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Preface

The Institute for Defense Analyses (IDA) prepared this publication, IDA
Paper P-3832 (Nonstandard), under IDA’s Independent Research Program. It
provides a detailed analysis of the causes of growth in the procurement costs
of major acquisition programs from those estimated when the programs
entered into the Engineering and Manufacturing Development phase.

David R. Graham, Michael Leonard, J. Richard Nelson, and Karen W. Tyson
of IDA were the technical reviewers for this paper.
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Summary

The root question behind this study is whether, as a matter of public policy,
the cost growth experienced on those systems constitutes a substantial case for
strengthening the process the Defense Department uses to avoid instances of
large cost growth on weapon system procurements. This is a question about
DoD ‘management practices. It encompasses not only the process used to fore-
cast the likely cost of proposed systems, but also the processes used to estab-
lish, fund, and manage system acquisition programs. IDA examined growth in
the costs of procuring 138 weapon systems undertaken by the Department of
Deferise (DoD) during 1970 through 1997, measured against an initial forecast
of wk.at those costs would be.

Point of Departure

Throughout the 25 to 50 years of a major weapon system’s life, many esti-
mates of its costs are made for a variety of purposes by different organizations
inside and outside the Government. This study was concerned with the cost
estimates for major weapon systems made by offices within the Defense
Department as a basis for budgeting. More specifically, it was concerned with
the procurement (and not the development) portion of the cost estimate made
at the point that the Defense Department commits to acquiring a system. Dur-
ing the years 1970-1997, this ordinarily was at Milestone II. At that point, a
system typically had been in development for several years and, in some cases,
a prototype had been built. The Milestone II decision authorized the detailed
design of the system and the means used to manufacture it, construct a num-
ber of test articles, and conduct extensive testing. Since the mid-1980s, this phase
has been called Engineering and Manufacturing Development (EMD). Produc-
tion of the system ordinarily requires a separate approval, which usually would
come towards the end of EMD.

In 1972, the Defense Department adopted the basic elements of the process
still used today to ensure that the budgets for weapon system acquisition pro-
grams are informed by realistic cost estimates—cost estimates made by an in-
dependent office and informed by historical experience. There have since been
two major and many minor changes in the process. Several studies have con-
sidered whether instituting independent costing in the Defense Department
had the intended effect of improving the initial cost estimates for major sys-
tems and, hence, in reducing cost growth. All found that it did so to a marked
exten1t.

Nevertheless, for many the point of entry into a discussion of cost growth on
DoD procurement programs often must be the following question: If the
Defense Department is budgeting for major weapon systems on the basis of




Summary

unbiased and professionally competent cost estimates, why does the Defense
Department never overestimate resource requirements? The answer is that it
does. But the only systematic data on weapon system cost growth that the
Defense Department collects makes this fact difficult to see.

To be usable, the data collected must be normalized in two respects. First, all
of the dollar values should be stated in the same year’s dollars. Second, it is
necessary to account for the fact that the actual cost observed reflects both cost
growth and the actual number of the systems acquired, which may be quite
different from the number assumed in the Milestone II cost estimate. Hence, to
isolate cost growth, it is necessary to restate actual costs based on the number
of systems the Defense Department planned to acquire at Milestone II. Once
the data are normalized, it becomes clear that about 30 percent of the major
systems the Defense Department acquired over the period 1970-1997 showed
negative cost growth—that is, the actual costs of procuring the number of sys-
tems assumed at Milestone II proved to be less than forecasted.

This study used data that attempts one further refinement. This is the exclu-
sion of growth in procurement cost due to unforced changes in the capabilities
of the system procured, or other aspects of program content. It remains true for
these more refined data that about 30 percent of the 138 systems in the sample
showed negative cost growth. Moreover, the cost growth for about 80 percent
of the 138 systems in the sample fall into a roughly bell-shaped distribution,
with a maximum procurement cost growth of 30 percent and an averege of
only about 3 percent. An average error of 3 percent seems very creditable for
cost estimates made at a point when the systems will remain in development
for 6 to 10 years and then be bought over an additional 10 to 20 years.

The DoD process is noticeably imperfect, however. About one out of five
systems experienced cost growth of more than 30 percent. This subset of the
sample had an average growth in procurement cost of about 70 percent.

Is There Still a Problem?

It is necessary in the light of these facts to start with the question of whether
growth in the costs of major defense acquisition programs (MDAPs) reiains
enough of a problem to warrant further corrective action.

Providing a clear answer to that question requires an explicit criterion for
determining the damage growth in procurement cost causes. One relevaa:t cri-
terion is suggested by characterization of the budget established for a. major
acquisition program as a contract between the Defense Department and the
Congress. The issue this criterion points to is not in any straightforward sense
one of damage, but of control. The decisions that the Congress makes on the
budgets for weapon system procurement programs must be reopened lzter to
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the extent that they rested on seriously flawed cost estimates. Substantial
errors in forecasts of weapon system costs thus entail political costs, and they
tend to reduce the Congress's effective authority over the allocation of defense
resources.

Co%t growth clearly was a problem by this political criterion in the late 1960s
and early 1970s. It again became a political problem in the late 1970s and early
1980s. Since then, the correct answer to the question of whether growth in the
costs of weapon system procurements has been a political problem probably is
“no,” although there have been a few instances in which it very nearly became
one,

The other relevant criterion is an economic test. A reasonable standard is the
total cost of procuring the program approved at Milestone II for a set of major
acqubltlon programs. This is not measured simply by the amount of cost growth
because, in terms of a familiar metaphor, the cost of acqulrmg a Rolls Royce
isn’t any less because someone promised it for the price of a Ford. Rather, the
relevant measure is the amount by which the cost of the Rolls Royce the
Defense Department decided to develop and pr™ocure increased because the
Defense Department initially based the program on the false assumption that
it could be acquired for the price of a Ford.

Errors in the amount of funding reserved for a program may be accommo-
dated by a transfer of resources from other parts of the defense program, or by
the addltlon of funds to the Defense Department. Alternatively, the resources
requlred can be reduced by procuring fewer or less capable systems. Typically,
the required funds are found in neither of these ways, but in the procurement
accounts, by stretching the program that experienced the cost growth or stretch-
ing other acquisition programs. Stretching programs means that they are pro-
duced at a lower annual rate for more years and, hence, incur additional years
of overhead costs. Through this mechanism, underestimation of funding
requirements at Milestone II tends to increase the total cost attributed to the
program.

ThlS study presents a rough computation of the magnitude of this effect given
the average growth in procurement costs over about the past 30 years due to
forecasting errors and flaws in the Defense Department’s execution of the pro-
gram. The effect appears to be about equivalent to an annual tax of 2 to 8 per-
cent on the procurement program. It is also relevant that about three-quarters
of the 2 to 8 percent tax is due to the one system in five that experienced pro-
curetnent cost growth of at least 30 percent. There has been no apparent ten-
dencv for the proportion of MDAPs that fall into this extreme cost growth tier
to decline. In fact, the proportion was higher in the 1990s than it had been in
the 1980s, although the average procurement cost growth shown by these sys-
tems did not return to pre-independent costing levels.
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A tax of even 2 percent on a magnitude as large as the DoD budget for major
weapon system procurement represents a sobering amount of resources. This
is to say that growth in procurement cost, in particular the comparatively uncom-
mon instances of extreme growth in procurement cost, remains a problem.

Importance of Various Causes of Cost Growth

The path from this conclusion to suggestions for ways to reduce cost growth
leads directly to the decisionmaking processes in the Department of Defense.
To identify what needs to be “fixed,” we need to know what mechanisms gen-
erated the cost growth, or at least permitted it to occur, and the importance of
each.

Identifying the mechanisms of cost growth is relatively simple. In broad terms,
growth in procurement cost can occur in the following three ways w1th.n the
Defense Department’s management processes:

1. Increased system capabilities. A decision not forced by adverse events within
the program is made to increase the capabilities of the system béyond
what was approved at Milestone II and captured in the Milestone I pro—
curement cost estimate.

2. Unrealistic procurement cost estimates adopted at Milestone 1. The decision
maker at Milestone II, for whatever reason, adopts an unrezglistic"
estimate of procurement cost.

3. Poor program execution or exceptional budget instability. Cost growth ir: such
cases would have been avoided with better program management or more
budget stability. S

The hard part of the study was finding ways of evaluating how much cost
growth can be attributed to each of these mechanisms. The study did not fackle
this problem in its entirety. Rather, the inquiry was directed largely to the 35
systems that showed extreme cost growth. As noted, these 35 systems account
for about three-quarters of the damage done by growth in procurement cost
over the period 1970-1997.

A statistical approach was used to explore the correlation between measured
growth in procurement cost and a number of factors that would be expected to-
influence it. The results obtained are interesting and provide some help in
understanding the causes of cost growth. For example, the statistical analysis
is consistent with the well-established presumption that the military services
(especially the Army) tend to prefer reasonably optimistic procurement cost
estimates. The statistical results also indicate that growth in procurement cost
tends to be greater on systems that have few precedents that can be used in
projecting their costs. Nevertheless, the statistical results fall well short of .
explaining instances of extreme cost growth. Consequently, the study found it
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necessary to draw on a variety of other sources of information, from case
studies to patterns of cost growth in various groupings of major systems.

The study’s main conclusions on the mechanisms of cost growth are as
follovys:

1. increased system capabilities. Substantial increases in capability were
introduced during EMD for 7 of the 35 systems showing extreme pro-
curement cost growth. Patterns of cost growth also suggest that this was
Ihe case for the 7 systems that were modification programs adopted after
1988. It is likely that in these 14 cases, much of the extreme cost growth
_-“w~as due to a change in what was procured rather than to adoption of an
nrealistic cost estimate at Milestone II.

‘The pivotal question about the 14 systems in this category is whether the

changes apparently introduced during EMD were unforced decisions to
Jprocure a more capable system or whether they were necessary to meet
_-the requirements the system approved at Milestone II. Direct evidence for
_two systems indicates that the changes were unforced. This study inclines

to the conclusion that at least most of the others were as well, in which

case they fall under the first of the three cost growth mechanisms listed

previously. This conclusion, however, rests entirely on circumstantial
~evidence.

2. -Unrealistic procurement cost estimates adopted at Milestone 1. The evidence
- presented does not rule out the adoption of an unrealistic cost estimate at
‘Milestone II as the main cause of the extreme cost growth in 15 of the 35
:nstances of extreme procurement cost growth. The statistical results do
~ tend to reject the popular notion that cost growth can be explained by the
“deliberate adoption at Milestone II of an unrealistic cost estimate. This
_conclusion leaves two possible explanations: (1) a straightforward, inad-
vertent costing error and (2) one of the major program assumptions on
which the cost estimate rested proved to be unrealistic.

Unfortunately, this study provides only a blurry picture of the relative
importance of these two ways to arrive at an unrealistic cost estimate at
Milestone II. The only general evidence we have on this point is that the
;mistakes component of procurement cost growth tends to be larger on
systems with fewer precedents useful in cost estimation. This correlation
‘points in the direction of inadvertent error and uncertainty in the inde-
;oendent cost estimate developed for the Milestone 11 review.

- 3. “Poor program execution or exceptional budget instability. The study had only
very limited means of gauging the effects of program management and
budget instability. Budget instability certainly causes growth in procure-

" ‘ment cost, and the study found fairly clear evidence that changes in
acquisition management structure adopted in the late 1980s were associ-
-ated with increased growth in procurement cost growth. As a general rule,
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however, budget instability and ineffective program management do not
seem to explain instances of extreme growth in procurement cost.

The exceptions to this rule are the six cases in the sample in which con-
tractually binding commitments for the early stages of production were
obtained through a competition for the development work authorized at
Milestone II. This contractual strategy was a limited form of Total Pack-
age Procurement (TPP) used (almost always unsuccessfully) for a num-
ber of major weapon system acquisition programs in the 1960s. Each of
the six systems for which a TPP-like procurement strategy was used was
in the top cost growth tier, and there is no real doubt that the TPP-like
contract was the problem that led to the growth in procurement cost
experienced. Although the rationale for doing so may not be obvious, this
study treats TPP-like contracts as an example of the third of the mecha-
nisms of cost growth listed above. :

How Might Procurement Cost Growth Be Reduced?

The following list pairs the main mechanisms of procurement cost growth
with ways for reducing the number of programs that exhibit extreme cost growth
due to those mechanisms:

1. Employ spiral development. Use of spiral development as specified in the
new DoD acquisition process ordinarily precludes baseline changes while
a system is in EMD. Thus, rigorous use of spiral development would block
one of the main processes that resulted in extreme instances of procure-
ment cost growth during the period considered in this study.

2. Identify difficult-to-cost systems early in development. An appropriate raix of
data collection, demonstrations, and studies should be directed to pro-
vide adequate foundations for making a sound cost estimate when the
system’s sponsor seeks approval to proceed to the later stages of develop-
ment. '

3. Limit TPP-like arrangements. Such arrangements should be used, if at all,
only for technologically undemanding systems with firm requirements
_and excellent prospects for stable funding,.

Adoption of these recommendations would not entirely eliminate growth in
procurement costs due to inadvertently poor forecasts of procurement cost,
more or less deliberate acceptance of unrealistic Milestone II estimates, cost
growth due to budget instability, use of a flawed contract mechanism, poor
program execution, or decisions to increase capability that are not fully funded
when they are made. It would not even eliminate all extreme instances of growth
in procurement cost from these causes, since the recommendations made vwould
not provide any additional means for precluding extreme cost growth from
unique constellations of circumstances. However, adoption of these recommen-
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dations could be expected to significantly reduce instances of extreme cost
. growth and, hence, the damage they do to the DoD program as a whole.

Broader Implications for DoD Processes

Some of the intermediate results of this study provide a commentary on DoD
processes that may be more interesting and important than the recommenda-
tions'in the previous section. Two of these warrant particular mention.

The first result concerns the role of budget strategy in the cost estimates—
and, hence, the budgets—adopted at Milestone IL It is a safe bet that those
outsicle the Defense Department assume that the dominant influence on weapon
system costing is a desire on the part of the service sponsoring the program to
ensure that it will be started. Advocates of a program may adopt a “camel’s
nose” strategy—that is, adopt an optimistic cost estimate in the hope of
increasing the chances that the program will be approved by the Congress.

Asnoted previously, the statistical evidence indicates that the services prefer
optimistic costing. There is no indication, however, that changes in the budget
climate led the services to adopt more optimistic costing, which is what a camel’s
nose approach seems to suggest. In fact, the estimated correlation (although
statis:ically insignificant) suggests more conservative costing in periods when
the DoD budget is tight. This aspect of the statistical results may seem surpris-

ing, as there are incentives for the services to adopt a camel’s nose approach to

procurement pricing. The explanation presumably rests with another aspect of
the statistical results. The introduction of independent parametric weapon sys-
tem costing in 1972 appears to have had a continuing, marked effect in reduc-
ing growth in procurement costs from the Milestone II baseline. The evidence
also less strongly indicates that the subsequent strengthening of the indepen-
dent vosting process has further reduced cost growth, and that observed cost
growth is influenced by the stringency with which policy on realistic costing is
enforced. Thus, the Milestone II procurement cost estimates from which cost
growth is measured are at least to a significant degree constrained by the DoD
policy of budgeting for major weapon systems on the basis of realistic cost
estimates.

The second interesting result concerns the effect on cost growth of the acqui-
sition reform efforts of the past 20 years. Reduction of cost growth was some-
times offered as one reason for these reforms and, even when it was not, there
is a widespread expectation that the reforms undertaken had a major effect on
cost growth. This study leaves entirely open the possibility that acquisition
reforrn reduced growth in development costs of major weapon system programs.
It provides no indication, however, that acquisition reform significantly reduced
the growth in procurement costs. In fact, as noted above, a management change
introcluced in 1986 as an acquisition reform is associated with higher cost growth.
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This feature of the statistical results is plausibly explained by the fact that the
acquisition reforms in question were only partially implemented, and the part
not implemented was designed to provide both program managers and
defense contractors with a strong incentive to avoid unrealistic costing and
hold cost growth in check. The broader result probably reflects the fact that the
acquisition reforms are most likely to have a strong, direct effect on program
procurement costs and to be quickly reflected in the cost estimates made at
Milestone II. Consequently, data on cost growth will not provide a reliable indi-
cation of the effects of acquisition reform on cost.

Approved for public release; distribution unlimited.




1. Is There a Case for “Doing Something”
About Cost Growth?

1

In the early 1970s, the Defense Department adopted the basic elements of the
process still used to ensure that decisions on the budgets for weapon system
acquisition programs are informed by realistic cost estimates. There have since
been two major and many smaller changes in the process, and also many
changges in the DoD budget and acquisition processes, which exercise their own
influence on weapon system cost growth.

There is room for debate about whether the net result of the Defense
Department's efforts to limit cost growth on major weapon systems gets a pass-
ing grade. On the one hand, instances of large cost growth are not as frequent
as is commonly supposed, and most DoD weapon system cost estimates are
judged by senior DoD officials and the Congress to be satisfactory. On the other
hand, a significant number of the major weapon system procurement programs
undertaken by the Defense Department over the past 30 years have exhibited
cost growth large enough to cause sustained criticism of the Department.

The overall impression conveyed by the record is that growth in the cost of
weapon acquisition programs is held in check uneasily and imperfectly. It is
not stirprising, then, that cost growth has maintained a position relatively high
on th= list of problems concerning the Defense Department's management of
resources.’

The bulk of this study is concerned with evaluation of the importance of the
* main pathways through which growth in the costs of major procurement pro-
grams occurs. Chapter 2 introduces the cost growth data used in the study.
This is followed (in Chapter 3) by a fuller description of the ways in which
procurement cost growth occurs, together with some illustrative examples.
. Chapters 4 through 6 take up the task of relating observed cost growth to the
- different ways in which it can occur. Chapter 7 summarizes the main conclu-

‘'sions of those chapters and sketches some recommendations for ways in which
, DoD processes could be changed to reduce cost growth.

‘This chapter serves to provide a policy foundation for the study by examin-
ing whether there is a case for “doing something” about cost growth on weapon

* system procurements beyond what the Defense Department has done over the
past three decades. This is not an easy or straightforward question. To make
sense of it, it is necessary to identify what cost estimates are under consider-

. ation and what role or roles they play. That is the task addressed in the first
section of this chapter. The second section sketches the process the Defense
Department uses to guard against adoption of unrealistic cost estimates and

.




Chapter 1

budgets for major acquisition programs, and the third section turns directly to
the question of whether the Defense Department needs to do more about cost
growth than cope with the problem using more or less the tools currently avail- -
able. The final section outlines the plan of the study, the purpose of which is to
evaluate how much cost growth can be attributed to identifiable mechanisms
of cost growth.

Scope and Context

The term cost growth is sometimes used to refer to the increase in unit cost
from one generation of weapon system to the next generation; for example,
from the 637 class of attack submarines to the 688 class to the SSN-21 class.
Studies of cost growth so defined tend to be about whether the added capabil-
ity provided by the newer systems is worth the increased cost.

This study, in contrast, examines growth in the costs of individual weapon
system procurement programs, measured against an initial forecast of what
those costs would be. During the 25 to 50 years of a major weapon system’s life,
many estimates of its costs are made by different organizations, inside and
outside the Government, for a variety of purposes. This study is concerned
with the cost estimates for major weapon systems made by offices within the
Defense Department as a basis for budgeting, as explained in the paragraphs
that follow.

Framing the study in this way places in the foreground two of the Defense
Department's main decision processes—the management of weapon system
acquisitions and the allocation of resources. In the background is a process,
separate from the acquisition process, through which the requirements for each
major acquisition program were established. With a few exceptions during the
period covered by this study (1970-1997), it was accepted that the task of the
acquisition process was to deliver on time and within budget a system thdt met
the established requirements.

The Congress also is placed in the background of this study's picture cf cost
growth. There is undoubtedly an excellent study to be done of the role of cost
in the Congress's decisions on whether to approve new weapon system acqui-
sitions and its subsequent decisions on their funding. But this is not that study;
the focus of the work reported here is, again, on decisionmaking in the Defense
Department.

For about four decades, senior DoD management has used a milestone deci-
sion process to oversee major defense acquisition programs (MDAPs).? There
have been many changes in the definitions of the milestones through the years.
Laying aside differences in terminology and some real but, for present pur-
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poseé, not crucial differences in the definitions, the process was made up of
five main stages during the years included in this study:?

1. Concept Exploration (Milestone 0)

Program Definition/Risk Reduction (Milestone I)
Engineering and Manufacturing Development (Milestone II)
Low-Rate Initial Production (Milestone Illa)

Full-Rate Production (Milestone IIIb)

AR S

Concept Exploration typically lasted only a year or two and usually was limited
to “paper studies;” that is, engineering analyses that did not entail substantial
experimentation or physical testing. The second phase, Program Definition /Risk
Reduction, was longer and usually involved significant expenditures on devel-
opment of subsystems at least. Sometimes, it included development of a proto-
type of the system. Any invention required by the contemplated system was to
take place during Program Definition/Risk Reduction. The third phase, Engi-
neering and Manufacturing Development (EMD), was then intended to be a
mattér of working out the detailed design of the system and, from the late
19805 the means used to manufacture it. Production was divided into two
phases, an early phase, Low-Rate Initial Production, during which bugs were
still being worked out of the system and the manufacturing process, and a later
phase, Full-Rate Production.

Pefhaps the fundamental rule of the milestone decision process was (and
still ig) thatan MDAP cannot proceed from one phase to the next—that is, spend
fund< for activities of the next phase—without an affirmative decision by the
Mlleg;tone Decision Authority (MDA). The MDA for most large weapon sys-
tem acquisition programs is the Under Secretary of Defense (Acquisition, Tech-
nology and Logistics), or USD(AT&L).* The Defense Acquisition Board (DAB),
which is chaired by USD(AT&L), provides a forum for the involvement in the
review process of the military departments (not just the military service spon-
soring the procurement), the Joint Staff, and a number of offices within the
Off1c¢= of the Secretary of Defense (OSD). The DAB is the successor to the
Defense Systems Acquisition Review Council (DSARC), which was created in
1969 to serve essentially the same purpose as the DAB. The DAB and the DSARC
(bef01 ‘e 1987) were the mechanisms that the MDAPs in this study typically used
to gain milestone approval.

The cost estimates made to support DAB or DSARC reviews bear two differ-
ent sorts of weight at different milestones. First, cost estimates play a role in
selecting the system to acquire. The point of departure in the acquisition pro-
cess was (and still is) a determination that a new or increased military capabil-
ity is required. Milestone 0 approval launched largely “paper studies” of vari-
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ous alternatives for providing the new capability; in addition to alternative
new systems, these were to include such possibilities as an upgrade to an exist-
ing platform, improved munitions or subsystems (e.g., the radar on a tactical
aircraft), adaptation to a new role of an existing platform, or a change in doc-
trine. DAB procedures required that the alternatives be evaluated through an
Analysis of Alternatives (AoA)—that is, an extensive cost-effectiveness enaly-
sis.”

The key decision at Milestone I for the systems considered in this study was
about which of the alternatives (if any) would proceed to Program Definition/
Risk Reduction. Cost was almost never the sole factor considered in these deci-
sions, and it is not clear that it was often a decisive factor. To the extent that cost
considerations did enter into the decision, however, they were illuminated by
the cost estimates made in support of the AoA and the Milestone I review.

The potential role of cost estimates in the AoA and Milestone I decisions is
the most important that they play within the Defense Department. In the cur-
rent state of the data, however, evaluating the realism of the cost estimates in
Milestone I decisions (much less in AoAs) is a virtually impossible challenge
that this study does not attempt.

The second function of cost estimates in the acquisition process is to provide
a basis for budgeting for individual procurement programs, each of which is a
separate line item in the budget. Budget is used broadly to include the fcllow-
ing: funding requested for the upcoming year in the DoD budget submitted to
the Congress, funding requirements for the years beyond the budget yiar in
the Future Years Defense Program (FYDP), and funding requirements for the
years beyond the FYDP over which the program will be executed. Typically,
budget requests for MDAPs are initiated by the military department spcnsor-
ing the program. The amounts budgeted for development and procurement,
however, are supposed to be consistent with cost estimates approved by the
MDA.®

Operating and support (O&S) costs typically account for about 50 percent of
an MDAP's life-cycle cost. While there is considerable variation from one pro-
gram to the next, procurement typically accounts for about 40 percent of life-
cycle cost and development, for about 10 percent. :

O&S costs are excluded from the study because the data required to evaluate
them could be assembled, if at all, only with great difficulty.” Resource con-
straints required that the study be narrowed further, and it was focused on
procurement costs because they are, after O&S costs, by far the largest element
of total cost. ’
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The procurement cost estimates made at Milestone II are important for two
distinct reasons. First, the Milestone II estimate of unit cost is a standard by
which the Congress gauges the performance of a program. For that reason,
acceptance at Milestone II of a procurement cost estimate that proves to be
unrealistic is likely to eventually cause potentially serious congressional criti-
cism, even if the program is otherwise proceeding normally. Second, adoption
of unrealistic procurement cost estimates at Milestone II leads to
“overprogramming” by creating the illusion that the Defense Department has
more resources available in the future years for procurement than it actually
does. Looking forward at any point in time, some MDAPs are expected to go
out of production or drop to low levels of procurement. Therefore, as illus-
tratec! in Figure 1, there is room for new starts even if the total funding allo-
cated to procurement of weapon systems is not expected to grow. To the extent
that cost estimating for MDAPs in the program is unreasonably optimistic, there
appears to be more room in the out-years for new starts than there actually is.
Overprogramming results to the extent that that appearance is acted upon;
that 15, the Defense Department decides to undertake a set of programs that
will cost more in the out-years than the funds anticipated to be available can
cover (making due allowance for the small amount of slack provided by the
glitches that inevitably delay some programs).®

Planned
; : Total MDAP Funding

; ' Room for New Starts

Effect of
Underestimating Cost

Ongoing MDAPs

1 2 3 4 5 6

Year

Figure 1. Underestimation of Cost and Apparent Scope for New Starts

The relevant decisions are not tentative plans for future years that can be
easily reversed in later budgets. To the contrary, a decision to start a new major

Approved for public release; distribution unlimited.




Chapter 1

program, or permit a program to enter EMD, implies near-term contractual
commitments and spending. These commitments to a program carry with them
requirements for spending in later years. When the Defense Department sys-
tematically understates at Milestone II the out-year procurement funding that
major acquisition programs will require, funds will not be sufficient to do all
that was planned as the out-years approach, and programs will have to be
cancelled (and the value of the investments made to that point largely lcst) or
stretched.

That is the nub of the problem considered in this study. Underestimation of
procurement cost leads to overprogramming, which increases the costs of the
procurement program. Overprogramming should therefore be avoided, and
one requirement for doing so is realistic costing at Milestone IIL

Introduction of Independent Parametric Costing

The case for realistic costing looks different viewed from within the Defense
Department than it does from within the Congress. One of the founders of cost
estimation in the OSD pointed out that “the cost of a Rolls Royce has not ‘grown’
simply because someone promised it would cost less than a Ford.”® Those in
the Congress might well disagree, taking the position that the controlling deci-
sion is that of the Congress, often made on the Defense Department's recom-
mendation, to authorize and appropriate funds sufficient for acquisition of a
Ford. They would then see the growth in the cost of the program (i.e., the bud-
get) as a matter of buying more capability (a Rolls Royce) than was approved
and, hence, an implicit challenge of congressional authority.

Cost growth on major acquisition programs first became a major issue with
the Congress in 1969. Melvin Laird and David Packard had recently become
Secretary and Deputy Secretary of Defense, respectively. They found when they
assumed office that it had become necessary to “do something” about cost
growth.

The magnitude of the cost growth exhibited by weapon acquisition programs
around that time is indicated by the data in Figure 2, a reconstruction of a chart
from a briefing given in December 1971 to David Packard by Gardiner Tucker,
then the Assistant Secretary of Defense (Systems Analysis) or ASD(SA). It
shows the growth in acquisition cost experienced on 34 major weapon pro-
curement programs. (Acquisition cost is the sum of development cost and pro-
curement cost.) Cost growth was measured from the cost estimate made when
the system begins development but was restated on the basis of the then most
recent assumption on the number of units the Defense Department planned to
buy.! Of the 34 systems, 23 showed cost growth of more than 50 percent; the
modal system showed cost growth of more than 100 percent (i.e., its cost more
than doubled); and the cost more than tripled for 6 of the 34 systems.
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Source: ASD(SA) December 2, 1971, briefing to the Deputy Secretary of Defense, December 2, 1971.
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Figure 2. Cost Growth in Weapon Systems

In April 1969, the Defense Department acceded to a request from the Senate
Armed Services Committee that the Selected Acquisition Reports (SARs), which
provide information on the costs of individual MDAPs, be provided to the
Congress.”? Amonth later, David Packard established the DSARC to advise the
Secretary and Deputy Secretary of Defense on decisions about major system
acquisition programs. He also introduced “fly-before-you buy” and several
changies in acquisition policy. These steps were apparently not sufficient to
resolve congressional concerns:'?

Mr. Packard had recently [late 1970] come under severe criticism from
Congress because of continuing major cost growth problems....[The
SAR] data, along with a stream of well-publicized weapon system
- technical problems, schedule slippages, and massive cost overruns
“:were raising questions about DoD's ability to effectively manage its
major system developments.

A way forward on the problem was suggested by Gardiner Tucker's briefing.
That briefing contained two key insights, both of which David Packard
accepted. The first of these was that the large cost growth that the Defense
Department had been experiencing was primarily due to poor initial cost esti-
mates. This is not an obvious point, and it is one that was (and to some degree
still is) contentious. There is a tendency in the acquisition community to see
cost growth as the result of some feature of the program, or simply as a fairly
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routine problem to be overcome by more vigorous management." Gardiner
Tucker presented evidence for several systems showing, to the contrary, that
the large cost growth experienced on them was plausibly explained by initial
estimates that were unreasonably optimistic.

The second insight was that much-better initial estimates could be made by
employing “parametric” cost-estimating methods. In the broadest sense of the
term, a parametric estimate is one that makes systematic use of the costs actu-
ally incurred on previous programs when estimating either the costs of a pro-
spective program or the future costs of an existing program. Such estimates are
not ordinarily made at the level of a “whole-up” system; they are built up of
estimates made at a lower level (for example, the wing of a tactical aircraft
whose cost is to be estimated). A parametric cost estimator would look at the
costs of the wings of past tactical aircraft procurements and scale them for such
factors as size of the wing, the materials from which it is made, any particular
features of how it is manufactured, and so on.?®

The prime virtue of parametric cost estimates is that, by working from costs
actually incurred, they automatically build in a degree of realism. In contrast,
the detailed engineering buildups that are the alternative to parametric esti-
mates ordinarily do not include an allowance for the sorts of misfortunes and
missteps that are a feature of all development programs.*® '

On December 7, 1971, David Packard issued to the secretaries of the military
departments a memorandum, “Use of Parametric Cost Estimates.” (The riemo-
randum is reproduced in Appendix A.) Although the memorandum did not
refer explicitly to the ASD(SA) briefing of December 2,7 it summarized its main
points and directed the service secretaries to “perform an independent para-
metric cost analysis on each major system at key decision points and.. make
that analysis available for each DSARC review.”

David Packard concluded the memorandum with a request that the service
secretaries inform him of their efforts to improve their “capability to perform
independent parametric cost analyses and to make use of them in acquisition
management.”

On January 25, 1972, Secretary of Defense Melvin Laird signed a memoran-
dum to the secretaries of the military departments, “Cost Estimating for Major
Defense Systems.” This memorandum (also in Appendix A) announced the
creation of the OSD Cost Analysis Improvement Group (CAIG). The CAIG was
made responsible for (1) reviewing the independent parametric cost estimates
brought to the DSARC by the services and (2) developing uniform criteria to be
used by all OSD groups in making parametric cost estimates. Secretary Laird's
memorandum also made explicit the guidance implicit in David Packard's
December 7 memorandum that each of the military departments should.have
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“a staff component capable of preparing independent parametric cost
estimates.”

In summary, three things followed the December 7, 1971, and the January 25,
1972, memoranda: ‘

1. . A unit within each of the military departments but outside the acquisition
organizations was designated to perform parametric cost estimates of
w~eapon system procurements.

2. The military departments included these estimates in the materials they
prepared to support DSARC reviews.

3.- The OSD CAIG began providing the DSARC its reviews of both the ser-
vices' independent parametric cost estimates and the program offices'
estimates.

Each of the military departments assigned the independent parametric cost
estimation role to an existing unit in its comptroller's office. From its inception,
the Systems Analysis Group had included a small unit that did parametric
weapon system cost estimating.'® This group was assigned the task of prepar-
ing the cost estimates vetted through the CAIG and then presented to the
DSARC. Thus, the new system began functioning in the spring of 1972.

Several studies have considered whether instituting independent paramet-
ric costing in the Defense Department in 1972 had the intended effect of
improving the initial cost estimates for major systems and, hence, in reducing
cost growth. All found that it did so to a marked extent.”” The most straightfor-
ward connection with the evidence presented in Figure 2 is provided by a
Defense Science Board (DSB) study.?® According to the Congressional Budget
Office (CBO):2!

:TThe Defense Science Board concluded that weapon systems devel-
bped during the 1960s averaged approximately 200 percent real growth
from start to finish, compared with only 50 percent for similar sys-
tems developed a decade later.

The cther studies surveyed by the CBO were not all readily comparable to the
DSB study, or to one another, but the studies agreed that cost growth was con- -
siderably lower after the introduction of parametric cost estimating in the early
1970s.

In summary, the Defense Department had a severe problem with procure-
ment cost growth in the late 1960s and early 1970s; steps to solve the problem
were-adopted; and the solution apparently was at least partially successful.
Moreover, as is discussed in Chapter 5, the independent cost-estimating pro-
cess was significantly strengthened twice after it was established, once in 1983
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and a second time in 1992. It is, therefore, necessary to ask if there is still a
problem with cost growth on major weapon system programs.

Is There Still a Problem?

The introduction of independent parametric costing did not eliminate cost
growth. As is discussed in more detail in the following chapter, after 1973 the
average procurement cost growth was at least 16 percent, and about one sys-
tem in five experienced cost growth of more than 30 percent.

Providing a clear answer to the question of whether this much cost growth is
a problem requires an explicit criterion for determining the damage it causes.
One relevant criterion is suggested by the characterization of the budget estab-
lished for an MDAP as a contract between the Defense Department and the
Congress.” The issue this criterion points to is not one of damage in any straight-
forward sense, but of control. The Congress has the last word on the allocation
- of US. Government budgetary resources. But if the decisions the Congress
makes on the budgets for weapon system procurement programs (or, ‘more
broadly, the DoD budget) are based on seriously flawed cost estimates; they
must be revisited later. Substantial errors in forecasts of weapon system costs
thus entail political costs, and they tend to reduce the Congress's effective
authority over the allocation of defense resources. It is not surprising, then, to
find that the Congress has been concerned enough with realistic estimation of
weapon system cost to legislate on the subject, and it is plausible to suggest
that congressional concern with cost growth has colored a considerable- range
of statutory provisions governing acquisition of major systems.

As discussed in the preceding section, cost growth clearly was a problém by
this political criterion in the late 1960s and early 1970s. It again became a politi-
cal problem in the late 1970s and early 1980s. Since then, the correct answer to
the question of whether growth in the costs of weapon system procurements
has been a political problem probably is “no,” although there have been a few
instances in which it nearly became one.” :

The alternative to this political criterion is an economic test. A reasonable
standard is the total cost of procuring the program approved at Milestone II for
" a set of MDAPs. Note that this is not measured simply by the amount of cost
growth because, in terms of the metaphor cited earlier, the cost of a Rolls Royce
isn't less because someone promised it for the price of a Ford. Rather, the rel-
evant measure is the amount by which the cost of the Rolls Royce the Defense
Department decided to develop and procure increased because the Defense
Department initially based the program on the (false) assumption that 1t could
be acquired for the price of a Ford.
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Errors in forecasting procurement costs may be funded by a transfer of
resources from other parts of the defense program, or by the addition of funds
to the Defense Department. Typically, however, the required funds are found
in the procurement accounts by stretching the program that experienced the
cost growth or stretching other programs. For example, suppose 300 aircraft
were, to be bought during Full-Rate Production over a period of 10 years at a
rate of 30 per year. To accommodate a cost increase, the annual lot size might
be reduced to 25, and the 300 aircraft bought over 12 years. Reducing the
annual production rate from 30 to 25 and increasing the production period
from 10 to 12 years adds 2 years worth of overhead to the program. Hence,
through this mechanism, underestimation of unit procurement cost at Mile-
stone II tends to increase the total cost attributed to the program.

Appendix B presents a rough computation of the magnitude of this effect
given the average growth in procurement costs over about the past 30 years
due to forecasting errors and flaws in the Defense Department's execution of
the program. The errors appear to be about equivalent in their effects to an
annual tax on the procurement program of 2 percent to 8 percent. A tax of even
2 percent on a magnitude as large as the DoD budget for major weapon system
procurement represents a sobering amount of resources.

The 2 percent to 8 percent tax does not imply that avoiding cost growth and
the program stretches it causes would have permitted more procurement pro-
' gramss to be accommodated in any given period of a few years. In fact, the
opposite is true. More realistic cost estimates at Milestone Il would imply fewer
programs at any point in time. These programs would be procured more rap-
idly, however, and over a span of years a given total amount of procurement
funding could buy 2 to 8 percent more program.* Alternatively, if the ind
ustrial base could be adjusted downward, a given set of programs could be
produced at roughly 2 to 8 percent less funding.

The following chapter shows that three-quarters of procurement cost growth
(by the most relevant available measure) is accounted for by the approximately
one system in five that exhibited growth in its procurement cost from the Mile-
stone Il baseline of more than 30 percent. (The average procurement cost growth
of these MDAPs was 70 percent.) Thus, the bulk of the 2 percent to 8 percent
tax is due to the comparatively small number of systems that experience
extreme cost growth. Moreover, there has been no apparent tendency for the
proportion of MDAPs that fall into this extreme cost growth tier to decline. In
fact,‘the proportion was higher in the 1990s than it had been in the 1980s,
although the average procurement cost growth shown by these systems did
not return to pre-independent costing levels.

11
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In summary, by the economic criterion, there still is a problem with cost
growth. This problem stems from the comparative small number of systems
(about one in five) that exhibit extreme cost growth (an average of 70 percent
from the Milestone I baseline.)

Plan of the Study

The path from this conclusion to suggestions for ways to reduce cost growth
leads directly to the decisionmaking processes in the Department of Defense.
To identify what needs to be “fixed,” we need to know what mechanisms gen-
erated the cost growth, or at least permitted it to occur, and the importance of
each.

Identifying the mechanisms of cost growth is comparatively simple. In broad
terms, growth in procurement cost can occur within the Defense Department's
management processes in three ways:

1. Adecision is made to increase the capabilities of the system beyond what
was approved at Milestone II and captured in the Milestone II procure-
ment cost estimate.

2. The decision maker at Milestone II, for whatever reason, adopts an unre-
alistic estimate of procurement cost.

3. Poor program execution or exceptional budget instability cause cost growth
avoidable by better program management or more budget stability.

The difficult part of the study is finding ways of evaluating how much
cost growth can be attributed to each of these mechanisms.

Case studies of cost growth are far too labor-intensive to be of much help in
categorizing procurement cost growth for a sample of more than a few sys-
tems. The only practical approach is to use statistical techniques and compari-
sons with cost growth and other data for a reasonably large sample of MDDAPs.
The rationale for this approach is that the historical record provides the results
of “experiments” that indicate the importance of the various mechanisms of
cost growth. One straightforward example of this has already been mentioned—
the introduction of independent parametric cost estimation, which invited
“before” and “after” comparisons of cost growth. Careful examination of the
mechanisms of cost growth points to several additional differences befween
time periods and MDAPs that we would expect to be reﬂected in the record of
growth in procurement costs.

What can be learned from this approach is limited by the “experiments” avail-
able in the historical record. This study uses data on 138 MDAPs that passed
Milestone II from 1970 to 1997 inclusive. These include systems of each of the
major categories of major weapon systems the Defense Department purchased
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and include the full range of acquisition strategies. Some were dual sourced
and some were not; in some cases, the early phase of the development pro-
gram included construction of a prototype, and in other cases, it did not; and
so on. The period takes in one and one-half “feast and famine” cycles in the
DoD budget, three notable changes in the process used to estimate MDAP cost,
the introduction of a set of reforms to the acquisition process in 1987, and a
numter of other changes that plausibly influence cost growth. In short, the
record is rich enough to suggest a reasonable prospect that it will yield useful
results

This promise is partially borne out, as the statistical analysis does yield inter-
esting and useful conclusions. It falls well short of identifying the causes of
extreme cost growth, however, and a variety of other information must there-
fore be used in pursuing this study's objective.

Chapter 2 introduces the cost growth data used in the study. This is followed
(in Chapter 3) by a fuller description of the ways in which procurement cost
growih occurs, together with some illustrative examples. Chapters 4 through 6
take up the task of relating observed cost growth to the different ways in which
it can occur. The final chapter summarizes the main conclusions of those chap-
ters and sketches some recommendations for ways in which DoD processes
could be changed to reduce cost growth.

P R
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2. Introduction to the Data

Growth in the costs of major weapon acquisition programs has been a recur-
rent source of criticism of the Defense Department for 40 years. Accordingly,
there is a reasonable expectation that the Defense Department’s record in fore-
casting the costs of weapon system procurements is well understood. In fact, in
impoztant respects, it is not. This is so in part because of shortcomings in the
data, which, moreover, are not available in a form that is easy to use and, hence,
are not widely understood.

It is appropriate for this reason to begin with the data on cost growth. The
discussion of these data also provides interesting and somewhat unexpected
perspectives on growth of the costs of major weapon system acquisition pro-
grams.

PA&E’s SAR Database

This study uses a cost growth database prepared by the Office of the Direc-
tor, Program Analysis and Evaluation (PA&E). It includes data drawn from the
Selected Acquisition Reports (SARs) for 138 systems that passed Milestone 11
between 1970 and 1997 inclusive.” Systems that had not completed at least 3
years of Engineering and Manufacturing Development (EMD) during that pe-
riod were excluded, as were systems that entered the acquisition process at
Milestone Illa or Milestone 111

This is a fairly large sample but, unfortunately, one that is probably not rep-
resentative in all respects. Table 1 provides the basic data that serve to frame
this concern. SAR data are available for approximately 260 systems. The sample
includes a little more than half of these. It could eventually include an addi-
tional 31 systems with usable data. These 31 systems are potentially an issue
because the 18 systems “in process” are disproportionately from the years 1970
1975. About two-thirds of the remaining systems with SAR data were excluded
from the sample because:

¢ The SARs for the MDAP were of such poor quality that it was not possible
+0 extract coherent data; or

¢ The MDAP passed Milestone II before SAR reporting began.

Exclusion of systems that passed Milestone II before 1970 is a matter of what
the study attempts, not of bias in the sample. Again, however, there is reason to
believe that the systems from the early years are under-represented in the
sample.
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Table 1. Comparison of Sample Systems to Total Number
of Systems for Which SARs Have Been Filed

Total MDAPs 254
Total systems 260
Systems included in the sample 138

Systems excluded from the sample
Useable data

Not yet 3 years past Milestone I1 13
In process 18
Unusable data

Poor quality data or Milestone 11 60
passed before SAR reporting

Programs merged for SAR 31
reporting or cancelled early in
EMD or before

Source: Preliminary DoD data adjusted by the author from a
table for a sample of 131 systems, of which 25 were shown as
“in progress.” It is assumed that the additional 7 systems
included in the 138 on which data have been made available
came from the 25 that had been “in progress.”

Note: For reasons stated inthe text, the total number of
systems with SARs is 6 more than the total number of
MDAPs.

The more serious problem is presented by the remaining one-third of the
systems excluded—approximately 30 systems. These were excluded for the
following reasons:

* The MDAP was merged with another for SAR reporting;

e The MDAP passed Milestone IT but was cancelled before completing' three
years of EMD; and '

* One or more SARs were filed before the system passed Milestone II, and
the system was cancelled before it entered EMD.?

It is highly likely that most of these were troubled programs, and cost esti-
mates probably were bound up with the problems they experienced.

In summary, the sample used in this study is not fully representative of all
MDAPs that passed Milestone II during the years 1970-1997 in two respects.
First, a smaller portion of the total population of MDAPs included the early
years of the period, especially those before 1975. Second, the sample is made
up of systems that proceeded more or less normally from development into
production.

Approved for public release; distribution unlimited.
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PA&E normalized the SAR data in two ways. First, in the version of the data-
base used in this study, all of the dollar values are stated in FY 2002 constant
dollars. Second, the actual cost growth observed is restated on the assumption
that the quantity of the system the Defense Department planned to buy at the
Milestone II decision is actually bought.

Figure 3 illustrates the definition of cost growth used in the PA&E database.
What is actually observed is, first, the procurement cost the Defense Depart-
ment forecasted at Milestone II and the number of units the Defense Depart-
ment then planned to acquire and, second, the quantity actually bought and
what that quantity cost to procure.”” What cost growth would have been had
the Milestone II quantity been bought is an estimated value. Appendix C
describes the approach PA&E took to the normalization of cost growth for quan-
tity. For this discussion, keep in mind that the cost growth figures used mea-
sure what cost growth would have been had the Milestone II quantity been
bought.?®

Average

Cost Estimated Cost Growth

X: Observed
O: Estimated

Actual

Crsit MS Il Estimate

Cumulative
Qo Qus Quantity

Figure 3. Definition of Procurement Cost Growth

Figure 4 is the histogram of the normalized growth in procurement cost for
the 138 systems in the sample. As noted, these data exclude the effects of infla-
tion and changes in the total quantity purchased, but they include cost growth
from all other causes.

Approved for public release; distribution unlimited.




Chapter 2

30

25

20

Number of Systems

<~30% —20% ' -10% ' 0% 10% & 20% ' 30% & 40%  50% ' 60% = 70% = 80%  90% - '>100%
to to to to to to to to to to to to to
-20%  -10% 0% 10%  20% 30%  40% 50%  60%  70%  80%  90%  100% '

Figure 4. Distribution of Procurement Cost Growth from the Milestone II Baé\;eline
for 138 Major Weapon Acquisition Programs

Mistakes and Decisions

A long-standing criticism of the SAR variance categories is that they do little
to reveal the underlying causes of the cost growth recorded in themni. For
example, procurement cost may have increased because at Milestone Il the mili-
tary service made (and placed on contract) an unrealistic assumption about
what physical attributes the system needed to have to satisfy the requirements
that had been established for it. Alternatively, the increase might be explained
by a decision to buy a more capable system or to upgrade a system that had
been in the field for years. Similarly, a quantity variance can occur when some
change in circumstances—the threat the system is to meet, for example—leads
to a reduction in the quantity the service decides to buy. A quantity variance
may reflect a return to the original quantity decision in light of a considerably
higher cost, which in turn may reflect the adoption of an unrealistic cost esti-
mate at Milestone II. '

PA&E took a first, limited step towards correcting this shortcoming of the
SARs by separating the amount of cost growth due to mistakes from the amount
due to decisions for each system in the PA&E data. These labels are italicized
because they stand for the criteria for categorizing the data. In general terms,
the decisions bin is intended to capture the costs of changes made for reasons
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exogenous to the program itself. The mistakes bin is intended to capture the
growth in the cost of obtaining the program approved at Milestone II. (Note
that by these criteria, the costs of changes in a system needed to meet Mile-
stone II requirements should be classified as mistakes, not decisions.)

The definitions of mistakes and, especially, decisions are discussed further
below Before turning to that, however, it is useful to describe briefly what is
mvolved in sorting the SAR data into these two bins.

The: categorization is based on details of cost growth reported in the SARs.
The SARs report cost growth attributed by the program manager to each of
seven categories of change, defined as follows:?

1. Economic—change in price level
2. ‘Quantity—change in the number of units acquired

3. 5chedule—change in procurement or delivery schedule, completion date,
or intermediate milestone for development or production

4. Engineering—change in the physical or functional characteristics of a sys-
" tem or item delivered

5. dstimating—change due to correction of previous estimating errors or
refinements of a current estimate

6. Other—change due to unforeseen events or not covered in any other cat-
egory (e.g., natural disaster, strike)

7. $upport—change associated with support equipment for the major item
‘of hardware

Over the life of a major system, several dozen to several hundred variances
typically will be posted. Some of these are explained in the SAR text; others are
posted in one of the SAR categories without specific explanation. PA&E had
each of these examined and classified as the result of a decision or a mistake.®
The tule used in classifying the individual elements of cost growth was that
anything not clearly a decision was counted as a mistake. Ordinarily, the classifi-
cation was based only on information reported in the SAR. Thus, only cost
" variances described in the SARs in a way that clearly identified them as exog-
enous changes in the content approved at Milestone II would be included in
decisions. ;

The distinction between decisions and mistakes is of pivotal importance in
assessing the amount of damage done by cost growth and gauging the impor-
tance of its various causes. The label itself tells us the general cause of cost
growth due to decisions; the question in this case is whether out-year procure-
ment funds were put into the budget at about the same time as the decision to
change the system was made. To the extent that the answer to that question is
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"

yes,” cost growth due to decisions is not a source of overprogramming. The
mistakes component of cost growth presents the opposite case—we do not know
the underlying causes of the mistakes component of cost growth, but we know
that whatever their cause, they lead to overprogramming,.

Table 2. Average Growth in MDAP Cost from Milestone II
Due to Decisions and Mistakes

Percentage
Development Procurement
Decisions 21 10
Mistakes 24 18
Total 45 28

Source: Preliminary DoD data.

Table 2 reports the decisions and mistakes components of cost growth for the
138 systems in the sample. The average mistakes component of cost growth is
18 percent for procurement; the estimated decisions component is 10 percent.
The table also reports the decisions and mistakes components of development
cost growth. Although development cost growth is not examined in this study,
it is interesting to note that both components of cost growth are higher for
development than they are for procurement.

The estimates in Table 2 should be taken more as a point of departure than a
conclusion because some problems are still present in the data. The next two
subsections point to reasons why the mistakes component of procurement cost
growth is understated by the estimates in Table 2 and the decisions component
overstated. Chapter 4 identifies a set of cases—quantitatively much more im-
portant in terms of cost growth—that go in the opposite direction, i.e., in which
cost growth due to unforced program changes appears to have been
misclassified (that is, included with mistakes).

Characteristics of the Mistakes Component of Cost Growth

General features of the data on the mistakes component of procurement cost
growth say little directly about its underlying causes. They do point, however,
to a set of systems that are the main source of damage due to procuremer:t cost
growth.

Figure 5 is a histogram of the mistakes component of procurement cost growth.
Notable are the three bars on the left that show negative forecasting errors, that
is, systems for which at Milestone II the funding required for procuremert was
overestimated (when adjusted for quantity and decisions). One common rhe-
torical question about cost growth is: If the Defense Department is budgeting

20



fritroduction to the Data

i

for MDAPs on the basis of unbiased and professionally competent cost esti-
mates, why is cost never overestimated? As Figure 5 shows, there are such
overestimates. In fact, the mistakes component of procurement cost growth was
negative for 42 of the 138 systems in the sample.
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Figure 5. Distribution of the Mistakes Component of Procurement Cost Growth
from the Milestone II Baseline for 138 Major Weapon Acquisition Programs

Also notable in Figure 5 is the long right tail: 35 of the 138 systems in the
sample—about 1 in 5—experienced more than 30 percent mistakes procurement
cost growth, and several more had forecasting errors of between 20 percent
and 30 percent. While an 18 to 24 percent average mistakes component of cost
growth might be judged small enough not to be a problem, cost growth for
most of the systems in the far right tail of the distribution definitely was a
problem.

The average mistakes component of procurement cost growth of the 35 sys-
tems‘in the right tail of Figure 5 is 70 percent. (See Table 3.) In sharp contrast,
the 9% systems in the middle tier of Table 3 had a mistakes procurement cost
growth of only 3 percent. On average, the Milestone II procurement cost esti-
mate of the 7 systems in the bottom tier overestimated cost by about 35 per-
cent, after taking out decisions.
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Table 3. Average Mistakes Component of Procurement
Cost Growth-—High, Middle, and Low Tiers

Average Mistakes

Number of Component of
Systems Procurement Cost Growth
Greater than 30% 35 70%
—20% to 30% 96 3%
Less than —20% 7 -35%
Total 138 18%

As noted above, cost growth is a problem in the efficient use of resources to
the extent that it usually results in program stretches. In practice, the Defense
Department has only a limited ability to offset overestimates of cost with
underestimates. Hence, the best base for measuring the size of the prcblem
probably is systems that had at least some cost growth due to mistakes. In total,
these 96 systems had miistakes cost growth of about $130 billion (in constant FY
2002 dollars). The 35 systems with cost growth of 30 percent or more account
for nearly three-quarters of this total.

Table 4 lists the systems with a mistakes component of cost growth of 30 per-
cent or more. Army systems are over-represented, as they account for a little
over half of the systems in the top mistakes cost growth tier, while the Army
was the sponsor of less than one-third of the systems in the sample. Apart from
that, there is no pattern apparent in Table 4. Instances of extreme cost growth
occur for each of the services in all time periods and all commodity groups,
and the list does not seem to be weighted towards especially high-technology
systems.

Characteristics of the Decisions Component of Cost Growth

The decisions component of procurement cost growth includes five subcat-
egories. Figure 6 indicates the portion of the total of the decisions component
accounted for by each of these. The Requirements/Configuration/Variants
subcategory includes new models and major upgrades. The Integrated Logis-
tics Support, Spares, and Support subcategory is intended to sweep -up the
effects of such actions as an enforced post-Milestone II change from three-level
to two-level maintenance. The External Program Factors subcategory includes
such events as strikes. The Other Decisions subcategory takes in a variety of
other decisions not readily included in one of the other subcategories. Together,
these three subcategories account for about 60 percent of the estimated cost
growth due to decisions.
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Table 4. Systems in the Sample with Mistakes Procurement
Cost Growth of at Least 30 Percent

- P e

Mistakes
Component of
Milestone Procurement
System Name I Cost Growth
Army
SADARM 155mm Projectile 1988 260%
FIM-92 Stinger Missile 1973 ‘ 142%
USQ-84(V) SOTAS 1978 99%
M2/M3 Bradley FVS 1978 95%
MIM-104 Patriot PAC-3 1994 86%
AH-64D Apache Helicopter Airframe 1990 81%
FMTV 1988 78%
FGM-148A Javelin AAW Missile 1989 76%
UH-60A Blackhawk Helicopter 1972 67%
Hunter Short-Range JTUAV 1991 64%
AH-64 Apache Helicopter 1976 64%
M1 Abrams Tank 1976 62%
ATACMS P31 (BAT) 1991 61%
M712 CLGP (Copperhead) 1975 60%
ATCCS ASAS Block II/ITI 1993 56%
ALQ-212(V) ATIRCM/CMWS 1995 46%
ATCCS FAAD C2I 1990 36%
ATACMS Block II/TIA 1995 36%
M2/M3 Bradley FVS Upgrade 1994 36%
Navy
NATO Pegasus-Class PHM 1973 144%
T-45 Goshawk Training System 1984 55%
AGM-84A Harpoon Missile 1973 44%
AN/SQR-19 TACTAS . 1977 38%
NATBMD 1997 37%
Air Force
E-3 Seniry AWACS RSIP 1989 109%
JSTARS 1985 77%
DSCS-IIT 1977 72%
BGM-109G Tomahawk GLCM 1977 63%
AIM-9L Sidewinder Missile 1973 51%
T-6A JPATS 1995 49%
GBS 1997 47%
C-17A Globemaster Aircraft 1984 47%
C-130J Hercules Aircraft 1996 39%
L.GM-30 Minuteman III GRP 1993 33%
F-15 Eagle Aircraft 1970 30%

Note: See the list of abbreviations at the end of this paper for the meanings of abbreviations
used here.

Approved for public release; distribution unlimited.
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Requirements/Configuration/
Variants

External Program Factors

Integrated Logistics Support, !
Spares, and Support :

Other Decisions

Schedule/Multiyear/Management
Initiatives

Figure 6. Composition of the Decisions Component of Cost Growth

The Schedule/Multiyear/Management Initiatives subcategory, which
accounts for the roughly 40 percent remaining, is a problem. Part of it belongs
in decisions. For example, the cost of a stretch is properly classified as a decision
if it is required to accommodate an MDAP’s share of an across-the-board bud-
get cut. The cost of the stretch should be counted with mistakes, however, if it is
required because the cost estimate adopted at Milestone II was unrealistically
low. Nonetheless, the PA&E data count the costs of almost all schedule changes
as decisions. On this score, the decisions category is overstated and the mistakes
category, understated.

The total of the Schedule/Multiyear/Management Initiatives is about 4 per-
centage points. The data do not indicate how much of this is due to schedule
slips, but it is likely to be the largest part. If the entire category is shifted to
mistakes, the mistakes component of procurement cost growth increases to 22
percentage points, and the decisions component decreases to 6 percentage points.

Concluding Comment

Taken at face value, the estimates presented above imply that the decisions
component of procurement cost growth is of comparatively minor imporfance.
Information developed in Chapter 4, however, identifies a number of systems
in which cost growth classified as due to mistakes appears to have been clue in
substantial part to unforced decisions to develop and acquire a more capable
system than that approved at Milestone II. Consequently, discussion of cost
growth due to decisions is relevant to this study’s governing concern with
overprogramming.

Before pursuing this point, we turn to a general exploration of the mecha-
nisms of cost growth. The three chapters that follow provide more detailed,
quantitative discussions of the main mechanisms of cost growth. Chapter 4
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examines the decisions component of procurement cost growth. The mistakes
component of procurement cost growth is taken up in Chapter 5 (cost growth
due to the adoption of an unrealistic cost estimate at Milestone II) and Chapter 6
(cost growth from poor program execution or budget instability.)

Approved for public release; distribution unlimited.
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3. Mechanisms of Cost Growth

The preceding chapter identified two large categories of cost growth—decisions
and niistakes. A decision to increase the capabilities of a weapon system being
developed can be made in several ways, but they all involve both the acquisition
and resource allocation processes. There are two main pathways in which cost
growth due to mistakes can occur. First, substantial procurement cost growth
is nearly certain to occur to the extent that the cost estimate adopted at Mile-
stone II is unrealistic. Second, even if the estimate adopted is realistic, poor
program execution or an unusual degree of instability in the program’s budget
will result in cost growth.

Fig:are 7 shows how the main mechanisms of cost growth due to both deci-
sions and mistakes can be grouped into “families.” There are two points to
note about this taxonomy. First, each of the nodes is associated with particular
DoD decisionmaking processes. Second, to be recorded in the Selected Acqui-
sition Report (SAR), procurement cost growth ordinarily will have to pass
through one of the “gates” shown in Figure 7.

Cost growth
due to:
Decisions Mistakes
Simuitaneous Unvrealistic Unrelated to
Delayed funding tunding and Milestone Il Milestone Il
content estimate estimate
Ineffective
Deliberate choice inadvertent error Unstable budget program
management

Figure 7. Mechanisms of Cost Growth

Each family of cost growth mechanisms involves some sub-cases and com-
plications, which are explained briefly in the following sections.

Misiakes Due to Unrealistic Cost Estimates at Milestone Il

Altnough the Defense Department never characterizes cost estimates adopted
at Milestone II as unrealistic, unrealistic estimates are sometimes adopted.

Approved for public release; distribution unlimited.
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Deliberate Choice

One way this can occur is the acceptance by the Milestone Decision Author-
ity (MDA) of a cost estimate in the face of creditable evidence that the estimate
is, in fact, unrealistic. It seems reasonable to assume that such a decision would
reflect the adoption of a “camel’s nose” strategy; that is, it was made in the
expectation that the low cost estimate would make the program more attrac-
tive to the Congress.* This probably is the most popular explanation outside
the Defense Department of underfunding of weapon system acquisition pro-
grams.

The record does not contain any clear-cut examples of this case (because the
Defense Department doesn'’t label cost estimates it adopts as unrealistic and
there is never any shortage of competing explanations for the cost growth
experienced.) The clearest example is the case in which a program manager’s
cost estimate exceeds the budget established for the program. In this case, the
difference between the cost estimate and the budget ordinarily is referred to as
a “management challenge.” The sense of this label is that it is up to the pro-
gram manager (PM) to find a way to get the cost of the program down to the
budget without compromising the ability of the system to meet established
performance requirements. Accordingly, the PM will bring forward with his
presentation to the DAB (or promise to develop and implement) a set of steps
to achieve the indicated cost reductions. If an estimate of this sort is adcpted,
it probably would be characterized as “optimistic” (and the cost reductions
required to achieve it noted.)

It is awkward to include under mistakes a deliberate choice to adopt an unre-
alistic estimate at Milestone II. Such choices are, however, mistakes in the sense
that they run counter to stated DoD policy.

Inadvertent Error

Alternatively, an unrealistic cost estimate might have been adopted because
the MDA was poorly advised—that is, neither the service sponsoring the pro-
gram nor the Office of the Secretary of Defense (OSD) Cost Analysis Improve-
ment Group {(CAIG) provided a realistic cost estimate. The CAIG has no stake
in the programs it estimates. Its only job is to make accurate estimates of pro-
gram cost, and it is criticized at least as vigorously for an estimate that proves
to be too high as for one that proves to be too low. Hence, if in retrospect the
CAIG estimate proves to have been unrealistic, the explanation is either that
the CAIG inadvertently made a cost-estimating error, or that its estimate was
based on an unrealistic program assumption.

The Family of Medium Tactical Vehicles (FMTV) provides a ready example
of cost growth due in significant part to an inadvertent cost-estimating error.
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" The FMTV came to the DAB in 1988. The program involved only a limited
amount of development and therefore requested combined Milestone II and
Milestone Illa authority. The FMTV PM stated that his procurement cost esti-
mate was based on the actual cost of a vehicle that had recently entered pro-
ductibn and was closely analogous to the core FMTV vehicle. A few months
after the DAB, the PM reported that he was not able to negotiate a contract for
the FMTYV in the ballpark of his estimate, and the price eventually negotiated
was considerably above the Milestone II/1Ila estimate.

The error in this case started with terminological imprecision. What the PM
had labeled an “actual cost” was the price in a firm fixed-price contract that the
Army had for the analogous system, not the cost that the manufacturer of the
vehicle had incurred in its production. The producer of the analogous system
(not the same firm with which the PM was trying to negotiate an FMTV con-
tract) was losing a substantial amount of money on the contract. The FMTV
estimate rested on the false assumption that the contract price for the analo-
gous system was an accurate measure of the cost that would be incurred in its
productlon In substantial part because of that error, FMTV has the ninth high-
est cost growth of the 138 ma]or weapon system acquisition programs in the
sarnple used in this study. *

The P-7 Long Range Air ASW Capable Aircraft (LRAACA) provides a dra-
matlc example of a cost estimate based on an unrealistic program assumption.
The LRAACA program was to develop and procure a replacement for the P-3
aircraft. As approved at its Milestone II DAB in late 1988, the P-7 was to be
simply a stretched P-3 with updated electronics and mission equipment. The
Milestone II cost estimate was based on the assumption that the P-7 would be
60 percent common with the P-3. It was further assumed that the P-7 design
could be based on the P-3 drawings, and could be produced on the same pro-
duction line, using much of the same tooling.

It was discovered as the development work went along that poor configura-
tion control had been maintained on the P-3 and that the aircraft produced
differed significantly from one another. Consequently, plans to base the P-7 on
P-3 drawings and to use P-3 tooling had to be abandoned. Commonality fell
from the assumed 60 percent to near zero, which is to say that the P-7 effec-
tively became a new design, with costs of development and procurement well
above those estimated at Milestone II. The program was cancelled in 1990
before completing EMD.

The LRAACA is a case in which an unrealistic program assumption clearly
could’and should have been corrected before the program came to the DAB for
Milestone II approval. This subcategory also includes program assumptions
that prove to be unrealistic due to unanticipated technical problems. Some might
question the reasonableness of assigning to the mistakes category cost growth
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due to unanticipated technical problems. The basis for doing so lies in the DoD
policy in effect since about 1970 that the technologies taken into EMD should
have been demonstrated. Hence, when major technological surprises do occur
during EMD, the cost growth associated with them is properly counted as a
mistake, although it will usually be chargeable to the program manager, not to
the cost estimators.® ’

Mistakes Unrelated to Milestone II Estimates

Unstable Budget

Understood literally, “budget instability” implies that the budget fluctuates
over time in an unplanned way, and it suggests uncertainty about the level of
funding that will be provided to the program. In practice, the term mainly
refers to situations in which the budget is insufficient to procure the system at
the annual rates assumed at Milestone II. This can happen either because the
cost estimate adopted at Milestone II was unrealistically low or because the
program’s budget was cut. The likely result in either case is a stretch of the
program, which extends the period over which the program bears at least a
portion of the overhead costs of the system’s producers. :

This aspect of the connection between budget instability and cost growth is
straightforward. It is experienced by virtually all programs, and it is segre-
gated, although imperfectly, in the data used in this study. (As noted in the
preceding chapter, most of the cost growth for this purpose was classified as
due to decisions, although much of it was not caused by exogenous budget
changes and, therefore, should have been classified with mistakes.)

This is not the only or necessarily the most important link between budget
instability and cost growth. Another link often posited is between the steep-
ness of the learning curve and program stability, which means reasonabie sta-
bility in planned budgets and production profiles as well as in requirements.
This conjecture is plausible since program instability tends to discourage the
investments that play a predominant role in moving costs down the learning
curve. Previous studies do not provide an estimate of how large this effect is.

Ineffective Program Management

Ineffective program management can cause cost growth in many ways. To
take a simple example, suppose that the Milestone II cost estimate assumed
that during the procurement phase the system’s producer would receive an
annual fee of 13 percent of cost. It could be that the producer would have settled
for a profit rate (on cost) of 13 percent, but that the PM negotiated a rate of 15
percent. The result would be growth on the total cost to the Government (the

30



NigeHzarisms of Cost Growth

producer’s cost plus fee) of a bit less than 2 percent. As this example suggests,
identifying cost growth due to ineffective program management is in many
caseé: not something that can be done with the sort of information available to
researchers.

' Cases in which the Defense Department obtained contractually binding com-
mitments to early procurement lots in connection with the competitive award
of an EMD contract may provide an instance in which cost growth due to inef-
fective management can be readily observed. This acquisition strategy was a
less ambitious form of Total Package Procurement (TPP), which was used on
several major acquisition programs during the 1960s. Under TPP, the contract
awarded after the competition covered EMD, the entire quantity to be pro-
cured and, usually, contractor support for Operations and Maintenance (O&M)
once the system was in the field. The versions of TPP attempted after the 1960s
covered procurement only of the early lots and included little or no provision
by the contractor of O&M.

‘This acquisition strategy was employed in the hope that it would avoid the
fatal flaws evident from earlier experience with TPP and yet provide substan-
tial benefits from competition. Like the full TPP, however, the less ambitious
form gave bidders a strong economic incentive to “buy in,” that is, to make a
bid for less than the likely cost of executing the program.* Eventually, these
contracts had to be restructured, and the restructured contracts executed at a
cost substantially above the Milestone II baseline. Each of the six post-1960s
major acquisition programs that used a TPP-like acquisition strategy is on the
list of systems that experienced procurement cost growth due to mistakes of at
least 30 percent.

TPP-like contracts are discussed at greater length in Chapters 6 and 7. The
question in this chapter is whether the cost growth due to TPP-like arrange-
ments is properly classified as a consequence of ineffective program manage-
ment. Some would argue that the unsatisfactory results obtained in these cases
were' due to factors such as a failure of the Defense Department to make a
strong commitment to the program; the persistent, if individually small,
increases in the performance required of the system; and budget instability.
From that perspective, the TPP-like approach could have been effective, and its
failure reflects poor execution of the program, mainly at levels above the PM. It
is on that basis that the cost growth associated with TPP-like contracts is classi-
fied as a mistake due to ineffective program management. An alternative view
is that TPP-like contracts are intrinsically flawed, and cannot be made to work
successfully. At least in retrospect, then, their adoption reflects not poor execu-
tion but ineffective high-level management when the acquisition strategy was
adopted. On that premise, cost growth due to the use of TPP-like contracts
would still be classified with mistakes, but it would be classified as another way
of adopting an unrealistic cost estimate at Milestone II.
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Decisions

The mistakes component of cost growth causes overprogramming by creat-
ing the illusion that the portion of resources actually committed to ongoing
systems is smaller than it really is. The decisions component presents a more
complicated situation. The key question is as follows: Was the required fund-
ing committed at substantially the same time as the decision was made to
increase capability, or did the procurement funding decision lag by several
years? If the capability decision and funding commitment are matched, there
is (by definition) no overprogramming. But a decision to increase capability
that is not matched by a commitment of funds creates the same illusion on
resources uncommitted as the mistakes component, causing overprogramming.
It is for that reason that the decisions branch of Figure 7 has the two sub-branches
shown. '

Timely Funding of Content Changes

The F/ A-18 aircraft program provides a good example of a decision that was
funded in a timely way. The F/A-18A /B began EMD in 1976. The F/ A-18C/D
began EMD in 1987, after 400 of the A and B models had been procured. The
two models are on the same SAR, however. (The Navy decided to put on its
own SAR the F/A-18E/F, which went into EMD in 1992.) The F/A-18A/B,/C/D
had a total growth in procurement cost of 48 percent, of which 44.8 percent
were due to variant changes.® It seems clear simply from the sequence of events
that, in the F/A-18B/C case, the funding was committed in a timely way. In
fact, the inclusion of the funding in the budget probably was the vehicle for the
decision.

Delayed Funding

The M2/M3 Bradley Fighting Vehicle System (FVS) is an example in which
commitment of funding lagged a decision to procure a more capable system.
The Bradley, which has the sixth highest mistakes procurement cost growth
among the systems in the sample, grew out of the earlier Mechanized Infantry
Combat Vehicle (MICV). The MICV got Milestone Il approval in 1972. In 1976,
the Secretary of Defense approved the Bradley, which had considerably greater
capability. For example, the Bradley’s armaments included a 25-mm gun, where
the MICV mounted a 20-mm gun, and the Tube-Launched, Optically Tracked,
Wire Guided (TOW) missile system, which was not on the MICV. The MICV
was cancelled in 1977.% For the purposes of SAR reporting, however, the Brad-
ley was tracked against the MICV Milestone II baseline until at least through
1980, at which point the Bradley was in Low-Rate Initial Production.”” Given
that the SARs must match the budget submitted to the Congress, it was appar-
ently at that point that the Bradley procurement cost estimate was updated.
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Approval of the Bradley seems to have reflected a decision to purchase a
systern more capable than the MIVC. Hence, the associated cost increases should
have been posted as due to decisions, although they appear not to have been.
Further, there seems to be no doubt that the adjustments to procurement fund-
ing came 3 to 4 years after the decision to procure the Bradley rather than the
MIVC.*®

Uncertainty and Extreme Cost Growth

The taxonomy outlined in this chapter is used in this study to structure an
ana1y51s of the 35 systems in the sample that had a mistakes component of pro-
curerhent cost growth of at least 30 percent. The assumption entertained is that
thére are systematic explanations of this cost growth. Of course, the accuracy
that any cost estimate eventually proves to have is determined in part by ran-
dom factors—factors that the cost estimator cannot hope to model and incor-
porate in the cost estimate. Hence, it seems necessary to ask whether the cases
of large cost growth simply reflect extreme bad luck—situations in which all of
the random factors that could go wrong did.

The importance of this p0551b111ty turns on how big a random element is
typichl of a careful Milestone IT procurement estimate that attempts to be real-
istic. There is no established, well-grounded answer to this question. A con-
ventibnal and probably reasonable guess is that 90 percent of such estimates
will be within +20 percent of the actual procurement cost (adjusted for infla-
tion, quantity change, and exogenous changes in program content.) If this
position is accepted, only less two cases in 100 (averaged over many samples)
would be expected to have a cost growth of as much as 30 percent due to ran-
dom factors,” 9 and it is reasonable to think in terms of the systematic causes
of instances of extreme cost growth.

[}
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4. Decisions

As noted in the previous chapter, the Office of the Director, Program Analy-
sis and Evaluation (PA&E) intented to classify in decisions only those cost vari-
ances that clearly were the result of exogenous decisions to change program
conteat. It was also noted that much of the decisions component of cost growth
due to stretches probably should have been classified with mistakes. Hence,
with this one exception, we can be fairly confident that the decisions component
of cost growth identified in the database is due to changes in program content
that vrere not forced by adoption at Milestone II of an unrealistic cost estimate
or poor program execution.

We can be much less certain that these decisions on the program typically
were funded at about the time the change in program content was adopted, or
whether the funding decisions lagged significantly. Beyond that question, there
are some major instances in which there is evidence that cost growth due to
unforced changes in the system was misclassified as mistakes.

Indications from the Selected Acquisition Reports (SARs)

It is appropriate to start with the part of procurement cost growth tagged in
the PA&E database as due to decisions. There is no simple statistical marker of
the instances in which these decisions were matched with timely commitments
of funds or the instances in which the commitments of funds lagged. In the
abserice of detailed budget data, about all there is to go on is the fact that these
changes were clearly labeled in the SARs. The changes were, then, substantial
and there was no reluctance on the part of the program manger (PM) or the
service to call attention to them. There is a weak presumption on these grounds
that the changes in content were funded in a timely way. That is the assump-
tion made in computing the 2 percent to 8 percent tax from cost growth dis-
cussed in Chapter 1. To the extent that the assumption is incorrect, the tax would,
of course, be larger.

Another set of programs among those with extreme mistakes cost growth
present a more important problem. The SARs and other readily available
materials (mainly General Accounting Office reports) were examined for the
high-cost-growth Army and Navy systems in the hope that they might provide
an explanation of the extreme mistakes component of cost growth observed.
(Resoprce constraints precluded doing this for the Air Force systems as well.)
What stood out in this review were seven major Army acquisition programs in
which major changes were made after Milestone II but before the system went
into production. The following systems had this characteristic:

¢ Sense and Destroy Armor (SADARM) 155mm Projectile
* FIM-92 Stinger Missile

35



Chapter 4

* USQ-84(V) Stand-off Target Acquisition System (SOTAS)
e M2/M3 Bradley Fighting Vehicle System (FVS)

* MIM-104 Patriot Advanced Capability 3 (PAC-3)

¢ AH-64 Apache Helicopter

e Army Tactical Missile System (ATACMS) Preplanned Product
Improvement (P3I) Brilliant Anti-armor Technology (BAT)

It appeared in each of these cases that the change or changes introduced went
well beyond those commonly introduced in the course of an Engineering and
Manufacturing Development (EMD) program. The changes were not the only
cause of growth in the procurement costs of these programs, but there is a solid
presumption that they were a major cause.

These cases present three distinct puzzles:

1. Were the changes made unforced decisions to develop and procure amore
capable system than that approved at Milestone 11, or were they required
to meet the requirements established for the system at Milestone II?

2. If the changes were unforced, why were the cost increases they drove not
classified as due to decisions in the PA&E database?

3. Were the costs of the changes registered in the DoD budget more cr less
when the decisions to change the programs were made, or did cornmit-
ment of resources catch up with the lag of a few years?

N ¥
The second of these probably is much less a puzzle than it appears to be at
first glance. The seven systems listed above were identified based on comments
in the SAR narrative sections, while the PA&E classifications seem to have been
based more on the descriptions of individual variances, which tend to be opaque
and do not necessarily appear in the same year’s SAR as the change (identified
in the narrative) that produced them. It is also relevant to recall that PA&E
guidelines called for classifying as decisions only cost variances due to changes

that were clearly exogenous. :

Resolving the other two puzzles requires information that goes beyond what
is available in the SARs. Such information proved to be readily available for
two of the seven systems, the Bradley, discussed in the preceding chapter, and
the SOTAS.

The SOTAS was intended to provide an Army commander with “real-time
radar imagery of virtually all moving targets on the enemy side of the battle-
field.”* As originally proposed by the Army, the SOTAS was a mechanically
steered radar, mounted on a UH-60 helicopter, with an anti-jam data link to a
ground station, which had communications links to various element‘é; of a
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division (the tactical operations center and the artillery, for example).
Pre-Milestone II, the SOTAS was an extremely successful program:*

In 1976, one demonstration model, using mostly commercially avail-
able material, was produced....The model was shipped to Germany
for participation in the annual Return of Forces to Germany
(REFORGER) exercise. The system’s performance exceeded all
expectations....[Its] accomplishments were so extraordinary that...the
7th Army Commander refused to allow the system to be returned to
the U.S.

The SOTAS came to a Milestone II Defense Systems Acquisition Review Coun-
cil (DSARC) review in November 1978. During the Milestone Il meeting, a DoD
official requested that the Army incorporate in the SOTAS a new requirement
for an electronic scanning capability, and the Army agreed to this request. The
procurement cost estimate, however, apparently was not revised to reflect the
increase in requirements, or it was revised to only a limited extent, because the
DoD budget submission was then in its final stages of preparation. An update
of the cost estimate was not initiated until August 1980, in preparation for Army
and OSD reviews of the program held in the spring of 1981. It is likely that this
revised estimate was reflected in the final SAR for the program filed in January
1982.

The Defense Department terminated the program on December 2, 1981; the
ground segment remained an Army program, but the airborne segment was
replaced by the Joint Surveillance Target Attack Radar System (JSTARS). By
that point, the estimated procurement cost (adjusted for quantity changes) had
approximately doubled.

The SAR data do not tell us how much of the increase in SOTAS procurement
cost was due to the incorporation of an electronic scanning capability. We do
know that this was a major cause of development cost growth,*” and it was also
likely' a major cause of procurement cost growth. Under the accounting con-
ventions employed in the data used in this study, the costs driven by these
changes should have been classified as due to decisions. They seem largely not
to have been.®*Finally, it seems clear that the inclusion of electronic scanning in
. the SOTAS was not matched by resource commitments at Milestone II.

On the evidence readily available, we cannot reach these same conclusions
for the other five systems listed previously. The changes introduced to each of
these systems during EMD drove a significant element of the cost growth they
experienced. It is possible on the evidence in the SARs that these changes had
to be: made to meet Milestone II requirements, in which case they were prop-
erly classified as due to mistakes (in particular, an unrealistic program assump-
tion). It is also possible on this evidence that the funds required by the change
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were committed when the change was made, in which case the original prob-
lem was not compounded by further delays in funding. This study was not
able to provide further resolution of these uncertainties.

Modification Programs During 1989-1997

The data in Table 5 point to another set of seven programs whose scopes
seem to have changed since Milestone II.*# This table compares procurement
cost growth experience on modification programs during the period 1970-1988
with the period 1989-1997. The DoD procurement budget was tight during the
latter period, and modification programs (rather than entirely new systems)
were encouraged.

Table 5. Mistakes Component of Procurement
Cost Growth on Modification Programs in Two Periods

19701988 1989-1997
<30% >30% Total >30% >30% Total
Army 2 0 2 3 4 7
Navy 17 0 17 7 0 7
Air Force 8 2 10 1. 3 4
Total 27 2 29 1 7 18

Source: OSD PA&E Cost Growth Database.

There is a reasonable expectation that major programs to modify an existing
system and then procure the modified system will experience less procure-
ment cost growth than programs that start from scratch. The services all meet
this expectation for the earlier period. Of the 29 systems classed as modifica-
tions of existing systems, only two—both Air Force systems—had a mistakes
component of procurement cost growth of more than 30 percent. None of the
Navy modification programs of the period 1989-1997 fell into the top tier of
cost growth. The experiences of the Army and, to a lesser extent, the Air Force
are strikingly different between the two periods, however. During 1989--1997,
four of the Army’s seven modification programs had a mistakes component of
procurement cost growth of at least 30 percent, as did three of the Air Force’s
six modification programs.

It would not be plausible to suggest that the Army and the Air Force (butnot -
the Navy) suddenly became bad at estimating the procurement costs of modi-
fication programs. A suggestion that is more plausible on its face is that sub-
stantial changes were made in these modification programs and that the cost
increases they drove were incorrectly posted as mistakes.
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In t:hese cases, and in the seven Army programs listed earlier, we do not have
direct evidence of how much of the procurement cost growth is explained by
the program changes. Indirect evidence presented in Table 6 suggests that most
oof the explanation is provided by decisions misclassified as mistakes.

Table 6. Mistakes Component of Cost Growth
in Development (EMD) and Procurement

EMD Procurement
Army 26% 40%
Navy - 10% 6%
Air Force 27% 16%

Source: OSD PA&E Cost Growth Database.

Table 6 compares the mistakes component of both EMD and procurement cost
growth for each of the services. It is usually assumed that EMD costs are harder
to estimate than procurement costs because the costing techniques available
are less satisfactory for EMD and because (even at Milestone IT) cost estimators
typically have better information on procurement than they do on the EMD
phase of the program. The data for both Navy and Air Force programs are
consistent with this expectation. For each of these, the mistakes component of
EMD . cost growth is a bit more than half again as large as that of the procure-
ment estimate. The figures for the Army are dramatically different—the mis-
takes component of procurement cost growth is about 40 percent and that of
EMD about 26 percent.

It would, again, not be plausible to suggest that the Army and the indepen-
dent ‘cost estimators in OSD are good at estimating the EMD costs of Army
systems but not good at estimating their procurement costs. Consequently, look-
ing for poor cost estimating in the Army systems experiencing high procure-
ment cost growth doesn’t look promising. It is more promising to look to cost
growth due to misclassifications of large variances that the SARs do not clearly
label as due to decisions to change the program.

Conclusions

Changes introduced during EMD appear to have been a significant factor for
14 of *he 35 systems that experienced extreme cost growth classified as mistakes
in the PA&E database as due to mistakes. We can be fairly confident that the
main’ problem in these cases was not poor costing. In fact, they appear to be
good examples of the cost estimator’s lament: “My cost estimate was OK but
the system built was not the one [approved at Milestone II] that I estimated.” It
is also fairly likely that, in most of these cases, the adjustments in procurement
funding were made at least years after the changes in the programs were

adopred.

[
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In two of these cases, the Bradley and the SOTAS, the changes appear to have
been unforced; that is, they were not adopted when it became clear that the
system under development would not meet the Milestone II requirements. In
the other twelve cases, we are not certain on either of these counts; adju_stfnents
in procurement may have been made at about the time that the changes were
introduced, and those changes may have been prompted by an emerging fail-
ure to meet Milestone Il requirements. "

For two reasons, this study has leaned towards the assumption that these
changes were unforced. First, these systems do not fit the mold of programs
making extensive use of advanced technologies on which “technological sur-
prises” might be expected. Second, the evidence on cost growth on modifica-
tion programs pre- and post-1988 is much easier to understand on the assump-
tion that the changes were unforced than it is on the assumption that the changes
were required to meet Milestone II requirements. That is true because on the
latter assumptions it seems necessary to explain why the Army and the Air
Force were much less capable after 1988 than they had been before of matchmg
design of a modification program to the requirements the modified svstem
was to meet. This evidence, however, is only circumstantial, and the conclu-
sion is therefore open to modification on the basis of more detailed examma—
tion of the experience of the systems in question.

For example, the information presented on the seven Army systems could be
read directly as indicating that the Army has some tendency to bring systems
to Milestone II at an earlier stage of evolution than do the other services. If so,
the likelihood is that decisions during EMD to change the capabilities of the
system to be procured probably would be matched by a modification of the
requirements the system is to meet. In these circumstances, the question of
whether the decision was unforced or the result of changes in requirements
may be meaningless and of secondary importance. The key fact would be that
bringing relatively immature systems into EMD tends to be associated with
the introduction during EMD of major changes in what is developed and pro-
cured.
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-y 5. Mistakes Related to Unrealistic

Milestone Il Estimates

This chapter examines the extent to which growth in the mistakes component
of procurement cost can be attributed to the adoption of an unrealistic cost
estimate at Milestone II.

The DoD’s policy since the early 1970s has been that budgets for major weapon
" acquisition programs be based on a realistic cost estimate. The attitude preva-
lent in the DoD acquisition communities toward the policy that all major
defense acquisition programs (MDAPs) should be “realistically costed"** seems
to be much like those of most American drivers to speed limits. If, for example,
the posted speed limit is 55 miles per hour on some stretch of highway, it could
easily be that the average speed is 65, that driving 75 risks a speeding ticket,
and that driving 90 is dangerous and most drivers would not drive that fast
regardless of the speed limit. Moreover, the bureaucratic mechanisms involved
in dekiding on the cost estimates of MDAPs at Milestone II contain the main
elements suggested by the speeding metaphor:

Propensity to speed—the services generally prefer at least somewhat
optimistic costing of weapon system acquisition programs;

Speed limit—DoD policy is that MDAP budgets be based on realistic
‘estimates of cost;

Police—the independent weapon system cost-estimating groups—detect

and ticket speeders;

Court—the Defense Acquisition Board—tries alleged violations of the

speed limit (among many other matters); and

Judge—the Under Secretary of Defense (Acquisition, Technology, and

-Logistics)—resolves disputed cases.

The highway patrol, of course, ordinarily does not observe the speed of
every vehicle on most stretches of highway. In contrast, within the speeding
model as applied to.weapon system acquisition, each vehicle presents to the
court a proposed speed before setting out. The proposed speed is either
accepted, presumably because it is judged to be consistent with the speed limit,
or the “judge” directs a reduction to the speed limit—that is, directs that the
MDAP’s budget be based on what is presumed to be a realistic, or at least more
nearly realistic, cost estimate.

The speeding model of how Milestone II cost estimates become the basis for
budgeting leaves out a great deal. It includes the central elements of the
process, however, and hence provides a useful framework for the discussion
. presented here.

41



Chapter 5

i

It is a safe bet that those outside the Defense Department assume that the
dominant influence on weapon system costing is a desire on the part of the
service sponsoring the program to ensure that it will be started. This chapter
accordingly continues by looking at the extent to which the services’ presumed
preference for optimistic costing explains observed patterns of cost growth. It
then goes on to look at the other elements of the speeding model, again asking
to what extent they are related to observed cost growth.

Changes in the Propensity to Speed

It is hard to pin down in a satisfactory way how optimistic the services prefer
Milestone II cost estimates to be and how intensely held those preferences are.
To make any progress, it is necessary to step back and ask why there might be
a systematic preference for optimistic pricing,.

One reason is that lean funding helps ensure that the program manager will
pay attention to cost control and that senior acquisition officials will approve
any significant expansions of the program’s scope.* Second, advocates of a
program may adopt a “camel’s nose” strategy—that is, adopt an optimistic
cost estimate in the hope that doing so will increase the chances that the pro-
gram will be approved by senior officials in the Defense Department and by
the Congress. A third, and probably more powerful, reason is that optimistic
costing permits any given budget level to accommodate a larger number of
programs. Both national security concerns—ideas for systems that would con-
tribute to national defense—and bureaucratic considerations—the problems
of saying “no”—create strong pressures for optimism in costing so as to fit as
many acquisition programs as possible into the budget.

Is this propensity to speed greater in some periods rather than others, or
greater for some identifiable classes of systems? The answer presumably is “no”
for the first motive for optimistic costing, but possibly “yes” for the other two.

The “pinch” of a tighter budget constraint is linked to the propensity to adopt
optimistic cost estimates for MDAPs in two opposite ways. First, in periods
when the budget is particularly tight, competition for funding is even more
intense, and for that reason, the incentives for optimism are stronger. On this
basis, MDAPs that go through Milestone Il in periods of tighter budgets would
be expected to show more cost growth than those that pass Milestone II when
funding is less tightly constrained. Second, when the budget is tight and
expected to stay tight, overruns that predictably follow from optimistic costing -
will be even more painful and difficult to deal with, which would argue for
more conservative costing and, hence, less cost growth. Which of these forces
is the stronger is an empirical issue.
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The deterrent effect of prospective stretches provides a further implication
that is unambiguous. A given percentage underestimate for a large system will
have a far more pervasive effect on a service’s acquisition program than the
same percentage error on a smaller system. Furthermore, large systems tend to
be the flagships of their services, and so are programs that the service would
make particular efforts to avoid stretching. If so, the tendency on large systems
will Be to “budget to cost,” that is, to set planned funding at Milestone II on the
basis .of a realistic cost estimate. Smaller and usually lower priority systems
will, on this hypothesis, more often be “costed to budget.” The implication is
that larger systems would tend to experience less cost growth in percentage
terms than smaller systems.

Figure 8 presents the DoD procurement budget in constant dollars over the
period considered by this study. Judged by these data, the period 1970-1997
includes one “boom-bust” cycle. Procurement spending was relatively low
during 1970-1980, which included the years when a “peace dividend” was
expected following the end of the Vietnam War. During the last two years of
the Garter administration (1979-1980), the expectation that defense spending
would increase developed, and defense spending during the 8 years of the
Reagan administration (1981-1988) was in fact much higher than it had been
during the 1970s. Procurement spending dropped sharply after the fall of the
Berlin Wall (1989) and the collapse of the Soviet Union (1991), and it remained
comparatively low through the 1990s.
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Figure 8. Department of Defense Procurement Budget, FY 1970-FY 1997

Approved for public release; distribution unlimited.
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Appendix D presents a regression equation that includes markers for all of
the variables of the speeding model and some factors discussed in the follow-
ing chapter not related to the speeding model. Table 7 reports the estimat=s for
the parameters related to the propensity to speed. Only the estimates obtained
are discussed here; Appendix D explains further how the variables were mea-
sured and the statistical properties of the equation were estimated.”

Table 7. Estimated Coefficients Interpreted in Terms of
Preferences for Optimistic Costing of MDAPs

Coefficient
Variable Definition (t-statistic)
Intercept : 1.346**
(10.105)
A Army programs: 1 for Army program; 0.232%**
0 otherwise (2.861)
AF Air Force programs: 1 for Air Force 0.063
program; 0 otherwise (0.871)
BUDGET Marker of periods of “tight” procurement -0.017
budget: 1 for 1970-1980 or 1989-2001; (-0.176)
0 otherwise
P$ Constant dollar size of procurement -2.5E-06
program planned at Milestone II (FY (-0.783)
2002 dollars)

** Significant at the 1% level.

The dependent variable in the regression equation from which the estimates
in Table 7 are drawn is the mistakes component of procurement cost growth,
measured from the Milestone II baseline. For technical reasons, one of the
services must be used as the baseline in estimating the propensity towards
optimistic costing. The estimates in Table 7 use the Navy. Laying aside a
problem discussed in the following paragraph, we see the estimated constant
term (1.346) implies that the Navy Milestone Il procurement cost estimates for
MDAPs would show growth of about 35 percent before taking account of other
influences. The estimates imply that the built-in cost growth would be slightly
higher for Air Force programs, about 41 percent (35 percent plus 6 percent),
and for Army programs, about 58 percent. The Air Force coefficient is not
statistically significant, but the estimated Army coefficient is.

The crucial difficulty with this argument lies with its point of departure—the
assumption that the estimated constant term measures the Navy’s propensity
towards optimism in its Milestone II cost estimates. It does include that, but it
also includes the average effect of all of the influences omitted from the
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estimated equation. Consequently, we do not know from these results what
the baseline propensity to speed is; in fact, we do not know for sure that it is
smaller than the 35 percent implied by the estimated constant term. The stron-
gest Statement on the propensity to speed that can be made is that the esti-
mates are consistent with the assumption that each of the services does have a
propensity towards optimistic costing of MDAPs. It is possible to say also, and
with much greater confidence, that the Army has a much stronger propensity
towards optimistic procurement cost estimates than the Navy or the Air Force.

The estimated negative coefficient of the budget variable, taken at face value,
" implies that MDAPs that pass Milestone Il when the DoD budget constraint is

relatively tight show less cost growth than those that do so when funding is
. less constrained. Thus, the estimate suggests that the imperatives of competi-
. tion for a place in the budget are outweighed by concerns about coping with
the consequences in subsequent years of optimistic pricing at Milestone I1. Other
studies have found this as well.*® Other studies have also observed the nega-
tive correlation between the dollar size of a program and the amount of cost
growth it exhibits.”” Thus, the results lend a little support to the suggestion that
there is a tendency to “cost to budget” for smaller MDAPs. Both coefficients
are small and not statistically significantly different from zero, so the appropri-
ate conclusion on this evidence is that budget strategy seems to have little or
no effect on procurement cost growth.

A camel’s nose strategy may nonetheless explain cost growth in particular
cases. For example, it may explain the large cost growth observed on some
modification programs that passed Milestone II in the early 1990s. The evi-
dence presented here does not run strongly against such a suggestion; it indi-
cates only that budgetary strategy does not seem to be an important systematic
influence on cost growth.

Pressed to their limits, the propensity to speed on the one hand and the abil-
ity of the traffic police to detect speeding on the other provide mutually exclu-
sive explanations of cost growth. To the extent that the traffic police have a
good ability to detect speeding, an increase in the propensity to speed will
have little effect on the amount of speeding actually observed. Conversely, to
. the extent that the propensity to speed is the dominant effect, we would expect
to find that changes in the speed limit and capabilities of the traffic police have
little to do with the amount of speeding observed. Consequently, having found
that measures of budget strategy aren’t closely associated with cost growth,
we’d expect to find that changes in the ability of the traffic police to detect
speeding and changes in the speed limit are associated with observed cost
growth.
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Ability to Detect Speeding—Authority of the Traffic Force

As noted in Chapter 1, Secretary Laird directed in January 1972 that inde-
pendent parametric costing be made a part of the DoD acquisition process. The
Office of the Secretary of Defense (OSD) Cost Analysis Improvement Group
(CAIG) began operating in the spring of 1972. Because several months are
required to complete a cost estimate, the new process would not have been felt
much until well into FY 1973 (which began July 1, 1972) but independent esti-
mating should have been fully involved in the cost estimates of all of the sys-
tems brought forward for Milestone Il reviews in FY 1974.%° Accordingly, to the
extent that the new process was effective, it would be expected to find less cost
growth in FY 1974 and later years than before.

Two major changes after FY 1974 raised the status of independent costing
and also might be expected to show up in the record on cost growth. The first
of these was the enactment in 1983 of a statute requiring an independent cost
estimate for each MDAP at Milestone Il and again at the production decision:*

The Secretary of Defense may not approve the full-scale engineering
development or production of a major defense acquisition program
unless an independent estimate of the cost of the program has first
been submitted to (and considered by) the Secretary of Defense.

While this provision simply required the Defense Department to do what it
was already doing, a statement of congressional interest expressed in statute
served to establish independent costing as a permanent feature of OSD over-
sight of major weapon system acquisition programs and, if only by that,
increased the influence independent costing had.®

The second major change, which occurred in 1992, stemmed from a féature
of the 1983 statute. The statute defined an “independent estimate” as one not
made by an office:

... under the supervision, direction, or control of the military depart-
ment that is directly responsible for carrying out the development or
acquisition of the program. '

This provision was problematical because, at the time it was adopted, DoD
practice assigned to the services the task of preparing an “independent” cost
estimate, which the CAIG reviewed™ and modified as its own analysis dic-
tated.

From the standpoint of the DoD process at the time, the question was whether
CAIG review of the service independent cost estimate was enough to satisfy
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statutory direction. This question lay dormant until a DoD Inspector General
(IG) review of the DoD independent cost estimation process began in 1990. The
IG review itself did not squarely address under what conditions a CAIG
revietv of a service cost estimate could satisfy the requirements of the statute.”
It did, however, result in a number of “corrective actions,” one of which was
that the CAIG make its own life-cycle-cost estimates. (CAIG staffing was
increased significantly at this time to accommodate the additional workload.)
This change was codified in the next revision of the acquisition regulations,
which included a clear statement assigning the CAIG the statutory responsi-
bility of providing independent life-cycle-cost estimates of major weapon
acquisition programs.%

Table 8 presents the mistakes component of procurement cost growth during
each of these periods identified above: 1970-1973, pre-independent costing;
1974--1983, pre-statute; 1984-1992, pre-IG report; and 1993-1997, post-1G
report. The rows report the number of systems and average cost growth for
categories suggested in the preceding chapter; reading from the bottom: all
systems that passed Milestone II during the period, the small number of sys-
tems for which costs were overestimated by more than 20 percent, the large
middle tier for which cost growth fell in the range —20 percent to +30 percent,
and the top group for which the mistakes component of procurement cost growth
exceeded 30 percent.

Table 8. Mistakes Component of Growth in
Procurement Cost from the Milestone II Baseline

FY FY FY FY
Cost Growth 1970-73  1974-83 1984-92 1993-97 Total

<30%

Number of Systems 6 8 11 10 35

Average Cost Growth (%) 80 69 86 46 70
-20% to 30%

Number of Systems 8 30 43 15 96

Average Cost Growth (%) 3 5 1 5 3
<-20%

Number of Systems 1 2 3 1 7

Average Cost Growth (%) -41 -33 =27 -54 -35
Total Sample

Number of Systems 15 40 57 26 138

Average Cost Growth (%) 30 16 16 18 18

Approved for public release; distribution unlimited.
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The average cost growth for the middle tier was only 3 percent pre-independént
costing (1970-1973), and the introduction of independent costing does not seem
to have any pronounced, continuing effect on cost growth. The introduction of
independent parametric costing also had no effect visible in these data on the
small number of systems in the bottom cost growth tier. It did apparently have
a pronounced effect at the other end of the scale—systems that exhibited pro-
curement cost growth due to mistakes of more than 30 percent.

About 40 percent of the major systems that passed Milestone II during
19701973 experienced mistakes procurement cost growth of more than 30 per-
cent. During the two decades that followed, the proportion of systems in this
top cost-growth group declined by half, to about 20 percent. (Compare the
number of systems with cost growth of more than 30 percent with the total
number of systems that passed Milestone II during the period.) It was for that
reason that the average cost growth for all of the systems that passed Milestone
II fell from 30 percent during 1970-1973 to about 16 percent in 1974-1983. Dur-
ing 1994-1997, the portion of the sample exhibiting cost growth of more than
30 percent increased to about its 1970-1973 level, but the average cost growth
on those systems was much less than the average of the systems in the top cost-
growth tier in the earlier periods. As a result, the average mistakes component
of procurement cost growth during 1993-1997 was, at about 18-percent, only
slightly above the average for the preceding 20-years, although there is a con-
siderable prospect that some of these systems will show further cost growth.

While the evidence in Table 8 is striking, there is a problem resting ccnclu-
sions on it. Doing so assumes that the advent and subsequent strengthening of
independent costing were the dominant influence on cost growth. They
certainly were not the only influences; two others have already been
mentioned—the tightness of the budget constraint and policy on budgeting on
the basis of realistic cost estimates—and only a little reflection is sufficient to
suggest others.

The estimated regression equation mentioned previously, presented in its
entirety in Appendix D, responds to this criticism. Table 9 reports the estimated
coefficients for the three variables that mark the introduction of the indepen-
dent costing process and its subsequent strengthening. The coefficients all have
the expected negative signs—that is, less speeding when the traffic pohce have
more capability—and each is statistically significant at a reasonable level. More-
over, the estimated magnitudes are consistent with expectations. In particular,
the estimated effect of independent costing is greater after the passage ir: 1983
of the statute requiring independent cost estimates at certain milestones. It is
greater still during the post-IG period (1993-1997). The latter point needs to be
qualified, however. As discussed in the following chapter, some acquisition
reform measures that may have had an effect on cost growth were adopted in
the early to mid-1990s. (The estimated equation includes a variable marking
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 the earlier Packard Commission reforms.) Consequently, the stronger effect
attributed to the post-IG report independent costing regime probably is due in
part to acquisition reform measures.

Table 9. Estimated Coefficients of Variables Marking Major
Changes in the Independent Costing Process

Coefficient

Variable Definition (t-statistic)
COSTI Early CAIG: 1 for 1974-1983; 0 otherwise -0.267*
(-2.465)

COSTII Post-statute CAIG: 1 for 1984-1992; —0.397%*
0 otherwise (-2.700)

COSTII Post-IG report CAIG: 1 for 1993 on; - —=0.500%*
0 otherwise (-2.535)

* Significant at the 5% level.
**Significant at the 1% level.

These estimates, along with the data in Table 8, make two points. The first is
that the introduction of independent parametric costing in the early 1970s had
a major, continuing effect on reducing procurement cost growth.”” Second, this
reduction has come about through the proportion of systems showing extreme
cost growth or, during the 1990s, in the magnitude of that growth. The latter
conclusion has not appeared in previous studies, but is not surprising. The
services knew how to do parametric costing before Secretary Laird directed its
use. Consequently, the presumption has to be that the advent of independent
parametric costing in the OSD was associated with less cost growth because it
puta tool for requiring more realistic costing in the context of acquisition deci-
smns in the hands of senior DoD leaders who were ready to use it.

Ablllty to Detect Speeding—Technology of Detection

The ability to detect speeding depends not only on how well the roads are
policed—that is, the size and bureaucratic standing of the independent cost
groups—but also on the quality of their radar guns—that is, the completeness
of the program descriptions provided to cost estimators and the capabilities of
their costing techniques and data.

Weapon system costing methods have improved over the years and histori-
cal data useful in costing have accumulated. Accordingly, within the logic of
the speeding model, all else equal, we would expect to see a gradual reduction
over time in cost growth. Apart from this, a substantial effort was undertaken
in 1994 to improve the cost data available to DoD cost analysts,* and two inno-
vations significantly improved cost estimators’ access to information about the
content of the programs whose cost they are to estimate. First, DoD acquisition
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regulations were revised to require that all programs coming to the Defense
Acquisition Board (DAB) for a Milestone II or Milestone Illa/Milestone IIIb
review provide a preliminary description of the program content to be esti-
mated 6 months before the DAB review. This is contained in the Cost Analysis
Requirements Description (CARD).* Second, the staff work leading up to a
DAB review began to be done through Integrated Product Teams (IPTs),
- including an IPT for cost. The IPT process provided OSD cost estimators better
access to relevant data and greatly improved communications between OSD
cost analysts and program office personnel at a time at which it tendsto be
comparatively easy to resolve cost and funding issues.

The introduction of IPTs and CARDs arguably is the most important change
in the DoD weapon system costing process since the advent of independent
parametric costing. Unfortunately, the sample available for this study ends in
1997 and, hence, does not permit the effects of those changes to be untangled
from the changes made to the independent costing process after the IG report
and the acquisition reform measures, mentioned above, were adopted in the
early to mid-1990s. Similarly, the presumed gradual improvements in costing
methods and data cannot be distinguished statistically from the variables that
mark strengthening of the independent costing process.

In addition to these time-linked changes, there is reason to suspect that the
ability to detect speeding varies systematically across systems. In particular,
the hardest MDAPs to cost are those for which there are the fewest relevant
precedents.® This will be emphatically the case for entirely new categories of
systems (nuclear submarines in the 1950s, for example) and tends to be true
also for systems that incorporate large advances over their immediate prede-
Cessors. =

The potential importance of this point is suggested by Figure 9, which pre-
sents the average mistakes component of growth in procurement cost agamst
the Milestone II baseline for the MDAPs used in this study, grouped into eight
commodity classes.®! The number of systems in the commodity class appears
(on the horizontal axis) just after the label of the class. The key feature of this
figure is that the commodity classes with the smallest number of MDAPs in
them-—helicopters, vehicles, and munitions—show by far the largest cost
growth. (Space, with six systems and an average forecast error of about 17 per-
cent, does not entirely fit the pattern, but there is some reason to question how
representative of the commodity class as a whole the six systems included are).
All of the commodity classes (except ships) include systems from at least two
services. There is a substantial variation within each commodity class in terms
of program size (measured in constant dollars) and program vintage. All sys-
tems of a given vintage faced much the same budget climate, and there is no
reason to think that budget strategy would involve radically different consid-
erations for one commodity class over another. If these points are granted, it is
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.plausible to attribute the effect that shows up in Figure 9 to richer cost data
producing more accurate or more persuasive cost estimates.

b \ 128 Systems
6C

50
40

30

Percent Cost Growth

Electronics  Missiles  Aircraft Ships  Munitions  Vehicles Helicopters Space
31 29 24 18 7 6 5 6

Figure 9. Average Error in Forecasts of Procurement Cost Relative to
the Milestone II Baseline for Eight Commodity Classes

The opposite case is that of major systems for which the data are particularly
good and which are, therefore, comparatively easy to estimate. This is, for
example, reasonably assumed to be the case for major systems that are modi-
fications of a system in the active inventory. It would also be expected to be the
case, although perhaps less strongly, for systems for which a prototype was
built.as part of the development work done prior to the start of EMD.

The coefficients estimated for variables marking the factors identified in this
section are presented in Table 10. Also included is a variable (BAD) that marks
the Family of Medium Tactical Vehicles (FMTV) for which, as discussed in
Chapter 2, the cost growth from Milestone II is known to reflect, at least in
large,part, an inadvertent costing error (rather than a decision to adopt a highly
optimistic estimate). Modification programs (MOD) and those that had a pro-
totype (PROTO) have the expected negative coefficients, but they are small
and not statistically significant. The variable marking systems with compara-
t1ve1y few useful precedents (FEW) has the expected positive sign and is statis-
tically significant.
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Table 10. Estimated Coefficients of Variables Marking Presumed
Differences in the Quality of the Data Used in Estimating Costs

Coefficient
Variable Definition (t-statistic)
BAD Dummy variable marking for FMTV: 0.382
1 if system was known to embody major, (1.112)
inadvertent cost-estimating errors;
0 otherwise
FEW Dummy variable marking estimates with 0.464%*
few useful precedents: 1 if system had (3.687)
few useful precedents; O otherwise
MOD Modification programs: 1 if program was -0.050
a modification of an existing system; (-0.591)
0 otherwise
PROTO Prototypes: 1 if program included a -0.117
prototype; O otherwise (-1.317)

**Significant at the 1% level.

There is no reason to think that enforcement of policy on realistic costing is
particularly stern for modification programs and programs with prototypes
but lax for programs with few precedents useful for costing. Similarly, there is
no reason to think that these systems are particularly susceptible (or immune)
to the mechanisms of cost growth described in the following chapter. So the
estimates provide clear evidence that cost growth is associated with how solid
the Milestone II cost estimate is.

Why the cost estimates for systems with few useful precedents will tend to
be uncertain is clear. The usual presumption, however, is not that the estimates
are uncertain, but that they are almost always too low. The evidence presented
here tends to agree with this presumption, but it is not obvious why cost esti-
mates for difficult cases should tend to be low. Cost estimators work hard at
identifying the uncertainties in the system whose costs are being estimated
and, left to their own devices, include reasonable allowances for these uncer-
tainties in their estimates. To the extent that they do so, the estimates for hard
cases would be expected to show particularly large variation, but not to be
systematically too low.

Nonetheless, it could be that, given the task of estimating the cost of a system
with few precedents, cost estimators typically fail to recognize and take
account of the novel features of the system, and those novel features usually
come at a price. There is also another, more subtle possibility that needs to be
considered. This is that the greater the uncertainty in the independent cost .
estimate, the less likely it is to have any marked influence on the budget adopted
at Milestone II (from which cost growth is measured). Acceptance of the

i

52



WStRES FelaetPto' Urnredlistic Milestone Il Estimates

independent cost estimate is by no means automatic even in administrations
that more strictly enforce the policy on budgeting MDAPs on the basis of real-
istic cost estimates. The independent estimate is more likely to be influential
when the differences between it and the estimate of the service sponsoring the
acquisition can be easily explained in concrete terms; it is less likely to be influ-
ential when the differences hang on complex, somewhat conjectural factors.
This point is reinforced by the widespread perception that OSD and service
comptrollers tend to reallocate to other applications substantial reserves in an
MDAP’s funding. Consequently, adopting a higher, realistic estimate in these
. cases may not appear to be an alternative actually available.

The question here is not whether there tends to be more cost growth for sys-
tems whose costs are hard to estimate than for those for which the task is easier.
The evidence indicates that this is the case. What we don’t know from the evi-
dence is whether the independent cost estimates were too low or whether the
facts are explained by features of the decisionmaking process.

Changes in the Speed Limit

' There probably is some degree of selective enforcement within any adminis-
tration of policy of budgeting on the basis of realistic cost estimates, but this is
not something that can be readily modeled.®? It is possible, however, to capture
large changes between administrations in how strictly the policy is interpreted.
There have been no explicit changes in the speed limit—the policy of budget-
ing MDAPs on the basis of realistic cost estimates—since the policy was adopted
in late 1972. The observable changes have been in the enforcement of the policy.

The first change came around 1977, when James Schlessinger, Secretary of
Defense under President Nixon, was replaced by Harold Brown, Secretary of
Defense under President Carter. Senior DoD officials of that period endorsed
budgeting for weapon system procurement programs on the basis of realistic
cost estimates, and the speed limit imposed by Secretary Laird in 1972 was not
rescinded during that period. During Secretary Brown’s tenure, however, the
Defense Department took a more relaxed view of what constituted a realistic
estimate. The most readily accessible evidence of this is found in congressional
interest in the subject. There was evident congressional dissatisfaction with the
Defense Department’s record on weapon system cost growth in the late 1970s
and early 1980s. Between 1979 and 1983, two full committees, one subcommit-
tee, and one special panel of a full committee held hearings devoted entirely or
in significant part to cost growth on weapon systems,* and the Congress com-
missioned General Accounting Office and Congressional Budget Office stud-
ies on cost growth.

Policy on enforcement of the costing speed limit changed again in 1981, when
Caspar Weinberger became Secretary of Defense under President Reagan. Late

/v
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)

in 1981, then-Deputy Secretary of Defense Frank Carlucci adopted a serjes of
initiatives to improve the DoD weapon system acquisition process, one of which
was budgeting for MDAPs on the basis of the most likely cost estimate. While
the words used were slightly different, the thought was the same as that of the
Laird /Packard policy adopted a decade earlier. Moreover, in 1982 a process
intended to ensure that the independent cost estimates were appropriately con-
sidered in the services’ budgets was added to the summer review of the DoD
program. Both this process and the emphasis placed on budgeting to most likely
cost were retained for the next decade, through the end of the admmlstratlon
of the first President Bush in January 1993.

The policy of budgeting to a realistic cost estimate was not abandoned dur-
ing the Clinton administration. It was not endorsed by Secretaries Aspin, Perry,
or Cohen, however, and the policy was less rigorously enforced during the
Clinton administration than it had been during the Reagan and Bush adminis-
trations.

Table 11 reports the estimated coefficient of a variable marking changes in
the enforcement of policy on realistic costing. The estimated coefficient is posi-
tive, as would be expected, but not statistically different from zero. That is, the
estimate implies that less strict enforcement of the speed limit is associated
with more speeding, although the magnitude of the effect is imprecisely
measured by the estimates reported here. :

Table 11. Estimated Coefficients of Variables Marking Changes
in Enforcement of DoD Policy in Realistic Costing

Coefficient

Variable Definition (t-statistic)
RELAXED  Less stringent enforcement of realistic 0.088
costing: 1 for 1977-1980 and 1993-1997; (0.884)

0 otherwise

Conclusions

This chapter is concerned with understanding the cost growth that results
from the adoption at Milestone Il of an unrealistic procurement cost estimate.

Popular comment on this topic tends to start with the presumption that DoD
decisions on cost estimates and budgets for major systems are geared prirnarily
towards getting those systems approved. Popular comment also tends to end at
that point. This is unfortunate because, while the presumption that the services
prefer optimistic cost estimates for major systems is not flatly wrong, it falls
short of being right in two crucial respects.
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First, the evidence presented here indicates that, while the preference for
optimistic pricing probably does vary among the services, it seems to be more
or less uniform across time and types of systems. Thus, the preference for opti-
mistic costing is of no help in explaining the wide variation in cost growth that
is observed.

{

Second, the evidence generally supports the speeding model used here to
structure the discussion. The introduction of independent parametric weapon
system costing in 1972 has had a continuing, marked effect in reducing growth
in procurement costs from the Milestone II baseline. The evidence also less
strongly indicates that the subsequent strengthening of the independent cost-
ing process has further reduced cost growth, and that observed cost growth is
influenced by the stringency with which policy on realistic costing is enforced.
Thus, the Milestone II procurement cost estimates from which cost growth is
measured are at least to a significant degree constrained by the DoD policy of
budgeting for major weapon systems on the basis of realistic cost estimates.

We do not get from these conclusions alone an indication of the number of

instances of extreme cost growth due to adoption of an unrealistic cost esti-
mate at Milestone II. The discussion returns to this point in the final chapter.

Approved for public release; distribution unlimited.
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{

This chapter examines causes of the mistakes component of procurement cost
growth other than the adoption at Milestone II of an unrealistic cost estimate.
. In the taxonomy used in this study, these fall under two main families—program
instability and effectiveness of program management.

The initial task of this chapter is to identify “experiments” in the historical
record and program attributes that presumably have an important connection
with program stability and the effectiveness of program management. That
done, the chapter takes up the question of how large an effect on cost growth
the factors identified seem to have had.

There is no conceptual frame for this chapter like the speeding model of cost
growth used inithe previous chapter. In its absence, the only available approach
is a largely open-ended examination of the historical record and program
attributes in terms of the study’s central task—explaining cost growth. The
- relevant expetriments are the major changes in statute, DoD regulations, and
DoD policy that deal with acquisition. A long list of program attributes might
be relevant. Of these, the only ones that can be examined within the confines of
this study areithose reported in the Selected Acquisition Reports (SARs) or
' othervreadily" ailable documents.

[

The range of search is also narrowed by the purpose of the study. It is, first,
concerned with major defense acquisition programs (MDAPs), while some of
the important changes in the acquisition process over the past 30 years have
been directed to the ways the Defense Department buys commodities and
services. Second, the study deals with growth in procurement costs; it does not
go into growth in development costs. Finally, the study is concerned with cost
growth, not cost. Many elements of acquisition reforms were directed primarily
at what rather than how the Defense Department buys. These elements may
have affected the costs of post-reform systems, but they presumably had little
effect on cost growth. Changes directed at how the Defense Department buys
MDAPS are more likely to have influenced subsequent cost growth, but even -
these do not necessarily do so. In particular, such changes will have little or no
discernable effect on procurement cost growth to the extent that they are taken
into account in the baseline cost estimates.*

Experiments Relating to Funding Instability and Effectiveness of
Program Management

The history of acquisition reform is a natural place to look for experiments in
the record that might reveal the role of program instability and effectiveness of
program management in procurement cost growth. Discussion of program
attributes that may be relevant is postponed until the following section.

k]
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The first round of acquisition reform was initiated by then-Deputy Secrefz}lry ‘
of Defense David Packard in 1969.%° As was noted in Chapter 1, one of the main
elements of these reforms was the incorporation within the acquisition process
of independent cost estimates at major decision points. David Packard also
directed that no further use be made of Total Package Procurement (TPP). TPP
and TPP-like contractual arrangements are included under management effec-
tiveness on the premise that they could have been made to provide results
acceptable in terms of cost, schedule, and performance. (See Chapter 3, Section
B.) The TPP contracts used from the mid to late 1960s had not done so, hov\?ever.

David Packard also played the leading role in a second round of acqu1a1t1on
reform, which began about a decade later. The start of this second round can be
placed in 1979 with the first of a series of hearings by various congressmnal
committees (mentioned in the previous chapter) into cost growth in weapon
acquisition programs. This congressional interest was given a sharp impetus
and a wider focus by spare parts scandals that occurred during 1981-1982,
early in the first Reagan administration. Several statutes directed at various
aspects of the weapon system acquisition process, including cost estimation,
emerged from these hearings. In July 1985, President Reagan established, the
Blue Ribbon Commission on Defense Management, chaired by David Packard
and generally known as the Packard Commission. The report of the Packard
Commission was published in 1986. :

The Packard Commission probably is most widely remembered for its rec-
ommendation that the Congress create the position of Under Secretary of
Defense (Acquisition), or USD(A).% The Commission also proposed changes
in the DoD acquisition management structure below the USD(A) level. Eeféore
the Packard Commission report, the program managers (PMs) of major acqui-
sition programs typically reported (ordinarily through one or more intermedi-
ate levels) to the commander of a service systems command or commodity
command, who in turn reported to the service chief. The Packard Commission
recommended taking the PMs out of the commodity commands. Instead, PMs
would report to newly created Program Executive Officers (PEOs). The PEO .
was to have charge of a small number of related programs. From the PEO, the
proposed chain on acquisition decisions for major programs ran through the
also newly designated Service Acquisition Executive (SAE) (the assistant sec-
retary responsible for weapon system acquisition programs) to the USD(A),
who served as the Defense Acquisition Executive (DAE).

The implementation of the PM/PEO/SAE/DAE structure was completed
during the administration of the first President Bush. The principal step in this
regard was reorganization of the services’ systems and commodity commands.
With this, program managers of major weapon systems were taken entlrely
out of the chain of the systems command, and the PEO/SAE/DAE structure
was fully installed.

58



Whstakes URrelated ' Milestone || Estimates

The Packard Commission also made a closely related recommendation to
stabilize program funding. Within the organizational structure proposed by
the Packard Commission, the program manager (through the PEO and the SAE)
and the DAE were to be bound together in a “contract.” Viewed narrowly, the
contract for a major program was to take the form of an acquisition program
baseline (APB) specifying year-by-year cost, key elements of the planned sched-
ule, and the crucial aspects of performance. Baselines that contained this infor-
mation had been used in the Defense Department since at least the early 1970s.
The Commission recognized this in recommending that the “DoD should fully
institiitionalize “baselining” of major weapon acquisition programs at the ini-
tiation of full scale engineering development.”®

The new element in the Commission’s recommendation on stabilizing pro-
grams was that the “Congress approve multi-year funding for the develop-
ment and low-rate production of all major programs approved for full scale
development.”® By this, the Commission meant that the Congress should rou-
tinely' authorize and appropriate funds for Engineering and Manufacturing
Development (EMD) and Low-Rate Initial Production (LRIP) when a major pro-
gram enters EMD, rather than authorizing and appropriating the funds annually.
Doing so would permit the DAE to uphold his end of the contract—to provide
stablé funding and backing for the PM so long as the program held to the APB.

The: Packard Commission recommendations were only partially adopted. The
Congress established the position of Under Secretary of Defense for Acquisition,
and the first USD(A) took office in September 1986. The Defense Department had
several months earlier adopted the PM/PEO/SAE/DAE management structure
recommended by the Commission.® The Congress also passed legislation
requiting the Defense Department to establish an APB for each major weapon
acquisition program.” Thus, in form, the Defense Department adopted the
notiqﬁ of a contract between the PM and the DAE. The Packard Commission’s
recommendation that the Congress adopt milestone funding for all major
systems as they entered EMD was not adopted.

Increased use of competition had been adopted as a policy early on in the
first Reagan administration, and was also recommended by the Packard Com-
mission. Insofar as the procurement phase of MDAPS was concerned, the
direction to make greater use of competition led to two quite different steps.
First, somewhat greater use was made of dual sourcing. Second, in several other
cases TPP-like arrangements were used in an attempt to stretch the beneficial
effects of competition at the start of the EMD phase to the early stages of
proctirement.

A third round of acquisition reform occurred during the two Clinton admin-
istrations, especially during the first, when William Perry was successively
Deputy Secretary and Secretary of Defense.” Large parts of acquisition reform
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during this period were entirely within the spirit of the Packard Commisgion’s
work. One major thrust of acquisition reform under Secretary Perry, however,
went well beyond the Packard Commission Report in concept. The capstone
statement on defense acquisition reform during the Clinton administration
contained the following statement: “DoD and the Nation can no longer zfford
the luxury of maintaining a totally unique defense industrial base.””

More was involved here than encouraging the Defense Department to learn
how to buy commercial products like a commercial firm or to make greater use
of commercial items. Both of those were major strains of acquisition reform,
but the language pointed to an additional step—the use of commercial meth-
ods to procure defense-unique items. That did not mean exclusively material,
parts, subassemblies, and subsystems; the language was also understood to
include, at least to a significant extent, major weapon systems

Major systems must, of course, be developed before they can be bough:, and
it typically is not economical to buy a major system from more than one sup-
plier. To protect the Government in these cases, price ordinarily is effectively, if
not always nominally, negotiated on the basis of cost. Consequently, the con-
tractor must provide the Government with extensive information of its past
and prospective costs and profits. Moreover, before final payment is made, the
system must go through an acceptance testing process to ensure that the Gov-
ernment in fact gets what it pays for.

Viewed from that angle, acquisition reform in the Defense Department dur-
ing the Clinton administration set itself the extremely challenging probl=m of
buying major systems using commercial methods while still visibly providing
reasonable protection for the Government’s interests. One tool used to explore
ways in which this might be done was demonstration projects, which the Con-
gress initially authorized in connection with the Packard Commission recom-
mendations. Most of these were fairly small programs, and only two are in the
sample used in this study. The other, more important strand of this elemant of
acquisition reform during the Clinton administration was a new contracting
approach that sought to increase the range of procurements for which a-TPP-
like arrangement is workable.

The new approach replaced production options obtained with the conipeti-
tively awarded EMD contract with what is called a Price Commitment Curve
(PCC). In this contracting strategy, bidders submit a proposal of the usual sort
for the EMD work, which would be under a cost contract with incentive provi-
sions. In addition, firms competing for the contract would submit a PCC. The
PCC would specify prices for annual production lots of given sizes (or aanual
production lots that fall within specified ranges.) The contract would specify
how those prices would be adjusted for inflation and changes in lot size (which
the contract probably would permit the Defense Department to do only within




Wistares Unrelated o' Milestone Il Estimates

-statec! limits). The PCC might cover the entire planned procurement or, more
likely. some fraction—the first half, for example—with the remainder to be pro-
cured under at least one new contractual vehicle with its own negotiated price.
Competition would be based on the PCC’s bid, in addition to anticipated per-
formiince of the system bid, schedule, and other elements of cost.

X ,

In contrast to the production options of earlier TPP-like arrangements, the
PCC although in the contract) is not a legally binding commitment to produce
at no-more-than-stated prices, and the firm could negotiate different prices

, w1thout suffering any contractual penalty Rather, the root idea is to induce the
firm fo stay within the PCC by a provision that at first glance may seem tri-
fling-—that it need not submit data on the production costs that it has incurred
on preceding lots (including LRIP lots and the test articles produced during
EMD) so long as the negotiated price for successive lots remains on the PCC.

This provision involves economic incentives similar to those of a multi-year
prod1 iction contract. If procurement is carried out through a succession of one-
year, firm fixed-price contracts (which is the usual arrangements for major
weapon system programs), “this year’s” prlce will be negotiated on the basis
of “last year’s” cost. In this context, “last year” should not be taken literally—
the légs will usually be somewhat longer than a year. From the producer’s
point of view, however, this still means reductions in costs of production are
captured fairly quickly by the Government; in other words, cost reductions go
more into reduced prices than into higher profits.” In a multi-year contract,
however, the contractor gets to keep the profits longer and, hence, has an in-
centive to achieve cost reductions that are both more rapid and larger. If the
multl-year contract price is sensibly negotiated, both the Defense Department
and the contractor will gain. This same mechanism can be expected to work in
a contractual arrangement in which a PCC is obtained as part of a competi-
tively awarded EMD contract, which must also provide that the contractor need
not siibmit data on production costs actually incurred so long as prices remain
on the PCC.

Evid}:nce on the Effects of Acquisition Reform and
Acquisition Policies

The acquisition reform initiatives of the early to mid-1990s roughly coincide
with major changes in the independent cost-estimating process, and their sepa-
rate effects on procurement cost growth cannot be disentangled using the data
and raethods of this study. It is possible, however, to isolate the-effects of the
shift zo the PM/PEO/SAE/DAE structure implemented at the recommenda-
tion ¢f the Packard Commission. This shift is interesting both for its connection
with acquisition reform and because it is the only large-scale “experiment” in
the data that at least potentially has something to say about the effect of pro-
gram management on cost growth.
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As was discussed prev1ously, the Packard Commission’s intent was to bind
the PM to the DAE with a “contract” covering performance, cost, and sched-
ule. Had this been done, there is a reasonable expectation that it would have
reduced cost growth on major weapon system procurement programs. In fact,
it was not; the new management structure was implemented, but provisions
(especially, milestone funding) that would have permitted a strong “contract”
between the PM and the DAE were not. The effect on cost growth this partial
implementation of the Packard Commission recommendations should be
expected to produce is not clear. It seems somewhat likely, however, that the
effect was to reduce the tightness of the management constraints operating on
the PMs of major programs and, hence, to permit more cost growth.

That is, in fact, what we observe. Table 12 shows the estimated coefficient of
the variable that marks the implementation of the PM/PEO/SAE/DAE struc-
ture is positive and statistically significant. The new management structure,
then, seems to have resulted in more growth in procurement cost.

Table 12. Estimated Effects on the Mistakes Component of
Procurement Cost Growth of Implementing Packard
Commission Recommendations on Management Streamlining

Coefficient -
Variable Definition (t-statistic)
PEO Program Executive Officer management 0.240
structure: 1 for 1987 on; O before 1986 (1.871)

' Significant at the 10% level.

The effects of the new management structure may, however, be tangled up
with another, almost certainly unintended consequence of the Packard Com-
mission reforms. From the introduction of independent parametric costing in
1972 through implementation of the Packard Commission recommendations
in 1987, the Office of the Under Secretary of Defense (Acquisition, Technology
and Logistics), or USD(AT&L), shared responsibility for basing acquisition pro-
gram budgets on realistic cost estimates with the DoD Comptroller’s office and
the Office of the Director, Program Analysis and Evaluation (PA&E). Cost esti-
mates developed in connection with milestone reviews informed the Defense
Systems Acquisition Review Council (DSARC) chairman of cost issues, but did
not require him to make a decision on the cost estimates or the program’s bud-
get. By and large, those decisions were made in the programming and budget-
ing phases of the Planning, Programming and Budgeting System (PPBS).
“Realistic costing” was routinely an issue in the programming phase of the
PPBS throughout the period 1982-1993, and, for several years during the
mid-1980s, these included reviews by the Cost Analysis Improvement
Group (CAIG) of 20 to 25 major acquisition programs’ cost estimates.”

62



Wistakes Varslaied & Milestone || Estimates

Moreover, the DoD Comptroller staff tended to consider the CAIG
estimate in the subsequent budget phase of the PPBS.

There is no indication that the introduction of the APB was intended to alter
the roles of PA&E and the Comptroller in policing policy on “budget to most
likely cost,” but it gradually did so, largely because it required USD(AT&L) to
make an explicit decision on what cost estimate to use in the APB. Early in
President Clinton’s first term, it was made explicit that PA&E and the Comp-
trolle: were generally to defer to the decision on cost made by USD(AT&L),
and realistic weapon system costing was not marked out as a separate topic in
the programming process of the Clinton years. Historically, the strongest pro-
ponehts of realistic costing have been the Comptroller and, especially, PA&E,
so it i a reasonable conjecture that, by reducing the role of these organizations,
the mtroductlon of the APB tended to permit greater cost growth.

This change in roles happened only gradually, and did not take hold fully
until carly in FY 1994, while the effect of the new management structure seems
to be visible from FY 1987 on. Hence, it seems likely that the estimated coeffi-
cient in Table 12 mainly reflects the management changes.

Table 13 reports the estimated coefficients of three variables associated with
the fcllowing Packard Commission recommendations: prototyping (Use Tech-
nology to Reduce Cost), multi-year procurement (Stabilize Programs), and dual
sourcing (Increase the Use of Competition.) Also reported is the estimated
coefficient of a variable marking EMD contracts that included binding produc-
tion commitments. Use of such arrangements was not a recommendation of
the Packard Commission. Rather, it reflected an application of the policy strongly
favoring competition that prevailed during the 1980s when DoD procurement
budgats were at historical peacetime highs.

¥ Table 13. Estimated Effects on the Mistakes Component of

; Procurement Cost Growth of Aspects of Acquisition Strategy

. ‘ Coefficient

_ Variable Definition (t-statistic)

w PROTO Prototype: 1 if program included a -0.117

" prototype; 0 otherwise (-1.37D)

: MY Multi-year contract: 1 if program -0.116
employed a multi-year contract in ' (-1.125)
procurement; O otherwise

DS Dual sourcing: 1 if program was dual -0.036

. sourced; 0 otherwise (-0.397)

) TPP Total Package Procurement: 1 if binding 0.438%+*
price commitments for some procurement (2.994)

lots were obtained in competition for
EMD contract; 0 otherwise

**Significant at the 1% level.
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The estimated effect of prototyping was discussed in the preceding chapter. ,
As noted there, the estimated coefficient of PROTO is negative, small, and not”’
statistically significant. This is not surprising since prototyping prior to EMD
can be expected to influence both the procurement cost of a program ard the
estimate of the procurement cost made at Milestone II. The fact that the esti-
mated coefficient is statistically insignificant does not imply that prototvping
is abad idea or doesn’t have a major effect on procurement cost; it 1mp11ef, only
that those effects cannot be reliably inferred from cost growth. '

The Congress generally has approved the use of a multi-year contract only
for systems that have stable requirements and are reasonably anticipated to
have stable funding. Consequently, the MY variable marks particularly stable
programs. These programs are generally thought to result in substantially less
cost growth than other programs. The estimated coefficient of MY dogs not
bear this expectation out. It has a negative sign, as expected, but is smail and
statistically not significantly different from zero. Again, the most plallslble
explanation is not that use of multi-year contracts has no effect on cost, but that
those effects are anticipated reasonably well in Milestone II estimates.

t

The estimated coefficient of the variable marking programs that were dual
sourced (DS) is small, negative, and statistically insignificant. As in the fother
cases, we would expect to observe a substantial effect on cost growth only if
the Milestone II estimate did not anticipate the use of dual sourcing or if its
effect on procurement cost is systematically underestimated. In this casé also,
the obvious explanation of the estimated coefficient is that the effects oi dual
sourcing on cost are anticipated reasonably well. (It is certainly the casla that
during the early to mid-1980s, DoD weapon system cost estimators put a good
deal of effort into developing the tools required to do so.) There is also a feature
of the sample of dual-sourced systems that needs to be recognized. The scvmple
includes a small number of instances in which dual sourcing was 1mplem ented
in an effort to halt further large increases in procurement cost. Those efforts
generally worked, but did not undo, at least fully, the cost growth that occurred.
before the start of dual sourcing.” Thus, the sample includes some dual—so urced
systems with large mistakes components of procurement cost growth, \Vthh
partially masks the effects of dual sourcing,.

The last of the variables in Table 13 marks six systems procured':using
watered-down versions of TPP. This variable is worth detailed discussion
because it provides a clear and statistically significant explanation of a mecha-
nism that in several instances has caused extreme growth in procurement cost.

Total package procurement was used to procure a number of major systems
during the 1960s. In these cases, the Defense Department obtained a single
contract covering both EMD and procurement and, often, parts of the support
required by the system once it had been fielded (for example, provision of spares.)
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Characteristically, this was a fixed price incentive fee (FPIF) contract obtained
through a competition in which price was an important selection factor.

TPP> was intended to solve a problem deeply rooted in the economics of
weapon system procurements. Competition during the procurement phase of
a weépon system acquisition often is not feasible. When it is not, the Defense
Department must rely on the contractual vehicle and contract management to
achieve results otherwise provided by competition. The Holy Grail of contract-
ing theory is a contract award process and contractual vehicle that (1) reliably
ident fies the firm with the lowest costs, (2) provides incentive to the winner to
develop a system that meets the stated requirements at minimum cost, and (3)
minirnizes cost during the procurement phase.

TPI’ approaches this problem by extending the scope of competition from
the EMD phase only to EMD and procurement, and often some of the support
phasé as well. The essential feature of TPP is that bidders are required to make
contriictually binding commitments on procurement price in a competition at
the start of EMD. TPP is fundamentally a way of extending the reach of compe-
tition from a point at which it is feasible—the selection of a firm to do the EMD
work—to the procurement phase, for which competition ordinarily is not eco-
nomi::al.

In rnost of these cases, TPP worked poorly for fairly straightforward reasons.
Firms’ bids for a TPP contract presumably will be their expected costs plus a -
competitive return if they expect that the contract will be enforced more or less
as it is signed. Otherwise, they have a strong incentive to “buy-in”"—that is, to
make an optimistic bid to gain the contract in the expectation that it will even-
tuall) be substantially modified and they will be able to make a more than a
competitive return.

The most complete account of experience with TPP is provided by an IDA
study published in 1992. 76 IDA judged the Maverick weapon system to be a
successful program. All of the other TPP programs encountered severe techni-
cal and financial problems. The TPP contracts were then restructured as cost
reimbursable contracts, and in three instances, the Defense Department “bailed
out” the contractor—that is, paid part of the cost overruns incurred by the con-
tractor to the time of the restructure. Growth in procurement cost for the TPP
progirams (except possibly Maverick) was far greater than the average for all
programs IDA considered.

In 1970, then-Deputy Secretary of Defense Packard directed that TPP no longer
be usad, and it has not been. After a few years, the Defense Department began
experimenting with more flexible forms of TPP that arguably provided most of
the theoretical benefits of TPP without the brittleness that usually defeated it.
The six systems in the sample marked by TPP, in particular, had two TPP-like
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features. First, the contracts obtained at the start of EMD covered both EMD
and at least the early part of production. Second, this contract was cont ained
through a competition in which price was a significant factor. They were a step
back from the TPP contracts of the 1960s in that the EMD contracts typically
were not FPIF, but cost reimbursable contracts with incentive features; rot all
of production was covered; and the procurement part of the contract was more
likely to use “not to exceed” prices than firm fixed-price quotes.

These TPP-like contracts also have not worked well, for the same reasc:»ns as
the TPP contracts of the 1960s. All of the 6 systems marked by TPP are ainong
the 35 systems in the sample with a mistakes component of procurement cost
growth, and one (the C-17) was one of the most troubled major acquisitions of
the past 20 years.

§

A further refinement of a TPP-like contracting strategy (use of the:PCC,
described previously) was introduced as an element of acquisition reform dur-
ing the Clinton administration. Insofar as data are concerned, the j juzy on
whether this approach will work is still out.

Concluding Comment

After more than 20 years of acquisition reform efforts, there is no surprise at
all in the general notion that the DoD acquisition process can be implicased in
. cost growth. There is an element of surprise in this chapter’s suggestion that
the discernable effects of those changes are statistically insignificant, with one,
or perhaps two, exceptions. First, the introduction of the PEO structure—yvhich
was part of one of the reforms proposed by the Packard Commission—has a
(marginally) statistically significant association with higher cost growth Sec-
ond, TPP-like contracts, adopted as a way of extending the benefits of cc: mpe-
tition up to the start of EMD to the procurement phase, were strongly a>soc1—
ated with extreme procurement cost growth. i
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7. Conclusions and Recommendations

This study was organized around three tasks. The first was to determine
whether growth in the costs of major defense acquisition programs (MDAPs)
is encugh of a problem to warrant corrective action. Chapter 1 argues that it is.
The problem proves to be not the modest growth in procurement cost that is
typical of major weapon acquisition programs. Rather, the damage that pro-
curentent cost growth does to the DoD program as a whole is largely done by
the comparatively small number of systems that show extreme cost growth.

The second task was to get a sense of the relative importance of the various
mechanisms through which cost growth in procurement programs occurs. The
initia! steps in this task were taken in Chapter 2 (Introduction to the Data) and
Chapter 3 (Mechanisms of Cost Growth). Chapters 4 through 6 then turned
directly to the evidence on the importance of various mechanisms of cost growth.

The third task—taken up in this chapter—was to sort through the bits and
pieces of evidence presented in Chapters 4 through 6 for pointers on which
steps to reduce cost growth might be useful.

The discussion is built around the mechanisms of cost growth identified in
Chapter 1:

1. :A decision is made to increase the capabilities of the system beyond what
'~as approved at Milestone II and captured in the Milestone II procure-
1ment cost estimate.

2. ";The decision maker at Milestone II, for whatever reason, adopts an unre-
‘alistic estimate of procurement cost.

3. ;Poor pfogram execution or exceptional budget instability cause cost growth
avoidable by better program management or more budget stability.

The discussion is, in particular, directed towards assessing the evidence iden-
tifying mechanisms that reliably operate in a significant set of cases to cause
extreme cost growth, since it is those that are of principal importance in consid-
ering corrective actions.

Post-Milestone Il Baseline Changes and
Post-1988 Modification Programs

Tatle 14 provides an overview of the factors identified in this and preceding
chaplers as possible explanations of extreme cost growth for the systems in our
sample. The definitions of the column headings in that table are as follows:

¢ POST—Indications of changes introduced during Engineering and Manu-
acturing Development (EMD) beyond what would be required to meet
Milestone II reguirements
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¢ MOD2—Marker of post-1988 modification programs: 1 if modification pfo-
gram passed Milestone II in 1989-2001 or a major post-Milestone II pre-
production addition to capability is noted; 0 otherwise

¢ TPP—Total Package Procurement: 1 if binding price commitments for some
procurement lots were obtained in competition for EMD contract; 0 other-
wise o

¢ FEW-—Dummy variable marking estimates with few useful preeeglents:
1 if system had few useful precedents; 0 otherwise

¢ BAD—Dummy variable marking for the Family of Medium Tactlcal
Vehicles (FMTV): 1 if system was known to embody major, inadvertent
cost-estimating errors; 0 otherwise :

Substantial increases in capability were introduced during EMD (POST) for
seven of the systems. Patterns of cost growth also suggest that this was th:2 case
for the seven systems that were modification programs adopted after. 1988
(MOD?2). We can be reasonably sure that, in these fourteen cases, much of the
extreme cost growth was due to a change in what was procured rather than to
adoption of an unrealistic cost estimate at Milestone II. Although the ev1dence
is circumstantial, substantial delays in funding appear to be typlcal in’ these
cases. 'i

The pivotal question about the fourteen systems in this category is whether
the changes apparently introduced during EMD were unforced decisions to
procure a more capable system or were necessary to meet the requiremeﬁts for
the system that was approved at Milestone II. We have direct evidence for two
systems—the Bradley and the Stand-off Target Acquisition System (SOTAS)—
that the changes were unforced. This study’s inclination to assume that a least
most of the others were as well, however, rests entirely on circumstantizil evi-
dence. The point is important because the remedy is somewhat dlfferent for
each of the two possibilities. -_

The first line of defense against the adoption of an unrealistic program
assumptlon is composed of the studies and development work done by the
sponsoring service before the Milestone II decision. The second line is the élabo-
rate source-selection process that ordinarily precedes the Milestone II réview,
and the third is the milestone review process. One important task of the Office
of the Under Secretary of Defense (Acquisition, Technology and Loglstlcs) in
the milestone review process is to ensure that the program complies with the
long-standing DoD policy that the technologies to be used in a system achieve
reasonable levels of maturity before the system enters EMD. These safeguards
are not foolproof, of course, but to the extent that their failure is a significant
source of cost growth, the obvious remedy is more effective use of ethtmg
processes, not new processes. g




TBHERISIOMgaMa Recommendations

'fable 14. Factors Contributing to Extreme Cost Growth for Systems with
Mistakes Component of Procurement Cost Growth of at Least 30 Percent

Name POST MOD2 TPP FEW BAD
Army '

SADARM 155mm Projectile v v

FIIVI-92 Stinger Missile v

USQ-84(V) SOTAS v

M2/M3 Bradley FVS v v

MJM-104 Patriot PAC-3

Apache Helicopter v v Y

M1 Abrams Tank

ATTACMS P31 (BAT) v

M712 CLGP (Copperhead) v
AT'CCS ASAS Block II/111

AL'Q-212(V) ATIRCM/CMWS

[\T@t
T-45 Goshawk Training System v
AGM-84A Harpoon Missile v

C-17A Globemaster Aircraft v
C-130J Hercules Aircraft v
LGM-30 Minuteman 111 GRP v

Note: Siee the list of abbreviations at the end of this paper for the meanings of abbreviations used here.
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As noted previously, this study leans toward the position that the changes in
most of the fourteen cases under consideration here were not needed to meet
Milestone II requirements. Somewhat different processes bear on the problem
of seeing that there is timely recognition of the funding implications of ‘such
decisions. A clear view of this problem requires distinguishing among the fol- .
lowing: (1) when a post-EMD pre-production change in a system was adcpted,
(2) when the cost estimate was revised to reflect the change, and (3) when the
increased funds required by the change were committed. A decision to cliange
a system’s baseline ordinarily requires putting that change on the EML! con-
tract. Such decisions should compete for funding in the regular resource allo-
cation process. If the proposal is adopted in that context, the change can be
placed on the EMD contract and the cost estimate for the system can be relv1sed
and funding, including out-year funding, committed. |

- }

DoD processes do not require that these steps be taken in concert, hov:/ever.
Particularly if the additional EMD funding required is initially fairly smal, it is
possible to decide on a baseline change and place it on contract through one
bureaucratic process, fully revise the cost estimate to reflect the changellater,
and commit all of the funding required only after a further lag. §
i,

At some point, a major change in a program will generate a cost or schedule
breach, which will trigger a review by USD(AT&L) and, if the breach is:large
enough, notification of the Congress.”” This process includes review of the
system’s cost estimate by the Cost Analysis Improvement Group (CAIG), and
it is likely that this will lead to consideration of the system’s funding &1 the
budget process. These steps are reactive, however, and may come several years
after the change has been adopted. Although of secondary importance, it is
also relevant that the cost reviews are done under great time pressures, and
they usually are not as searching as those done at a milestone review. |

|

At abroad level, the following correction for this problem is appropria‘t:é and
straightforward: alter the acquisition regulations to require prior USD(AT&L)
approval of any major change in a major defense acquisition program’s baseline;
support the approval decision with a careful estimate of the cost of the change
and verification that the funding required has been committed; and re‘quire
that any major change in an MDAP baseline compete for funding in the ordi-
nary resource allocation process. The devil in this case would be very mljlch in
the details. Crafting a rule that applied to major changes (and to a series of
small changes that cumulate to a major change) but filtered out smaller changes
would be challenging. |

) I

DoD acquisition regulations were recently changed to establish * .,plral
development” as the preferred acqu151 fon strategy for major systems. Al hough

nota_doft o0 ot s i aldevclopmcntmp iple prowdesacol e
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baseline changes.” For the problem at hand here, the key features of the new
spiral development process are:

1.-The content of the first spiral (and, to the extent that they are known,
succeeding spirals) must be fully specified when the program is initiated.

2. 'The capability of any one spiral must be demonstrated (via testing) before
‘development of the next spiral begins.

3. . A separate milestone authorization is required for each spiral.

The second and third of these features are the most important in terms of growth
in procurement cost due to major baseline changes. Given these requirements,
a service could not introduce a major change in a system in development with-
out consulting with USD(AT&L).

Unrealistic Milestone Il Cost Estimates

Six of the 35 instances of extreme cost growth employed TPP-like contracts.
Including the 14 cases with baseline changes, 20 of the 35 cases have a plau-
sible proximate cause of extreme cost growth. That leaves 15 cases for which
the evidence presented does not rule out the adoption of an unrealistic cost
estimate at Milestone II as the main cause of their extreme cost growth.

Two key conclusions from preceding chapters provide a clear view of this
problem. First, the problem is not with the average or typical system. For 80
perceat of the systems in the sample, the mistakes component of procurement
cost growth was small enough not to be a serious problem; the problem pre-
sented by growth in the mistakes component of procurement cost is largely due
to the 35 systems with extreme cost growth.

Second, the statistical results tend to reject the popular notion that cost growth,
especially cases of extreme cost growth, can be explained by budget strategy,
thatis, by the deliberate adoption at Milestone II of an unrealistic cost estimate.
There is statistical evidence that the services, especially the Army, prefer rela-
tively optimistic Milestone II cost estimates. There is also some weak statistical
indication that some administrations have taken a more permissive attitude
towards cost growth than have others. There is, however, no statistical evi-
dence that budget strategy has had any marked effect on cost growth. More-
over, there is clear, statistically strong, evidence that the independent costing
process that the Defense Department adopted in 1972 has been reasonably
effective.

The: second conclusion leaves the following two possible explanations for the
adoption of (apparently) unrealistic cost estimates at Milestone II: (1) a straight-
forwerd, inadvertent costing error; and (2) one of the major program assump-
tions on which the cost estimate rested proved to be unrealistic. Unfortunately,
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this study provides only a blurry picture of the relative importance of these
two ways to arrive at an unrealistic cost estimate at Milestone II. The only gen-
eral evidence we have on this point is that the mistakes component of procure-
ment cost growth tends to be larger for systems with fewer precedents useful
in cost estimation.

This correlation points in the direction of inadvertent error and uncertainty
in the independent cost estimate developed for the Milestone II review. It also
points towards a suggestion for reducing cost growth. Systems that are going
to present particularly difficult costing issues ordinarily can be identified at
Milestone I, which is typically 3 or 4 years before the Milestone II review. Occa-
sionally, the period when the system is in Program Demonstration;Risk
Reduction is used to tackle crucial costing issues, which can then be resolved by
the time of the Milestone II review. The DoD acquisition regulations, however, do
not require or especially encourage this, and efforts directed at cost-estimating
issues don’t happen unless some of those involved go out of their way to initiate
them and the PM concurs. Ordinarily, costing efforts begin 6 months before the
Milestone II review, and this is not enough time in challenging cases.

The Joint Strike Fighter (JSF), now the F-35, provides an excellent example of
what can and more often should be done. The JSF is to be developed and pro-
duced in three distinct variants, one each for the Navy, Air Force, and Marine
Corps. Much of the idea behind the JSF is that these three variants have a great
deal of commonality, which should reduce costs of their development; pro-
curement, and operation. The commonality in question is not exclusively a
straightforward matter of identical parts; rather, it also involves distinctions
among different types and degrees of commonality. Not long after the JSF
entered the pre-EMD phase of its development, the cost group at the Naval Air
Systems Command (NAVAIR) initiated a study to establish a useful taxonomy
of commonality for the JSF and begin the task of establishing “how much”
each of the variants would have in common with the others. This study
involved the Air Force and Office of the Secretary of Defense (OSD) cost gzoups
as well as the contractors. It took about 8 months to complete, was updated
several times before the Milestone II review of the JSF, and provided the: foun—
dation for the Milestone II JSF cost estimates.

The recommendation suggested by these comments is as follows: modify the
DoD acquisition regulations to provide for explicit consideration duririg the
Milestone I review of what efforts related to cost estimating need to be under-
taken during the pre-EMD development phase. This modification mlght use-
fully be structured under three headings:

1. Data. What direction needs to be given to ensure that the data important
to the cost estimates made at Milestone II are captured during the pre-
EMD phase? This is an elementary point, but it is common to find that the
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cost data collected during the pre-EMD phase is so “dirty” that they can
be employed only if the Milestone II review is pushed back by several
weeks to permit time to clean them up.

2. Demonstrations. Which demonstrations designed to narrow the uncertainty
on major determinants of cost should be included in the pre-EMD pro-
igram? For example, it probably would be sensible to provide for demon-
strations of technologies that might cause the costs of the system being
developed to be much lower than the costs of its most recent historical
jrecedents.

3. Studies. Which studies of major cost issues (like the JSF commonality study)
ought to be initiated?

These: items should be considered for all systems and then explicitly directed
as warranted in individual cases.

Production Commitments Obtained with the EMD Contracts

Procurement cost growth due to abnormally great budget instability and that
due to ineffective program management were folded into the discussion in
Chapter 6 about the discernable effects on cost growth of acquisition reform.
Asncted there, many of the more important reforms proposed were either not
implemented or implemented only partially. Of the changes that were imple-
mentizd, only that associated with the introduction of the Program Executive
Officer (PEO) management structure in 1986 had a measured effect that was
{marginally) statistically significant, and the effect in that case was to cause
increased procurement cost growth.

The contribution of that chapter to the explanation of extreme instances of
procurement cost growth lies in its results for the six systems in the sample that
used a TPP-like contractual arrangement. All of these were in the top cost growth
tier, and there is no real doubt that the TPP-like contract was the root problem
that lad to the growth in procurement cost experienced.

The record of the procurement process over the last 30 years points to three
alterriative policies that could be adopted in response to the almost uniformly
unsatisfactory experience with TPP and TPP-like arrangements. The first of
these is to not use TPP or TPP-like contractual arrangements. This was DoD
policy during the period covered by this study, although exceptions were made
in connection with the strong emphasis placed on the use of competition in
procurement of major systems, especially during the mid-1980s, and as an
acquisition reform measure in the mid-1990s.

Second, the use of TPP-like arrangements could be limited to cases in which
they have a reasonable chance of being successful. The key requirement is that
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bidders in the competition that leads to award of a TPP-like contract be |
induced to make realistic bids. There are at least two conditions that need to be
satisfied to achieve this result. First, bidders must be persuaded that it is
unlikely that the requirements that the system is to meet will be changec ‘sub-
stantially during EMD. Second, it must seem highly likely that the budget for
the system will remain stable, because bidders ordinarily will insist on'at-least
lower limits on annual lot sizes.

The first of these conditions requires the agreement of the user community
within the acquiring service. That will be difficult to obtain for large, techno-
logically challenging systems that remain in EMD for several years, because
the threats that the system is intended to counter can change over the course of
a few years, existing components and subsystems will go out of production,
and technology will advance. The second condition requires the concurrence
of the resource allocation sides of OSD and of the acquiring service, OSD, and,
perhaps the Congress. That will be difficult to obtain, particularly for larger
programs. On this view of the matter, then, it appears that TPP-like arrange-
ments could be made to work in a satisfactory way only for the few programs
that are both comparatively small and not technologically challenging.

The third approach is the use of the Price Commitment Curve (PCC), dis-
cussed in the preceding chapter. Such arrangements are far from guaranteed to
work. They contain two features that can provide bidders with strong incen-
tives to buy-in. First, the PCC must be adjusted for changes in the system intro-
duced during EMD. These changes may be individually and cumulatively small,
but they also may not be. As noted in Chapter 4, some changes introcduced
post-Milestone II but pre-production seem to have had costs that were a con-
siderable fraction of the baseline program’s costs. Accommodating these changes
introduces an element of cost-based contracting into the arrangement. Izence,
what starts out as a procurement built around a PCC will become a h‘/brld
Moreover, the bidder on such a contract has an incentive to structure his tech-
nical proposal in a way that increases the likelihood of major post-Milestone II
changes. -

Second, the prices of the portion of the procurement not covered by th'( PCC
presumably will be negotiated on the basis of cost. Again, the total cost of the
procurement will be a blend of the prices of the PCC, obtained with the EMD
contract through a competition, and cost-based prices. The latter easily could
be somewhat more than half the total procurement cost. The importance of this
point is brought out by asking where the Defense Department is to get the cost
data needed to protect the Government’s interests in negotiation of the first of
these post-PCC lots. Requiring data for the last of the production lots covered
by the PCC might reveal that the contractor has obtained abnormally large .
profits and, hence, call the arrangement into question. The Government lairgely
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is flying blind in the negotiations if it does not obtain these data, however, and
it is not clear what prices could be expected to occur in their absence.

The upshot of these comments is that arrangements that use a PCC in place
of bir:.ding production commitments obtained with a competitively awarded
EMD contract also require stable requirements and budgets to be successful;
hence, they are likely to be useful in only a narrow range of cases.

Arrangements employing a PCC generally like what has been outlined here
are being used for two major procurement programs, the Joint Direct Attack
Munition (JDAM) and the Joint Air-to-Surface Standoff Missile (JASSM).” The
JDAM is technologically far simpler than the typical major weapon system,
has enjoyed stable requirements, and funding stable enough for the contract to
have remained in place. By all accounts, it appears to have been a great success.
The JASSM is a more ambitious program, although one that, compared to other
major weapon systems, is not exceptionally challenging technologically. It is
not clear yet whether the JASSM will be successful in terms of cost, so the jury
on arsangements employing a PCC is still out.

Concluding Comment

This chapter has paired with each of the main mechanisms of procurement
cost grrowth a direction for reducing the number of programs that exhibit
extreme cost growth:

1. Jse of spiral development as specified in the new DoD acquisition
:rocess ordinarily would preclude baseline changes while a system is in
:ZMD. Thus, rigorous use of spiral development would block one of the
fmain processes that resulted in extreme instances of procurement cost
:growth during the period considered in this study.®

2. .Systems that will be particularly difficult to cost should be identified early
‘n the development phase. An appropriate mix of data collection, demon-
strations, and studies should be directed to provide adequate foundations
‘or making a sound cost estimate when the system’s sponsor seeks
‘approval to proceed to the later stages of development.®

3. 'TPP-like arrangements should be used, if at all, only for technologically
Jindemanding systems with firm requirements and excellent prospects
-for stable funding.

Adoption of these recommendations would not entirely eliminate the growth
in procurement costs due to mistakes—that is, inadvertently poor forecasts of
procurement cost, more or less deliberate acceptance of unrealistic Milestone II
estimates, cost growth due to budget instability, use of a flawed contract mecha-
nism; or poor program execution—or decisions to increase capability that are
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not fully funded when they are made. It would not even eliminate all extreme
instances of growth in procurement cost from these causes, since the recom-
mendations would not provide any additional means for precluding exireme
cost growth from unique constellations of circumstances. However, adoption
of these recommendations could be expected to significantly reduce instances
of extreme cost growth and, hence, the damage they do to the DoD program as
a whole. :

Approved for public release; distribution unlimited.
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Appendix A.
Memoranda on Use of Parametric Cost Estimates and
Creation of the OSD Cost Analysis Improvement Group

THE DEPUTY SECRETARY OF OEFENSE
WASRINGTON 3%, 8.8,

mmomtm POR SZC’(ETARIES OP MU.ITARY DEPARTMENTS

SUBJECI. Uae of Parame:zic Cost Estimates

The problem of poor 1:\1:131 estimates ‘for vcapon svstems continues
to ba of major. cancern to me. . An :mdicat:ion of-the magnitude of this
problem is-the fact that. for the 34 SAR syatems ~for which. FY 72 pro-
curemént was proposed, current prngram_ccst estima:es average twice. as
large as the original planning estima LIn"thé case ‘6f some programs,
this rdtio 1s over 4 to 1. A majo ortion of :hie grourh can only be
explained by poor initial estimare ‘ g [ estimates can, lead to
(1) :the 'choice of non-cast effective des thereby furego.ﬁng other
attractive opportunities, (2) ‘sériois’ budg‘t Arpdcts resulting in
program. stratchouts, and reduced force: levals, (3) questioning of DOD's
capnbili:y to manage its own program. .

This situation 1§ even more regrettable since_ in mnny cases much
‘better initial estimates were available, Parametric cost estimates
‘available in 1964 on the F~111A and in 1965 on the C-5A came within 20
pexcent of the actual costs curréntly being experianced, Parametric
‘cost astimates can serve an important function in providing am early
test of ‘the reasonableness of our cost eéstimates during concept formula-
‘tion. and when we nakeé our major commithentys of funds: for developmen: and
infeial production.

. In the light of the abm:e, I want you to perfom an Andepanden:
s patametttc aast analysis on ea::h major weapon system at kev decision
points ‘and ‘to make:that analysis available for each DSARC review.
“I.expeet you to begin . ancorporating such cost analysis in your DSARC

presentations. beginuin .4n January 1972, I would also like to hear '
from you as. 800 as; possible n the s:eps yau are taking to improve

[ Approved for public release; distribution unlimited.
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:sporww }.a tha DQARC Chairman ix assessing the recsonabléncss of cost

Cgentations, as wall as unifvrn oriteria to which future paran

THE SECRETARY OF DEFENSE
WAKHINGTON. D £ 20301

JAN 25 T2

MEMORANDU;\i FOR The S"crct“rxea of the Militery Dopart‘men{:

SUBJECT: Cost )nnnmau ,g fox Ma)or r'ex'evwe Systems

Deputy Secretary Packard!s memorandum of Decermbor 7 1971 "ise of
Parametric Cost Bstimates, " advised that starting with Jdnuury 1972 an
Andependent pavametric cost unalysis war to be iacorperated in each
DSARC precentation. Iam keériy aware of the importanue of these o5«
timatesand have established an OSD Gost Analysis Improvement Group to
rcv: e ‘he estzzxmtes presemed and to .e\mlap uniform eriteria to be vned
: m.,ian*r such cost-astiraates. This group has represuntaw-
AED (C}, A’\’I) (f&LY, and ASD (84} They wili be re«

entiioal s and the crite

3 followed in their ce'!clnp;nem.

P,f:c.a.

e vs,lad cost estimnter are 5o critical to enr succcsaful defense

% would appent that each Service Secratary shonid have a staif
t.:wml’;m st n);'-‘,rmrizif* i<~y,:nd~'rt s Mmatz‘z:' rost gstimataes,
znd organs ;

i ; zppw.itu frem prog ram ;)repox*.-:.n

sdependoat astimates and the 05D Cosz A
shonld work clusely a4 E

3;)5. g unidors <
fox U"m?’("

Our gonl 18 te have o Loy

s

analyses will be expected o sonform dﬁvq,m}wd prior to May 1, 197Z%,

'Your comumant wi"n rospest to a@n independeid Service capability and how

ace with the OSSP Cost Analysis Improvemens

G oup wm.]d bemest Lwould like to kave an im pr\,vvd systgm fov,

top lovel review of all magjor cast eatimmatas al the ear;w.s. ;,-..(tlcal u&tt.. A

‘ . O e S
e

C

“

Approved for public release; distribution unlimited.

78




Appendix B.
Consequences of Mistakes Cost Growth

This appendix assumes that basing the initial budget for a system on an
unreasonably optimistic cost estimate typically leads to program stretches,
which increase the total cost incurred in acquiring the system. The task of the
appendix is to estimate the costs of stretches made to accommodate mistakes
in foracasting procurement costs at Milestone II.

The items needed to compute an estimate of this cost are:

» Knowledge of the extent to which mistakes in forecasting cost are accom-
-modated by stretches rather than by cancellation of one or more systems
or by addition of funds from some source outside the DoD procurement
hudget and

* Ameans of estimating the cost of production stretches for each system in
the set.

These requirements are very demanding. It is possible, however, to easily geta
crude approximation of the cost of stretches made to accommodate unrealistic
Milestone II cost estimates and flawed program execution.

Repricing Formula

The conventions of weapon system cost estimation provide a simple way of
computing an approximate estimate of the cost of a program stretch. The key
assuraption is that the total variable cost of a procurement program is (within
reasont) independent of production rate. (That is, that the total variable cost
incurred in producing, say, 50 units at a rate of 10 per year for 5 years is the
same as the total variable costs of producing the 50 units at a rate of 5 per year
for 10 years.) Although textbook weapon system costing methods usually
embody this assumption, it is not one that many cost estimators would care to
defend vigorously. The assumption is made here because it provides a simple
way of computing a lower bound on the cost of a stretch.

The computation is for a single weapon system program. Only procurement
cost is considered. It is assumed that an unrealistically optimistic procurement
cost estimate was adopted for the program at Milestone II. Other causes of
growth from the Milestone II baseline are assumed not to be present. Milestone
II prccurement funding is compared to procurement cost for a case with the
following characteristics:

¢ The Milestone II inventory objective is procured;
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¢ The higher level of funding required is accommodated exclusively by
stretching the program—i.e., reducing the number of systems bought
annually, but buying the system for additional years; and

¢ Average annual procurement funding is the same in both the stretched
and unstretched programs.

Finally, it is assumed the amount of overhead allocated annually to the pro-
gram is independent of production rates and that procurement cost is observed
at a time (well past Milestone II) when it is known for certain.

Many details that may be important in particular instances do not app=ar in
the simple cost model used here. For example, a stretch is likely to be much
more costly than it otherwise would be if it requires renegotiation of a multiyear
contract. Another example is presented by requirements for jigs, fixtures, tool-
ing and some items of machinery, which tend to be rate dependent. Timing is
then important: The cost of a stretch is less if it is directed before the jigs, fix-
tures, tooling, and special equipment required for the higher rate have been
acquired 8 Although not in every instance, it seems probable that overall omis-
sion of such details might lead to an understatement of the amount of observed
cost growth that should be attributed to schedule slips.

The notation and definitions used are provided in Table B-1. In terms of those,
the objective is to compute the total mistakes cost growth in procurement z given
the initial mistake z, computed on the assumption that the procurement is com-
pleted on the Mllestone Il schedule L.

Table B-1. Variable Definitions for the Simple Repricing Model

Variables Definitions
B, Milestone II estimate of procurement cost
Q Milestone II inventory objective
L, Years of production planned at Milestone II
B Actual cost of producing Milestone I inventory objective .
C(Q) Actual average variable cost of producing inventory objective Q
F Actual annual fixed cost allocated to the program ’
L Actual years to produce the Milestone II inventory objective
z Mistakes component of procurement cost growth from Milestone I?.
Zy Mistakes cost growth assuming Milestone II inventory objective
produced in L years
Z Cost growth due to stretch of the program from L to L years
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ERRATA

A software translation problem resulted in errors in
equations B-3a through B-3c on page 81 and equation B-5
on page 82 in Appendix B. The correct forms of the
equations are as follows: '

_ 0+ LF _

z 1, B-3a
; 5 (B-3a)
L-L,|L,F
zZ = c 0 > (B_3b)
LO BO
z=z,+z, ,and (B-3c)
L-L, | LF =z = _i Z,. (B-5)
L, B, B, - L,F _
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The definitions employed are as follows:

B=C(Q)Q+LF, (B-1)
= _C(Q%téﬁ -1, (B-2)

z | M_i’ (B-3a)

0 BO
z, | [L_—LO:I LF ,and (B-3b)
‘ LO BO
z[ z, + z,. (B-3¢)
Rewrite Equation (B-3a) as follows:
B-(L-L
2= [_(O—)F]_l. (B-32)
BO
Rearranging terms yields:
B=(+2)B,+(L—L,)F. (B-3a”")

Assume that planned annual funding at Milestone II is a constant b = B /L.
Assuine further that annual procurement funding in the stretched program
rema:ns at b,. Then B = b L. Substitute B = b L into Equation (B-3a”) and sim-
plify, noting that B /B, = L, to obtain:

L_L"=[ By ]zo. (B-4)
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Multiplying by L F/B, yields:

(L_L_Jz e [_LF_] 0 o9

L, |B, B, - L,F

Substitute Equation (5) into Equation (3c) and simplify to obtain:

B Lo
z=|—22 |z, (B-6)
B, — L F

which is the result sought. Using the rule of thumb that the fixed cost zttrib-
uted to a weapon system characteristically is about 25 percent of its total cost
yields the following;: :

L-L, 4
= Z,
L, 3°
1
ZS=§ZO,
and
ZZEZO.

Note also that these imply z, = 0.75z and z, = 0.25z.

Resist for the moment the temptation to apply the formulas given to the esti-
mated 18 to 22 percent mistakes component of procurement cost growth and
conclude that stretches added about 4.5 percent to the cost of procuring the 138
systems in the sample on the schedules established at Milestone II. Taking this
only as a trial solution, the appropriate next step is to look at what additional
factors need to be considered in applying the formulas derived. :

Effects of the Assumptions behind the Trial Solution

These effects fall into three groups. First, it is necessary to look at the miecha-
nisms other than adoption of an unrealistic estimate at Milestone II that con-
tribute to the mistakes component of procurement cost growth, because, s will
be discussed, these can induce cost increases beyond just those of any stretches

Approved for public release; distribution unlimited. -

82



Consequences or Mistakes Cost Growth

they cause. Second, it is necessary to consider the implications for the computa-
tion of decisions improperly classified as mistakes. Third, account must be taken of
the ccnsiderations involved in applying a formula derived for a single system to
a sample of 138 systems for the entire period 1970-1997.

Chapter 1 points to the following two mechanisms other than adoption of an
unrealistic cost estimate at Milestone II that generate mistakes cost growth:

* Budget instability; and

¢ Poor program execution.

We have an upper bound of about 4 percent on the procurement cost growth
due to program stretches. (See Chapter 2.) It is likely that this figure picks up
almost exclusively the effect a stretch has on overhead cost, and it hence falls
far short of capturing what is usually understood to be the key link between
budget instability and procurement cost. As noted in Chapter 3, the link most
often posited is between the steepness of the learning curve and program sta-
bility, which means reasonable stability in planned budgets and production
profiles as well as in requirements. This conjectuire is plausible since program
instability tends to discourage the investments that play a predominant role in
moviag costs down the learning curve: To the extent that this mechanism is
important, the formula given above understates the cost of a stretch.

The magnitude of these effects has proven to be illusive.®* One useful handhold
on th's problem is provided by the conjecture that—apart from requiring pay-
ment of overhead for more years—the important effects of stretches show up
in how fast a program comes down the learning curve. It is plausible on that
basis that the effects of stretches (via variable cost) in the sample were 2 or 3
percent of procurement cost, but not twice that.

The implications of ineffective program management for procurement cost
are not captured entirely by any program stretches that they require. In these
cases, more effective program management would have avoided both the higher
cost cf the program—that is, the higher cost of buying the Milestone II capabil-
ity—and the need to accommodate the higher cost by stretching the program.
In terms of the metaphor employed in Chapter 1, ineffective program manage-
ment would cause the Defense Department to pay a Rolls Royce price for a
Ford, and then increase the price even more by stretching the procurement. So,
the “damage” in this case is not just the cost of the stretch, but also the cost
growth that could have been avoided by effective program management.

The only visibility this study has into the effect on cost growth of program
management is provided by the introduction in 1986 of a new structure for
managing major weapon systems acquisition programs. (See Chapter 6.) While
the evidence is mixed, on balance it seems to favor the conclusion that ineffective
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program management is not a large factor in explaining the mistakes compo-
nent of procurement cost growth.

This study also classified the cost growth of systems procured using a Total
Package Procurement (TPP)-like arrangement under ineffective management
execution. That classification rests on the premise that TPP-like contracts could
have been successful. If that premise is accepted, it is necessary for the pur-
poses of this appendix to add the procurement cost growth that could have
been avoided by successful execution of the TPP-like contracts to the cost of
stretches made to accommodate errors in forecasting cost at Milestone H No
attempt was made to do so, however, for two reasons. First, the compufatlon
would be at best extremely speculative (even by the relatively permissive stan-
dards of this appendix). Second, the underlying premise is very problematic.

The second set of considerations that must be considered stem from the
apparently substantial misclassification of decisions as mistakes. Chapter 4 notes
that a major part of the mistakes procurement cost growth seems to be prov1ded
by changes in the program adopted after Milestone II but before the program
goes into production. The increment to procurement cost due to these changes
should have been classified with decisions, but much of it appears not to have
been. The key question about this part.of procurement cost growth is: Was it
funded when the changes were adopted or were the higher procurement costs
recognized in the programs’ budgets only with lags of several years. .

If the added costs were funded at about the time the changes were adpopted
through the regular DoD resource allocation process, they did not require
stretches, so including them with mistakes leads to an overestimate of the tax
due to misestimation of cost at Milestone II. If funding caught up with a: lag of
several years, however, the added costs presumably would be accommodated
by stretches. In this case, this misclassification of the decisions as mistakes
obscures the source of the problem but does not cause any error in the compu-
tation outline here. While the evidence is far from clear, the SARs for these
programs tend to suggest that, in most cases, the changes were not anded
when they were adopted.

It is necessary, finally, to look at the problems involved in moving from the
formula for an individual system to an estimate for the sample as a whole for
the entire period 1970-1997. There are three. '

First, the percentage of cost growth in procurement due to mistakes tends to
be smaller the larger the dollar size of the major defense acquisition pregram
(MDAP).* Consequently, the trial solution should have taken as its base the
weighted average procurement cost growth due to mistakes (weighted by pro-
gram size). For the 138 MDAPs in the sample, the weighted average mistakes
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grow-h in procurement cost is about 11 percent. The trial estimate of the cost of
the induced stretches would then be 25 percent of this, or about 3 percent.

Second, use of an average (weighted or unweighted) over the entire sample
assumes that funds released by overestimates are available to provide the
. addit:onal funding requlred by systems whose costs were underestimated. Pro-
curement funds freed up in this way ordinarily are not fungible across service
lines, however, and are fungible over time within a service to only a limited
extent. Consequently, only part of the funds released as overfunding becomes
apparent can be used to provide additional funding to systems with funding
shortzalls; the remainder will be applied to new starts and upgrades or used
outside the procurement accounts.

The top of the range of costs of induced stretches is based on the assumption
that none of the funds released by MDAPs that underrun their costs are used to
fund overruns. On that assumption, the computation should be based on the
96 MDAPs in the sample that overran their Milestone 1I baselines (adjusting
for qilantity and decisions). The weighted average procurement cost growth
due ti> mistakes for these systems was about 20 percent. If we apply the formula
given previously, the induced cost of stretches would be at least 5 percent of
the tctal costs of procuring the systems in the sample. Third, the assumption
that all cost increases due to mistakes are accommodated by stretches is not
accurate for the entire period 1970-1997. This is most clearly the case for the
defense buildup that began in 1979, was greatly expanded when the Reagan
admiaistration took office in 1981, and continued through the fiscal year 1985
budgeat. During this period, some stretches certainly were avoided by the addi-
tion ¢ funds to the DoD budget. It is also relevant that about a dozen MDAPs
were cancelled during the defense drawdown that occurred in the few years
after “he Berlin Wall fell. The funds thus released were not necessarily retained
in the procurement accounts, but to the extent that they were, they reduced the
need to stretch other MDAPs.

The: latter effect probably is small, since the programs cancelled tended to be
small, still in development, or towards the end of their procurement phase.
The cefense buildup of the late 1970s through the mid-1980s, however, clearly
did have an effect. Insofar as cost growth is concerned, the main beneficiaries
of the buildup were programs that entered Low-Rate Initial Production (LRIP)
in the period 1979-1985 and that had not been realistically funded at Milestone
IL% A total of 41 MDAPs began production during that period, of which 30
were included in the sample used in this study. Table B-2 shows that 6 of those
systeins had a mistakes component of procurement cost growth of more than
$1 billion in FY 2002 dollars. The total mistakes cost growth on these 6 programs

‘was ¢bout $22 billion, and underruns exceeded overruns for the remaining 24
programs. It is reasonably assumed that all the mistakes cost growth in the sys-
tems in Table B-2 was accommodated by the additional procurement funding
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available during the Reagan defense buildup, especially since conside¢rable
emphasis was placed during that time on full funding and maintenance of
efficient production rates. On this assumption, the cost of stretches is recluced
by a full percentage point.

Table B-2. Mistakes Cost Growth for Systems that

Mistakes Cost
System Growth

M2/M3 Bradley FVS 6.8
M1 Abrams Tank 55
AH-64 Apache Helicopter 44
FIM-92 Stinger Missile 22
BGM-109G Tomahawk . 1.6
M712 CLGP Copperhead LS

Total 22.0

Source: Preliminary DoD data.

Entered Production during 1979-1985
(Billions of FY 2002 Dollars)

Net Results

The lower end of the range of the costs of induced stretches that emerges
from this discussion is 2 percent. This figure takes off from the weighted aver-
age mistakes component of procurement cost (11 percent; note that 25 percent of
this figure is about 3 percent). (Note that use of this figure makes the exireme
assumption that all underruns are used to offset overruns.) One percentage
point is deducted to reflect funds added during the Reagan defense buildup
that avoided stretches that would have added 1 percent to the total cost of
procuring the 138 systems in the sample. The resulting 2 percent estimat= also
reflects the assumption that stretches did not increase the total variable costs
incurred in producing these systems; that all funds released by programs that
underrun their Milestone II cost estimates offset cost overruns; and that more
effective management of the six programs in the sample procured using TPP-
like arrangements would not have reduced the cost growth they experienced.
These are all extreme assumptions, and would tend to the conclusion that: the 2
percent is a lower bound. The figure may be overstated in one respect,-how-
ever, in that it also makes the polar assumption that none of the cost growth
(for the 14 systems identified in Chapter 4) misclassified with mistakes was
funded in a timely way. In fact, it is quite likely that some of it was. Consider-
ing all of these factors, the 2 percent figure must be regarded as an 1llustrat1ve
benchmark, not a lower bound.

The top end of the computed range is 8 percent. This figure starts with the
weighted average mistakes cost growth of 20 percent for systems for the 96
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MDAPs in the sample that overran their Milestone II baselines. (Again, note

that 25 percent of 20 percent is 5 percent.) The top end also includes a deduc-
tion of 1 percent for stretches avoided by funds added during the Reagan
build-ap, but includes 3 percent for effects of budget instability on variable costs.
In addition, it adds 1 percent to account for the fact that the data used in this
study classify with decisions with about 4 percentage points of procurement
cost growth due to stretches that should be classified under mistakes. It is not
clear ‘hat this 8 percent is an upper bound. On the one hand, it is based on the
assumption that none of the funds released by underruns is available to offset
overruns, while, in fact, some are (although probably not a large proportion).
Like the lower bound, it also makes the polar assumption that none of the cost
growih (for the 14 systems identified in Chapter 4) misclassified with mistakes
was funded in a timely way. On the other hand, the actual effect of budget
instability on variable costs might exceed the 3 percent assumed, and the
8 percent estimate makes no provision for cost growth that might have been
avoided by effective enforcement of the TPP-like contracts used for six of the
systeins in the sample. Hence, the 8 percent should be taken as a benchmark
indicating a possible magnitude of the tax, not an upper bound on it.

Concluding Comment

Stretches required to accommodate adoption of unrealistic cost estimates and,
perhe ps, ineffective program management seems to have increased the costs of
procuring the 138 programs in this study’s sample substantially. Representa-
tive figures for the top and bottom of this range appear to be
8 percent and 2 percent, respectively. Even the lower end of the range implies a
dolla: figure large enough to be a problem in efficient management of public
resources, which motivates this study’s inquiry into the mechanisms of cost
growh.
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Appendix C.
Deflation and Quantity Normalization

The data used in this study were downloaded from a Web site maintained by
the Office of Program Analysis and Evaluation (PA&E) in the Office of the Sec-
retary of Defense (OSD). Some documentation of the data is provided on the
opening page of the site. This appendix provides additional information based
on nctes provided to the author by PA&E staff.®

Deflation

The Selected Acquisition Reports (SARs), starting in 1974, report costs
(including cost variances) in both the dollars of the program’s base year and
then-year dollars. The data posted on the PA&E site, and used in computing
cost.growth, are those in constant dollars. That is, the required reduction of the
data o base-year dollars was done by the program offices in preparing the
SARs for 1974 and subsequent years. Chapter 6 of Paul G. Hough, Pitfalls in
Calculating Cost Growth from Selected Acquisition Reports (RAND Corporation,
N-3136-AF, Santa Monica, 1992) provides a useful overview of the evolution of
SAR procedures for deflation and their shortcomings.

The: sample used in this study includes 15 systems with program baselines in
1970-1973. The SARs for these years reported costs only in then-year dollars.
PA&E staff computed the cost for these years in program base-year dollars
using deflators developed by the OSD Comptroller’s office. (The Comptroller
publishes different rates for each appropriation account; e.g., for Air Force air-
craft Research, Development, Test, and Evaluation, and for Navy ship procure-
ment.) The primary problem in deflating the SAR data for 1970-1973 is that of
extracting from the SARs for those years a coherent series of then-year data to
deflaze.

Quaatity Normalization

Chapter 7 of the study by Hough lays out the three methods available for
normalizing the SAR cost data for changes in the inventory objective (i.e., in
the total quantity of the system procured). The PA&E data are normalized
using the third of these, which is the most demanding in terms of data require-
ments and also the most satisfactory.

The first step is the classification of the posted SAR cost variances (in pro-
gram base-year dollars) as “quantity related” or “not quantity related.” This
work is done by NAVSEA Naval Shipbuilding Support Office (NAVSHIPSO)
with funding and guidance from PA&E. The dollar magnitude of a posted vari-
ance reflects the inventory objective as of the time the SAR is filed. A variance
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is judged to be “quantity related” if it would be larger for a larger inveatory
objective (and smaller for a smaller inventory objective). Many elements of
development cost are not quantity related, but most other cost Varlances are.
The quantity-related variances are cumulated.

The second step is the estimation of a learning curve for each system in the
sample. This is done by PA&E staff. In most cases, the learning curve slope is
estimated by regressing cumulative output on cumulative cost as reported in
successive SARs for the system. (For example, if a system ended after being in
production for 15 years, the SARs for the system provide fifteen pairs of cumu-
lative output-cumulative cost observations.) The regression was not used if the
estimated learning curve parameter was unreasonable (in particular, greater
than one) or the R2 was less than 0.7. In those cases, a leaning curve slopiz was
assumed based on the most pertinent information available (e.g., the slope char-
acteristic of other systems in the commodity class.) ‘

The final step was the mechanical one of adjusting the cumulated quantity

related variance for the change in the inventory objective. This step is actually
accomplished in the database software PA&E uses.

Approved for public release; distribution unlimited.
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Appendix D.
Variable Specifications, Data Sources,
and Estimated Regression Equations

This appendix presents in its entiréty the estimated regression equation dis-
cussed in parts of Chapters 5 and 6. It also provides estimates of two other
variants of the model, provides additional discussion of some of the variables,
and identifies the sources of the data used for several of the variables.

i

Specification of the Variables

Apvendix B describes the cost growth variables. The data on program size
(P$) were drawn from the same source. The specifications of most of the other
variables are described in the main text. Comment here is therefore limited to
the following variables not fully described in the brief definitions provided
with the estimates: BUDGET, FEW, TPP, and DS.

 BUDGET is intended to capture expectations as of Milestone II of how tight
the badget will be over several upcoming years. At first glance, the Future
Years Defense Program (FYDP) provides exactly the data needed. In fact, the
FYDP data are not useful for this purpose because, for most of the period con-
sidered here, it was widely understood that the out-year assumptions built
into the FYDP were unrealistically optimistic. A naive forecasting rule (such as
a moving average of past budgets) probably would be little better and is not
plausible in the context of Do procurement decisions. In the end, the simple
specirication used was adopted because it is arguably better than the practical
alterr.atives. (The BUDGET variable was specified to be 0 in the Reagan years
and 1 in the other years of the sample.)

FEW marks nine systems for which it seemed clear that the precedents avail-
able for use in cost estimation were particularly sparse. These are:

e JH-60A Blackhawk helicopter (1972)

¢ CH-53 Super Stallion/MH-53 Sea Dragon helicopters (1975)

o AH-64 Apache helicopter (1976)

o ZH-47 Chinook helicopter (1978)

e M1 Abrams tank (1976)

¢ Bradley Fighting Vehicle System (FVS) (1978)

e M712 CLGP Cannon-Launched Guided Projectile (Copperhead) (1975)
ZBU-97B Sensor Fused Weapon (SFW) (1985)

sense and Destroy Armor (SADARM) 155mm projectile (1988)
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It would be preferable to have a measure of the number of precedents.avail-
able for use in costing for each of the systems in the sample. While such a
variable could be easily updated for successive systems within a commodity
class, there is no ready way to estimate the initial values. For example, both the
F/A-18 and the M1 Abrams tank passed Milestone II in 1976. It is clear that
there was a great deal more past history available for use in costing the F,/A-18
than there was for the M1, but there does not seem to be any good way of
estimating how much more.

TPP marks the following six systems that used Total Package Procurement
(TPP) or TPP-like contracts:

* AGM-84A Harpoon missile (1973)

¢ M1 Abrams tank (1976)

* T-45 Goshawk Training System (1984)

® (C-17A Globemaster aircraft (1984)

¢ Joint Surveillance Target Attack Radar System (JSTARS) (1985)
* T-6AJoint Primary Aircraft Training System (JPATS) (1995)

The Harpoon initially passed Milestone I in 1970; a restructured program passed
Milestone II in 1973. It was the initial contract that had TPP-like features. The
Abrams program was characterized as a “design to unit production cost” rather
than as being similar to earlier TPP contracts, but options for the first three lots
were obtained as part of the EMD contract.

Although none of these programs were fully TPP contracts, all had aig least
two of the following three features:

* The development contract included production options with fixed price
features (e.g., not-to-exceed prices for early production lots);

¢ The development contract itself had fixed price aspects (e.g., fixed price/
incentive fee); and

¢ The development contract (including the production options) was obtamed
through competition.

It is argued in the text that with respect to cost growth these contracts should
be similar to full-blown TPP contracts.

DS is a marker for dual sourcing. For some systems, dual sourcing was a part
of the acquisition strategy adopted at Milestone II. In other cases, dual sourc-
ing was adopted well after the start of EMD, often in response to severe cost
growth or quality problems. There also seem to be intermediate cases, in which
dual sourcing was considered at Milestone II, but not implemented until later,
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after problems had emerged. Unfortunately, the available data do not separate
these cases and some dual-sourced systems are among those showing a mis-
takes component of procurement cost growth of 30 percent or more. It is pos-
sible “hat if the definition of the variable were narrowed to systems in which

. dual sourcing was a part of the Milestone II acquisition strategy, dual sourcing
would be more strongly associated with less cost growth.

Sources

The data used for MOD, PROTO, MY, TPP, and DS were drawn from the
follovring sources:

e Karen W. Tyson, Neang 1. Om, D. Calvin Gogerty, J. Richard Nelson, and
Daniel M. Utech, “The Effects of Management Initiatives on the Costs and
5chedules of Defense Acquisition Programs. Vol. I: Main Report,”
institute for Defense Analyses, Paper P-2722, November 1992.

¢ I A.Drezner, ]. M. Jarvaise, R. W. Hess, P. G. Hough, and D. Norton, “An
Analysis of Weapon System Cost Growth,” RAND Corporation,
MR-291-AF, 1993, pp. 45-46.

These two sources agreed in most instances. When they did not, other infor-
mation was used as the tiebreaker. TPP is a partial exception to this rule; in
some cases, the specification of TPP draws on SAR data or information in other
published studies.

Results

Table D-1 reports the complete estimated equation from which the tables of
estimated coefficients in Chapters 5 and 6 were drawn. The dependent vari-
able in this case, and the other two reported, was the mistakes component of
procurement cost growth from the Milestone II baseline. The seven systems
with Milestone II procurement cost estimates that, after excluding decisions,
had negative cost growth in excess of —20 percent were excluded in estimating
this and the two other equations reported here. Inclusion of these systems does
not alter the main features of the estimated equation. It was clear from the
resulls that the model estimated did not provide much insight into the cost
experience of these systems, and they were excluded for that reason.

Approved for public release; distribution unlimited.
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Table D-1. Estimated Equation for Mistakes
Component of Procurement Cost Growth

. Coefﬁcient_
Variable Definition (t-statistic)
Intercept 1.346%+

(10.105)
A Army programs: | for Army program; 0 otherwise 0.232%+
(2.861)
AF Air Force programs: 1 for Air Force program; 0.063
0 otherwise 0.871)
BUDGET  Marker of periods of “tight” procurement budget: 1 for -0.017 .
1970-1980, 1989-2001; O otherwise (-0.176)
P$ Constant dollar size of procurement program planned at -2.5E-06
Milestone II (Y 2002 doliars) (-0.783)
RELAXED Less stringent enforcement of realistic costing: 1 for 0.088
1977-1980 and 1993 on; 0 otherwise ’ (0.884) *
COSTI Early CAIG: 1 for 1974 -1983; 0 otherwise -0.267*
(-2.465)
COSTI Post-statute CAIG: 1 for 1984-1992; 0 otherwise —0.398%+%
(-2.700)
COSTill Post-1G report CAIG: 1 for 1993 on; O for 1992 and earlier - ~0.500#*
(-2.535)
BAD Dummy variable marking for FMTV: 1 if system was known 0.382
to embody major, inadvertent cost-estimating errors; (1.112)
0 otherwise
FEW Dummy variable marking estimates with few useful 0.464%*
precedents: 1 if system had few useful precedents; (3.687) .
0 otherwise .
MOD Moditication programs: | if program was a modification of an -0.050-
existing system; O otherwise (-0.591)
PROTO Prototype: 1 if program included a prototype; O otherwise -0.117
(-1.317)
PEO Program Executive Officer management structure: 1 for 1987 0.240
on; O for before 1986 (1.871)
MY Multi-year procurement: 1 if program employed a multi-year —0.116_
contract in procurement; O otherwise (-1.125)
DS Dual sourcing: 1 if program was dual sourced; -0.036
0 otherwise (-0.397)
TPP Total Package Procurement: 1 if binding price commitments 0.438%%.
for some procurement lots were obtained in competition for (2.994)
EMD contract; 0 otherwise ;
MOD2 Marker of post-1988 modification programs: 1 if modification 0.040
program passed Milestone II in 1989-2001 or a major post- 0.311H)

Milestone I pre-production addition to capability is noted;
0 otherwise

' Significant at the 10% level.
* Significant at the 5% level.
**Significant at the 1% level.
R%=0.26,F=3.654,N= 131,
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It was noted in the text that the independent parametric costing process
began to function in about March 1972, but the estimates reported (including
those in Table D-1 and succeeding tables) assume that the process first influ-
enced the cost estimates of systems that passed Milestone II in FY 1974. That
assurnption places in the pre-independent costing period the nine systems
shown in Table D-2 along with their Milestone II dates.

Table D-2. Systems in the Sample with 1973 Milestone 11 Baselines

System DSARCII

AGM-84A Harpoon Missile March 19702 b

~ E-3A Sentry AWACS RSIP June 1971
AIM-9L Sidewinder (Navy) June 1971
AIM-9L Sidewinder (Air Force) June 1971
FIM-92 Stinger Missile May 1972b
FFG-7 Perry-Class Frigate August 1972
NATO Pegasus-Class PHM September 19720
A-10 Thunderbolt Aircraft January 1973
E-4A Airborne Command Post August 1973

4 The Harpoon initially passed Milestone II in March of 1970. Tt was
subsequently restructured, and the restructured program passed Milestone II in
1973. The data used in this study apparently measure cost growth from the 1970
baseline. :

b The mistakes component of procurement cost growth is at least 30 percent.

The first four of these passed Milestone II before January 1972, when Secre-
tary lLaird directed the creation of the independent costing process.®” The next
three (two of which had cost growth of more than 30 percent) passed Milestone
IT within 6 months of the start of the independent costing process; for each of
these. it is reasonable to assume that the costing was too far advanced to be
influenced to any appreciable extent by the new process. The A-10 and the
E-4A could reasonably be included in the post-independent costing period,
but the mistakes component of procurement cost growth was modest for the
A-10 (about 8 percent) and negative for the E-4A (about -2 percent).

Table D-3 reports an estimated equation that includes Army and Air Force
slope dummies for BUDGET, SDBA, and SDBAF. (The Navy is used again as
the point of reference.) Inclusion of these slope dummies allows for the possi-
bility that the services react differently to changes in how tight the procure-
meni budget constraint was.

The estimated coefficients provide some statistically weak indications that
they did. The small negative coefficient on BUDGET implies that the Navy had
a slight and statistically insignificant tendency to adopt more conservative cost-
ing in periods of particularly tight budgets. Although statistically insignificant,
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the estimated effect for the Army is positive (-0.124 + 0.178 = 0.054). The esti- - '
mated effect for the Air Force is also positive (-0.124 + 0.173 = 0.049) and statis-
tically not significantly different from zero.

Table D-4 reports the estimated coefficients obtained if all of the variakles in
the equation of Table D-1 with t-statistics of less than one are dropped. The
estimated coefficients of BAD, PROTO, and MY are not statistically significantly
different from zero at a reasonable level, but the other estimated coefﬁ:*lents
are. As it must, R? increases, but only slightly. :

It is worth noting that experience provides a rough guide to the exgected
variance of an unbiased Milestone II procurement cost estimate and, therefore, .
of a rough upper bound on R? that a model of procurement cost growth can
achieve. After netting out the decisions part of procurement cost growth, it seems
reasonable to guess that at least two-thirds of the Milestone II procurement
cost estimates would have errors of no more than £20 percent. It is doubtful
that two-thirds would have errors within £10 percent. Assuming further that
the percentage errors are normally distributed, the variance in the percentage
error of a Milestone II procurement cost estimate will be 0.01 to 0.04."* The
variance of the mistakes component of cost growth for the sample is 0.1%. The
maximum R that could be achieved (without peering into the error terras for
the underlying estimates) would be 0.97 (1 —0.01/0.15) to 0.73 (1 — 0.04/0.15).
The estimated equations reported here, then, perhaps explain between roughly
one-third and one-half of the potentially explainable variation in procure ment
cost growth.

Approved for public release; distribution unlimited.
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Table D-3. Estimated Equation for the Model of Table D-1 Plus Army and Air Force

Slope Dummy Variables for the BUDGET

Coefficient
Variable Definition (t-statistic)
Intercept 1.409**
(10.040)
A Army programs: 1 for Army programs; 0 otherwise 0.109
; (1.829)
" AF Air Force programs: 1 for Air Force programs; 0 otherwise -0.044
(-0.381)
BUDGET  Marker of periods of “tight” procurement budget: 1 for -0.124
1970-1980, 1989-2001; 0 otherwise -1.017)
P$ Constant dollar size of procurement program planned at -24E-06
Milestone H (FY 2002 dollars) (-0.743)
RELAXED Less stringent enforcement of realistic costing: 1 for 0.097
1977 -1980, and 1993 on; 0 otherwise (0.967)
SDBA Army dummy variable for slope of BUDGET: 1if A= 1 and 0.178
BUDGET = 1; 0 otherwise (1.175)
SDBAF Air Force dummy variable for slope of BUDGET: 1 if AF =1 0.173
B and BUDGET = 1; 0 otherwise (1.197)
COSTI Early CAIG: 1 for 1974-1983; O otherwise -0.264*
(-2411)
COSTI Post-statute CAIG: 1 for 1984-1992; 0 otherwise -0.386**
. (-2.625)
COSTII  Post-IG report CAIG; 1 for 1993 on; O for 1992 and earlier ~-0.508**
(-2.576)
BAD Dummy variable marking for FMTV: 1 if system was known 0416
to embody major, inadvertent cost-estimating errors; (1.191)
0 otherwise
FEW Dummy variable marking estimates for systems with few 0.463**
useful precedents: 1 if system had few useful precedents; (3.652)
0 otherwise
. MOD Modification programs: 1 if program was a modification of -0.072
an existing system; O otherwise (-0.829)
PROTO Prototype: 1 if program included a prototype; 0 otherwise -0.104
(-1.165)
PEO Program Executive Officer management structure: 1 for 1987 0.254*
on; O for before 1986 (1.970)
MY Multi-year procurement: 1 if program employed a multi-year -0.131
contract in procurement; 0 otherwise (-1.260)
DS Dual sourcing: 1 if program was dual sourced; G otherwise -0.037
' (-0.410)
TPP Total Package Procurement: 1 if binding price commitments 0.436**
for some procurement lots were obtained in competition for (2.905)
EMD contract; O otherwise
MOD2 Marker of post-1988 MOD programs: 1 for modification 0.055
program passed Milestone II in 1989-2001 or a major post- (0.418)

Milestone I pre-production addition to capability is noted;
0 otherwisc

' Significant at the 10% level.
* Significant at the 5% level.

** Significant at the 1% level.
R2=0.26;F=3.379; and N = 131.
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Appendix D

Table D-4. Estimated Equation for the Model of Table D-1 Excluding

Coefficient
Variable Definition (t-statistic)
Intercept 1.350%*
(15.274)
A Army programs: 1 for Army programs; 0 otherwise 0.230**
. (3.346)
AF Air Force programs: 1 for Air Force programs; 0 otherwise ‘
BUDGET  Marker of periods of “tight” procurement budget: 1 for
1970-1980, 1989-2001; 0 otherwise
P$ Constant dollar size of procurement program planned at
Milestone II (FY 2002 dollars)
RELAXED Less stringent enforcement of realistic costing: 1 for
1977-1980, and 1993 on; 0 otherwise ,
COSTI Early CAIG: 1 for 1974-1983; 0 otherwise -0.273%*
(-2.868)
COSTH Post-statute CAIG: 1 for 1984-1992; 0 otherwise —_(.;l‘.419**
(-3.534)
COSTHI  Post-IG report CAIG; 1 for 1993 on; 0 for 1992 and earlier —0.421%*
(:2.778)
BAD Dummy variable marking for FMTV: 1 if system was ‘.\3.393
known to embody major, inadvertent cost-estimating errors; (1.185)
0 otherwise o
FEW Dummy variable marking estimates for systems with few 0.465%*
useful precedents: 1 if system had few useful precedents; (3.831)
0 otherwise
MOD Modification programs: 1 if program was a modification of
an existing system; O otherwise :
PROTO Prototype: 1 if program included a prototype; 0 otherwise 0] 14
(-1.402)
PEO Program Executive Officer management structure: ! for 1987 ().229*
on; 0 for before 1986 (2.130)
MY Multi-year procurement: 1 if program employed a multi-year -0.102
contract in procurement; 0 otherwise (--1.040)
DS Dual sourcing: 1 if program was dual sourced; 0 otherwise
TPP Total Package Procurement: 1 if binding price commitments 0.449%*
for some procurement lots were obtained in competition for (3.116)
EMD contract; 0 otherwise
MOD2 Marker of post-1988 MOD programs: | for modification

program passed Milestone II in 19892001 or a major post-
Milestone II pre-production addition to capability is noted;
0 otherwise

¥ Significant at the 10% level.

* Significant at the 5% level.

** Significant at the 1% level.
R?=0.28; F=6.043;and N = 131,
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Appendix E. |
Mistakes Component of Growth in Development Cost

This appendix presents some data on the mistakes component of develop-
ment cost measured from the Milestone II baseline. The Milestone II baseline
includes the costs of the pre-EMD phase, but these are sunk and do not contrib-
ute tc.cost growth.

Table E-1 shows the mistakes component of development cost growth for 1970
1997 and four sub-periods. The rationale for distinguishing these four
sub-periods is provided in Chapter 5. The rows in this table report the number
of systems and cost growth for the following three tiers: top (a mistakes compo-
nent of development cost growth of at least 30 percent); middle (<20 percent to
30 petcent); and bottom (less than —20 percent.) Table 8 in the main text is the
corresponding display for the mistakes component of procurement cost growth;
for ccnvenience, the information is repeated here in Table E-2.

As was discussed in Chapter 5, there was sharply less mistakes procurement
cost growth after 1973 than there was earlier. This occurred because the num-
ber o: systems in the top cost growth tier declined or, for 1993-1997, because
the average mistakes component of procurement cost growth was less that it
had been before 1973. The mistakes component of development cost growth
shows the opposite pattern; it is lower before 1973 than after, and the increase
is largely driven by an increase in the number of systems in the top tier and an
increase in the average cost growth of the systems that fall into that group. The
sub-period 1993-1997 also shows the opposite pattern for development; com-
pared. to the two preceding sub-periods, the proportion of systems in the top
tier and the average cost growth on them are both slightly lower.

e

This study attributes the decline in the mistakes component of procurement
cost growth to the introduction of independent costing. (Most other studies
have not treated procurement and development separately, but they have also
founcl cost growth to be less after 1973.) The independent costing process con-
siders all parts of cost, not just procurement cost. Why then should the mistakes
component of development cost show the opposite pattern? It would not be
surprising to find that the introduction of independent costing had little or no
effect on growth in development cost, because the costing methods used by
independent cost estimators are more suited to estimating procurement costs
than they are to estimating development cost. It is surprising, however, to find
that cevelopment cost growth increased after 1973. There does not seem to be
any ready and clearly plausible explanation of this feature of the data.
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Table E-1. Mistakes Component of Cost Growth: Development Cost

FY 1970- FY 1974- FY 1984- FY 1993- FY 1970~

Cost Growth 73 83 92 97 97
>=30%
Number of Systems 3 11 16 6 36
Average - 53.9% 80.5% 78.4% 55.6% 73.2%
~20% to 30% ’ o
Number of Systems 10 40 24 18- 92.
Average 8.9% 7.5% 9.1% 7.1% 8.0%
<=30%
Number of Systems 2 0 2 1 5
Average 49.7% N/A —22.6% —20.2% -33.0%
Total B
Number of Systems 15 51 42 25 133
Average 10.1% 23.3% 34.0% 17.7% 24.1%
Table E-2. Mistakes Component of Cost Growth: Procurement Cost
FY 1970- FY 1974- FY 1984~ FY 1993- FY 1970~
Cost Growth 73 83 92 97 7
>=30% !
Number of Systems 12 13 0 10 33
Average 83.9% 74.3% N/A 46.3% 65.6%
—20% to 30%
Number of Systems 3 37 41 15 96
Average —4.1% 6.5% 0.3% 4.7% 3.2%
<=30%
Number of Systems 0 3 3 1 7
Average N/A -35.8% —27.2% -54.0% -34.7%
Total
Number of Systems 15 53 44 26 13&
Average 66.3% 20.7% ~1.6% 18.5% - 18.1%

Approved for public release; distribution unlimited.
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Table E-3 provides a list of the systems that had a mistakes component of
deve]opment cost growth of at least 30 percent. (This table is parallel to Table 4
in Chapter 2.) Army systems are, again, over represented on this list, and about
half of the Army systems showed mistakes components of both procurement
and development cost growth of more than 30 percent. There was slightly less
of a tendency for Navy and Air Force systems to be on both lists. Overall,
15 systems are in the top cost growth tier for both procurement and development.

Table E-3. Systems in the Sample with Mistakes Development
Cost Growth of at Least 30 Percent

Mistakes Mistakes
Componentof ~ Component of
Development Procurement
Cost Growth Cost Growth
System Milestone I1 (percent) > 30% (percent)
Army
FA:+D LOS-F-H ADATS 1986 219
M2/M3 Bradley FVS 1978 123 X
US(-84(V) SOTAS 1978 68 X
JSTARS GSM 1985 65
AR(-210 SINCGARS 1983 62
FM'(V 1988 59 X
ATCCS FAAD C2I 1990 53 X
SMART-T 1992 45
ATACMS P31 (BAT) 1991 45 x
FGM-148A Javelin AAW Missile 1989 45 X
AFATDS 1990 39
MI}M-104 Patriot PAC-3 1994 38 X
M1’ Abrams Tank 1976 36 x
M7:.2 CLGP (Copperhead) 1975 32 X
ATCICS ASAS Block 1I/11 1993 31
SADARM 155mm Projectile 1988 30
Navy
DDt3-51 Burke-Class Destroyer 1985 159
MH-60R Strikehawk Helicopter 1994 76
CH-53 Super Stallion and MH-53 Sea Dragon Helicopters 1975 75
SH-S0F CV Helicopter 1985 72
AINEIL Sidewinder Missile 1973 56
‘NA'TBMD 1997 52 X
E-2i Hawkeye AEW 1994 38
RGM-109 Tomahawk Multi-Mission Missile 1977 36
T-AO 187 Oiler 1984 34
T-4% Goshawk Training System 1984 30 X
Air Foice
BGiA-109G Tomahawk GLCM 1977 250 X
Titan IV ELV (Expend Launch Vehicle) 1985 197
SBIRS-High Altitude 1996 99
DSCS-1I 1977 92 X
JSTARS 1985 73 X
AN TRN45 MMLS Ground Components 1985 69
E-4.A Airborne Command Post 1973 63
EF-111A Tactical Jamming System 1976 63
AGM-88 HARM Missile 1978 50
CBU-97B SFW 1985 50
F-1: Eagle Aircraft 1970 43 X

Note: Sex. the list of abbreviations at the end of this paper for the meanings of abbreviations used here.

Approved for public release; distribution unlimited.
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Figure E-1 is a histogram of the mistakes component of development.cost
growth. This figure has generally the same shape as that for the mzstakes com-
ponent of procurement cost growth. (See Figure 5 in Chapter 2.) The pie tharts
on top of the bars show the split between mistakes and decisions. I
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Notes

Chapter 1

1

In an article published on the occasion of his retirement as Under Secretary of Defense (Acqui-
sition, Technology, and Logistics), E. C. Pete Aldridge stated that the second of the five main
items on his agenda when he took office was “the proper pricing of programs which...is critical
to program stability.” See “Acquisition Credibility: Retiring Aldridge Highlights Stable Pro-
duction,” Defense News, May 19, 2003, p. 29.

MDAPs are defined by statute to be acquisition programs with expected costs in excess of cer-
tain'dollar thresholds or that the Secretary of Defense designates as MDAPs. In FY 2000 dollars,
any program with development costs of more than $375 million or procurement costs of more
than $2.25 billion is an MDAP.

1

A rajor change in the definitions of the phases of the acquisition process was adopted in 1998.
As the cutoff for the data used in this study is 1997, the older definitions are relevant.

In 1987, the Congress created the position of Under Secretary of Defense for Acquisition. The
title was changed to Under Secretary of Defense for Acquisition and Technology in 1993, and
“Logistics” was added in 1999.

An AoA is essentially what was formerly called a Cost and Operational Effectiveness Analysis
(CCEA). :

Operating and support costs are also included in the cost estimates, but, in most cases, they are
budgeted by organizational unit rather than by weapon system.

Act 1al O&S expenditures on most major systems are reported through the Visibility and Man-
agement of Operating and Support Costs (VAMOSC) system. Any attempt to assess the accu-

" racy of the O&S cost estimate probably would attempt to compare the actual costs reported in
-VAMOSC for a system with the earlier estimates. While certainly possible, such comparisons

are difficult because a variety of data problems, not the least of which is stating the earlier cost
estinate and the VAMOSC data on the same set of definitions.

Overprogramming is not due only to unrealistic procurement cost estimates. As a general mat-

It

ter, the Defense Department has only ineffective mechanisms for matching “today’s” decisions

o1

on ]{rocurement programs with “tomorrow’s” resources.

Donald Srull, ed., The Cost Analysis Improvement Group: A History, McLean, VA: The Logistics
Maagement Institute, 1998, p. 6.

For an account of this briefing and the events that preceded it and followed from it, see Srull,
The Cost Analysis Improvement Group, Chapter 1, “Introduction of Independent Parametric Cost
Estimating.” Donald Srull was the first chairman of the OSD Cost Analysis Improvement Group
(CAIG), and he played a major role in developing Gardiner Tucker’s briefing. Milton A. Margolis

- alsc. played an instrumental role. He was at the time director of the cost estimation unit in the

Office of Systems Analysis; he succeeded Srull as CAIG chairman in 1973.

The baseline estimates used are referenced in the source as the “Original Planning Estimate.”
These seem to correspond roughly to the cost estimates made at what was later called Mile-
stone I. Under the revised acquisition process adopted in 2000, the old Milestone I falls between
Milzstone A and Milestone B.
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2 Paul G. Hough, “Pitfalls in Calculating Cost Growth from Selected Acquisition Reports,”|[RAND
Corporation, N-3136-AF, 1992, p. 7. {

B Srull, The Cost Analysis Improvement Group. The first sentence appears on p. 11, the second «:n p-1

M A cost increase necessarily reflects some underlying fact about the program——that more labor
than had been anticipated is required, that more or more expensive materials must be: used,
and so on. Observations that cost increases are produced by such changes, while accurate, beg
the question of whether the requirement for more labor or more or more expensive materials
might have been reasonably anticipated. Tucker made the point that the answer to that ques-
tion had often been “yes.”

% The implications for cost of particular acquisition strategies—dual sourcing, for example—would
be recognized at a higher level of aggregation—the airframe, for example, if that is what will be
dual sourced.

16 Bottom-up estimates could build in allowances for missteps and misfortunes, but they gener-
ally do not. It is also important to note that “what goes wrong” often involves interaction of
elements of a development program. Hence, the more detailed the cost estimate, thu-more
necessary it is to look at risks involved in interactions.

7 The December 7 memorandum signed by Packard was drafted around his desk on December 2
after Tucker completed his briefing. See Srull, The Cost Analysis Improvement Group, p. 11.

'8 The CAIG was established as an intra-OSD group that was responsive to the DSARC. Tl e bulk
of the CAIG's work, however, was done by people in the Office of Systems Analysis, and its
eventual successor, the Office of the Director, Program Analysis and Evaluation (I’IA&E).
Participation from other OSD offices declined over time, and early in the 1990s, the CA'G was
formally established as a function of PA&E. From that point, the designation “CAIG” simply
meant work done for the USD(AT&L) by the PA&E's office of the Deputy Director for Resource
Analysis. However, USD(AT&L)—in practice usually a DAB committee chairman acting|on his
behalf—can task the CAIG directly, and the Director, PA&E does not review CAIG px oducts
that respond to such tasking.

' Abrief survey of the early studies is provided by Congressional Budget Office, “Cost Grciwth in
Weapon Systems: Recent Experience and Possible Remedies,” report prepared for the‘"‘Senate
Committee on Governmental Affairs, Washington, DC: Government Printing Office, 1983.

* Defense Science Board, “Report of the Acquisition Cycle Task Force,” Defense Science |Board
1977 Summer Study, March 15, 1978.

2 See Congressional Budget Office, “Cost Grown in Weapons Systems,” p. 2. The 200 percent
figure cited by the DSB is consistent with the data in Figure 2 on the plausible assumptun that
the DSB figure is the ratio of the current cost estimate to the planning estimate. The ratios in
Figure 2 are the increase in cost (current estimate less planning estimate) divided by the -
planning estimate, times 100 percent. '

2 The article by E. C. Pete Aldridge mentioned previously (“Acquisition Credibility: Retiring
Aldridge Highlights Stable Production,” Defense News, May 19, 2003, p. 29) indicates that real-
istic pricing is required to ensure that “the costs they [elected representatlves] promise their
constituents...will be the costs their constituents eventually do pay.”
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23
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The most obvious instance is the F-22. In 1996, the Congress by statute required the CAIG to
male an independent estimate of the procurement cost of the F-22 and required the Secretary of
Defznse to transmit the CAIG’s estimate to the Congress.

Appendix B includes a formula for computing the approximate slip required to accommodate
a given underfunding of procurement at Milestone II. For the parameter values typical of weapon
acq tisition programs, the required slip is roughly 4/3 of the fraction by which the procurement
prozram was underfunded. Thus, underfunding of 10 percent, for example, would require a
slip of about 13 percent. It appears that the underfunding of the programs in the sample was in
the range of 12 percent to 15 percent. The average slip expected because of the initial
unc erfunding, therefore, would be 16 percent to 20 percent. Of course, slips occur for reasons
other than initial underfunding, so the average slip for all reasons presumably would be greater
than these percentages.

Chapter 2

25

26

27

28

29

30

SARs were inaugurated by the Defense Department in 1967. In 1975, the Congress required that
SA] Xs be submitted for all major defense acquisition programs (MDAPs). SARs are submitted
quarterly, but “the” SAR for a year is understood to be the so-called “December SAR,” which is
ord:narily submitted to the Congress by the end of March and which should match the budget
submitted to the Congress in late January or early February. A SAR is first filed at about the
point that a program is designated an MDAP, and SARs are filed annually thereafter until fund-
ing is no longer requested for either development or procurement of the system, ordinarily
when the last units have been purchased. Initially only development costs are reported, but
after the system enters EMD, both procurement and development costs are ordinarily included.
For each year of the Future Years Defense Plan (FYDP), the funding reported in the SAR should
agn:e with that provided to the Congress in budget documents and the FYDP. The post-
Milsstone IT SARs also show projected funding required through the end of the program. A
brief history of the SARs and a useful analysis of the problems involved in using them are
provided by Hough, “Pitfalls in Calculating Cost Growth from Selected Acquisition Reports.”

Such cases are anomalous because SAR reporting is not generally required before a system
enti:rs EMD. .

Figiire 3 shows cumulative average cost; that is, how average cost varies with the total amount
procured, not how average cost varies with the size of any particular annual lot.

One: frequently heard line of argument is that (1) the Milestone II cost estimates are often too
low; (2) as a result, the budgets for many systems are insufficient to buy the quantity planned at
Milestone II; and (3) the inevitable cost increases are accommodated by stretches in the pro-
grans and reductions from Milestone I plans in the quantities bought. Viewed from this angle,
the key issue is how the Milestone II cost estimates influence later decisions on the quantity
purchased. This is an excellent question. The purpose of this study, however, is to look in detail
at tlie first step of the argument: How frequently are the Milestone Il estimates too low, by how
muh, and why?

These definitions are based on those provided by Hough, “Pitfalls in Calculating Cost Growth
froin Selected Acquisition Reports,” pp. 5-6.

The classifications were done by the Naval Sea Systems Command (NAVSEA) Naval Ship-
buiding Support Office (NAVSHIPSO) under contract with PA&E and according to guidelines
specified by PA&E. PA&E cost analysts also reviewed the NAVSHIPSO classifications.
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Chapter 3

31

32

33

34

35

36

37

Not all statements by a DoD official that endorse a low estimate of a program’s cost ar¢jadvo-
cacy. Instead, such a statement may be made to signal something about the budget consitraints
that the program will face to the service sponsoring the program, likely contractors,.and the
Congress. This is most likely to be useful in the early stages of a program, when its, shape
remains open to a considerable extent and major funding decisions are a decade or mor¢ in the
future. Such signals tends to have sharply diminished utility once requirements for the system
are adopted, since the requirements convey a more forceful message on likely cost than any
statements that DoD officials might make about what they expect to pay for the system

Table D-1 of Appendix D implies that the error described above explains about half of the cost
growth in the FMTV from its Milestone II baseline. The author, who then directed the CAIG,
bears a major share of the responsibility for this error. '

There is some ambiguity about the cost estimators’ responsibility for checking the rea lfism of
the program assumptions on which their cost estimates rest. Cost estimators usually looX at the
reasonableness of assumptions on schedule, planned utilization of test assets, and the deéree of
concurrency built into the development program. Ordinarily, however, they do not hive the

capability to assess the degree of technological risk in the program, and they ordinaril’y‘ldo not

attempt to do so.

Anthony G. Bower and James N. Dertouzos, “Essays in the Economics of Procurement,” RAND
Corporation, 1994, is a useful collection of theoretical analyses bearing on this topic.

The General Accounting Office (GAO) occasionally argued that cost growth should not be
adjusted for model changes and major upgrades, an argument that seems to imply that DoD
cost estimates should include provisions for such changes. This position has some merit for
cost estimates done for Analyses of Alternatives to the extent that such costs have a bea: 'mg on
the choice among the various alternatives considered. It is harder to see its merit for Milestone
II estimates used as the basis for budgets. Doing as the GAO suggests would amount to reserv-
ing a funding wedge for as yet unspecified new models or major upgrades. Most analysts would
argue to the contrary that these should compete for funds on an equal footing with altenative
uses of resources. Two related points need to be noted: (1) Milestone I estimates ordinarily will
include the cost of software updates (and any similar updates that are routinely parijof the
operation of any system) and any pre-planned product improvements included in the program
plans, and (2) cost estimators should note and include the costs of any major items requlred to
achieve Milestone II capabilities that are not included in planned program content.

This example is pointed out in Hough, “Pitfalls in Calculating Cost Growth from Sclected
Acquisition Reports,” p. 13.

This comment points to an important feature of the PA&E data. The mistakes compoaent of
procurement cost growth should not include cost growth due to unforced changes'in the
program’s content. It does, however, include growth in the costs of those changes (apact from
the unlikely possibility that that growth is itself offset by later unforced changes in the pro-
gram.} Thus, in the PA&E database, programs with large post-Milestone II changes ca:n show
exceptional cost growth even if the costs recognized when the change is adopted are cla sed as
decisions.
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Hough, “Pitfalls in Calculating Cost Growth from Selected Acquisition Reports,” p. 13, notes
that “[c]ost estimates for the 25-mm gun and the TOW missile were first included in the March
1973 SAR.”

This statement assumes that the distribution of the error in the estimate is approximately normal.

Chapter 4

40

41

43

44

Maik J. Lumer, “Why Programs Die: The Stand-Off Target Acquisition System (SOTAS) Case
Study,” The Industrial College of the Armed Forces, Washington, D.C., 1993, p.3.

Lur.vler, “Why Programs Die: The SOTAS Case Study,” p. 5.
Luraer, “Why Programs Die: The SOTAS Case Study,” pp. 12-14.

The"underlying problem here is that the SARs usually provide little insight into why costs have

- changed. PA&E followed the rule of posting variances as mistakes unless it was clear from the

SAls that they were due to decisions. One consequence of this sensible rule seems to be that
some substantial increases in procurement cost that resulted from decisions to increase a system’s
capabilities were posted as mistakes.

I am indebted to Karen W. Tyson of IDA for pointing me in this direction. In a 1992 IDA study,
she found clear evidence that modification programs experienced less cost growth than other
prozrams. See Karen W. Tyson, Neang 1. Om, D. Calvin Gogerty, J. Richard Nelson, and Daniel
M. Utech, “The Effects of Management Initiatives on the Costs and Schedules of Defense
Acquisition Programs, Volume I: Main Report,” Paper P-2722, Institute for Defense Analyses,
Noember 1992. For a sample of systems that included those that passed Milestone Il up to and
including 1997, I found the opposite, which led me to look closely at the experience of modifi-
cation programs that passed Milestone II during 1989-1997.

Chapter 5

45

46

47

This is generally understood to mean that there is as much chance that the estimate is too low as
too high.

The-late Don Yockey, who served as Under Secretary of Defense (Acquisition) during 1991-
1992, captured this thought by saying that in his view funding for MDAPs should provide him
wita some “tension on the reins.”

There is an objection on statistical grounds to estimating the model using ordinary least squares
(OLS) given that program size is included among the independent variables. Program size also
enters the computation of the variable on the left-hand side—the mistakes component of pro-
curement cost growth. It is, therefore, necessarily correlated with the residual term in the model,
and the OLS estimates are both biased and inconsistent. There is no readily available measure
of program size that avoids this problem, and no sensible set of instruments that could be used
in an instrumental variables approach. Dropping program size alters the estimated coefficients
of the other variables little, which suggests that inclusion of program size does not create much
of a problem in estimating the other coefficients. It remains possible that the estimated coeffi-
cierit of program size itself is seriously biased towards zero.

Approved for public release; distribution unlimited.
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J. A. Drezner, J. M. Jarvaise, R. W. Hess, P. G. Hough, and D. Norton, “An Analysis of V eapon
System Cost Growth,” RAND Corporation, MR-291-AT, 1993, pp. 45-46.

See Congressional Budget Office, “Cost Growth in Weapons Systems,” pp. 5-6; Drezner et al.,
“An Analysis of Weapon System Cost Growth,” pp. 22-23; and Karen W. Tyson et a] | “The
Effects of Management Initiatives, Volume I,” Appendix B.

This point is important to the estimates obtained, since several of the systems that appearin the
database with 1973 Milestone Il baselines showed large procurement cost growth. Apper dix D
identifies these systems and provides the apparent dates of their Milestone I reviews. i

See Section 1203 of Public Law 98-94, which amended Chapter 4 of Title 10, United Stateg; Code,
by adding a new Section 139c. The language cited was subsection (a) of the new Section 139c.
The relevant provisions have been modified on several occasions, and are now codified in Title
10, United States Code, Chapter 4, Section 2434.

The Defense Authorization Act for 1984 (adopted in September 1983) also required the Secre-
tary of Defense to provide the Congress with a report on the Defense Department’s, use of
independent cost estimates. Srull, The Cost Analysis Improvement Group: A History, p. 28, pro-
vides a brief description of this requirement. These reports were required annually tlirough
1986 or 1987. '

Subsection (b)2 of Section 139¢ as specified in Section 1203 of Public Law 98-94.

During much of the 1990s, the Army and the Air Force chose to provide three distinct esti-
mates—the program office estimate, the service independent cost estimate, and the service cost
position.

The key question was what limitations the statute put on use by the CAIG of cost esiimates
prepared by a service’s headquarters cost group. Originally, the CAIG was to develop stan-
dards and criteria for independent parametric cost estimates and review service estirrates in
terms of those standards and criteria. Such professional standards might have provicied the
necessary basis for the CAIG to make use of selected parts of estimates made by a service’s
headquarters cost group. The CAIG had not developed explicit standards or criteria for esti-
mating procurement cost, however. Moreover, circumstances surrounding the then-recent can-
cellation of the A-12 made risible the notion that use of good costing methods was sufficient to
produce a realistic estimate. Hence, it appeared that the Defense Department probably|could
not plausibly argue that CAIG review of service cost estimates satisfied the statute. In addition,
mid-1991 expressions of congressional interest in the question of whether CAIG review of
service estimates satisfied the statute may have contributed to the final outcome.

There was also one less visible change worth noting. From 1972 to 1986, the CAIG was ‘thle only
regular staff-level forum before a DSARC review. Consequently, the CAIG was fairly?;v‘videly
used by the OSD staff as a way to become informed about a program. Beyond that, it v7as not
uncommon for OSD staff to package their concerns as cost issues in an attempt to get't them in
front of the DSARC via the CAIG report. Informally, many felt that the role of the CAIG lWas to
serve as the Consumer Advisor of the US weapon system acquisition process. This began to
change in 1987, when the DSARC was replaced by the DAB. With the DAB came a sma]J; num-
ber of subordinate committees whose main role was to prepare issues for DAB decision, More-
over, in the late 1980s and early 1990s, cost and operational effectiveness analyses were revived
as an ingredient of DAB milestone reviews, and assessments of whether a proposed 3ystem
was “affordable” added. With these changes, by the early 1990s the CAIG’s informal role had

narrowed to its formal charge—cost analysis.
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Sevral previous studies have noted that cost growth on MDAPs was lower during the 1970s
than it had been during the 1960s. See Congressional Budget Office, “Cost Growth in Weapons
Sys:ems,” p. 2, and Tyson et al., “Effects of Management Initiatives, Volume 1,” p. IV-2.

This concerned the Contractor Cost Data Reports (CCDRs), which provide extensive informa-
tior: on the actual costs incurred in the development and production of individual weapon
sysiems. The data required on CCDRs was revamped, a modern system for collecting, storing,
and disseminating the data installed, and a small office (now called the Defense Cost and
Resource Center) was established to manage the CCDRs as well as a wide array of other infor-
mation used in cost analysis.

The CARD provides a fairly detailed description of the physical attributes of the system, the
acqiisition strategy that will be employed to acquire it, the development schedule, the planned
pro‘ile of annual purchases of the system, and plans for how the system will be supported. The
Stretegic Defense Initiative Organization (SDIO), now the Missile Defense Agency, introduced
the requirement for CARDs on SDIO systems in the mid-1980s. Partly in response to an Inspec-
tor:eneral audit, the CAIG in 1989 began requiring a CARD for any system undergoing a DAB
review that involved a CAIG cost estimate. The requirement for a CARD was retained in the
acquisition reforms adopted during the early part of the first Clinton administration, and by
1991 was accepted as a requirement for the DAB process. The CARD requirements were codi-
fiec in DoD Directive 5000.4, “OSD Cost Analysis Improvement Group (CAIG),” and DoD
5002.4-M, “Cost Analysis Guidance and Procedures,” December 1992. Before the CARD
req lirement was adopted, it was generally up to cost estimators to document the assump-
tior:s they made about program content. These assumptions were often not well documented,
and they were not always those of the program actually brought forward for approval.

The relevant precedents are not only at the system level but also at the subsystem level.

Figire 9 omits the data for twelve systems that could not be unambiguously placed in one of
the eight commodity classes.

A first guess might be that administrations tend to be lenient on costing favored systems, par-
ticularly those judged likely to face strong opposition. In those cases in which there is some real
doubt about gaining congressional approval for a program, however, there is reason to adopt a
relatively conservative cost estimate in order to guard against arguments that the program
actually will cost more than the Defense Department advertises. More conservative costing
might, for that reason, be adopted for favored systems.

House Committee on Government Operations, Subcommittee on Legislation and National
Security, 1979; Senate Committee on Governmental Affairs, 1981; House Armed Services
Coramittee, Special Panel on Defense Procurement Procedures, 1981; Senate Armed Services
Corainittee, 1983.

Chapfer 6

64

A racent RAND study provides an excellent example of this point. During the 1990s, the
Defense Department undertook a number of initiatives intended to reduce defense contractors’
indirect costs, which on average account for about half the total procurement costs of a weapon
system. Weapon system cost estimates ordinarily use negotiated rates provided by Forward
Pricing Rate Agreements in estimating indirect costs. Those negotiated rates reflect not only all
cost: reductions made to some recent date but also anticipated reductions over a period of
sevizral years in the future. To the extent that weapon system cost estimates are made in this
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way, even highly successful efforts to reduce indirect cost will not be reflected systematically in
cost growth. See Mark Lorell with Jack C. Graser, “An Overview of Acquisition Reforin Cost
Savings Estimates,” RAND Corporation, 2001, p. 122. g

For an analysis of the first round of acquisition reforms, see Edmund Dews, Giles K. 4Smith,
Allen Barbour, Elwyn Harris, and Michael Hesse, “Acquisition Policy Effectiveness: Depart-
ment of Defense Experience in the 1970s,” RAND Corporation, R-2516-DR&E, October 1979.
The Commission’s Acquisition Task Force provided an interim report to the Pres1d ent on
February 28, 1986. (See The President’s Blue Ribbon Commission on Defense Management,
“A Formula for Action: A Report to the President on Defense Acquisition,” April 198¢/ p. 1.)
National Security Decision Directive 219, issued April 1, 1986, implemented most of the Task
Force’s recommendations. (See Barbara A. Becksler, David R. Graham, Robert P. Hilton'M;I rshall
H. Hoyler, and Hershel E. Kanter, “Defense Acquisition: Observations Two Years After the
Packard Commission, Volume I: Main Report,” Institute for Defense Analyses, Report R- 347,
November 1988, pp. II-14.) This report provides a thorough account of the initial implermenta-
tion of the recommendations of the Packard Commission.

President’s Blue Ribbon Commission on Defense Management, “Report to the Pre51d ent on
Defense Acquisition,” p. 22.

President’s Blue Ribbon Commission on Defense Management, “Report to the President on
Defense Acquisition,” p. 22.
¢

See Becksler et al., “Defense Acquisition,” p. II-1 and II-9.

This was done by the Defense Acquisition Improvement Act of 1986, which was include(lI inthe
FY 1987 Defense Appropriation Act, which was, in turn, included in the FY 1987 oranibus
appropriation act (Public Law 99-591).

William Perry was a member of the Packard Commission and directed its Acquisition Task
Force. Paul G. Kaminski, who served as Under Secretary of Defense (Acquisition, Tech‘_qology
and Logistics) during most of Perry’s tenure as Secretary of Defense, was a Technical Advisor to
the Task Force. See President’s Blue Ribbon Commission on Defense Management, ”Report to
the President on Defense Acquisition,” pp. 1 and 45.

See Secretary of Defense William Perry, “Acquisition Reform: A Mandate for Change,” Depart-
ment of Defense, February 1994, p. 4.

Firms do nonetheless have incentives to make the investments that bring them down the|learn-
ing curve, because they retain the profits for some period of time before they are captured by
the Government in subsequent production lots. On this, see William P. Rogerson, ”Economic
Incentives and the Defense Procurement Process,” Journal of Economic Perspectives, Vol. E No. 4
(Fall 1994), pp. 65-90, especially pp. 77-83, and David A. Lee, The Cost Analyst's Com_zanian,
Logistics Management Institute, 1997, Chapter 2.

The programming part of PPBS during this period also had a paper, usually led by the Ctlfice of
the USD(AT&L), on major system new starts; a paper on maintaining efficient productic rll rates
for MDAPs in rate production; and a paper that considered proposals for multi-year pocure-
ment contracts. In the early part of the 1980s, there also usually was a paper on dual so Lllrcing,
which was replaced, after the procurement budget started dropping, with a paper that looked

at competitive buyouts of systems for which a dual-source acquisition strategy had been aclopted.
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There is an offsetting factor. In the case of late dual sourcing, the costs compared to the
Milzstone II baseline should have removed both the costs of bringing a second source into
pro duction and the benefits of doing so. Both should be posted as decisions. It is likely that the
SAls would specifically identify the costs and, hence, that these would be posted in the PA&E
data with decisions. It is unlikely, however, that the benefits would be recorded in the SARs in a
way that allowed them to be recognized as the results of decisions. To the extent that the benefits
are not posted as decisions, the association of late dual sourcing with large growth prior to the
introduction of the second source is offset.

Kaién W. Tyson et al., “Effects of Management Initiatives, Volume I,” Chapter X.

These are commonly referred to as Nunn-McCurdy breaches. An increase of 15 percent in
either of two particular definitions of unit cost triggers a requirement to report the increase to
the Congress. For an increase of 25 percent or more, the Secretary of Defense must in addition
provide a certification to the Congress of four items, of which one is that the new unit cost
esti nate for the program is reasonable. These requirements were first established in 1982 in
Put lic Law 97-252, Title XI, Section 1107(a) and are now codified in Title 10, U.S. Code, Section
2433,

Mo e precisely, not adopted primarily because of problems of cost growth; the implications of
spiral development for cost growth apparently were recognized. See Aldridge, Defense News,
Mav 19, 2003, p. 29.

A price commitment curve was also obtained for the early post-EMD procurements of the F-22.
This curve was established long after the EMD phase of the F-22 program began, however, and
it scems unlikely at this point that the F-22 will prove to be a case that proponents of PCCs will
want to claim.

The new process is specified in DoD Directive 5000.1, “The Defense Acquisition System,” and
Dol) Instruction 5000.2, “Operation of the Defense Acquisition System,” both dated May 12,
2003. Two provisions of the latter are crucial in the present context. First, System Design and
Development (SDD) on a succeeding increment of capability is not to begin until the technol-
ogy of the preceding increment has been demonstrated by testing and the Milestone Decision
Authority has approved the succeeding increment’s entry into SDD. Second, at the start of SDD
botlx the remainder of development and procurement are to be fully funded (for the years of the
FYDIP) to a realistic cost estimate. SDD in the new process occurs at a somewhat earlier stage of
development than EMD, but that fact does not detract from the point made here.

That is, Milestone B. The actions to provide a basis for costing should in most cases be directed
in the Milestone A Acquisition Decision Memorandum.

Appendix B

82

Morve generally, sometimes an important variable input clearly is “lumpy” at the annual buy
rates of interest, and cost models that reflect that fact depart from a strict proportionality of
average variable cost and output.

The following comment seems to be representative of what can be found in the literature on the
subject: “We suspect that funding-induced schedule instability is indeed an important con-
tributor to cost growth, but we could not rigorously test this hypothesis using the available
dat1.” (Edmund Dews, Giles K. Smith, Allen Barbour, Elwyn Harris, and Michael Hesse,
“Acquisition Policy Effectiveness: Department of Defense Experience in the 1970s,” RAND
Corporation, R-2516-DR&E, October 1979, p. 72)
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8 A Congressional Budget Office study, “Cost Growth in Weapon Systems: Recent Exp‘j:'rience
and Possible Remedies” (prepared for the Senate Committee on Governmental Affairs, Wash-
ington DC: Government Printing Office, 1983), and later studies of cost growth on'Wgapon
system programs, note that cost growth is negatively correlated with program size. This js also.
true of the data for the mistakes component of procurement cost growth used in this study.

% Weapon system procurement programs ordinarily are fully funded to a realistic cost estimate

by the time they get into Full-Rate Production because by then there is little uncertamt) left in
the cost estimates. -

Appendix C
% The data used were posted on the site as of about March 10, 2003. The author was one ofiabout

two-dozen beta testers for the site, which is password protected. Those who wish access|to the
data should contact the Director, Economic Analysis and Resource Planning Division.

Appendix D

% Tt is not clear why these systems would be recorded as having a 1973 baseline.

8 A procurement cost estimate ordinarily is made up of estimates of perhaps a dozen to ag/many
as two or three hundred individual elements. Many, although not all, of these will be statisti-

cally independent of each other. Hence, in many cases, the assumption of normality is a i eason-
able one.
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AAW
ADATS
AEW
AFATDS
AoA
APB
 ASAS:
ASD(SA)
ATACMS
ATCCS
ATIRCM
AWACS
BAT

C21
CAIG
CARD
CBO
CCDR
CLGPr
CMWS
COEA
DAB
DAE
DoD
DSARC
DSB
DSC&
DSMC
EMD
FAAD
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Abbreviations

Anti-Air Warfare

Air Defense Antitank System

Airborne Early Warning

Advanced Field Artillery Tactical Data System
Analysis of Alternatives

Acquisition Program Baseline

All Source Analysis System

Assistant Secretary of Defense (Systems Analysis)
Army Tactical Missile System’

Army Tactical Command and Control System
Advanced Threat Infrared Countermeasures
Airborne Warning and Control System
Brilliant Anti-armor Technology

Command, Control, and Intelligence

Cost Analysis Improvement Group

Cost Analysis Requirements Description
Congressional Budget Office

Contractor Cost Data Report
Cannon-Launched Guided Projectile
Common Missile Warning System

Cost and Operational Effectiveness Analysis
Defense Acquisition Board

Defense Acquisition Executive

Department of Defense

Defense Systems Acquisition Review Council
Defense Science Board

Defense Satellite Communications System
Defense Systems Management College
Engineering and Manufacturing Development

Forward Area Air Defense
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FMTV
FPIF

FY

FYDP
FVS
GAO
GBS
GLCM
GRP
GSM
IDA

IG

IPT
JASSM
JDAM
JPATS
JSF
JSTARS
JTUAV
LRAACA
LOS-F-H
LRIP
MDA
MDAP
MICV
MMLS
NATBMD
NATO
NAVAIR
NAVSEA
NAVSHIPSO
0&S

Family of Medium Tactical Vehicles
Fixed Price Incentive Fee

Fiscal Year

Future Years Defense Program
Fighting Vehicle System

General Accounting Office

Global Broadcast Service
Ground-Launched Cruise Missile
Guidance Replacement Program
Ground Station Module

Institute for Defense Analyses
Inspector General

Integrated Product Team

Joint Air-to-Surface Standoff Missile
Joint Direct Attack Munition

Joint Primary Aircraft Training System
Joint Strike Fighter

Joint Surveillance Target Attack Radar System

Joint Tactical Unmanned Aerial Vehicle
Long Range Air ASW-Capable Aircraft
Line-of-Sight, Forward, Heavy
Low-Rate Initial Production

Milestone Decision Authority

Major Defense Acquisition Program
Mechanized Infantry Combat Vehicle
Mobile Microwave Landing System
Navy Area Theater Ballistic Missile Defense
North Atlantic Treaty Organization
Naval Air Systems Command

Naval Sea Systems Command ‘
NAVSEA Shipbuilding Support Office
Operating and Support
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Abbreviations

O&M
OLS

0OSD

P3I

PAC-:
PA&E

PCC

PEO

PHM

PM

PPBS

RSIP
SADARM
SAE

SAR
SADARM
SBIRS

SDD

SDIO

SFW
SINCGARS
SMAFRT-T
SOTAS
TACTAS
TPP

TOW
USAF
USD(A)
USD(AT&L)
VAMOSC

Operations and Maintenance

Ordinary Least Squares

.Office of the Secretary of Defense

Preplanned Product Improvement

Patriot Advanced Capability 3

[Office of the Director] Program Analysis and Evaluation
Price Commitment Curve

Program Executive Officer

Guided Missile Patrol Combatant (Hydrofoil)
Program Manager

Planning, Programming and Budgeting System
Radar System Improvement Program

Sense and Destroy Armor

Service Acquisition Executive

Selected Acquisition Report

Sense and Destroy Armor

Space-Based Infrared System

System Design and Development

Strategic Defense Initiative Organization

Sensor Fused Weapon

Single Channel Ground and Airborne Radio System
Secure Mobile Anti-Jam Reliable Tactical Terminal
Stand-off Target Acquisition System

Tactical Towed Array Sonar

Total Package Procurement

Tube-Launched, Optically Tracked, Wire Guided
United States Air Force

Under Secretary of Defense (Acquisition)

Under Secretary of Defense (Acquisition, Technology and Logistics)

Visibility and Management of Operating and Support Costs
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