
MEMORANDUM 

RM-3170-PR 
JUNE 1962 

PREPARED FOR: 

COSTING 
TOMORROW'S WEAPON SYSTEMS 

David Novick 

UNITED STATES AIR FORCE PROJECT RAND 

-------76e R~ n o~fz4~ 
SANTA MONICA • CALIFORNIA------

7._ \ 



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
JUN 1962 2. REPORT TYPE 

3. DATES COVERED 
  00-00-1962 to 00-00-1962  

4. TITLE AND SUBTITLE 
Costing Tomorrow’s Weapon Systems 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Rand Corporation,Project Air Force,1776 Main Street, PO Box
2138,Santa Monica,CA,90407-2138 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

18 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 





MEMORANDUM 

RM-3170-PR 
JUNE 1962 

COSTING 
TOMORROW'S WEAPON SYSTEMS 

This research is sponsored by the Vnited States Air Force under Project RAND- Con· 
tract No. AF 49 ( 638). 700- monitored by the Directorate of Development Planning, 
Deputy Chief of Staff, Research and Technology, Hq USAF. Views or conclusions con· 
tained in this Memorandum should not be interpreted as representing the official opinion 
or policy of the United States Air Force. Permission to quote from or reproduce portions 
of this Memorandum must be obtained from The RAND Corporation. 

David Novick 

--------------------~R~no~ 
1700 MA1N Sl • SANfA MONICA • CALIFOlNIA---------





-iii-

PREFACE 

This paper was presented at the Air Force Systems Command's Manage­

ment Conference held in Monterey, California, from May 2 to 5, 1962. It 

discusses some of the results of a continuing study of mill tary costing 

problems being conducted for the United States Air Force by the Cost 

Analysis Department of The RAND Corporation. 

For a more detailed discussion of the problems of costing advanced 

weapons and program budgeting, the reader is referred to the following 

unclassified publications by D. Novick: ~17591 A New Approach to the 

Military Budget, June 1956; ~2116, Economic Considerations in Air Force 

Decisions, February 1958; RM-2695, System and Total Force Cost Analysis, 

April 1961; P-2222, New Tools for Planners and Programmers, February 

1961; and P-2556, The Cost of Advanced Wea;pons, February 1962. 
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Because of the technical complexity of modern-day 
weapons, their lengthy period of development, their 
tremendous combat power, and their enormous cost, 
sound choices of major weapon systems in relation 
to military tasks and missions have became the key 
decisions around 'Which much else of the Defense 
Program. revolves. But the full cost implications 
of these decisions, present and future, cannot be 
ascertained unless both the programs and their cost 
are projected over a period of years. 

These words, which may have a familiar ring to some of you, were spo-

ken by Defense Secretary McNamara in recent testimony before the Senate 

Armed Services Committee. As most of you are well aware, the Air Force, 

along 'With the Army and Navy, is now required to estimate the cost impli­

cations of ind.i vichla.l weapon systems out through FY 1967; and in rrry opinion 

the desirability of projecting costs at least that far into the future is 

indisputable. 

Effective planning and programming require a full 1mderstanding of the 

long-range implications of decisions to allocate resources. A decision to 

procure a given quantity of hardware carries with it an obligation for .. 

facilities, acquisition and training of personnel, personnel housing, support 

equipnent and a host of other related items, all of 'Which must be paid for. 

In addition, a procurement decision implies a decision to incur annual re-

curring costs so long as the system remains in the inventory. A full iden­

tification of the timing and cost of these requirements is essential to a 

full understanding of the resource impact of a given decision. It is to 

provide the Secretary of Defense and his military advisors with this under-

standing that the new programningjbudgeting system bas been instituted. 

As I stated earlier, I consider the desirability of projecting resource 

requirements five years or more into the future to be axiomatic. Criticisms 
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of the procedure are generally not on the grounds of desirability, however, 

but on the grounds of feasibil.ity. Is it rea.l.ly possibl.e to estimate de­

vel.opment, procurement and operating costs of weapon systems, many of which 

are still not compl.etel.y defined, with sufficient accuracy to use these esti­

mates for making major program decisions? Persons posing this question can 

put together a hair-raising story based on case histories of past programs 

i.ht: Fa.l.con missile, BOMARC and Snark are frequently cited -- on the magni­

tude of error possibl.e in estimating the cost of advanced systems. 

In defending a pol.icy of attempting to estimate advanced weapon system 

costs I am sometimes tempted to quote Samuel Johnson's comment on women 

preachers. He observed that a woman preaching is like a dog 1 s walking on 

its two hind legs. It is not done well but you are surprised to find it 

done at al.l.. However, since Johnson made that remark women have learned 

to preach very well and, simil.arl.y1 we are l.earning how better to estimate 

costs. But before discussing methods of improving resource estimates we 

should attempt to settle the question of whether there is any real alter­

native to costing future weapon systems. There are peopl.e, it is true, who 

prefer not to know the total cost of a system in advance because l.arge costs 

tend to prejudice the changes that system has for development. In justifica­

tion of this point of view they point out that many useful, perhaps essential, 

progra1ns have started this way. Saturn was sol.d as a $72 million feasibility 

demonstration, but the program was expanded into a full-fledged development 

effort and is now expected to cost almost a billion dollars. The Mercury pro­

gram was originally estims.ted at about $200 million, something like $300 mil­

lion off the currently expected actual. It would be an exercise in metaphysics 
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to try to decide whether or not these programs would have been started if 

the ultimate costs had been known, but I suspect that for every situation 

of this kind that has turned out well, it would be possible to find two that 

have turned out badly. The Hughes flying boat, Rascal, and the ANP program 

are a few examples of where a knowl-edge of total cost might have saved the 

nation hundreds of millions of dollars. 

In essence, the alternative implied here is one of 11mud.dling through," 

forsaking analytical tools, and trusting to chance and individual judgment 

instead. 

There is a "back to the good old days" ring to this that may appeal 

to some, but even in the good old days when national security problems were 

far less complex than they are today, human judgment was fallible and chance 

could be capricious. World War I is replete with examples of how reliance 

upon srstique rather than analysis proved disastrous. 

No, I think the only real alternative is to develop better analytical 

techniques, to improve the accuracy of cost estimates so that the planner 

can have confidence in the cost inputs to his analysis and the programmer 

will be spared the costly and painful reprogra.tmnings that result when the 

money runs out. 

Improvement in the costing of tomorrow's weapon systems can result from 

several di:f':f'erent kinds o:r actions. You men, as executives, might be able 

. to accomplish something by administrative action al.one. In this connection, 

, I am reminded of the article that appeared in the ~ Street Journal sev­

eral years ago which told of the methods a number of business concerns had 

used to go from a poor earnings situation to a good one in a one-year peri­

od. Sane of the companies had instituted profit-sharing plans, others bad 
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installed electronic data-processing equipment 1 others bad centralized or 

decentralized depending on which they had done J.a.st. One concern, however 1 

a national grocery chain, had a much simpler solution than any of these -­

the manager of every division that was losing money was fired. I do not 

suggest this procedure will work in a1.1. or even in many si tua.tions, but in 

the matter of cost estimates, it may be that the incentives to estimate low 

are much greater than the penalties, if indeed there are any penalties. If 

the situation were reversed, I would expect estimates to improve. 

How much they would improve is hard to say 1 because our studies suggest 

that the major cause of poor cost estimates is neither incompetence nor 

deliberate l.mderstatement but an endemic inability to appreciate the diffi­

culty of the job to be done, or to put it another way, the perennial op­

timism so characteristic of Americans. This optimism pervades estimates 

of the number of engineering hours required to develop a piece of hardware, 

the a.mo1.mt of test hardware required for a test program, the performance of 

the eq_uipm.ent, the personnel required to man and maintain it, and so on. 

Estimates of system reliability have a particularly poor record for accuracy, 

as do estimates of system weight, and weight growth can have a surprising 

impact on cost, reliability and performance. 

Some six or seven years ago we completed a small. study of the weight 

growth of manned aircraft that indicated about a 1.0 per cent increase through­

out the life of a system, and this percentage bas increased sharply for 

missile and space systems. In the manned aircraft case, tbese increases 

· have bad the effect of significantly degrading performance j i.e., range 

and/or payload, although no case bas been recorded where the weight increase 

has made takeoff' impossible. ;f;"For missile and space systems weight increases 
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have not only degraded performance but in severa.J.. important cases have seri­

ously threatened the entire mission. 

Then there are the weight increases that do not occur but are prevented 

by redesign, and here it is not performance that suffers but the bucJset and 

system reliability. While it is difficult to isolate this cost, winning the 

weight battle is never cheap. It has probably cost hundreds of millions in 

R&D costs a.JJd. five to ten points of reliability on a number of weapon and 

space systems. So let us be cbari table and say that all of us suffer from 

myopia 'When trying to peer into the future. The important thing to remember 

is that this condition is aggravated, not corrected, by wearing rose-colored 

glasses. 

For cost analysts a corrective lens is close at hand -- cost data from 

previous weapon system programs. There is an old saying among cost analysts 

that an ounce of data. is worth a pound of methodology. The only wa.y future 

weapon systems can be casted is on the basis of how much things have cost in 

the past, and the person 'Who ignores this dictum, believing past experience 

to be irrelevant, does so at his own peril. The more futuristic in design 

or the greater the advance in manufacturing state-of -the-art required, the 

more valuable a library of data on past systems costs and on understanding 

of the interelationships between cost elements. !oDst of the individual 

components of the space systems of tomorrow have their analogs in the bal­

listic missile, supersonic aircraft, and ground electronic systems in ex­

istence today. The old rule of thumb, 11 20 per cent new, 80 per cent old," 

is still a pretty good one, and a Skillful estimator can project the cost 

of the 20 per cent new on the basis of existing cost histories. · System in­

tegration and system testing requirements are admittedly more difficult 
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' to estimate, especially for space systems because of the high costs and un­

certainties associated with space simulation. But this situation will im-

prove as our f'und of experience grows. In the meantime we can do a much 

better job than bas been done in the past just by making use of data already 

recorded. 

To illustrate this point I vould like to cite several examples of esti-

mates during the pa~:>t few years which appear to have been made in a vacuum; 

that is, data and experience :from previous and existing programs were ig-

nored. These are real examples but to avoid some of the problems which a-

rise when talking about actual costs I am going to keep the discussion as · 

general and the systems as anonymous as possible. The first example involves 

an inertial guidance system for a ballistic missile. At the time this guid-

ance was proposed, tw other comparable systems existed and their costs were 

known. It bad also been pretty well established that for specii'ied accuracy 

and range requirements you could not make a guidance system cheaper by mak-

ing it smaller. In fact, the assumption was just the reverse. On the basis 

of the costs of Systems X and Y it appeared the relationship between cost 

and weight was of the nature shown on the sketch below: 

Cost 

Weight 

A new system was proposed that would have greater accuracy and a much longer 

mean time between failures. In addition it would withstand higher g loadings, 

and weigh only half as much as System X. Best of all it was to cost only 

one-third as much as System X. Instead of being somewhere in this shaded 
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area where a prudent estimator might place it, the cost was down at the 

point indicated by a black dot. As it turns out, the prudent estimator would 

have been right. The cost today is in the upper half' of the shaded area. 

~ X 
Cost • ' ' ' ' ' • 'Y • ., 

~-
,.,\ 

Weight 

You may accuse me of choosing a particularly egregious example to make 

my point here, and to an extent this is true, but examples of this sort are 

not hard to find. Consider some recent proposals by solid propellant manu-

facturers in the light of what we know from the Minuteman program. We know 

the cost to develop the Minuteman first-stage and the weight of that stage. 

We are told that it is possible to develop a new solid-propellant stage 

weighing ten times as much for one-tenth the cost. The only major difference 

between the two stages that would suggest an easier development program for 

the larger is that the requirement for a high mass fraction has been relaxed. 

~e reason for the low estimate appears to be a belief' that all the problems 

have been solved in previous programs, and therefore the costs of previous 

programs are irrelevant. This may be the judgment of engineers and pro-

pulsion experts and in any given case they may be right, but it is the sta-

tistician who will be right much more often. Whil.e he does not knovT what 

the problems will be any more than the e~ineers do 1 fl"am e:xmnining the 

records of previous programs he has an idea of' how the problems and their 

efforts will be distributed and can make an allo'Wallce for these. 

The two examples above show how data can be useful in what might be 
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called go - no-go checks of someone else's estimate. The estimating process 

itself is genera.ll.y much more detailed and, because people have bee~ making 

estimates for a good many years, quite well understood. The cost to do a 

certain job in a certain way can usua.lly be est:il!Ja.ted to vi thin 20 per cent 

of the actual cost, and if this amoUnt of error can on occasions be cata­

strophic to a private concern, it is not insignificant in an estimate of the 

~o-::t. of a future weapon system. The order-of-magnitude underestimates that 

get the Pentagon and Congress so disturbed generally stem :from "requirements 

uncertainty" rather than an inability to estimate correctly. "Requirements 

uncertainty" means that frequently the certain job cannot be done in a cer­

tain way 1 that it must be done in a different way 1 or perhaps that you just 

cannot get there f'rom. here. For example, with respect to a new aircraft, 

the original design may not produce the required performance characteristics 

and as a result the hardware configuration must be changed. Or, as is fre­

quently the case 1 the certain job turns out to have been very uncertain -­

hardware performance characteristics may be changed with a resultant change 

in hardware specifications, hence, cost. Or perhaps the method of deploy­

ing and employing a weapon system may be changed. A higher degree of dis­

persal, hardness or alert capability may be required to meet a new strategic 

situation. Too, a re-evaluation of the strategic situation may produce 

changes in system force size or in some cases a change in the number of years 

the system is planned to be kept> in the operating inventory. And even if 

force size (When expressed in terms of number of combat wings or squadrons) 

is held constant, the total number of units of major equipment to be procured 

can still vary considerably due to changes in authorized Unit EqU:ipnent, ex­

pected attrition rates, or in the case of missile systems, changes in the 

number of authorized training firings. 
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There are onl.y a :few examples of' the kinds of cha.Dges that contribute 

to requirements uncertainty. 'l'h.e key point is that requirements uncertainty 

can lead to wide variations in total system cost, even in the complete absence 

of' cost-estimating uncertainty (if that were ever possible), and in costing 

tomorrow's weapon systems we must have a rational and defensible means of' 

dealing with this problem. I emphasize "defensible" to rule out the fudge-'_! 

factor approach, even though the consistent underestimation of costs in the 

defense industry seems to suggest same statistical manipulation as a means 

of' improving the validity of cost projections. While it probably is true 

that adding same stochastic tem. to a cost model might improve many require­

ment estimates, we feel improvement should come :from another direction. 

In my judgment the basis :for any approach to the problem is an accept­

ance of' the idea that a certain amount of' uncertainty is inevitable in any 

action occurring in tbe future. Once having adm.i tted that, you can look at 

a weapon system description and single out the areas of' ~eatest uncertainty 

and try to put sane limits on these. For exa.mple, consider tryizlg to esti­

mate the total system cost of an aerospace plane -- a m.nned aircraft that 

can take off' from a runway, :fly into orbit, and a.f'ter completing its mission 

there, fly back to earth and land. Among the characteristics that are un­

known are the size of the vehicle, the number of flights it could make per 

year, tbe missions it would be used for and the attrition and wearout rates. 

The unknowns far outnumber the knowns 1 if indeed there are any knowns in a 

system as far-out as this one. Yet let us assume it would be desirable for 

planning purposes to compare the cost of' using an aerospace plane for per­

forming a number of' missions with the cost of using several different ex­

pendable boosters. It is possible, using a range-of-values approach, to 
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come up vi th a range o"£ cost estimates. 

By a range-of-values approach I mean lookirlg at a range of vehicle 

weights, a range of utilization rates, etc. Thus we wouJ.d have a series of 

displays like these sketched below: 

System 
Cost 

Vehicle Weight 

System 
Cost 

Flights per Year 

System 
Cost 

Orbital Al.titude 

Further, an analysis of these will indicate those pa.rticuJ.ar system chara.c-

teristics to 'Which total system cost is sensitive and those to which it is 

insensitive. In our aerospace plane example we might "£ind that for a range 

of vehicle weights, utilization rates, missions, and attrition and wear-out 

rates, the total system cost is so great as to be meaningless. Closer scru-

tiny might reveal, however, that a major part of this variation comes from 

a single system characteristic, say, mission altitude. By limiting the sys-

tem to low-altitude missions, the variation in cost might be reduced to a 

range small enough to make meaningt'ul comparisons with other systems possible. 

This process of looking at a range of values is sometimes called cost 

sensitivity analysis. It appears promising to us because it highlights the 

uncertainty inherent in future weapon system costs, and gives the planner 

a full view of the cost implications of decisions affecting system configura-

tion and operations. In addition to program changes resuJ.ting from decisions 

there are, of course, the unexpected problems which invariably arise creat-

1.ng serious program delays, reliability degradation and increased costs. 

While these cannot be predicted in detail, sensitivity analysis should 
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instruct system planners on the relative magnitude of variation to be ex­

pected. Thus while sensitivity analysis does not per ~point to unex­

pected difficulties, it can serve as a kind of weather map showing the likely 

approach of a cold front. 

But 'While cost sensitivity a.na.J.ysis is useful in helping to cope with 

the uncertainty problem, it has its limitations. A practical difficulty is 

that these analyses require a lot of work, especially When compared to 

single-point estimates. A related difficulty is that the method generates 

a lot of numbers and the user may not see the forest for all the trees 

blocking his view. Probably a more serious criticism is that there is no 

guarantee that all the relevant alternatives will be included in any given 

analysis. And, I suspect, until we become more imaginative in choosing 

alternatives for analysis the final configuration of future systems will 

frequently fall outside the ranges of values examined. But here again the 

difficulties of anaJ..ysis should suggest that analyticaJ.. techniques be iln­

proved, not abandoned. 

I am not presenting sensitivity anaJ..ysis to you as the final solution 

to the problem of the uncertainty that pervades future weapon system costs. 

This meeting has been very aptly called a seminar, and taking the word 

"seminar" literally as a derivation of the Latin word "seed," what I hope 

to achieve with this paper is to plant a few seedlings either to flourish 

or wither in the discussion to come. 

Before we begin our discussion, however, I would like to recapitulate 

briefly some of the main points of this paper. Costing tomorrow's weapon 

systems is a difficult and uncertain but essential process: essential for 

budget preparation and essential for major program decisions. As far as the 
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first appl.ication is concerned it is difficult to conceive of budgeting for 

a weapon system project without cost estimates, regardl.ess of their validity. 

The decision-making application is more controversial.. As a resul.t of some 

very low estimates in the past, same anal.ysts have taken the position that 

the u.se of cost estimates in systems ana.l.ysis shoul.d be minimized or even 

eliminated. ~ basic fl.aw in this argument is that poor cost estimates 

are merel.y a refl.ection of the inadequacies of weapon system designers and 

pl.anners. Cost anal.ysts work from a program description provided by the 

other members of the team, and by far the most si.gnif'icant variance between 

initial estimates and final. costs are due to changes in the original re-

quirem.ents rather than to an inappropriate price tag hung on an unchanging 

configuration. 

In a world as dynamic as ours we cannot prevent changes nor woul.d we 

want to. What is needed is a cost structure that will acc0Jmi10date possibl.e 

changes and show their im:pl.ications before final decisions are made. Too, 

we must recognize that we frequentl.y cannot predict how much an aircraft 

will weigh, how long a satellite will operate or how many test vehicles 

will be required for a given R&D program, and therefore :must e:xamine the 

cost implications of variations in program and system characteristics. 

This really argues for a l.arger rather than a smaller role for future 

system costing and the trend seems to be in that direction. Certainly 

within AFSC the emphasis has increased markedl.y over the last year or so. 

It appears that within the foreseeable :f'uture AFSC will have a strong in-

. house cost anal.ysis capability, and this will have a salutary effect on 

financial. management throughout the coomand. It may not make planning and 

budgeting for systems acquisition any easier than it is today, but it should 

certainly make it better -- and that, I think, is 'What we are all. striving for. 


