 3 

(about 73%), it would be possibl e to expect savings on the or der 

of 15%. This would amount to $50,000,000. 

SUGGESTIONS FOR FUTURE RESEARCH PLANS 

The validity of our net financial benefit forecasting mod e l , 

69 



Eq. 4. 6, is self-evident, as can be seen from Table 4. 2. Such 

a simple model, however, is likely to be disturbing to those 

acquisition analysts who might argue that the effect of dual 

sour ce competition is much too complicated to be reduced to 

a simple model. No doubt the issue of competitive . savings is 

a complicated one and there are numerous factors which may affect 

the production cost of weapon systems, as mentioned in most 

prior studies. One should bear in mind, however, that what 

the Government pays is the price charged by the contractor(s), 

which consists of two elements: cost and profit. The plethora 

of government regulations 

audit by DCAA, and the 

us an unjustified aura 

profit can be measured. 

on contract management, the extensive 

explicit rule on allowable profit give 

of the precision with which cost and 

In reality, "true" cost is an elusive 

concept--one which is virtually impossible to define, let alone 

determine, even after the fact. 

As shown in Figure 1.2, a contractor submits a bid bearing 

in mind the risk level acceptable to the firm to achieve a given 

amount of profit. A lower risk level simply means the firm's 

chance of making or bettering its profit goal is improved. 

No doubt there are many factors influencing production costs, 

but most if not all of these factors are elements of risk analysis. 

Changes in these factors are simply internalized by the contractor 

and are not individually accounted for in an accounting system. 

The only exception is perhaps the learning curve, which is why 

a learning curve term remains in our model. 
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In summ a r y , an attempt to d e te r mi ne t he "true" production 

c ost by identif y in g many r elevant fact o r s is unli kely if not 

im possib l e to su c ce ed, as we c a n se e fr om prior com prehensive 

studies. Bu t if one un de rstan d s t he r isk a nalysis involved 

in a contractor's price determinati on decis ions, t hen it is 

easily realized that the major f actors we iden tifi e d, CU and 

quantity split, actually capture most of th e e lements other 

researchers have mentioned but h av e been una ble t o qu an tify. 

Estimated costs probabl y have ne ve r b een right on t he mark. 

Many factors can contribute to chan ges in p r od u ctio n c o s t. 

Therefore, cost estimation inevitably i n v o lv es r isk anal y sis 

to a certain extent. How much risk the con tr ac to r is willing 

to take depends on his assessment o f the market en vi r onment. 

We found that CUi~ an effective measur e o f the ma rk e t envi r onme n t, 

albeit only as a surrogate measure. Thu s , CU i n dir ectly c aptures 

the influence of many relevant f a ct o rs. 

By the same t oken, procurement s pl i t i s a va r iable that 

captures the effect of ma n y factors. It is a variab le t hat 

measures whether the seco n d source ca n po s e a s a genuine threa t 

to the original source. Together with CU, it reflects whether 

competition exists in the mar k et. It also reflects, t o some 

extent, how much start- up c os t must be incurre d to establish 

a second source. 

In view of the fact t h ere are only a limite d n umber of major 

weapon systems that have be e n s econd sourced , we f e e l ou r approach 

is probably the onl y fea sible one with whi c h to pr oceed. \vi th 
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this in mind, we will of fer suggestion s for future r esearc h 

plans. 

Quant i t y S pli t 

Optimal splitting of quantity under dual source procurement 

has been the subject of several prior studies.4 However, the 

i mplication of quantity split for our model is broader than 

in prior studies. In addition to the issue of optimal split, 

it also affects the decision on the production level for which 

the second source should be facilitized. Future studies on 

quantity split should consider the question of front-end investment 

as well as price. 

It should be noted that further attempt to determine the 

exact sha p e of the curvilinear relationship between quantity 

spli t and net financial benefit will prove to be unproductive 

until many more data points are available. Until then, inference 

c an on l y be made within the relevant range of the data. 

Di fferent Forms of Second Sourcing 

A second source supplier may be introduced in several different 

ways: Form-fit-function (F3), technical data package, direct 

li censing, lead e r-follower, and contractor teaming.S While 

4 see, for example, J. C. Pelzer, "Proposed Allocation Technique 
fo r a Two-contractor Procurement," Master's thesis, Air Force 
Inst itute of Technology, May 1979. 

Ssee B. R. Se llers, "Second Sourcing: A Way to Enhance Production 
Competition," Nat i onal c o ntract Management Journal, Vol. 15, 
Issue 1, 1981. 
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a rgument s ha ve bee n adv a nce d to support di fferent ways of intro-

d ucing a 

ha s been 

forms. 

se c o nd s o u r ce under d if ferent con dit ions, n o attempt 

made t o d etermine the financial con se q uenc e o f these 

There are sev e ral is sues inv o l v e d in consider i n g t he different 

forms of second sourcing. F i rst of a l l , different way s of intro

d ucing a second source will hav e d i f f er ent s t a rt- up cos t s. 

Furthermore, the wi llingness of t h e or iginal so u rce to as sist 

the new source, and the compensati o n re qui re d fo r su c h a ssistance, 

conceivably ma y be related to t h e ma r k e t environ men t . Last 

but not least, the effecti v eness of each of these for ms a s a 

device for bringing price reduction pre s sure t o bear o n cont r act o r 

must be analyzed. 

The last three forms mentioned above , di re c t l i c ensin g , 

leader-follower and contractor teaming, a ll h a ve a relative 

short history. Comprehensive quantitative s tudy p r obably will 

not be feasible for several y ea rs. To es t a b l ish the foundati o n 

for future quantitative stu dy , an a n aly si s of the basis in e con omic 

theory ma y be appropriate. App e nd i x B contains such a s tudy 

by P. M. Carrick on competi tiv e contract or t eaming. 

Mu lti-Year Contracting a n d Market Environment 

Although multi-year c o ntracting has bee n in existence for 

a long time, the multi- y ear co nt r act as it is s tructured now 

is significantly differ en t from the l evel price, multi - year 

o p tion contract o f the pa s t. A signifi cant n u mber of major 
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s ystems have bee n app roved in recent y ear s and an increasing 

number of systems have been proposed.6 

It is apparent that economic con d itions in the market is 

the overrid ing factor in a multi-year contract.7 Hulti-year 

contracting has a characteristics similar to winner-take-all 

competition in that it narrows the supply source to a single 

contractor. A significant number of multi-year contracts are 

available for analysis. It should be beneficial to the Government 

to analyze whether the estimated savings from such a contract 

are related to the market environment in the aerospace industry, 

and whether there is a similar pattern between winner-take-all 

competition and multi-year contracting. 

Degree of Su bcontracting and Competitive Savings 

Prior work on the costs and benefits of introducing competition 

ha s not looked beyond the prime contractor level. For major 

weapon systems, the prime contractor is often more a system 

integrator than an actual manufacturer. An extensive subcontractor 

network is needed to support the prime contractor. 

Acquisition researchers have noted that the degree of subcon-

tracting may have an impact on potential savings when competition 

is introduced. Some have argued that the lack of competition 

for certain major components may reduce the savings potential 

6see Chief of Naval Material memo on "Multiyear Contracting Policy", 
17 January 1983. 
7Harvey Frome r, "Multi-year Contracting," seminar manual , Technical 
Marketing Society of America, March 1984. 
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if a second prime contractor is introduced. On t he other hand, 

we can argue that CU reflects the economi c c o n d iti o n of the 

industry as a whole, and it sho uld not make an y differ e nc e wheth er 

the procurement dollar stays with the prime or f lows down to 

the subcontractors. With the factor of quantit y s p l it in t he 

model, however, the picture is less clear. Further an a l ys i s 

of this issue is necessary in order t o see wh e ther the impact 

of subcontracting on competitive savings is captured i n CU . 

Cost Growth and Economic Environment 

The widely recognized "buy-in" practice by con t rac tors ine v itably 

results in cost growth or in a reduction in th e rate of cost 

decrease.8 The relationship between the size of investment 

by the firm to "buy" into a development contract and the magnitude 

of subsequent cost growth has been neglected by acquisition 

researchers. For acquisition planners, a more important issue 

is the identification of factors that may be used to predict 

future cost growth. It is conceivable t ha t the economic con d iti o n 

of the industry plays an important role in the 11 buy-in 11 an d 

cost growth behavior. If this is the case, then CU ma y we ll 

be an effective variable for forecasting purposes. 

CONCLUSIONS 

Our analysis has shown that advance knowled g e of t h e a e rospace 

BE. Dews, G . K . Smith, A. Barbour, E. Harris , an d N. Hesse , 
"Acquisition Policy Eff e ctivene ss: Department of Def en s e Experience 
in the 1970s," The Rand Corporation, R-251 6 -DR &E , Oct ober 1979. 
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industry's capacity utilizat ion can impr ove the Government's 

ability to plan for economical procurements of major we apon 

systems. This ability is useful in both cost estimation and 

procu rement policy-setting. 

The cost savings which result from dual sourcing are a 

function of CU and the division of the procurement between the 

original supplier and the second source. As CU rises the amount 

of the savings declines. 

The best results have been achieved when the division is 

such that the second source is called upon to supply no more 

than about 10-15% of the procurement: that is, when the division 

of dollars to the original source, D1 , is in a range of 85-90%. 

The percentage net financial benefit (NFB) from dual sourcing 

can be predicted with the following equation: 

NFB = 27.38- 1.267 CU + .942 D1 . 

Historically, dual sourcing has generated positive NFBs only 

when CU has been below about 80%. But savings should be obtainable 

when CU is as high as 85% with proper control of D
1

. 

When procurements are conducted under sole sourcing the 

dir ection of the impact of CU movement on prices is just the 

opposite. A parametric pricing model for missiles which includes 

a CU term in addition to the conventional quantity (Q) and production 

rate (R) terms was derived: 

p = k Q-.327 R-.339 cu-1.205 
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This model s hou l d e nab le th e use of CU fore c a s t s to assis t in 

the refinement o f c os t e s ti mat es when a proc u r em e nt is to be 

conducted u s in g sole s ourcin g . 

Finally, we t ur ned to the t as k of buildi ng a mode l for 

projecting aerospace industry CU as a fu nction o f t he r ecent 

state of capacity utilization and expected c ha n g es i n output. 

The model is: 

Delta(CAPt+1) = -26.89+0.367[(CUt-1+CUt) /2]+ 0 . 217Delta( OUTPUTt+1 ) 

This is a d y namic model which expresses th e pe r centage change 

in capacity (CAP) for the next FY (t+1) a s · a f unction of the 

present and recent past state of CU and the perc en ta g e ch a nge 

in output (OUT) expected for next year. This model pr oves to 

be a reliable, accurate forecasting model. 

Actual forecasts for t he aerospace in dustr y 's CU f o r the 

next decade were given in Table 3.7. The t wo c ol umn s contain 

forecasts based on output c hange projections f o r ( 1 ) DoD pr ocurements 

(source, EIA), and (2 ) total output (Value Line project i on s 

through 1988, then EIA). 

Based on the forecasts shown in Table 3. 7, it appear s that 

conditions will be relatively fa vo r ab l e for dual so u r cing during 

most of the next decade. However , there will be a b r ief period 

during the mid-to-late eight i e s du r ing which esp ecially alert 

management of the procurement pr oces s wi l l be n ece s sary if net 

f inancial benefits are to be expec t ed. 
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AP PENDIX A 

ADDI TI ONAL DUAL-SOURCE COMPETITIO N DATA 

The seve n programs examined in our studies r ep resent 8 7 

buys, of which 39 were awarded competitively. However, the 

limited number of programs available for empirical study obviously 

led some people to have doubts about the precision and reliability 

of the dual-source savings models. In this section, we examine 

additional programs for suitability for inclusion in future 

studies dealing with dual-source competition. 

OVERVIEW OF POTENTIAL PROGRAMS 

There are approximately 30 competitively procured systems 

that were studied in the 1970's. However, the majority of these 

systems were low complexity items competed under open advertising 

or did not in fact end up in a competitive environment. A short 

discussion of a few typical examples will show why most of these 

programs are unsuitable for further study.l 

F AAR 

The Forward Area Alerting Radar System (FAAR) was developed 

b y Sanders Associates, Inc. The developer was awarded the sole 

source production contract until an open competition was held. 

lF or p ro g ra m histories and cost data see E. T. Lovett and M.G. 
Nort o n, "Determining and Forecasting Savings from Competing 
Previously S o le Source/Noncompetitive Contracts," Army Procurement 
Research Offic e , APRO 7 09-3, October 1978. 
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At that time offers were received from four bidder s and the 

Sperry Rand Corporat ion was awarded the contract. One can easily 

see that this was not a typical dual source competiti on. 

AN/PRC-77 Radio Set 

This sy s t e m has a long and compl icated production histor y . 

RCA Corporation, the developer, was awarded two sole sourc e 

production contracts. An invitation f or bids res ulted in Electro

space Corporation recei vi ng the ne x t contract, which was multi- year . 

Lengthy delays in delivery resulted in an additi onal contract 

to Hamilton Watch Company two years later. Hamil t on , however, 

failed to deliver a single item. £-Systems, Inc., was substituted 

as the contractor. Subsequent contracts were no less com pli c ated 

and a complete run-down of the history is unnecessar y. Suffice 

it to say that no dual source competition environme nt ·has ev er 

existed during the long histor y of the program. 

AN/ARC-131 Radio Set 

Magnavox developed the s y stem at their own ex pense and was 

awarded three sole-source production contracts. DEI Industries 

won the next contract on a competit ive bid, but faile d to deliver 

a single item. The default dictated a return to sole source 

procurement with Magnavo x . 

ever took place. 

AN/UPM-98 Radar Test Set 

Therefor e, no actual competition 

This system has a production history somewhat similar to 
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that of the AN/ARC-131 Radio Set. Admiral Corpora tion, the 

developer , was awarded the first production contract on a sole 

source basi s . A second contractor won the ne xt contract on a 

comp etitive bid, but failed to deliver any item. A third contractor 

won the next contract, but again failed to deliver. The last 

contract was awarded competitively to the original developer. 

PP -4763/GRC Power Supply 

The production history, again, was virtually identical to 

that of the AN/ARC-131 Radio Set. Christie Corporation was 

awarded the first production contract on a sole source basis. 

DEI Industries won the next contract on a competitive bid but 

f ailed to deliver a single item. A third contractor was awarded 

the next contract under invitation for bid, again there was 

a failure to· deliver a single item. Urgent requirements necessitated 

a return to sole source procurement from Christie. 

Summary Remarks 

The programs discussed above are just a few examples of 

failed attempts to 

must be an unknown 

develop a 

amount of 

second source. Undoubtedly there 

investment associated with each 

failed attempt. These investments are similar in nature to 

the cost of hitting a 

Although the odds of 

"dry hole" in the oil drilling industry. 

successful attempt are probably better 

in second sourcing decisions, the costs of "dry holes" are never

theles s unavoidable and must be spread among the successful 

ones. From the standpoint of acquisition policy, most studies 
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have pr oba bl y ov e r s t a t ed the be n efit of c om petition in major 

s y stems acquisi t i on f or f a i l i n g t o c o nsid e r th ese costs. 

SUI TAB LE ADDI TI ON AL PRO GRAMS 

We were however, able to identif y several addi tional programs 

that do appear to be suitable for incl u si on in f uture studies 

of dual source competition procur eme nt . A vali d a tion check 

was performed for e a ch of the add i tion al pr o gra ms . None of 

result would contra di cts our basic con c lus ion that t he aerospace 

industry capacity utilization (CU) is a s tr ong deter mina n t of 

dual-source competition savings. 

Walleye Missiles 

While not strictly an e x ample o f dual s ou r cing (there was 

never a period during which actual co mp etiti ve s p l i t buys wer e 

conducted), 2 the Walleye Missile does ten d t o c onf irm the r eliability 

of Eq. 4.6. Disregard the small quantit y of Walleyes pro d uce d 

by NAFI. Treat Martin (the sec o nd pr o ducer) as the " ori gi nal 

source" and Hughes as the "second sour c e." There was a "tr ans it ion" 

during, FY67-68. Treat this as "compet i t ion." 

CU was 91.2% during the tra n s ition ; D 84 8"~ 1 was . 10 . Eq. 4.6 

predicts N FB = ( 8 . 3%) . Tecol o t e places the act ual NFB for the 

program at (21.4%).3 The unus ually large los s is pr obably attri-

2A report by A.J. Kluge and R.R. Li e bermann, "Analysis of Competitive 
Procurements," TM-93, T e col o t e Resea r ch, I nc. , Augus t 1978, 
was the source of our in f o rma tion on this pro g r am . In their 
comments the authors note that, " some su ggest t h a t i t [the Walleye 
I] was not a com pe t itive awa r d [p r ogram] i n t he no rmal sense." 

3Ibid., p.2. 
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butable to the br ev ity of the "competition, " or the lack of 

it, as some obse rvers have sug g ested. Table A. 1 presents the 

cost summary. 

Table A.1 Walleye Missile Cost Summary 

FY Contractor Quantity Unit Price (FY72 $) 

64 NAFI 30 51,597 

65 NAFI 134 44,194 

66 Martin 50 28,814 

66 Martin 766 15,872 

66 Martin 1,413 9,073 

67 Martin 6,000 7,000 

68 Hughes 20 24,830 

69 Hughes 57 21,246 

70 Hughes 148 20,789 

70 Hughes 159 22,942 

71 Hughes 561 22,035 

Dragon Mi ssile 

McDonnell Douglas, the system developer, was awarded the 

fi rst production contract on a sole source basis. The system 

was then divided into two parts for separate competitions. 

Raythe on was selected as the second source for Dragon Round 

and was awarded an education buy in FY72. Kollsman Instrument 

was the second source for Dragon Tracker and was awarded a small 

educational quantity in FY73. 60/40 split competition was conducted 

in FY75 (with option for FY76) and McDonnell won both competitions. 
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However, both second sources won the subsequent buy-o u t c o mpetitions 

in FY7T and FY77. 

Part of our data for Dragon Miss ile is f r om cl a ssi fi e d sources , 

therefore, no cost summary will be provide d here. CU for FY75 - 77 

averages 72.43%. D1 is 48.8% for Dragon round an d 44. 2% f o r 

tracker. Eq. 

be (18.4%) for 

4.6 predicts net losses 

the round and (22.73 %) 

from 

for 

dual sourcing to 

the tracker. The 

Army researchers estimated that dual sourcing resulte d in a 

2. 7% savings (assuming 85% learning curve) for the round an d 

12% savings (assuming 85% curve) or (8.5%) losses (assumin g 

83% curve). However, examining the original data would sho w 

that Eq. 4.6 estimates should be closer to reality. The Army 

researchers used the first 0.5% of the procurement quantity 

to estimate what the remaining 99.5% of quantit y would have 

cost under sole source. In reality, well over 10% of tota l 

quantity was procured during the sole source phase , and the 

learning curve for the 14 lots of round and 4 lots of tracker 

clearly reflect an 80% curve for the round and better than 80 % 

curve for the tracker. If one revises the assumed learnin g 

curves to reflect the actual contract prices, Eq. 4.6 estimates 

would have been very close to the mark. 

Standard Missile 

The Standard Missile is not exac tly suitable for inclu s i on 

in a dual source study because no dual source characterist i cs 

are present in the program. General Dynamics develope d t h e 
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system and was was a war ded a so le source contract. GD subseq uently 

won a competitive buy contract and also supplied the system 

on an option contract. Therefore, the system was n eve r actually 

produced by anyone other than GD. Since the data were relatively 

clean and the program did have one actual competitive contract, 

relevant data are shown here to facilitate future research. 

Table A.2 

FY Contract Type 

65 Directed buy 

67 Directed buy 

67 _ Competitive 

67 Add-on 

67 

67 

67 

67 

Add-on 

Add-on 

Add-on 

Add-on 

Standard Missile Cost Summary 

Quantitv Unit Price (FY72 $) 

100 173,439 

860 75,230 

1,087 63,522 

900 53,559 

900 

479 

900 

701 

50,652 

46,481 

46,290 

32,205 

Note that the Eq. 4.6 estimation model would not be appropriate 

for the Standard Hissile because D1 is 100%, and lies outside 

the relevant range. As discussed in Chapter 4, we could not 

confidently determine the exact shape of the curvilinear relationship 

b etween NF B and D1. Using Eq. 4.6 to estimate Standard Missile's 

competitive savings would have overstated the 

92.7%, D1 = 100%, NFB = 4.1%; Tecolote places 

for the program at -3.9%)4 

4Ibid, p. 14. 
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Sidewinder AIM-9B 

Table A.3 sho ws the q uant ities and price s of Sidewinder 

AIM -9B for the tw o contractors . Although th e production history 

is long, there were on ly two competitive buys, pr obably because 

Philco-Ford was involved in the development of 9D/G configuration, 

which left General Electric as the so le producer of the 9B for 

several years. 

FY 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

Table A.3 Sidewinder AIM-9B Cost Summary 

(FY72 Dollars ) 

Phil co-Ford General Electric 

Quantity Unit Price Quantity Unit Pric e 

272 12,158 

3,267 5,168 200 5,555 

5,720 4,172 7,500 3,966 

9,532 2,448 3,585 2,884 

3,600 2,488 

2,302 2' 111 

4,407 1,831 

5,256 1,474 

8,988 1,652 

4,200 1,591 

5,806 1,413 

1,264 1,360 

1,155 1,220 

CU averages 79.9% during the split-buy periods and D1 was 
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45.2%. Eq. 4.6 predicts NFB = -31 . 3%. Te c olote places the 

actual NFB for the program at -4.1%.5 

5rbid., p. 36. 

86 



APPEND IX B 

ASSESSMENT OF THE ASPJ CO MPETITIVE CONTRACTO R 
TEAMI NG ACQUISITIO N STRAT EGY 

by 

Paul M. Carrick 

SUMHARY 

The Airborne Self-Protection Jammer (ASPJ) is a half -mill ion 

dollar electronic countermeasures (EC M) pac kage that will be 

installed on the F-16, F-18, A-6, AV-8B, F-14, and F-111 aircrafts. 

Its purpose is to counter enemy missiles' termina l guidance 

by either deception or noise jamming. The ASPJ program was 

initiated in 1975. A distinctive acquisition strateg y, co mpe titi ve 

contractor teaming, was adopted with the award of concept definition 

contracts to three industrial teams in 1979. An $81 million 

full-scale development FPI contract was awarded to the Westinghouse-

ITT team in late 1981. Delivery of the first producti on article 

is still scheduled for 1986, even though a significant over-run 

and schedule revision has had to be made. 

This paper considers two questions: Does the acquisition 

strategy fit the product? Secondly, is the acquisition strategy 

an efficient one? It is concluded that the competitive contractor 

teaming acquisition strategy is not consonant with the technical 

characteristics of the product and that it is inefficient to 

maintain two contractors through the production phase. Moreover, 

significant savings may be attainable by having a buy - out competition 

for the entire production run. 
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The discussion will begin with a history of the ASPJ acquisition 

program. This will be relatively brief since an extensive history 

of the reasons for the choice of the ASPJ acquisition strategy 

already exists.1 There are also ample summaries of the program's 

history in the trade press.2 

THE ASPJ ACQUISITION STRATEGY 

The standard DoD acquisition plan is structured around the 

review milestones called for in DoDD5000.1 and DoDDS000.2. 

The early phases consist of an initial concept definition phase 

followed by advanced development. These phases are usually 

conducted at very low cost to DoD, although the decisions made 

at this time can result in the commitment of billions of future 

expenditures. They are followed by full-scale development and, 

finally, a production phase. Both of these phases, and especially 

the latter, are usually quite costly. 

The standard DoD acquisition strategy is to encourage extensive 

competition in the early program phases and to then rapidly 

narrow down the number of competitors for full-scale development 

and production to a single firm. A second source may be brought 

in subsequently in the production phase but this is not typical. 

Defense contractors respond to this buying strategy by forming 

1J. Ruppert and S. Starrett, "An Evaluation of the Competitive 
Contractor Teaming Strategy,'' Master's thesis, Naval Postgraduate 
School, december 1983. 

2Elect ron ic Ne ws, November 2, 1981; Defense Electronics, November 
1983; and January 19 84 ; Jane's iveapon Systems, 1983-84, Janes 
Publishing Co., 1984; Av iation Week, April 2, 1984; Armed Forces 
Interna t ional, March 1984, p. 52. 
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teams of ind e pen d e nt c ont r ac t o r s . The capabilit y of each team's 

members ar e complem e nt a r y i n nat ur e so that the te ams' strengths 

must be assessed c o llect ivel y . A team ' s memb ers expect to be 

participants throu gh o u t t h e re st of t he acquis ition process. 

For example, the USAF has rec e ntly init i a ted a concept definition 

competition for a next generati o n ta c tic al fighter aircraft 

E C M s y s t e m , t h e I n t e g r a t e d E 1 e c t r o n i c \.Jar f a r e S y s t em ( IN E \.J S ) . 

Six teams have ente r ed bids. Three tea ms will be selecte d for 

the advanced develo pment phase. Only on e t e am will be selec ted 

for the later phases.3 

The ASPJ program had its origin in t h e ea r ly 70' s. Both the 

Air Force and the Navy had been encoura gi ng th e de velopment of 

radar warning receivers and radar and IR jamming eq u i pment for 

their aircraft. The ASPJ is not the first , b ut is t he most 

advanced, EC M equipment to integr a te the radar warni ng receiver 

a nd the jamming equipment into a single unit. S im i l ar ECM equipment 

is produced by th e Loral Corporati o n and Sanders Ass oc iates, Inc. 

In 1975 OSD directed the Navy and Air Force to c ombine their 

t actical fighter ECM development p rograms. A joint service 

program office was established in 19 77 wit h l e ad responsibilit y 

given to the Navy. The program off i c e f or mulated a distinct ive 

acquisition strategy: the u se of competitive (as opposed to 

complementary) contractor tea ms. Ea c h member of a tea m was 

3Armed Forces Interna t ional, March 1984, p. 52; Aviation \v eek, 
April 16, 1984, p. 1 20. 
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t o be ca pa ble of coor di nati n g the design and producin g t he ASPJ.4 

By f ebruary 1979 three t e ams were selected for an a bbr ev iated 

co n ce p t de f init ion c o mpe t ition. The three tea ms c on siste d of 

Westingho u se/ I TT; Sa nde rs As s ociates/Northrup; and Lora l /Eaton-AIL. 

I n Au gust 1979 the first two teams were selected to compete 

further in the advanced development phase. A winning team was 

s elected in Au g ust 1981 when a full-scale develop ment contract 

was awarde d to t h e Westinghouse/ITT team. 

ITT and Westinghouse took a legal step of forming a joint 

v enture contract. A building was set aside at ITT's Nutley, 

New Jersey, facility for the use of the two contractors' ASPJ 

design team. The two design groups arrived at a rough initial 

allocation of the total design effort after first mutually laying 

o ut the design goals for important system performance parameters. 

Essentially, each company assumed sole responsibility for . a 

receiver and transmitter and shared the design of a common central 

p rocessor. S o me reallocations of design responsibilities were 

made subsequently.5 

4one reason given for the adoption of this acquisition strategy 
was that excess capacity existed among ECM suppliers. To be 
s ure, it is desirable for the government as the sole buyer of 
a specialized service to stabilize its purchases and not induce 
ex cessive perturbations in suppliers' employment and facility 
u tilization, modernization and expansion. But by hindsignt, 
a t least, this was a poor reason for adoption of the acquisition 
s t r ategy. The ECM business area has been expanding at an 43% 
an nual rate since 1975 (Aviation Week, March 12, 1984, p. 215). 
It is diff i cult to believe that sufficient industrial capacity 
curr e nt ly exists to handle efficiently such a large expansion 
of deman d. 

5The companie s' all o cation of design responsibilities is discussed 
in Aviation Week, April 2, 1984. 
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One of the ma jor constraints on the ASPJ de sign has been 

to comply with th e form and the 2.3 feet space co nstr a i nt s i ~posed 

by the internal r ack spa ce allotted on the F-1 8 ai rcr af t. The 

F-18, in common with the F-16, had space allott e d for ECM equi pme n t 

based upon the requirements of the AN/ALQ-126 ECM equipment 

designed by Sanders Associates. The team's initial d e s i gn did 

not satisfy this constraint. Although the achieved space and 

form configuration exce ed ed the require d value by le ss than 

3%, this resulted in excessive heat built-up and power requir em e nt, 

necessitating a redesign and rep ackag in g effort. The effe c t 

has been to delay completion of full-scale development and cause 

a contract over - run. Instead of an $80 million FSD effort it 

is now an estimated $138 million. Because the contracto r team 

agreed to a fixed price incentive (FPI) contract for performance 

of the FSD, the contractors will receive a "negative fee", i.e., 

they will invest company funds of around $18 million. 

By means of a reduction in the number of contractuall y deli

verable prototypes and an abbreviation of the test pr og ra m, 

schedule slippage has been minimized. The initial design-t o-un i t 

production cost (DTUPC) target r emains at $400,000 per un it 

(in '79 dollars). Surprisingly, the DTUPC has not been reported 

to be a significant constraint on the ASPJ's des ig n. Th e DTUPC 

for the ECM equipment for the BI-B bomber is $20 milli o n. 6 

DOES THE ACQUISITION STRATEGY FIT THE PROJ ECT? 

The unique feature of the ASPJ's acquis i tion strategy is 

6Aviation week, March 12, 1984, p. 215. 
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the us e of competitive contractor teaming. The additional cost, 

if any, of supporting a cooperative full-scale develop ment effort 

by ITT and Westinghouse has been incurred by DoD t o assure the 

existence of two qualified producers at the time of the initial 

production order. This is in sharp contrast to any alternative 

strategy for assuring a second production source. Compared 

to a leader-follower or competition via technical data package, 

competitive contractor teaming eliminates reliance upon a sole 

production source for about a 

needed from the initiation of 

three-year period the time 

a sole source's production to 

complete operational testing, validate a technical data package 

(or train a second source's personnel), select and facilitate 

the second source and qualify its output. 

Other things being equal, competitive contractor teaming 

seems to constitute the superior method of introducing a second 

source. A qualified second source is available for the entire 

production run, avoiding about three years of sole source production, 

for what must be a comparatively nominal cost of supporting 

two design production planning groups during full scale development. 

However, in the case of the ASPJ, one of the alternative methods 

for introducing a second source would have been preferable. 

In fact, the ASPJ acquisition should probably have been conducted 

as a sole source program. The reasons for these conclusions 

have to do with the technical characteristics of an airborne 

ECM system. In essence, it will be argued that competitive 

contractor teaming is a superior acquisition strategy, but for 

some more technica lly stable product. 
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It is desirable to first recall some of the elementar y technical 

considerations involved in designing an airborne EC~ system. 

Since an airborne ECH system is designed to interf ere with the 

terminal guidance of an enemy's missile s, it is neces sary to 

first consider how a missile is guided to a target. It is apparent, 

though often overlooked, that all modern anti-aircra ft or anti-

missile systems utilize the search and tracking capabilities 

of radar. This has heavily influenced the design of virtually 

all pertinent weapon systems. Target location information acquired 

by radar is a necessary component f or any target destruc t s ystem 

that is intended to intercept the target at a rang e longer than 

1 miles. Target tracking is very much enhanced if t he tracking 

radar during the terminal phase of flight operates at v er y high 

frequencies. But high frequency radars are intri n sical l y res tricted 

to short ranges. The development of infra-red imagin g passive 

receptors and very high frequency radars, plus the micro-mini-

aturarization of electronic circuitry have allowed desi gn ers 

to incorporate two or more guidance s ystems int o a missile. 

The missile is quided from its launch point by a comman d guidance 

radar located at the launch poin t. Then at some point in the 

missile's trajectory, guidance is handed-o ff to a self-contained 

terminal guidance system aboard the missile. 

A good example of how a missi le may be guided to a target 

is the guidance doctrine for the new advanced medium range air-

to-air missile (AMRAAM), the AIR - 120.7 

7The information re ga rdin g the AMRAAM was 
16 Nations, 28, December 1983-January 1984, 
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Sparrow missile, in use by both the Air Force an d the Navy. 

First, t he aircraft rad ar detects a target. An on-board computer 

calculates a minimum en er gy interc e pt missile flight trajectory. 

This is translated into flight instructions and fed into the 

missile 1 s computer memory. After launch, the missile's flight 

path is controlled by its guidance package. However, the aircraft's 

pilot can update the target's coordinates via a data link with 

the missile. In other words, the aircraft need not continue 

to illuminate the target with 

missile. At some point in the 

its radar 

missile's 

after 

flight 

launching 

path there 

the 

is 

a shift over to the missile's guidance system. A so-called 

semi-active radar aboard the missile provides the necessary 

information for the terminal guidance to the target. A number 

of choices are possible at this point. The missile's radar 

seeker can use either a high pulse repetition frequency or a 

medium pulse repetition rate. The missile may also turn off 

its radar and home on a jamming radar signal from the target. 

The missile can also be launched from an aircraft by visual 

information only. In total, there are some 27 operating modes 

available from which the pilot may select. 

The AIRM-120' s radar, in common with most tracking radars, 

can operate over a fairly wide range of frequencies, at different 

p ower levels and may use differing pulse frequencies and pulse 

widths. An airborne radar will use both pulse and doppler signals 

so the resulting wave form may be exceedingly complex. For 

example, the missile may use a monopulse semi-active radar seeker 

with a digital signal processor, as is the case with the newest 
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Sparrow missile ( AIM / RI M- 7 M). 8 

The point of this very b rie f d isc o u rse on missile gu i dance 

and the role of varying radar tr a nsm i s sion fre quenci es i s t o 

pose the problem that an ECM d e signer c o n f r onts. Given some 

appreciation of these complexities it is then poss ible to establish 

bounds on the manner in which the enemy chooses t o employ radar 

in locating an airborne target and establishin g and maintaining 

a target intercept trajectory. The ECM desi g ner has a large 

number of options open to him, none of which c a n b e a perfect 

counter or can be used in isolation. The ease wi t h which a 

search radar acquires information can be reduced by me chan i ca l l y 

reducing the reflectivity of the target. The designer can at t e mpt 

to mask the target by emitting sufficiently powerful electroma g netic 

energy from the vicinity of the target' to obliterate a reflecte d 

signal. But such noise jamming requires a source of suffic i en t 

power plus a transmitter and waveguide that will h av e t o be 

comparatively large to be capable of jamming most en emy radar 

equipments. Alternatively, the designer may ch o ose to resort 

to deception jamming; upon discovering that an enemy radar is 

illuminating the aircraft, the character of t he transmission 

is determined and the reflected signal is modif ied by transmittin g 

a distorted wave form. But this requires a v er y s ensitive receiver, 

a means of identifying the location and t ype of radar transmitter 

as well as the wave form and signal co di n g system, a means of 

computing the efficient means of distort i n g the reflecte d signal 

8This information is c o ntain e d i n a Raytheon advertisement in 
Armed Forces International, March 1 98 4, p . 20. 
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and, of course, a transmitter capable of emitting t he required 

wave fo rm . 

There ob v iousl y exists quite complex interdependencies between 

a radar system's design and an ECM system's design. From the 

radar designer's standpoint, he should want to choose the radar's 

carrier frequencies and signal forms so as to reduce vulnerability 

to ECM. But the ECM designer, given enough information about 

an opponent's radar and missile guidance doctrine, should be 

able to design an ECM system that can substantially reduce an 

elaborate system of coding pulses, so that he can detect and 

reject deception jamming attempts. The ECM designer must develop 

sufficiently elaborate computer software to discover the coding 

system.9 

Se v eral conclusions can be drawn from this discussion. 

First, since the ECM equipment requires an appreciation of the 

design of the opponent's radar, the same kind of technical skills 

are required for both equipments. a company might specialize 

in designing and manufacturing only ECM equipment but it probably 

would not b e fully utilizing the capabilities of its skilled 

engineers to do so. The same kinds of technical skills are 

required to design a radar's components. Thus, the more viable 

competitors for ECM systems should also be in the business of 

designing and manufacturing radars. This inference is consistent 

with the business practices of Westinghouse, Hughes Aircraft, 

9The technical possibilities that the two designers face are 
more complicated than stated. Two excellent sources of pertinent 
information are: Robert J. Schlesinger, Principles of Electronic 
Warfare , Peninsul a Publishers, 1961; J. A. Boyd, et al. , Electronic 
Countermeasures, University of Michigan, 1961. 
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ITT, and Ra y theon. Ho we ve r, t he inference is not consistent, 

for example, wi th t h e b u siness base of the Loral Corporation, 

f or whic h 9 0% of i t s b us ines s is ECrl systems or compon ents , 10 

or Sanders Associat e s, which al so spe c ialize s predominantly 

in ECM systems. Of course, there are c o mpanies that design 

and manufacture radars that are not active pa r tici pants in the 

ECM military mar k et. These companies i nclu de General Electric, 

RCA, Bell La bs, and Ford Aerospace. 

The important point is that the s i ze of the industry for 

supplying ECM equipment is as large as the n umber of suppliers 

of radars. Engineering talent should be a ble to move from a 

radar design to an ECM design quite easily . In fact, this is 

precisely the assumption underlying the engineer i n g org a nization 

of both Westinghouse and ITT. Both companie s ma i ntain a matrix 

organization in which engineer s specialize b y co mpon e nt- receivers, 

transmitters, traveling wave tubes, etc. P er sonn el are drawn 

from each group for whatever business h app ens t o be in - house. 

This points out the significance of a multi - p r oduct business 

base, or the economies of scope, in de f in ing t he relevant members 

of an industry.11 

A second conclusion from th e t ec hnical considerati ons is 

that an ECM design should n e v e r be considered finished. On 

the one hand, EC M receiver s and transmitters must necessaril y 

10Ecectronic News, January 30, 1984. 

11The economies of sc o pe i s a term that has recent ly been coined 
to explain the econom ic bas i s for multi-pr oduct firms. See 
W. J. Baumol, J. Panzar a n d R. Willig, Contestable Market and 
the Theory of Industry St r ucture, Harcourt Brace Jovanovich, 
Inc., 1982, pp. 248-56. 
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be extraordinarily sensitive over a wide frequency ran ge . The 

received signal must be processed for identification and then 

followed by the selection of a correct response to be trans mi tt e d, 

i. e., a deception or jamming transmission. But once the designer 

of the radar knows his systems is vulnerable to jamming he can 

make a number of possible fixes. For example, he can change 

the signal coding system without excessive component redesign. 

But this means that the ECM signal processor will have to be 

programmed to recognize a different coding system. Thus, at 

least some of the original ECM equipment designers should be 

retained over the operating life of the ECM system for possible 

redesign contingencies. Of course, it is to be expected that 

a radar designer will not wait for the ECM designers to catch 

up, but will develop a reservoir of anti-ECM design modifications 

for future use.l2 

The ECM equipment designer confronts much more severe technical 

demands than does the typical radar designer. Space and power 

restrictions may negate an effective solution. The ECM receiver's 

performance must be much more sensitive and cover a much wider 

frequency range than a radar receiver. The ECM transmitter 

must be tunable to an assortment of wave forms while a radar 

transmitter can be designed for single operating mode. The 

ECM equipment requires far greater computational capability 

12Fo r a portrayal of just how effective ECM strategies can be, 
see "Syrian-Israeli C3I: The Wests' Third Front?", Armed Forces 
Internation al, March 1984. The author also makes the point 
that the Israeli's disclosure of their ECM capability has induced 
changes to all Warsaw Pact ra d ars, thus forcing the United States 
to develop a new generation of ECM tactics. 
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and programmable memory than a radar must have. As with any 

equipment that reflects such sev e re techni cal demands man y com pon e nts 

or assemblies will have to incorpor ate unproven state of the 

art advances. As in designing calibration equipment f o r use 

with test equipments, measurement accurac y re quirements dictate 

the use of equipment that will function acceptabl y only in the 

controlled conditions of a test l abo rat ory and will perform 

poorly in the field until they have undergone extensi ve redesi gn.l3 

Two inferences can be drawn from these technica l considerations. 

First, an initial ECH design may work acceptabl y and e ven pass 

its operational tests, but the equipment will require a long 

sequence of engineering changes and modifications as field experience 

accrues. It is to be expected that production will be subjected 

to frequent interruptions an~ costly retrofits, esp ecially during 

the first few years. But even if the equipment perfor ms reliably 

in the field, performance deficiencies or technical improvements 

developed elsewhere will impose demands for perio dic redesign and 

modifications. This means that a permanent continuous r elation-

ship must be established with the equipment's original design team. 

Thus, dual sourcing for the production of ECM equip ment 

appear to present some cumbersome management problems. Engineering 

change proposals and orders will very likel y be at a high level. 

Field reliability, equipment servicin g and availability will 

probable pose severe problems, at least during the first few 

13A good example of this extreme measuring accuracy is the Bragg 
Cell device for determining the frequency of received signals, 
which is under development by the Teled yne -Mec company. See 
the Teledyne Annual Report for 1983 for a lucid discussion of 
the design and fabrication difficulties. 
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years t he ASP J is operational. It will be difficult to define 

a configuration on which the two firms can compete effectively. 

It is likely there will be an acute contractor incentive problem 

resented by ECPs. It is desirable to encourage redesign and 

circuit or component modifications as operational experience 

with the ASPJ is gained. If the two suppliers are in competition 

it will be difficult to coordinate their engineering efforts, 

not to mention the issues of resolving conflicting redesign 

solutions or establishing and pricing out a common configuration 

which the competitors will then produce. 

To be sure, all weapon ·systems undergo extensive design 

These changes as a 

continue for 

result of production and 

an extraordinarily long 

field 

time. 

experience. 

For example, the 

writer found in an earlier study that even in the 18th year 

of production of the Army's Mll3 (Armored Personnel carrier, 

built by F MC Corporation), there were still 15 ECPs scheduled 

for adoption in that year. Competition is most appropriate 

when the product can be procured by form-fit-function performance 

specifications. Then, the competing suppliers' product can 

be allowed to differ physically and become another attribute 

of the competition. It is very unlikely that ECPs for the ASPJ 

cab ever be handled so cavalierly. 

IS A COMPETITIVE CONTRACTOR TEAMING ACQUISITION STRATEGY EFFICIENT? 

The argument to be developed in this section is independent 

of the concerns in the previous section. for purposes of discussion, 

it will be assumed that any acquisition strategy is appropriate 
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for the procur e men t o f any p ro d u c t. This section wi l l compare 

the efficiency obtain a ble fr om a competitiv e co n t r actor teaming 

a cquisition strategy t o tha t obtainable f r om more t r ad i tional 

p ractices. It will be sho wn t ha t not only is the tr ad iti ona l 

sole production source acquisition s t r a te gy jus t a s eff i cient, 

conceptually, as the competitive contract o r t eami n g s tra t e gy 

but it may usually be more efficient. 

What is the tradition a l ac q u i si tion strateg y ? It can be 

d efined by a process of el im i n at io n. T he r e are co u ntle s s ly 

some major defense acquisiti o n pro g rams t hat have b e en s o le 

sourced from their conception. The aircraft pro j ects a t Lockheed's 

"Skunk Works" probably fall into this categ o r y . Then again, 

there are some in-house product develop ments, s u c h as th e Ar my's 

M198 155mm howitzer, which are conce iv ed, desi g ned a n d p r odu c ed 

entirely in-house: There are also n um erous alle g ed cases where 

it is believed that a competition is "wired" f or a s pecific 

firm, so that the routine of sol ic iting competiti ve b i ds is 

only a formality. Of course, e ve r y de f ense su pp l ier ende a v o rs, 

or should at lest establish t h is kind of re lationship with t he 

defense buying agency.14 But all th e se in stances of d e f en se 

acquisition strategies are the e xcep t i o n. The pre p on de r ance 

of acquisition invol v e t he u s e o f c ompetitive pro cu r ement at 

least once in a program's h i s t ory. Compe t iti o n may only be 

used at the Concept definition phase . More frequen t l y , competition 

is also used at the advanc e d devel opment phase wit h a l l subse quent 

14Instructions on how to ac hi e ve this goal are d evelop e d at length 
in Jack W. Robertson, S e l ling to the Federal Governme n t , Electronic 
News Publishers, 197 8 . 
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procurement sole source. In fact, reliance upon competition 

only at an e a rly phase or phases, of an acquisition program 

can be regarded as the traditional method of defense acquisition. 

A good illustration of the traditional defense acquisition 

strategy is the air force's acquisition of AMRAAM. The concept 

definition phase of the AMRAAM program dates from 1977, but 

probably could be pushed back to the decision to not continue 

to update the Sparrow missile and design an entirely new missile. 

In any case, in early 1979 two contractors, Hughes Aircraft 

and Raytheon, were selected for advanced development contracts 

from among five contestants. In december 1981, Hughes was announced 

the winner of the competition, after a competitive shoot-out 

of the two companies prototypes. Hughes was awarded a $421 

million FPI contract for a 50-month full-scale development effort. 

Further, as part of its bid, Hughes also had to enter FPI contracts 

for the first two production options. Lot I is for the production 

of 204 missiles at a target price of $212 million. 

for 720 missiles at a target price of $408 million.15 

Lot II is 

It is to be expected that the Air Force obtained a very 

competitive price for the full-scale development and production 

contracts. The companies bids were solicited competitively 

and the buyer controlled the terms and flows of information 

to the bidders. In the absence of collusion between the bidders 

or an excessively restrictive bid solicitation, each firm had 

to be motivated to reveal the least amount of money it would 

15Th e details of the AMRAAM competition are given in NATO's 16 
Nati ons, December 1983-january 1984, pp. 68-70. 
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be willing to accept rather th a n l o se the business opportunity. 

It is unlikely that Hughes Aircraft wi l l r eal i ze an y significant 

profit until after the company ne g otiat es later sole source 

production lots. Of course, even the opportun ities for a large 

profit at that time are relatively well eliminat ed by the "Truth 

in Negotiations" clauses in the Defense Acquisiti on Regulations. 

Raytheon has already been named as a second pro duct i on source, 

although the date and the means of coordinating t h e c ompany's 

ent=y into production have not been announced as yet. 

It should be emphasized that during the course of t h e a dva n ced 

development competition, Hughes and Raytheon are re po rte d to 

have, collectively, spent over $100 million of company fun d s .1 6 

This is over and above the amounts awarded the companies unde r 

Air force contracts. Thus, the winning contractor will not 

have an opportunity to possibly profit from his sole sourc e 

production status until after 1988. some 13 years will hav e 

elapsed from the time Hughes Aircraft initially committed co mpany 

resources to the AMRAAM program until it is able t o e xercise 

its sole source position. 

It is altogether likely that Hughes Aircraft , as well as 

the losing firm, consciously underbid the FS D a nd first two 

production contracts as a means of remaini ng competitive. A 

quite recent, and non-DoD, example of th is p r actice is the 

acknowledged buy-in by the Hazeltine Co r p o r ation of a Federal 

Aviation Agency contract for developmen t and production of a 

16The dollar amoung is mentioned in va r iou s issues of Aviation 
Week during the Fall and Winter of 1981. 

103 



microwave landing system. The c ompany's management has publicly 

stated that the contract whic h covers production for a five-year 

period starting in 1985, was bid at a loss of o ver $1.2 5 per 

share of co mpany stock to attain a preferential ma r ket position 

for future business.17 

The ASPJ program's acquisition structure encouraged similar 

behavior: the Westinghouse/ITT team consciously bid the ASPJ 

F SD contract at a price too low to cover their expected costs. 

In addition, the companies management decided to enhance their 

probability of winning the FSD contract by offering a cost-sharing 

arrangement as part of the basic FPI contract. The two companies 

has already made a significant investment of company funds during 

the advanc ed development competitive phase.18 Since the value 

of the ASPJ production will probably be in excess of $2 billion, 

it can be surmised that both Westinghouse and ITT have already 

invested between $50 million and $100 million of company funds 

on enhancement of the ASPJ development effort. Both companies 

must still make an investment in production facilities before 

any profits from the ASPJ program will be realized. 

17Wall Street Journal, January 16, 1984. 

18The contractor representative were reluctant to mention any 
s pecific dollar investment figure for the companies' subsidy 
to the competition. It was acknowledged that such an investment 
decis ion was made by company management before the start of 
the competition. Further, it was pointed out that such an investment 
was an expected practice among today's defense contractors. 
In other design competitions the writer has investigated, the 
competito rs have invested company funds ranging from 5% to 10% 
of the contract value. These investments are over and above 
a company's Independent Research and Development or Proposal 
and Bidding ex pe nditures, which are reimburseable, up to some 
maximum authorized amount, as part of indirect costs on other 
defense contracts. 
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In sum ma ry, t he competiti v e contractor t eaming fe ature in 

the ASPJ acquisiti on st ra tegy has induced the same kind o f c o n tracto r 

behavior that the more traditional sole sourc e contract award 

strategy encourages. Because of the way the c ompetitions a re 

structured, bidders are given a modest sum of mon e y t o p r epa r e 

a proposal, i.e., a prototype, etc., for which the winnin g b i dde r 

can expect to receive a long term profita ble production co mmi t ment . 

Under such circumstances a contractor would be short- sigh t ed 

if he did not attempt to enhance his chances of winning by investin g 

additional company funds. Indeed, it is common knowledge that 

the government is able to underfund its Advanced Develo pment 

activities. Companies are expected to invest their own fun d s 

if they wish to be viable competitors. Given the FPI or FFP 

nature of the production contracts that have been awar d ed on 

many defense competitions, defense contractors are said to be 

required to "bet their money" as a condition of winning. One 

knowledgeable observer has compared t he outcome of the traditional 

defense acquisition strategy to the game of "liars dice."19 

An important deduction can be made concerning the effic i enc y 

of the traditional defense acquisition strate gy. Namel y , so 

long as competition is used at least once in the early phases 

of a program then the winning contract or's profits o n the enti r e 

program will not exceed the rate of return that is nor mal fo r 

a competitive industry. 

Why does this hold? So long as each bidder r ealizes that 

19w. A. LaBerge. "Defense Acqui sition: A Ga me o f Liar's Dice?" 
Concepts, 5. Winter 1982, pp. 56-63. 
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his probability of winning is directly rela ted to the magnitude 

of the investment he makes in preparing his bid, then he will 

invest an amount such that the present value of the future stream 

of profits he may win, weigh ted by his probability of winning, 

is just equal to economy's competitive rate of return, i.e., 

his alternative opportunity cost. It is assumed the future 

profit stream is discounted at the market interest rate., i.e., 

the bidder can borrow funds to invest at this rate and his profit 

maximization requires that the marginal expected return from 

his i n vestment is just equal to the maximum rate he can earn 

elsewhere in the economy. The discounted profits must be weighted 

by this probability of winning; if he plays the game a number 

of times, then his e xp ected profit on the aggregate of all his 

investments will j ust be equal to the competitive rate of return.20 

The deduction can be stated another way: An acquisition 

strategy that uses competition at any point previous to the 

award of a sole source contract will obtain a supply of output 

for the total program that yi elds the supplier a rate of return 

that will be equal to the competitive rate of return in the 

economy. It is commonly believed that once a defense contractor 

is able to maneuver himself into a sole source position he is 

able to fully explo it his monopoly position. But the government 

20R isk averse behavior introduces only the complication that the 
perc eived rate of return on his investment must exceed the compe
titive rate of return. It must also be assumed that the duration 
of a competition is sufficient to permit the competitors time 
to plan and implement the commitment of company resources. 
Prototype co mpetitions with "shoot-outs" are illustrative. 
When the dura tion of a com p etition is excessively brief, it 
is usually believed that the contract is "wired" for a favored 
bidder. 
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is th e sole bu y er, i.e., a mono sony, and is abl e to control 

t he contractor's pri ci n g me thod s, h is acc o un tin g system and 

the in f ormation h e must fur ni sh to s upport a b i d. 2 1 

In light of the frequent and s eve r criti cism o f d efense 

contractors and of the traditional d e fense acqui sition st r ategy, 

this conclusion is quite difficult to acce pt. Not e that it 

implies that the use of competiti v e cont ractor t e a mi n g should 

not yield a superior ou t come. The two c ontractors will s till 

make, jointly, investments that yield on l y t he compet i t i ve r a t e 

of return. Nothing appears to be gained by carr y ing t \v O f ir ms 

through development to compete for a s h are o f pr oduc t ion. 

The conclusion does not mean that a defense cont racto r mig h t 

not make an excessively high return on his production co ntr acts. 

But the conclusion does mean that the contractor wi ll h av e spent 

the excess profit earlier in the program as an i n vestment in 

the activities that were necessary for him t o win the competiti v e 

phase. In other words, the effect of i ntroduc ing competition 

in the early phases of an acquisition strategy i s to r edistrib u t e 

a competitive profit within the total p ro g r am's du r ation. It 

is wrong to judge the profitability of a contractor's efforts 

21The workability of DoD's forwar d pri c i ng system, wh ic h h as evolved 
over forty years as a means to r educe transac tion costs and 
constrain contractors' ability to explo it a sole s ou rce bargainin g 
position, has never been investigate d. It is rather surp r isin g 
to see the vast amount of research that has be e n d one on pub l ic 
utility price determination, or admini strative p r ice d e termination 
by the ICC, CAB or DOE when no t a single st udy of DoD pricin g 
practices has been pub l ished. F o r the eff icie n cy of non - DoD 
price determination practice s see B. M. Mit c hell and P. R . 
Kleindorfer, eds., Regulat ed Indust r ies a nd P ublic Enterprice, 
Lexington Books, 1 9 80; and G . F ro mm , e d . , Stu d ies i n Publ ic 
Regulation, MIT Pres s , 1981. 
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by just 

One must 

lookin g a t t h e return 

t a ke the v iewp oint of 

on his production c ont r a cts. 

the entire program's duration 

and ascertain what inv estmen ts were made by the contractor e a rly 

in the program. The usual accounting practices followed by 

defense contractors work against adoption of this point of view 

since many in v estment-type expenditures are treated as expenses 

in the year they are ma d e, instead of being capitalized. Also, 

a large part of a contractor's facility investment is accomplished 

via leasing, wh ich is only imperfectly reflected on the contractor's 

balance sheet. 

The conclusion may appear at variance with common observations 

of the course of progress on defense programs. Many, not all, 

defense programs have excessive cost over-runs and schedule 

slippages, especially · early in the production phase. The SAR 

system of contract performance reporting was established at 

the direction of Congress just because of the ubiquity of over

runs and schedule slippages. How can this be accommodated in 

the analysis of acquisition efficiency? 

There are at least two ways to explain these cost variances. 

Only one of them seems plausible. The implausible one is that a 

con tractor is able to manipulate and control the pace of technical 

progress on his contract and thus to increase the scope of the 

effort. But is it implausible to assume such an extreme asymmetry 

in knowledge on the parts of the government buyer and the supplier. 

A more plausible explanation is that neither the contractor nor 

the government fully comprehend the technical advances required 

to fulfill the promises made during the earlier competition. 
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This is a disconc e rt i ng argument. It implies tha t c ompetition 

in the early phases of a program was no better th a n a lottery. 

No party to the competit iv e transact ion fully u nder stands \vhat 

is required nor the effort needed to realize the stated techni cal 

objectives. The competitive award is based on tri vial or ephemeral 

grounds. The writer has no reason to believe the ASPJ competition 

was not conducted in a knowledgeable manner.22 The purpose, 

again, is to explain why large cost over-runs occur during the 

production phase of some weapon system acquisitions. However, 

on other development competitions that the aut hor has investigated 

there were certainly obvious gaps in technical awareness for 

some of them. The contract may have been awarded to the firm 
0 

with the superior technical approach, but the award was given 

for specious reasons.23 

WHY SOLE SOURCE PRODUCTION MAY BE MOST EFFICIENT 

It was suggested earlier that a sole source acquisition 

strategy may be more efficient than a contractor teaming arrangement, 

and not only just as efficient. This is for two possible reasons. 

First, economies of scale may result in substantial savings in 

production. Second, and more importantl y, introduction of a second 

22It was not possible to obtain the RFP or technical documentation 
that was used in the competitive phase. One can only infer 
from subsequent events, and, perhaps, insufficient evidence 
has accumulated to date. 

23Development competitions are always conducted on a premise that 
sufficient information is produced during the competition to 
permit identification of a winner. A badly needed improvement 
in development competitions is to introduce as a possible course 
of action either a continuat ion of the competition or a declaration 
that no winner can be identified based on the information available. 
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source may lead to lower pr ic es i n the s h ort r u n but muc h h igher 

prices in the long r un. Eac h reason will now b e discusse d . 

Economies of scale 

An effort was made to determine if estimated production 

costs for the ASPJ could be significantly reduced when the monthly 

ra t e of pr o duc t ion was doubled, i.e., only a single source. 

The response indicated tha t unit costs would only be constant, 

i.e., no economies of scale we re anticipated. Of course, it 

is not clear at this early point in the ASPJ program if production 

wil l be located at existing facilities or entirely new facilities 

will be constructed. In any case, the size of the production 
. 

run is inadequate to warrant a facility sized to produced onl y 

t he ASP J. Thus, any economies of scale will take on more the 

econo mies of scope, since a production facility will have to 

be abl e to acc o mmodate the production of a variety of electronic 

subassemblies and equipments. 

Yet ·economies of scale should be an important consideration 

in ASPJ production planning. The efforts by DoD to standardize 

electronic equipment production methods allows the widespread 

u se o f automated processes an d inserti o n fixtures.24 In common 

wi t h some 20 0 other DoD acquisition programs for which electronic 

e q uipmen t is an important part, the ASPJ program is constrained 

to u se the technology insertion capabilities of VLSI devices. 

Again, t he c ommercial electronics production appears to be ahead 

24"0 ne Mi cron VLSI Ch ips for Military Systems," Defense Electronic, 
November 1983. 
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of defense e l e ctronic pr odu cti on in a d o p tion of automate d production 

lines. The new Ap ple Comp u te r Company's fac t ory for p roducing its 

Macintosh person a l c o mpu t er i l l u st r ates the po i nt. Anot her example 

is IBH's a p proach to the product i o n of its pers onal comp ut er. 

To be sure, the size of t h e enti r e produ c t ion run for the 

ASPJ is equivalent to only a few days' pr oduction of a s uccessful 

commercial electronics p roduct. Yet th e deg r ee of s t anda r dization 

in chip size, printe d circu i t bo a rd di me n sions a nd assembly 

procedures suggests that the e c o nomies of sc ope shoul d be sig n ifi-

cant. A contractor who is simu l t an e ously producin g a s semblies 

on a number of different defense contr act s should be a ble t o 

realize production economies using a common ma nuf actu r in g facilit y . 

Certainly, the size of the investment requir e d to cons tr uct 

a modern electronics manufacturing facil i t y s ugg es ts that t wo 

producers will be much more expensive th a n one .25 

Short and Long Run Effects o f I n t rod u cing a S e cond Sou r ce 

A number of investigations support a fi n din g th at intr o duct io n 

of a second source will result in an immediat e price r edu c tion 

followed by continued price reductions on s ub s equent competit io n s.26 

There is a subsequential dispersion i n t h e expecte d p r i c e r e duction, 

however. There may even be p r i ce increases . Sa t isfactory 

explanation of either the expecte d price reduct io n or the large 

25"VHSIC/VLSI Capabilities fo r DoD?" Defense Elect ro n ics, February 
1984. 

26The relevant literat u r e i s s umm a rized in P. H. Car r i c k , "Limitation 
on Competition in De fe nse Procurement," I n stitute fo r Defense 
Analysis, P-1533 , November 1980. 
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dispersion do not e xi st. Conc eptually, in a commerci al settin g 

a sole production s ou rce sh o uld attempt to deter entr y by erecting 

barriers to discoura g e a potential entrant.27 This should l ead 

a sole source to a pricing policy that will be capable of sustaining 

the monopoly.28 "Riding the yield curve" is a recognized business 

strategy. If entry is to be discouraged when the sole source knows 

that entry barriers are controlled by the buyer, the adopted pricing 

policy cannot allow the monopolist more than a competitive return. 29 

There is an obvious sharp clash between what has been observed 

in defense acquisitions and the theoretical economic literature. 

No simple explanation for this discrepancy is possible. Some 

of the cases where large price reductions were observed may 

pe due to X-inefficiencies on the part of the sole source, i.e., 

the sole source may. have adopted inefficient production methods 

which resulted in his excessively high production costs. But 

there is another explanation possible. Namely, the price reduction 

in the short run may disappear in the long run. 

The basis for this line of explan·a tion turns on the dif fie ul ties 

of a firm exiting from production commitments. It is plausible 

to expect a firm to deploy its resources so that the marginal 

return from each business area it pursues will yield the same 

expec ted marginal return (not the same average return per business 

area). As explained earlier, a defense contractor makes a subsidy 

27see Avinash Dixit, "Recent Developments in Oligopoly theory," 
American Economic Review, 72, May 1982. 

28Ba umol, et al., op. cit., pp. 279-310. 

29Ibid. 

112 



(i n vestm en t) du r ing th e e ar ly c ompetitive phases of a p r ogram 

to enhance h i s opportun it y of win n ing a prod u ction contract. 

He then prices his pr o duc tio n e ffort to provide a competitively 

acceptable return. But i f a sec o n d source is introduced une x

pectedly, the new producer will be ab l e t o achieve a competitive 

return at a lower price because he will no t h a ve made the earlier 

investment. But this is only true fo r t he short run, ho't~ever. 

The original source will be forced to match the reduced price 

and, in doin g so, will receive less than a competitive return. 

As soon as the original supplier is ab le t o ext r icate himself 

from the production commitment, i.e., t o e x i t f ro m a program's 

production commitments, he will probabl y not use h is old strategy 

again. He will now either make smaller investments du r ing the 

competitive development phase or set prices for his s o le s ou r c e d 

production to obtain a high return during the ti me p er iod befo r e 

a second source is introduced. 

Note that when a sole supplier expects a se cond s ource to 

be introduced during the production phase, the ap p a r ent magnitude 

of the competitive savings may appear v er y large because the 

sole source's initial price will have b een s et quite high. 

Thus, over time the apparent magnitu de o f sa vings from introducing 

a second source should be increasi ng . How e ver, a correct measure 

of competitive savings requires the calculation to be based 

upon a program's 

The prediction 

total revenue, e xp e nse and investment streams. 

is, th e n, 

second source will tend 

th a t t h e 

to z er o in 

savings from introducing a 

the long run. Given the 

recent popularit y of second s ourcing, defense firms may have 
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already adju sted their expectations and pricing practices to 

reflect the inevitability of competitive production conditions. 

Th e inference is, then, that the savings from introducing a 

second source are only short run in nature. They can only occur 

when the introduction of a second source is unexpected. Suppliers 

will adjust their behavior and the deployment of their resources 

to assure a long run competitive return. Competitive savings 

appear to occur only because of the sole source's large sunk costs. 30 

When com petitive contractor teaming is used, neither producer 

is equivalent to a sole source supplier. Each firm can expect 

to obtain only a share of the total procurement. Sunk costs 

will still be an important factor and both firms might be induced 

t o a c c e p t a 1 owe r p rice in the short r u n than w i 11 adequate 1 y 

compensate them in the long run for all their costs of doing 

business. But if the firm's earlier expectations as to their 

market shares are correct, then the prices they received should 

also be adequate for encouraging continued investments. It 

would only be when the sales expectations of one of the suppliers 

is not met that any reluctance to continue would occur. But 

this additional uncertainty should exact a price. Each member 

of a competitive team should require a higher return than would 

b e required by a sole source supplier to compensate for the 

additional uncertainty concerning market share. Thus, a competitive 

contracting team arrangement may result in higher prices than 

if a sole source procurement were used. 

30Th e importance o f sunk costs in explaining firm behavior is 
developed thorough l y in Baumel, et al., op. cit., pp. 279-310. 
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