THE ARTS

This PDF document was made available

CHILD POLICY

from www.rand.org as a public service of

CIVIL JUSTICE
EDUCATION
ENERGY AND ENVIRONMENT
HEALTH AND HEALTH CARE
INTERNATIONAL AFFAIRS
NATIONAL SECURITY
POPULATION AND AGING
PUBLIC SAFETY
SCIENCE AND TECHNOLOGY
SUBSTANCE ABUSE
TERRORISM AND
HOMELAND SECURITY
TRANSPORTATION AND
INFRASTRUCTURE
WORKFORCE AND WORKPLACE

the RAND Corporation.
Jump down to document6

The RAND Corporation is a nonprofit
research organization providing
objective analysis and effective
solutions that address the challenges
facing the public and private sectors
around the world.

Support RAND
Purchase this document
Browse Books & Publications
Make a charitable contribution

For More Information
Visit RAND at www.rand.org
Explore RAND National Defense
Research Institute
View document details
Limited Electronic Distribution Rights
This document and trademark(s) contained herein are protected by law as indicated
in a notice appearing later in this work. This electronic representation of RAND
intellectual property is provided for non-commercial use only. Unauthorized
posting of RAND PDFs to a non-RAND Web site is prohibited. RAND PDFs are
protected under copyright law. Permission is required from RAND to reproduce,
or reuse in another form, any of our research documents for commercial use. For
information on reprint and linking permissions, please see RAND Permissions.

This product is part of the RAND Corporation monograph series.
RAND monographs present major research findings that address the
challenges facing the public and private sectors. All RAND monographs undergo rigorous peer review to ensure high standards for
research quality and objectivity.

F-22A Multiyear
Procurement Program
An Assessment of Cost Savings

Obaid Younossi • Mark V. Arena • Kevin Brancato • John C. Graser
Benjamin W. Goldsmith • Mark A. Lorell • Fred Timson • Jerry M. Sollinger

Prepared for the Office of the Secretary of Defense
Approved for public release; distribution unlimited

NATIONAL DEFENSE RESEARCH INSTITUTE

The research described in this report was prepared for the Office of the
Secretary of Defense (OSD). The research was conducted in the RAND
National Defense Research Institute, a federally funded research and
development center sponsored by the OSD, the Joint Staff, the Unified
Combatant Commands, the Department of the Navy, the Marine
Corps, the defense agencies, and the defense Intelligence Community
under Contract W74V8H-06-0002.

Library of Congress Cataloging-in-Publication Data
F–22A multiyear procurement program : an assessment of cost savings / Obaid Younossi
... [et al.].
p. cm.
Includes bibliographical references.
ISBN-13: 978-0-8330-4196-8 (pbk. : alk. paper)
1. United States. Air Force—Procurement—Evaluation. 2. F/A–22 (Jet fighter
plane)—Costs. I. Younossi, Obaid. II. Title: F–22 multiyear procurement program.
UG1123.F15 2007
358.4'16212—dc22
2007031096

Cover Photo Provided by the F-22A System Program Office

The RAND Corporation is a nonprofit research organization providing
objective analysis and effective solutions that address the challenges
facing the public and private sectors around the world. R AND’s
publications do not necessarily reflect the opinions of its research clients
and sponsors.

R® is a registered trademark.
Cover Design by Stephen Bloodsworth

© Copyright 2007 RAND Corporation

All rights reserved. No part of this book may be reproduced in any
form by any electronic or mechanical means (including photocopying,
recording, or information storage and retrieval) without permission in
writing from RAND.
Published 2007 by the RAND Corporation
1776 Main Street, P.O. Box 2138, Santa Monica, CA 90407-2138
1200 South Hayes Street, Arlington, VA 22202-5050
4570 Fifth Avenue, Suite 600, Pittsburgh, PA 15213-2665
RAND URL: http://www.rand.org
To order RAND documents or to obtain additional information, contact
Distribution Services: Telephone: (310) 451-7002;
Fax: (310) 451-6915; Email: order@rand.org

Summary

Acquiring defense weapon systems under multiyear contracts rather
than a series of single-year contracts oﬀers the possibility of cost savings. Such contracts aﬀord contractors the opportunity to buy materials in more economical quantities, schedule workers and facilities more
eﬃciently, and reduce the burden of preparing multiple proposals. The
U.S. government also beneﬁts from a reduced workload. The U.S. Air
Force is in the process of awarding a multiyear contract for 60 F-22A
aircraft over three years. Congress wants to assure itself that the proposed contract will yield the promised savings and asked, in the FY
2007 National Defense Authorization Act, for an independent review
of the estimated savings. RAND’s National Defense Research Institute
was asked to conduct the review by the Oﬃce of the Under Secretary
of Defense for Acquisition, Technology and Logistics.

Purpose and Approach
The National Defense Authorization Act asked for two things. First,
it requested a comparison of the multiyear procurement of 60 F-22A
aircraft and associated engines with three single-year procurements of
20 aircraft and engines. Second, it asked for a comparison between
historical cost savings achieved for aviation-related multiyear contracts
dating back to ﬁscal year 1982 and the projected savings of the F-22A
multiyear contract.
To comply with this congressional request, the research team
identiﬁed three tasks:

xv

xvi

F-22A Multiyear Procurement Program: An Assessment of Cost Savings

1. Estimate the costs for baseline procurement of 60 aircraft and
associated engines, including spare engines, in FYs 2007–2009
under annual (single-year) contracts at the rate of 20 aircraft per
year.
2. Substantiate contractor-proposed savings, and compare them to
the diﬀerence between multiyear negotiated prices and RAND’s
single-year price estimates.
3. Report the cost savings resulting from historical and ongoing
aviation-related (aircraft and aircraft engines) multiyear procurement contracts back to FY 1982.
To accomplish these tasks, the research team reviewed existing
literature on multiyear contracts in other aircraft programs and analyzed historical data. Team members also reviewed both the multiyear
proposals for Lots 7, 8, and 9 and the Lot 7 single-year proposals submitted by the F-22A air vehicle and engine prime contractors. They
visited and collected considerable information and historical data from
the F-22A System Program Oﬃce and prime contractors—Lockheed
Martin (LM), Boeing, and Pratt & Whitney (P&W)—and some of
the major subcontractors involved in the production of the F-22A.
They also visited and gathered information from the C-17, C-130, and
F/A-18E/F program oﬃces, as well as the Institute for Defense Analyses (IDA).

Results
The results of our assessment of the single-year procurement, our substantiation of contractor savings, and our analysis of historical savings
appear below. Although some historical comparisons in this report are
shown in base year dollars, we primarily present our results in thenyear (TY) dollars.3
3

We use this format for four reasons: (1) Wide discrepancies exist between various indices for deﬂating TY to BY. These discrepancies mask the actual contract prices and savings
that were negotiated or estimated. (2) Congressional interest is in annual budgets, which
are authorized and appropriated in then-year dollars. (3) The negotiated prices between the
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Cost of Single-Year Procurement (SYP)

One of the more challenging tasks in assessing the realism of cost savings due to a multiyear procurement strategy is evaluating the costs of
the alternative single-year contract strategy (the path not taken). We
estimated the three single-year equivalent prices for FYs 2007–2009
using the same program content as that of the multiyear proposal, along
with F-22A historical cost data, negotiated proposal values, and three
alternative cost improvement curve (CIC)4 assumptions, as follows:
A. The downward trend in costs experienced during Lots 1–6 will
continue through Lots 7–9. Thus, costs for Lots 7–9 would reﬂect the same cost improvement curve.
B. The trend for Lots 5 and 6 is more indicative of what will occur
in Lots 7–9. In this assumption, a new CIC was developed using
the same cumulative quantities and lot midpoints as above,
except that the Lot 5 and 6 costs were used in the regression.
The new CIC was used to predict Lot 7–9 costs. These resulting
costs were adjusted for the change in annual production rate
from Lot 6 to Lot 7 and beyond.
C. Lot 6 cost data are the most indicative of likely costs for the next
three lots. Lot 6 costs (adjusted for annual rate of inﬂation) were
used for Lots 7–9.
Added to the above three assumptions was the cost of the engines,
both those to be installed at the end of the air vehicle production (120
engines) and spare engines (13) to be procured under multiyear procurement (MYP). Propulsion costs were based on unit price data for

USAF and contractors for both the single-year and multiyear contracts and for the savings
initiatives are all in TY dollars. By leaving the contractor proposals in TY dollars, we avoid
distorting the numbers. (4) Formal justiﬁcations for historical multiyear aircraft procurements were part of the DoD budgeting and congressional justiﬁcation processes and were
shown only in TY dollars.
4

A cost improvement curve is similar to a learning curve (wherein average labor hours per
lot decrease at a certain percentage as cumulative quantities double), except that recurring
costs are substituted for labor hours in the CIC equation. (Younossi, Kennedy, and Graser,
2001).
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whole engines and were not broken out by labor hours and material
because of the limited data available.
The diﬀerences between our single-year estimate and the negotiated multiyear proposals are shown in Table S.1.
Based on our model, we estimate the savings range to be between
$274 million and $643 million and our most realistic estimate to be
$411 million.5
Substantiation of Contractor-Proposed Savings

To better assess the realism of our savings estimate, we also undertook
to substantiate the MYP savings proposed by the contractors. As part of
the pre-award activities for the multiyear contract for Lots 7–9, the U.S.
Air Force (USAF) asked Boeing, Lockheed Martin, Pratt & Whitney,
and their subcontractors and suppliers to develop cost savings initiatives
that could be implemented as part of the contract. We substantiated
the reasonableness of the proposed savings associated with these initiatives as follows: We reviewed their methodology for computing the
savings by comparing the single-year cost estimate with the multiyear
cost for each initiative, evaluated the feasibility of the initiative, and
ensured that the savings were incorporated into the negotiated values
for the multiyear contract by tracing each initiative into the ﬁnal conTable S.1
Estimated Multiyear Savings CIC Assumption
(TY $millions)
CIC
Assumption
Lots 1–6
Lots 5–6
Lot 6

5

Lot 7
Savings

Lot 8
Savings

Lot 9
Savings

Total
Savings

43
48
65

108
153
229

123
210
349

274
411
643

These estimates do not include any potential savings due to reduced program oﬃce workload from not having to write yearly contracts. Estimating those further savings was outside the scope of this study, and historically they are not included in the estimates of MYP
savings.
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tract price.6 We organized savings into six categories. We also noted
aspects of the F-22A multiyear contract that could not be quantiﬁed in
dollar terms per se but that are positive aspects of a multiyear contract.
In addition, we noted that certain activities remained basically the same
under either case because the overall program is not being accelerated
to a more eﬃcient annual rate due to the constrained budget available.
The total value of the savings proposed by the contractors was $311
million in TY dollars; we substantiated $296 million. Almost threefourths of the savings were accounted for in two categories: the buyout of materials and parts and support labor savings. The $296 million
in substantiated savings for the contractor initiatives falls within the
range of our estimated savings of $274 million to $643 million using
the alternative CIC analysis (see Table S.1). Therefore, we found that
about 70 percent of our most realistic estimate of $411 million can be
traced to substantiated contractors’ identiﬁed savings estimates.
Historical Savings

Our analysis of historical ﬁxed-wing aircraft multiyear procurement
showed that program savings estimates from 1982 through 2007 varied
from 5.5 percent to 17.7 percent. Estimated savings for ﬁghter aircraft
multiyear programs during this period ranged from 5.7 percent to 11.9
percent. For multiyear programs after 1995, we could ﬁnd no signiﬁcant statistical correlation between the contract savings estimates and
such factors as contract size, total number of aircraft procured, number
of aircraft procured annually, length of the MYP program, or funding provided for economic order quantity (EOQ) or cost reduction

6

As part of the contract award process, the USAF asked the prime contractors to submit
two proposals each. One addressed a single-year contract for 20 aircraft (Lot 7) in FY 2007
and the other addressed a multiyear contract for 60 aircraft (Lots 7–9) in FYs 2007–2009.
Since the multiyear award was contingent upon a certiﬁcation by the Secretary of Defense,
both the single-year and multiyear options were fully negotiated and prepared for award,
because neither the USAF nor the contractors knew whether the multiyear option would
be approved. These negotiated proposals included negotiated prices between the prime contractors and their subcontractors and suppliers. As a result, the negotiated single-year Lot 7
values were a source of valuable data in establishing savings between the two options.
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initiatives.7 However, we note that this does not necessarily mean that
no correlations exist among these or other factors and the magnitude
of estimated savings. The problem is that we do not have enough data
points to support a statistically valid correlation analysis. Correlations
may exist, but they cannot be statistically demonstrated with this limited database.
Qualitative examination of the post-1995 multiyear programs and
many of the pre-1995 programs suggested that achieving subcontractor and vendor quantity discounts is a key factor in obtaining savings
on multiyear procurement programs. Achieving signiﬁcant savings in
this area, however, did not always appear to hinge on EOQ funding.
Moreover, our qualitative assessment of the historical programs’ characteristics that contributed to the multiyear cost savings—such as total
number and rate of aircraft procured under the multiyear program,
EOQ funding and timing of the funding, timing of the multiyear contract implementation, and availability of funding for cost reduction
initiatives—indicates that these characteristic were more favorable to
the historical programs than to the F-22A multiyear program because
the F-22A MYP diﬀers in many key characteristics from historical
multiyear programs.
F-22A MYP Savings

We calculated the savings percentage by dividing our estimate of the
single-year contract for Lots 7, 8, and 9 by the diﬀerence between our
SYP estimates and the MYP negotiated prices. Table S.2 shows our
percentage of estimated savings.
The substantiated contractor savings that would result from the
F-22A ﬁrm-ﬁxed-price multiyear contracts for 60 aircraft, instead of
three separate single-year contracts for lot sizes of 20 aircraft each, is
about $296 million (TY), or 3.3 percent, for the three single-year contracts. This percentage falls within the range of our estimated savings
of 3.1 percent, in our most pessimistic case, and 6.9 percent, in our
most optimistic case.
7

Economic order quantity refers to the optimal quantity to order that minimizes total variable costs required to order and hold inventory.
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Table S.2
RAND’s Estimated Savings Percentages
CIC
Assumption

Single-Year
Estimate
(TY $millions)

Savings,
SYP Minus MYP
(TY $millions)

Savings
Percentage

Lots 1 to 6
Lots 5 and 6
Lot 6

8,952
9,089
9,320

274
411
643

3.1%
4.5%
6.9%

Figures S.1 and S.2 provide two additional ways of thinking
about the savings for the multiyear procurement by comparing the
F-22A estimated savings with those of the savings estimated for historical programs.8 The ﬁrst arrays the results of our research as a function
of the percentage of contract savings relative to a single-year procurement contract. The leftmost bar shows historical data for all ﬁxed-wing
aircraft that underwent a multiyear procurement from 1982 to 2007
and indicates the low, median, and high values. The next bar presents
the data for ﬁghter and attack aircraft only, displayed in a similar fashion. Finally, the last bar shows savings based on assumptions about
SYP learning curves (SYP1 reﬂects our ﬁrst assumption, SYP2 reﬂects
our second assumption, and SYP3 reﬂects our third assumption). Our
estimated savings are low by estimated historical values both for the
all-aircraft programs mix and for just ﬁghter and attack aircraft.
Another way to evaluate savings is by the dollars saved per aircraft. Figure S.2 is similar to Figure S.1, except that the metric is dollar
savings per aircraft in FY 2005 dollars. In this case, our estimated savings are high by historical standards of ﬁghter and attack aircraft but
well within the historical range of all aircraft MYP since 1982, which
can be partially explained by the higher unit cost of the F-22A compared with other ﬁghters.

8

In general, the savings shown for historical programs were estimates of savings made as part
of the multiyear contract budget justiﬁcations (pre-contract award) and are not historical
“actual” savings per se.
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Figure S.1
Savings Percentage Relative to SYP Value
20
High

Savings percentage

15
High
Median
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Median
SYP3
Low
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SYP2
SYP1

0
Historical proposed—
all programs (14)

Historical proposed—
ﬁghter and attack (6)

F-22A RAND
estimated

NOTE: The numbers in parentheses in the ﬁrst two bar labels show the number of
aircraft programs included in the analysis.
RAND MG664-S.1

Overall Findings
We ﬁnd that examining the issue of multiyear savings using several
approaches produces a consistent range of results.
• We estimate cost savings due to the F-22A MYP contract to be about
$411 million compared with three separate SYP contracts. Estimating the three single-year contract prices and comparing them
with the recently negotiated multiyear contracts for air vehicles
and engines between the USAF and the F-22A contractors produces a range of estimates. When using the second cost improvement assumption for predicting these costs, we found that our
prediction and the separate, negotiated single-year Lot 7 price
were similar. This method resulted in overall savings of $411 mil-
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Figure S.2
Dollar Savings per Aircraft
25
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Savings, FY05 $millions
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NOTE: The numbers included in the parentheses in the ﬁrst two bar labels show the
number of aircraft included in the analysis.
RAND MG664-S.2

lion, which translates to about 4.5 percent of the overall contract
value.
• More than 70 percent of the savings can be supported by substantiated contractors’ savings initiatives. Our substantiation of the
contractor-proposed savings initiatives produced savings estimates
of $296 million. We substantiated these savings by tracing them
to the ﬁnal negotiated MYP contract.
• F-22A MYP contract savings percentages are lower than the historical range, but the program has fewer cost savings opportunities than
the historical programs we analyzed. Although the savings percentage for the multiyear prices compared with the single-year predicted prices is relatively low by historical estimated standards
(4.5 percent), the dollar savings per aircraft in the F-22A multiyear contract are on the upper end of the savings of previous
ﬁghter/attack multiyear contracts (a result of the higher unit cost
for the F-22A). In addition, our qualitative assessment of the pro-
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gram attributes that contributed to the cost savings on historical multiyear programs indicates that the F-22A MYP diﬀers in
many key characteristics from historical MYPs, often in ways that
put the F-22A MYP program at a disadvantage when compared
with the historical MYPs.

