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On page vi in the Table of Contents the title for the fourth option should read: Option IV: Make Proportional
Cuts to All Programs and Accept Force Cuts

The second sentence under the heading What DoD Plans for U.S. Tactical Air Forces on page xi should read:
Current plans call for the equivalent of 20 Air Force tactical fighter wings, 11 wings that operate off the Navy's
large deck carriers, and four wings that include fixed-wing fighter and attack aircraft for the Marine Corps.

On page xii the last sentence in the first paragraph under the heading The F-22 should read: If the procurement
plan was to remain unchanged, F-22 purchases would continue until 2010, for a total of 438 planes.

The last sentence in the paragraph before the discussion of Option II on page xxiii should read: Air Force
personnel also argue that reducing the number of stealthy planes in their fleet would increase requirements for
support aircraft.

On page xxv the second-to-last sentence of the first full paragraph should read: The philosophy behind such an
option is that pursuing technological challenges in the near- and midterm is more important than preserving
forces.

The article referred to in the second paragraph of page 10 is the article cited in footnote 15.

The second sentence on page 15 should read: Designed during the 1950s through the 1970s, those generations
include the MIG-21-MIG-27 series designed by the former Soviet Union's Mikoyan Design Bureau; F-4s and
A-7s built by the United States; and the European designed Mirage 3, Mirage 5, Tornado, and F-l.

The first full sentence on page 18 should read: But potential foes may have learned lessons too, leaving little
time for a U.S. build up.

The first sentence of the fourth fiill paragraph on page 39 should read: The price goals for the Navy and Marine
Corps versions are surprisingly low, even when compared with the trend in less capable planes.

The fourth sentence in the third paragraph on page 62 should read: Moreover, the planes purchased for the Air
Force will be very stealthy, particularly in the case of the F-22 if design goals are met. The last sentence of the
second-to-last paragraph on that page should read: From that perspective, developing aircraft that improve the
capabilities of the Navy's carrier-based air wings and the combat power of the Marine Corps' expeditionary
forces is more important than designing a new plane for the Air Force's land-based wings.

The last sentence of the third full paragraph on page 65 should read: Marines also express concerns about
whether helicopters—which typically do not fly over enemy forces—would be able to hit targets behind enemy
lines, thereby affecting battle outcomes.

The first sentence under the heading Cost and Capability on page 70 should read: As suggested above, CBO
intentionally structured this option to characterize the purchases that might be made if DoD spends no larger a
share of the budget on fighters than it has in the past and attempts to pursue all currently envisioned development
efforts.

The second sentence on page 84 should read: The Department of Defense estimates development costs at $19.7
billion or about 9 percent lower on average than CBO's estimate; DoD's cost goals for recurring flyaway costs
are more than 40 percent lower on average.

The primary basis of the estimate for the cost of support and initial spares shown in Table C-5 on page 88 should
read: Percentage of Recurring Flyaway Costs Based on Earlier Models.
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NOTES

All years referred to in the study are fiscal years unless otherwise noted.

All dollars are expressed in 1997 budget authority unless otherwise noted.

The study uses CBO's fiscal year 1997 inflation assumptions.

Details in text and tables may not add to totals because of rounding.

Unit prices for aircraft are procurement unit costs, expressed in 1997 dollars, unless otherwise
noted.

Estimates for acquisition costs total funding for the full development and production period.

Text and table discussions of the Administration's Plan are based on the fiscal year 1997 budget
as amended by the Congress. The fiscal year 1998 budget submission will make changes to
several of the programs discussed here, according to personnel in the Department of Defense.
Details of those changes were not yet released, however, when the study went to press.
Furthermore, incorporating the changes in CBO's analysis should not significantly alter the
major findings.
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M any of the United States' aging tactical fighter and attack aircraft will need to be
replaced during the coming decades, and the military services have ambitious plans
for developing and producing new-generation aircraft to modernize their fleets.

Those plans carry a high price tag, however. One of the new aircraft—the Joint Strike
Fighter—may become the single most costly weapon acquisition program in history, but even
at the high levels of spending for tactical aircraft that are included in current plans, the services
will not be able to prevent significant aging of their fleets. Many Members of Congress have
begun to question whether alternatives to the Defense Department's plans need to be consid-
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Lane Pierrot of CBO's National Security Division and Jo Ann Vines from the Budget
Analysis Division prepared the report with assistance in the early stages from Shaun Black
and in the later stages from Douglas J. Taylor. Shaun Black also prepared the appendix on
aircraft service life.

Cindy Williams, R. William Thomas, and Michael A. Miller provided general supervision
during the report's preparation. Wayne Glass, formerly of CBO, contributed greatly to the
discussion of DoD's acquisition process.

The authors are grateful to Neil M. Singer, David Mosher, Frances M. Lussier, Jeffrey
Holland, Eric J. Labs, Ivan R. Eland, Rachel Schmidt, Evan W. Christman, and Alexander C.
Hou for their valuable assistance during the study's preparation. Thomas A. Keaney of the
National Defense University and William D. O'Neil of the Center for Naval Analyses provided
useful comments on earlier drafts of the study. The authors and CBO, however, bear full
responsibility for the final product.

Paul L. Houts edited the manuscript. Marlies Dunson provided editorial assistance during
production of the study. Cindy Cleveland produced drafts of the study, and Janice M. Johnson
produced drafts of the appendix on costs. Kathryn Quattrone prepared the report for publica-
tion.

June E. O'Neill
Director

January 1997





Contents

SUMMARY xi

ONE INTRODUCTION 1

Missions of Combat Aircraft 2
Other Systems That Perform the Strike

and Counter-Air Missions 4
Plans for Replacing Combat Aircraft 4

TWO THE ROLE OF TACTICAL AIRCRAFT IN CARRYING
OUT NATIONAL SECURITY STRATEGY 11

Establishing the Base Force and
the Bottom-Up Review 11

How Great Is the Threat from Foreign Fighters? 12
Why Should the United States Keep Such

Overwhelming Superiority in the Air? 17
Other Factors Affecting U.S. Fighter Requirements 18

THREE ADMINISTRATION'S PLAN FOR TACTICAL AIRCRAFT 23

Plans for the U.S. Air Force's Fighter and
Attack Forces 23

Plans for the Department of the Navy's Fighter
and Attack Forces 28

Procuring the Joint Strike Fighter Decreases Shortfalls 29
How Affordable Are Fighter Aircraft? 31

FOUR THE JOINT STRIKE FIGHTER: LINCHPIN OF THE
ADMINISTRATION'S AIRCRAFT MODERNIZATION
PLANS 41

DoD's Plans for the Joint Strike Fighter Program 41
Concerns About the Joint Strike Fighter Program 47



vi A LOOK AT TOMORROW'S TACTICAL AIR FORCES January 1997

FIVE

APPENDIXES

A

B

C

OPTIONS FOR TACTICAL AIRCRAFT MODERNIZATION

Option IA: Set Priorities for Tactical Aircraft
Requirements—Emphasize Air Force 55

Option IB: Set Priorities for Tactical Aircraft
Requirements—Emphasize Navy and Marine Corps 62

Option IIA: Build on Existing Development Efforts 64
Option IIB: Build on Existing Development Efforts,

but Purchase an A/F-117X Instead of the F-22N 66
Option III: Purchase Aircraft That Are Now in

Production 67
Option IV: Make Proportional Cuts to All Programs

Accept Force Cuts 70

Stealth and Fighter and Attack Aircraft Design 75

Service Lives for Military Aircraft 81

Cost Estimates for Aircraft in the Administration's Plan:
Joint Strike Fighter, F-22, and F/A-18E/F 83

55

LIST OF ABBREVIATIONS 91



CONTENTS vii

TABLES

S-1. Types and Quantities of Aircraft Purchased
Under Alternatives for the 1997-2020 Period xxi

S-2. Average Annual Procurement Funding for
Administration's Plan and Alternatives xxii

1. Current Tactical Fighter and Attack Aircraft 3

2. Tactical Fighter and Attack Aircraft Planned
for the Future 5

3. Administration's Plan for F/A-18E/F, F-22, and Joint
Strike Fighter 24

4. Summary of Technological Developments in
Tactical Aircraft 3 8

5. Operational Characteristics for the Joint Strike Fighter 42

6. Program Schedule for the Joint Strike Fighter as It Moves
Through the Acquisition Management Process 46

7. Trends in Commonality During Selected Development
Programs 48

8. Types and Quantities of Aircraft Purchased for the
1997-2001 Period Under the Administration's Plan
and Four Options 56

9. Types and Quantities of Aircraft Purchased for the
2002-2020 Period Under the Administration's Plan
and Four Options 57

10. How the Options Affect Risk in the Development Phase
and Level of Sophistication of Fleet 5 8

11. Average Annual Funding for the Administration's Plan
and Options 59

A-1. Selected Objects and Their Visibility to Radar 77

C-1. Summary of CBO Estimates for the Joint Strike Fighter,
F-22, and F/A-18E/F 84

C-2. Components of the Cost of Acquisition for
Tactical Aircraft 85

C-3. CBO Cost Estimate for the Joint Strike Fighter 86



viii A LOOK AT TOMORROWS TACTICAL AIR FORCES January 1997

C-4. CBO Cost Estimate for the F-22 87

C-5. CBO Cost Estimate for the FA-18E/F 88



CONTENTS ix

FIGURES

S-1. Tactical Fighters in Selected Countries xiv

S-2. Fighter and Attack Inventories, Requirements, and
Average Ages with Purchases of Joint Strike Fighters xvi

S-3. Historical and Projected Funding for Fighter
and Attack Aircraft xviii

1. Size and Level of Modernization of Fighter Inventories
in Selected Countries 13

2. Fighter and Attack Inventories, Requirements, and
Average Ages Without Purchases of Joint Strike Fighters 26

3. Maximum Ages of Air Force and Department of the Navy
Fighter and Attack Aircraft 27

4. Fighter and Attack Aircraft Inventories, Requirements, and
Average Ages with Purchases of Joint Strike Fighters 30

5. Previous Fighter and Attack Aircraft Purchases 31

6. Historical and Projected Funding for Fighter and
Attack Aircraft 32

7. Unit Procurement Costs for Fighter and Attack
Aircraft 37

8. Average Age of Air Force and Department of the Navy
Fighter and Attack Aircraft Under Different Options, 1995-2020 60

9. Surpluses and Shortages of Air Force and Department of the
Navy Fighter and Attack Aircraft Under Different Options,
1995-2020 61

ILLUSTRATIONS

1. F-22 6

2. F/A-18E/F 7

3. Lockheed Martin Joint Strike Fighter 9

4. Boeing Joint Strike Fighter 9





Summary

T
he United States arguably has the world's most
capable inventory of fixed-wing fighter and
attack aircraft. Those fighter aircraft in the Air

Force, Navy, and Marine Corps represent a major part
of the combat capability of the United States. Although
the Department of Defense (DoD) is currently decreas-
ing the numbers of fighter aircraft, its planned forces
require inventories of about 3,500 planes.

To modernize its forces, DoD expects to acquire
three new tactical fighter and attack aircraft over the
next several decades—the F-22 for the Air Force, the
F/A-18E/F for the Navy, and the Joint Strike Fighter
(JSF)—a multipurpose plane being developed for all
three services as well as for the British Royal Navy.
The Department of Defense expects all three planes to
be more effective than the planes they will replace.

The planes will also be extremely expensive. The
Congressional Budget Office (CBO) estimates that the
total cost to develop and acquire about 4,400 planes
amounts to about $350 billion, even without factoring
in inflation. (That estimate includes total funds for de-
velopment and procurement.) Over the 1997-2001 pe-
riod, DoD says it will spend about $33 billion (in 1997
dollars) on the three new aircraft.

CBO's analysis of the proposal for fighter and at-
tack aircraft points to the following issues:

o U.S. fighter fleets now outmatch the fighter fleets
of any potential adversary;

o DoD plans to purchase enough tactical aircraft to
offset most of the planned retirement of older air-
craft through 2020;

o DoD's plans assume that tactical aircraft will oper-
ate for long periods, and as a result U.S. tactical
aircraft fleets will reach unprecedented ages;

o DoD's planned aircraft purchases for fighter fleets
will be costly and will require changes in spending
patterns; and

o The Joint Strike Fighter's nontraditional program
structure could mask problems for DoD's plans.

The Department of Defense and the Congress may
want to consider alternatives to the current plan to ad-
dress problems of affordability and aging. This study
examines strategies for addressing those problems.

What DoD Plans for U.S.
Tactical Air Forces

The Air Force, Navy, and Marines all employ fixed-
wing fighter and attack aircraft that fight enemy planes
in the air and attack targets on the ground (see Chap-
ter 1). Current plans call for the equivalent of 20 Air
Force tactical fighter wings, 11 wings that operate off
the Navy's large deck carriers, and four wings that in-
cludes fixed-wing fighter and attack aircraft for the Ma-
rine Corps. To fill out those force levels, DoD needs to
retain about 3,500 aircraft in inventory.
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By 1998, DoD will operate eight different kinds of
fighter and attack aircraft. More than half of the Air
Force fleet consists of F-16s (a small, relatively inex-
pensive, multipurpose plane) and F-15s (a larger, more
capable, more expensive fighter). The remainder of the
Air Force fleet has two aircraft dedicated to attacking
ground targets: the rugged, tank-killing A-10 and the
stealthy F-117.

The bulk of the Navy and Marine Corps inventory
is made up of F/A-18s, a multipurpose plane (that is,
one that performs both fighter and attack roles).
F/A-18s operate both in Navy carrier-based air wings
and in fighter squadrons in the Marine Corps. By
1998, only one other fighter or attack aircraft—the
F-14—will operate in the Navy's carrier-based wings,
since the venerable medium-range bomber, the A-6,
will have been retired by then. In addition to the
F/A-18, the Marine Corps will continue to operate the
AV-8B Harrier, which can take off in short distances
and land vertically—the so-called short takeoff vertical
landing (STOVL) capability—and thus can fly from the
ships that transport marines to amphibious landings.

DoD's plans for modernization call for replacing
virtually all of those planes with the three types of air-
craft mentioned earlier: the F-22, the F/A-18E/F, and
the Joint Strike Fighter.

The F-22

The Air Force plans to buy the F-22 fighter to replace a
portion of its fleet of F-15s. The first four F-22s are
scheduled to be bought in 1999. Procurement quanti-
ties will increase annually until 2003, when the plane
reaches a peak procurement rate of 48. If the procure-
ment was to plan remain unchanged, F-22 purchases
would continue until 2010, for a total of 438 planes.

The Air Force expects dramatically improved capa-
bility from the F-22. It will be stealthy and thus more
likely to survive in dense air-defense environments.
The F-22 can also attain supersonic speed without us-
ing its afterburner, which saves fuel. In addition, the
F-22's design includes sophisticated software that will
enable pilots to be more aware of their situation, telling
them, among other things, the locations of targets and
threats.

The F-22 will also be quite costly. Even if its price
grows no more than it already has, the Administration
estimates that on average each F-22 will cost $91 mil-
lion, almost twice as much as its predecessor. DoD
estimates that the costs to develop and procure the
fighter alone will total $63 billion. CBO constructed an
estimate for the fighter's price based on cost-estimating
relationships—historical relationships between the price
of planes and their weight and capability. The estimate
suggests that the F-22s might cost more—perhaps $108
million per plane—for a total program cost of about
$70 billion. In fact, the F-22's price may well rise
above that figure. The Air Force recently announced a
delay in purchasing the fighter. The new schedule for
F-22 purchases is likely to be provided when the details
of the 1998 budget request are released. Usually such
delays entail cost increases.

The F/A-18E/F

The multipurpose F/A-18 makes up the bulk of the
Navy's aircraft fleet and will continue to do so for the
foreseeable future. In 1991, the Navy announced plans
to develop a new E/F version of the F/A-18. The E/F
version is a bigger plane with more powerful engines
than the current C/D model. The Navy expects the
F/A-18E/F to carry more weapons or to carry the same
load about 40 percent farther. The Navy also expects
the larger F/A-18E/F to be as agile in flight as the C/D
model because of its higher thrust engines and larger
wings. Moreover, a Navy publication suggests that
F/A-18E/Fs will also be stealthier and better able to
survive.

The Navy plans to buy 1,000 F/A-18E/Fs over the
1997-2015 period. It estimates that the F/A-18E/F will
cost about $61 million each for a total program cost of
about $67 billion. According to CBO's analysis, that
estimate is in line with the costs of the earlier-model
F/A-18s—after adjusting for the E/F's heavier weight.

The Joint Strike Fighter

Of the three programs, DoD's largest developmental
effort is the Joint Strike Fighter—formerly called the
Joint Advanced Strike Technology (JAST)—program.
The JSF is also the least well defined of those pro-
grams, since it is the youngest.
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According to the program office's tentative plan,
about 3,000 JSFs would be bought over the 2005-2030
period. The Air Force would purchase about two-thirds
of them. The Marine Corps plans to buy about 640,
and the Navy would receive the remaining 300 aircraft.
In addition, the British Royal Navy expects to buy
about 60 of them.

The Joint Strike fighter is expected to replace a
number of aircraft including the Air Force's relatively
inexpensive, multipurpose F-16 aircraft, the Navy's
long-range A-6 attack plane, and possibly its F-14
fighter, and the Marine Corps' AV-8B jumpjet. Despite
the differences among the aircraft it is to replace and
the disparity in their missions, the plane's program of-
fice would like the various JSF versions to have 80 per-
cent in value of its components to be identical and thus
interchangeable. The program office claims that such a
high level of commonality together with the large num-
ber of planes to be bought will keep JSF prices down.
The program will try to reduce costs in other ways as
well. In fact, the JSF program's list of initial require-
ments includes price goals.

The Department of Defense has not yet prepared an
estimate for the Congress of the total program costs for
the Joint Strike Fighter. However, using DoD's stated
price goals as a basis, CBO estimated that procurement
funding for the JSF could total about $145 billion.
Adding the program office's $20 billion estimate for
development brings the total acquisition cost for the
program up to $165 billion.

Yet the DoD goals underlying that estimate seem
optimistic, given the expectations the services hold for
improved performance. Consequently, CBO made an
estimate based on the historical relationship between
price and performance. If experience proves a guide in
the Joint Strike Fighter program, funding needs could
total as much as $219 billion—about $22 billion for
development and $197 billion for procurement.

The program office for the Joint Strike Fighter re-
ceived bids from all major U.S. fighter manufacturers
in a recent competition to develop a concept for the
plane. Three proposals—from Lockheed Martin Corpo-
ration, the Boeing Company, and a team made up of
McDonnell Douglas Aerospace, Northrop Grumman
Corporation, and British Aerospace Defence Lim-
ited—were submitted. On November 16, 1996, the De-

partment of Defense announced that it had selected the
Lockheed Martin and Boeing proposals.

U.S. Fighter Fleets Outmatch
the Fighter Fleets of Any
Potential Adversary

The need to modernize U.S. forces depends in part on
the size and capability of the fighter fleets of potentially
threatening countries (see Chapter 2). One problem
with making comparisons now between U.S. forces and
those of other countries is the uncertainty about which
countries constitute potential threats.

Under current national security strategy, set forth in
the Clinton Administration's Bottom-Up Review, DoD
must keep enough forces to fight and win two major
regional conflicts at nearly the same time. Those con-
flicts are often assumed to be in Southwest Asia—with
Iraq or Iran—and on the Korean peninsula with North
Korea. Some DoD analysts include in their analysis
threats of both Russia and China—countries that pos-
sess considerable combat potential.

A recently released Navy analysis of threats in-
cludes estimates of each of those countries' fighter in-
ventories for 1985, 1995, and a forecast for 2005 (see
Summary Figure 1). For those estimates, the Navy ex-
cluded planes that have dedicated ground attack mis-
sions. Hence, CBO also excluded those planes from its
U.S. estimate. In addition, the Navy's analysis breaks
those inventories into "generations" that reflect the
planes' level of technology.

According to the Navy's analysis, not one of those
countries has an aircraft inventory that approaches U.S.
forces in either size or modernity. By the turn of the
century, the United States will have fleets of about
3,500 aircraft—including about 3,100 fighter and
multirole aircraft—types similar to the planes the Navy
counted for other countries. In contrast, the inventories
of the three countries commonly associated with the
major regional contingencies—Iran, Iraq, and North
Korea—had a total of only about 1,200 planes in 1995.
Total inventories in those countries will shrink to less
than 1,000 planes by 2005, according to the Navy's
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Summary Figure 1.
Tactical Fighters in Selected Countries

Size and Level of Modernization of Fighter Inventories, 1995
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Size and Level of Modernization of Fighter Inventories, 2005
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SOURCE: Congressional Budget Office using data from Office of Naval Intelligence, Worldwide Challenges to Naval Strike Warfare (January
1996).
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estimate. In addition, many of those planes are old and
not terribly capable.

Even though the fighter fleets of potential adversar-
ies should be no match for U.S. fighters, defense
decisionmakers may want to continue modernizing U.S.
fighter fleets for other reasons—one such reason being
that U.S. fighters have to contend with ground-based
air defense systems as well as enemy fighters. The ser-
vices regularly express concerns about unfriendly coun-
tries modernizing their air defense systems. New
stealthy planes might weather improvements in air de-
fense better than old nonstealthy ones.

Even if threats do not intensify or become more
numerous, continuing to field large numbers of highly
capable U.S. aircraft offers a number of advantages.
The United States relies on air power to offset the capa-
bilities of enemy ground forces, as a way to hold down
U.S. casualties, and as a supporting arm for U.S. and
friendly ground forces. Because of that reliance, simply
offsetting enemy fighter and air-defense capabilities
may not suffice. Also, aircraft—which can fly to a con-
flict and require less support equipment than heavy
ground forces—can provide firepower earlier in a con-
flict than any but the lightest Army forces. If early-ar-
riving air power is able to slow or stop attacking forces,
it can make rolling back enemy forces easier.

DoD?s Plans Prevent the
Services from Experiencing
Large Shortages Through
2020

CBO projects that DoD's planned purchases of F-22s,
F/A-18E/Fs, and JSFs should make up most of the
shortfall created as the three services retire their older
aircraft (see Summary Figure 2). At the end of 1997,
the Air Force will have almost 2,300 planes in its in-
ventory. It needs about 2,100 planes to meet the re-
quirements for its 20 wings, which would leave it with a
small surplus of planes through the middle of the next
decade. Furthermore, planned purchases of F-22s and
Joint Strike Fighters will let the services avoid short-
ages of more than 100 aircraft until almost 2015.

The Navy and Marine Corps now have about the
number of planes they need to meet a combined re-
quirement of around 1,400 planes. The Navy will ex-
perience small shortages during most of the first decade
of the 21st century.

U.S. Tactical Aircraft Fleets
Will Reach Unprecedented
Ages

DoD's plans for aircraft purchases should permit it to
support its force goals. Nonetheless, it will need to
keep planes in the fleet for unusually long periods to do
so. As a result, the large number of older aircraft will
drive the average age of DoD's fleets to unprecedented
levels (see lines on Summary Figure 2).

CBO's forecasts of future inventories depend on a
number of assumptions made by the services. One key
assumption is service life—an estimate that permits
planners to forecast when the planes in today's fleets
will retire. Both the Air Force and the Navy are expect-
ing to retain planes longer than they have in the past.
Historically, DoD has planned to retire fighter and at-
tack aircraft when they are about 20 years old. But cur-
rent plans call for retaining planes much longer. If such
plans prove to be overly optimistic—as they have in
several recent cases—DoD could face shortages or in-
creased requirements for aircraft purchases.

Furthermore, since the services plan to keep aircraft
longer than they expected to in the past, the overall av-
erage age of Air Force and Navy fleets will rise. In cer-
tain years, that average age will reach points that are
unprecedented at least since the advent of the jet engine.
Navy and Air Force fleets are now, on average, about
10 years old. They will age during much of the next
decade if only because few aircraft will be purchased.

The average ages of Air Force aircraft will be
higher than those in the Navy and Marine Corps, ex-
ceeding 15 years by 2003. That average age will climb
to about 18 years by 2010, before it begins to decline as
Joint Strike Fighters become operational. The Navy's
fleet—which will receive infusions of large deliveries of
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Summary Figure 2.
Fighter and Attack Inventories, Requirements, and Average Ages with Purchases of Joint Strike Fighters
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F/A-18E/Fs in the early years of the next decade—will
remain relatively younger, reaching an average age of
about 14 years around 2005. The average age will in-
crease slightly until 2008 and then begin declining,
when the Navy also receives deliveries of the Joint
Strike Fighter.

The Department of Defense uses the average age of
its aircraft fleet as a measure of modernization and a
proxy for obsolescence of large blocks of the fleet. In
the past, DoD officials have also argued that aging
fleets will be less capable in combat, since enemy
fighter fleets and air defenses will modernize. The ser-
vices also express concern that older fleets will be more
difficult to operate and more expensive to maintain.

Those trends in aging may be of less concern than
they were during the Cold War. But they do indicate
that future Administrations will have far less flexibility
in responding to structural fatigue problems such as
those recently encountered with the F-16A/B. If old
planes require modifications, they could add substan-
tially to overall funding requirements.

DoD?s Plans Will Be Costly
and Difficult to Afford
Without Changing Spending
Patterns

If problems develop with the aging fleet, adding to
funding for fighter planes could pose serious difficul-
ties. The Administration's plans to modernize are al-
ready costly. CBO estimated future funding required to
purchase the three new planes in the Administration's
current plan. It then compared that amount with the
funding that might be available if DoD allocated the
same share of its future budget to purchasing fighter
and attack aircraft as it has in the past. For that base
case, CBO's projections of fighter costs are based on
DoD's estimates for fighter prices rather than the higher
estimates CBO developed based on cost-estimating
relationships.

On average, the Air Force and the Navy spent
about 4.6 percent and 3.6 percent, respectively, of their

annual budgets on purchasing fighter aircraft over the
1974-1997 period. CBO applied those percentages to
the Administration's plans for service budgets in
2001—the last year for which plans were available.
According to that estimate, the services might have a
total of about $6.3 billion to spend for fighter aircraft
each year if they follow past patterns in spending and if
their budgets remain level after 2001 (see Summary
Figure 3).

However, CBO projects that spending to purchase
the fighter and attack aircraft in DoD's plans will aver-
age $9.6 billion annually over the 2002-2020 pe-
riod—that is, more than $3 billion more than might be
available if the services' budgets remain constant and
fighters received the same share as they did previously.
If DoD's estimates of procurement costs prove too opti-
mistic, as CBO's analysis indicates, the gap would be
even greater.

Purchasing the Planes in DoD's
Plans Will Require Large Changes
in Spending

The United States could, of course, change its spending
patterns in ways that would make more money avail-
able to procure future fighter aircraft. Unfortunately,
fairly sizable changes would be needed. DoD argues
that it will allocate a larger share of its budget to fight-
ers during the next decade than it has historically. If
DoD's prediction proves to be accurate and increased
percentages of service budgets are in fact given to fund-
ing tactical fighter aircraft, then current plans might be
affordable. But the increases in the service budgets
would have to be substantial.

Over the 1974-1997 period, the Navy devoted an
average of about 3.6 percent of its budget to purchasing
fighter and attack aircraft. It would need to increase
that share for the 18-year period from 2002 to 2020 to
5.7 percent—or almost a 60 percent increase—even if
prices do not rise above the Administration's plans. If
prices do rise to the levels in CBO's estimates, the Navy
will have to increase funding for fighter aircraft pur-
chases to more than double its previous shares. The
Air Force would need to enlarge the share it devotes to
buying fighters as well.
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Summary Figure 3.
Historical and Projected Funding for Fighter and Attack Aircraft (By fiscal year)
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Consider another possible assumption—namely,
that total defense budgets would increase. In the above
discussion, the Congressional Budget Office assumed
that DoD budgets would receive no real increases in
funding beyond 2001. But that assumption presumes a
unique funding pattern for DoD: at least since World
War II, DoD budgets have never gone through such a
long period with no growth in funding. Therefore, as-
suming that future budgets would indeed escalate may
be reasonable. But if in fact fighter funding received its
average share for the 1974-1997 period, service fund-
ing would need to grow by more than 2 percent a year
in real terms over the 2002-2020 period to purchase the
planes in the current plans, even if aircraft prices did
not exceed the department's current goals.

Other Changes in Spending Patterns
Could Make Planned Purchases
More Difficult to Afford

Other assumptions about future spending would darken
the outlook for affordability. For one thing, DoD bud-
gets could shrink. Suppose that in the next decade the
Congress and future Administrations make tax cuts
while reaching and retaining a balanced budget. In that
case, the defense budget could undergo real cuts. In-
deed, the Congress's roadmap for federal spending and
revenues into the next century assumes real declines in
defense funding authority through 2002.

Other portions of the budget could also put pres-
sure on future defense budgets. Two particularly criti-
cal programs are Medicare and Social Security. Unless
they are changed substantially, the aging baby-boom
generation will require an ever-larger share of the bud-
get during the same period that requirements to pur-
chase fighter aircraft are growing. Perhaps for all those
reasons, at least one industry association—the Electron-
ics Industry Association—accords high probability to
forecasts of real declines in DoD's funding around the
turn of the century and beyond.

In addition, purchases of fighter planes could lose
out, within the procurement accounts, to other weapons.
For example, the Navy expects to purchase about twice

as many ships on average during the 2002-2020 period
as during the 1997-2001 period. Furthermore, the
Army plans to modernize its helicopter fleet exten-
sively. Also, any increases to fund long-range bombers
or airlift aircraft could come out of funds for fighter
planes.

Although some mission areas—such as antisubma-
rine warfare—have been deemphasized at the end of the
Cold War, other areas, such as mobility, have escalated
in importance. National and theater-level missile de-
fenses could be strong contenders for defense funds.
Moreover, the end of the procurement holiday that has
increased pressure for larger fighter purchases may
push up purchases of other types of weapons.

The Department of Defense may also find that the
planes it purchases carry a higher price tag. DoD's
price goals—particularly for the Joint Strike Fighter-
assume that the department will be able to break away
from historical relationships between cost and capabil-
ity and aircraft weight. To cite one example, DoD's
estimate of the Joint Strike Fighter assumes that it will
garner a number of improvements in performance, in-
cluding stealth, with little or no cost penalty. Since the
Administration argues that it will place considerable
emphasis on keeping prices down in its design pro-
grams, CBO shows an estimate based on DoD's goals.
Yet a careful look at history shows that such goals are
highly optimistic.

CBO also estimated prices for those planes using
cost-estimating relationships that link aircraft price to
aircraft size and performance. According to CBO's
analysis, only one plane—the F/A-18E/F—has costs
that reflect historical cost-estimating relationships. The
F-22's unit procurement price of $91 million could rise
to about $108 million if cost-estimating relationships
prove to be better price predictors than the estimating
methods DoD used. Taken together, CBO's higher esti-
mates indicate that DoD might need to spend an aver-
age of $11.9 billion annually—$2.3 billion more than
the DoD estimate—on fighter and attack aircraft over
the 2002-2020 period. If so, DoD would have to alter
its spending patterns dramatically to pay such sums.
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The Joint Strike Fighter Is
the Centerpiece of DoDfs
Fighter/Attack Plans and a
Departure from Past Patterns

The success of DoD's plans for tactical fighter procure-
ment depends in great measure on DoD's ability to pro-
duce a Joint Strike Fighter that departs from past devel-
opment and production patterns for fighter aircraft (see
Chapter 4). One of the greatest departures from past
practices is the number of missions that the JSF family
of aircraft is expected to undertake. The plane is sup-
posed to perform virtually every mission that fighter
aircraft perform in the force structure today and, more-
over, to do so with a family of planes that have as many
as 80 percent common parts (by value).

Joint Strike Fighters are to be fielded in Air Force,
Navy, and Marine Corps inventories, an employment
pattern not seen since F-4 fighters made up a large por-
tion of service inventories. Partly as a result of that
high level of cross-service operation, commonality, and
the use of commercial practices, JSF's are expected to
break a spiraling of prices for fighter aircraft that has
been going on for at least 40 years.

The question is whether the Joint Strike Fighter
will be able to meet those ambitious goals. The large
array of missions planned for the fighter gives some
aircraft designers pause. They perceive that a number
of the goals set for the JSF might be incompatible. For
example, the price of the JSF will need to be kept rela-
tively low to meet the Air Force's need to purchase
planes in quantity. But the Navy's desire for a highly
stealthy aircraft that can operate over fairly long ranges
could drive up the price. Also, planes that can operate
off of the amphibious ships that transport Marines to
war typically pay for that capability by being less capa-
ble in other areas, such as carrying smaller loads shorter
distances. Some analysts argue, however, that any di-
minished range would be offset by basing the planes
near the battle.

Such conflicts may suggest that the services will
have to make compromises if the JSF program is to
retain its joint service characteristics. The services may
be willing to accept operational trade-offs. But many

DoD programs start out assuming a high level of joint
participation among the services that dissipates or
never even materializes. In fact, some service leaders
have already voiced concerns about the requirements of
other services. For example, both Air Force and Ma-
rine Corps leaders have questioned whether the Navy's
range and payload requirements will drive up the JSF's
price.

Some critics also worry that the JSF is the most
complex development program to fall under DoD's new
guidelines for acquisition. Those new rules permit pro-
grams to skip many traditional DoD reviews. Such re-
views take time and often add to the cost and complex-
ity of a program, but they also may lessen the likelihood
that DoD spends too much time (and money) on a be-
leaguered program.

The program's expectation of holding down the
price of the Joint Strike Fighter would represent a sig-
nificant break with past experience. If the plane's costs
reflect previous trends in prices, total procurement
costs could be about 36 percent higher than current
estimates—climbing to about $197 billion. According
to CBO's higher estimate, DoD may need about $11.9
billion per year—or if past spending programs are a
guide, almost 90 percent more than the $6.3 billion in
annual funding associated with past shares.

Other Options Might Be
Considered For Modernizing
Tactical Aircraft

Since the Administration's plan may produce funding
shortfalls, the Congress and the Department of Defense
may wish to consider alternatives. CBO evaluated four
alternative strategies that might be pursued in the future
if less money is available for purchasing tactical
fighters than current plans require (see Chapter 5).
Sketched broadly, the strategies are:

o Set priorities for development and develop air-
planes for the highest priority missions;

o Build on existing development programs by creat-
ing cross-service versions;
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o Purchase aircraft now in production; and

o Make proportional cuts to all programs and accept
cuts in forces.

Option I: Set Priorities for
Development

The Congress might wish to consider an alternative that
sets priorities for modernization. Some critics of the
size of DoD's air forces have argued that considerable
duplication of effort exists in tactical aviation. DoD

could place priorities on its force requirements and con-
sequently modernize and retain only the highest-priority
forces. CBO's Options IA and IB illustrate two ap-
proaches to pursuing that strategy.

Option IA: Set Priorities for Tactical Aircraft De-
velopment—Emphasize Air Force Missions. Be-
cause Air Force Joint Strike Fighters are to be pur-
chased in the largest quantities, DoD could choose to
modernize the Air Force fleet while eliminating require-
ments for a stealthy Navy strike fighter and a Marine
Corps advanced short takeoff vertical landing
(ASTOVL) version. (For types and quantities of

Summary Table 1.
Types and Quantities of Aircraft Purchased Under Alternatives for the 1997-2020 Period

Aircraft
Administration's

Plan IA
Options

IB IIA IIB IIIAandlllB IV

Air Force

F-16
F-15E
F-22
F/A-18E/F
JSF(AF)

Subtotal

F/A-18C/D
F/A-18E/F
F-117N
F-22N
JSF(N)

Subtotal

NewAV-8B
Comanche
JSF (ASTOVL)

Subtotal

Total

6
1,000

0
0

180
1,186

0
0

480
480

3,436

6
6

438
0

1.320
1,770

6
1,000

0
0
Q

1,006

2,776

894
492

0
0
0

1,386

Navy

6
1,000

0
0
b

1,006

Marine Corps

0
0

660
660

6
6

438
1,202

0
1,652

6
1,300a

0
180

0
1,486

0
258

0
258

3,052 3,396

6
6

438
1,202

0
1,652

6
1,300a

204
0
0

1,510

0
258

0
258

3,420

768
214
240

0
550

1,772

1,066
0
0
0

96
1,162

60
0

228
288

3,222

6
6

240
0

556
808

6
650

0
0

92
748

0
0

146
146

1,702

SOURCE: Congressional Budget Office.

NOTE: JSF = Joint Strike Fighter; ASTOVL = advanced short takeoff vertical landing.

a. Includes purchases for Marine Corps squadrons.

b. CBO assumed advanced short takeoff vertical landing versions of the Joint Strike Fighter are purchased for the Navy's carrier air wings. Those
planes are included in Marine Corps purchases.
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planes purchased under the Administration's plan and
alternatives during the 1997-2020 period, see Summary
Table 1.) Under this alternative, CBO assumes that Air
Force and Navy fighters would provide air support for
Marine Corps ground forces and that no planes would
be bought for Marine Corps squadrons providing dedi-
cated air support.

The option also assumes that DoD would continue
to purchase F/A-18E/Fs and F-22s in the quantities
currently assumed under Administration plans. Since
the option purchases about the same number of planes
for the missions it retains, it produces fleets about the
same age as the Administration's plan. The option
might offer somewhat less risk of design failure, since it
eliminates the more challenging aspects of the JSF pro-
gram. Moreover, it would be somewhat more afford-
able than current plans: its procurement would cost
about $9.4 billion each year on average over the 2002-
2020 period compared with the $ 11.9 billion for DoD's
plans (see Summary Table 2).

Even so, the option is still pricey—requiring
roughly 50 percent more funding than the amount asso-
ciated with historical shares. Option IA would also

leave the Navy without a highly stealthy plane at least
through 2020 and probably much longer. Not least,
DoD has rejected options that, like this one, would have
eliminated dedicated Marine Corps aircraft because it
feared that the other services would not do an adequate
job of supporting Marine ground forces.

Option IB: Set Priorities for Tactical Aircraft De-
velopment—Emphasize Navy and Marine Corps
Missions. Some defense experts have argued that the
air forces of the Navy and Marine Corps should receive
highest priority in the post-Cold War environment.
Naval forces would of course be available even if con-
flicts arose in locations where the United States lacks
access to regional air bases and therefore to the infra-
structure needed to field ground-based U.S. air forces
successfully. Some supporters of naval forces believe
that the increased uncertainty about the location of fu-
ture conflicts suggests that they are more likely to occur
in such locations. Such a world view might imply that
it is more important to develop aircraft that improve the
capabilities of the Navy's carrier-based air wings and
the Marine Corps squadrons that provide a substantial
portion of the combat power of the Marine Corps' expe-
ditionary forces.

Summary Table 2.
Average Annual Procurement Funding for Administration's Plan and Alternatives (In billions of 1997 dollars)

Alternative

SOURCE: Congressional Budget Office.

NOTE: Prices based on cost-estimating relationships.

Period
1997-2001 2002-2020

Administration's Plan (CBO's Estimate)

Option IA: Set Priorities for Development (Emphasize Air Force Missions)

Option IB: Set Priorities for Development (Emphasize Naval Missions)

Option IIA: Build on Existing Development Efforts (with F-22N)

Option IIB: Build on Existing Development Efforts (with A/F-1 17X)

Option IIIA: Emphasize Current Generation Aircraft

Option IIIB: Emphasize Current Generation Aircraft with Modifications

Option IV: Make Proportional Cuts

4.7

4.7

5.6

4.7

4.7

5.3

4.9

4.7

11.9

9.4

7.4

9.3

9.2

7.9

8.3

6.3
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Option IB assumes that DoD chooses to develop
planes to modernize those naval forces while deferring
the modernization of land-based Air Force units. Spe-
cifically, the alternative assumes a variation of the Joint
Strike Fighter is developed for the Navy and Marine
Corps. The option would develop only the short take-
off vertical landing version of the JSF and purchase it
for both carrier air wings and Marine Corps squadrons
(original plans for the ASTOVL concept included field-
ing the plane on both the large-deck Navy aircraft car-
rier and the small-deck amphibious ships). In keeping
with the theme of emphasizing naval forces, the alterna-
tive also continues the interim development and pur-
chase of the F/A-18E/F.

Since the alternative deemphasizes land-based
fighter and attack missions, it cancels the JSF version
for the Air Force, though it hedges against uncertainty
by purchasing 894 F-16Cs. Those purchases should
provide enough planes to avoid cuts in Air Force fighter
and attack forces.

Option IB also cancels development of the F-22
program. Some analysts feel that the modest capabili-
ties of the fighters of potential enemies provide insuffi-
cient justification for developing a plane with the F-22's
price and performance. They also believe that DoD's
fighter and attack dollars would be better spent on
planes that focus more on ground attack. In keeping
with that point of view, this alternative continues pur-
chases of the F-15E, a variation of the Air Force fighter
that emphasizes the interdiction mission, buying 492
planes.

Because Option IB purchases less capable, less
expensive planes on average, it would be less expensive
than the Administration's plan. In fact, it would have
an average annual procurement cost of about $7.4 bil-
lion over the 2002-2020 period, about $4.5 billion less
than the Administration's plan. Thus, it should be eas-
ier to afford than that plan. The option should also en-
tail less risk in development than the Administration's
plan, since it would build fewer new planes.

Not that Option IB is without flaws. It is still ex-
pensive and might be difficult to afford. The Air Force
argues that canceling the F-22 would increase combat
losses in future conflicts and that canceling the program
at this late stage entails wasting substantial funds.
Canceling the F-22 could also cause a delay in the Joint

Strike Fighter program, the reason being that the pro-
gram depends on successful development of the F-22's
engine and some F-22 avionics. Air Force personnel
also argue that reducing the number of stealthy planes
in the their fleet would increase requirements for sup-
port aircraft.

Option II: Build on Existing
Development Efforts

CBO considered another alternative that would restruc-
ture planned development. Option II assumes that DoD
would design versions of planes that are farther along
in the development process than the Joint Strike Fighter
and would purchase more of them. Such a strategy
would be similar to the Navy's approach, when it de-
cided to modify the F/A-18 and use it for a larger por-
tion of its carrier-based aviation fleet instead of build-
ing a new plane. The option would be almost as costly
as Option IA. Yet it would pose less risk of prices es-
calating and would, moreover, permit DoD to field a
highly capable fleet.

Specifically, under one version of Option II, CBO
assumes that DoD would design and purchase a version
of the Air Force's F-22 for the Navy, buying 180 of the
planes through 2020, a number equal to the Navy's
planned JSF purchases for the period. (CBO also con-
sidered a version of this option that would purchase a
naval version of the Air Force's stealthy F-l 17.) Under
Option II, DoD is also assumed to purchase
F/A-18E/Fs both for the Navy as the Administration
plans, for Marine Corps fighter squadrons, and also to
fill out the Air Force's requirement for the Joint Strike
Fighter. A seaborne version of the stealthy Comanche
attack helicopter that the Army is developing is as-
sumed to meet close air-support requirements for the
Marine Corps.

Option II would entail less risk of design failure
than the Administration's plan, since developing those
versions should be less challenging than developing the
totally new Joint Strike Fighter. Since it purchases a
stealthy plane for the Navy, buys dedicated air support
for the Marine Corps, and purchases a plane that meets
some of the Air Force requirements for the JSF, Option
II may provide improvements in capability over DoD's
current plans.
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However, because Option II purchases the same
number of planes on roughly the same schedule as the
Administration's plan, it would cause similar problems
of aging fleets. Further, its price—an average of $9.2
billion to $9,3 billion per year over the 2002-2020
period—is almost as high as that of Option IA. (The
price depends on whether CBO assumes that future
administrations purchase the F-22N—the higher end of
the range-or the A/F-117X—the lower.) Although this
option is $2.6 billion to $2.7 billion less costly than the
Administration's plan over the same period, it greatly
exceeds the funding for previous shares of the budget
for fighter aircraft.

Option III: Purchase Aircraft That
Are Now in Production

One way to keep force size up and avoid substantial
fleet aging, while holding funding down, would be to
continue purchasing aircraft that are already in produc-
tion—and cancel or scale back the development pro-
grams. For example, the fiscal year 1997 authorization
conference bill recommends continued purchases of
F-15s, F-16s, and F/A-18C/Ds. Hence, CBO also con-
sidered Option III, which would continue such pur-
chases.

In fact, this option purchases 1,066 F/A-18C/D
aircraft—60 more than the total Navy F/A-18 plan. It
also buys 768 F-16s and 214 F-15Es for Air Force
fleets. CBO evaluated two variations of Option III.
One would purchase current model F-16C/Ds. The
other variation would pursue the F-16 multistaged im-
provement program (MSIP) that would produce an up-
graded F-16. The F-16 MSIP has improved avionics
and carries a wider range of weapons. Option III would
also buy 60 new AV-8Bs to add to the Marine Corps's
close air-support stocks in addition to the remanufac-
tured planes the Administration plans to buy.

To pay for those additional purchases of aircraft,
Option III cancels the F/A-18E/F program. It also de-
lays the F-22 and purchases only 240 planes—198 less
than the currently planned quantities. Moreover, the
option defers the Joint Strike Fighter program by seven
years, though it provides modest interim development
funding to explore concepts for new fighters. Begin-
ning in 2003, when CBO assumes DoD will start devel-
oping the Joint Strike Fighter in earnest, the alternative

assumes that DoD would follow the same research, de-
velopment, test, and evaluation funding and procure-
ment patterns in today's plan. As a result of the delay,
under Option III, purchases of the Joint Strike Fighter
would begin in 2012, seven years later than the JSF
Program Office now plans.

Keeping the current generation of planes in produc-
tion and deferring modernization may be acceptable to
those policymakers who do not expect extensive mod-
ernization on the part of potential adversaries for sev-
eral decades. The additional aircraft purchased under
Option Ill's assumptions would slow fleet aging in the
near term compared with the Administration's plan.
The aircraft would also be sufficient to eliminate the
modest shortages the Department of the Navy experi-
ences in the near term under current plans. The delays
in development assumed under the option should also
reduce design risks for the F-22 and JSF programs,
though the designs—particularly for the JSF—would
still be challenging. In addition, the forces purchased
under this alternative would represent considerable im-
provements in capability over today's fleets, though
such improvement would be more limited than that of
the other alternatives considered.

Option III might also have a better chance of being
affordable. By definition, it costs as much as the Ad-
ministration's plan during the 1997-2001 period. But it
yields much lower costs during the 2002-2020 period:
annual requirements for funding procurement average
from $7.9 billion to $8.3 billion depending on which F-
16 model is purchased. Those sums represent savings
of $3.6 billion to $4.0 billion compared with DoD's
current plan. As a result of shifting the costs for devel-
oping the JSF out to the 2002-2020 period, some of
those savings would be offset by modest increases in
funding for development during that period (about
$0.2 billion higher than the Administration's plan for
both versions). Although those costs are less than the
Administration's plan, they remain about 25 percent to
30 percent higher than the funds for previous shares of
funding for fighter aircraft.

Option III will also draw criticism from the ser-
vices. The Air Force is already concerned about cuts to
F-22 purchases. The Navy would raise concerns about
losing the added range and stealth associated with the
F/A-18E/F program. Not least, the Marine Corps
would find the 60 added AV-8B insufficient compensa-
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tion for the JSF delay. But if affordability is a concern,
that sort of strategy might represent a way to lower
costs while keeping forces at levels close to those cur-
rently planned.

Option IV: Make Proportional Cuts to
All Programs and Accept Force Cuts

CBO also considered an option that would focus on
modernization at the expense of force structure. The
option was constructed to bring procurement spending
during the 2002-2020 period for each service's fighter
purchases close to the levels associated with shares that
the services have given it in the past. Moreover, the
option would continue to develop all currently planned
modernization programs and allocate cuts proportion-
ately. The philosophy behind such an option is that
pursuing technological challanges in the near- and mid-
term is more important than preserving forces. It also
reflects a budget process that shares the pain of budget
cuts evenly among participants, rather than picking
winners and losers.

By definition, Option IV assumes DoD would
spend $6.3 billion annually on procurement over the
2002-2020 period—an amount equal to that associated
with previous shares. The option cuts purchases pro-
portionally to meet funding shares. Also, by definition,
funding to develop fighter aircraft equals the amount in
the Administration's plan. The option cuts purchases
proportionally to meet funding shares.

Total aircraft purchases under those rules would be
cut from the 3,436 planes to be bought during the
1997-2020 period under current plans to 1,702 planes.

CBO assumes that DoD would size its investment in
production tooling to lower aircraft production rates if
it decided in advance that it would produce smaller
numbers of planes, thereby avoiding many inefficien-
cies from unanticipated rate reductions. Nonetheless, a
small penalty in aircraft prices arises. As a result, the
cut in funding is not proportionate to the cut in pur-
chases. If producers build fewer planes, they do not
learn as much or become as efficient.

In the past, DoD has paid significant amounts be-
cause it equipped facilities that could handle high rates
that were realized for short periods, if at all. Hence,
even though Option IV may be generous in its assump-
tions about the efficiency of DoD's choices in equipping
production facilities, it produces an unusually small,
very old force. By 2015, DoD's fighter and attack in-
ventories would be short about 650 planes—the Navy
would be short about 300 planes and the Air Force
would be short about 350 aircraft. By 2020, after five
more years during which large blocks of aircraft deliv-
ered in the 1980s retire without replacement, shortages
will rise to almost 1,450—or more specifically around
935 in the Air Force and about 515 in the Navy. As a
result, Air Force structure might need to be cut almost
in half and Navy force structure could be considerably
reduced.

Aircraft inventories under Option IV would also be
old—since so few new planes would be purchased. By
2020, Air Force inventories would average 19 years of
age. In other words, the Air Force fleet would be even
older than it would be under the already unprecedented
ages of the Administration's plan. Navy inventories
would average 14 years of age in 2020, compared with
11 years under the Administration's plan.





Chapter One

Introduction

H ow strong is U.S. air power? One way to an-
swer that question is to provide an inventory
of sorts—to look at the number of forces and

the nature of U.S. combat air power. The United States
employs a variety of weapons that provide combat air
power, including strategic bombers, cruise missiles
launched from ships, ground-launched Army missiles,
and Army and Marine Corps attack helicopters. But
fixed-wing fighter and attack aircraft provide the bulk
of U.S. combat air power. The U.S. Air Force fields
the equivalent of 20 fighter wings at bases in the United
States and abroad. The Navy's large deck aircraft car-
riers accommodate 11 wings, and the Marine Corps has
four wings to provide fighter cover and air support to
its ground forces.

Overall, the Department of Defense (DoD) now has
about 3,700 fighter and attack aircraft in its inventory
to support its forces. Those planes will have to be re-
placed, however, over the next several decades as they
reach the end of their service lives. The Administration
hopes to meet that requirement for new tactical aircraft
with three new planes: the F-22 air superiority fighter,
an improved version of the Navy's F/A-18 fighter and
ground attack aircraft, and the Joint Strike Fighter
(JSF).

Yet, even under the most optimistic assumptions
about costs, DoD's fighter programs will be expensive:
Based on DoD's price goals, they will collectively cost
almost $300 billion. Whether the Administration will
be able to meet its ambitious goals for performance and
cost-cutting is a big question. The Congressional Bud-
get Office (CBO) estimates that the costs for the planes
could total about $350 billion. Moreover, critics have
expressed doubts about plans for all three planes. They
argue, for example, that the improvements in perfor-

mance the F-22 is expected to deliver are too costly and
not needed and that planned improvements in perfor-
mance of the F/A-18E/F are optimistic, unneeded even
if realized, and, again, far too costly, particularly during
a period when budgets are tight.

Still, for all the controversy about the F-22 and the
F/A-18E/F, concerns about the Joint Strike Fighter may
be the most troubling, since it makes up about two-
thirds of total planned procurement. Critics have
doubts about the ability of the JSF program to deliver a
family of aircraft that can meet the distinctly different
requirements for each of the services—namely, an inex-
pensive, multirole fighter for the Air Force; a very
stealthy, longer-range, carrier-based, ground-attack
plane for the Navy; and a multipurpose fighter for the
Marine Corps that will be able to take off from the
short deck of an amphibious ship and land vertically.1

(The Navy operates 11 amphibious ships that can
transport Marines to battle and that are the size of the
aircraft carriers of many countries.)

Whether DoD will be able to keep within its budget
for each of the three planes is also open to question.
Even if the cost of the planes remains within budget,
planned funding for DoD's military hardware is so high
that even the Chairman of the Joint Chiefs of Staff sug-
gested that it was unaffordable.2 Moreover, Admiral
William Owens, just before retiring as Vice Chairman
of the Joint Chiefs of Staff, toted up the funding for

1. Statement of Robert F. Hale, former Assistant Director, National Secu-
rity Division, Congressional Budget Office, before the Defense Sub-
committee of the Senate Committee on Appropriations, May 12, 1993.

2. Memorandum from General John M. Shalikashvili, Chairman of the
Joint Chiefs of Staff, to William J. Perry, Secretary of Defense, Octo-
ber 17, 1995.
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those three programs and testified that it amounts to
more than 40 percent of the funding for the Pentagon's
20 most expensive programs.3 Although the percentage
the Admiral used may be accurate, the calculation may
be a little unfair. The estimate is based on dividing fu-
ture tactical air funding by the total of the 20 most ex-
pensive systems included in DoD's Selected Acquisition
Report, a report to the Congress of major acquisition
efforts. The share of total investment for tactical fight-
ers will be lower, since their funding is dispropor-
tionately represented in major acquisition funding.
Nonetheless, Admiral Owens' main point—that the De-
partment of Defense plans to focus substantial re-
sources on tactical fighter and attack aircraft in the
future—is still accurate.

have the primary mission of using guns and air-to-air
missiles to attack enemy planes and missiles.

The Air Force's current top-of-the-line fighter/
interceptor is the F-15 A-D and the Navy's is the
F-14A, B, and D (see Table 1 for a description of
planes currently in the force). F-16s and F/A-18s in the
Air Force and Navy, respectively, are multirole aircraft.
They are fighter/interceptors but can also attack enemy
aircraft, though to control costs, they have less capabil-
ity than single mission fighter/interceptors. The other
portion of the air superiority mission—suppressing
enemy air forces by bombing air bases and attacking
enemy ground-based air defenses—requires planes de-
signed for air-to-ground or "attack" missions.

Missions of Combat Aircraft
Why, one might ask, with the Cold War over, is DoD
planning to purchase fighter aircraft that could cost
some $350 billion? To answer that question, one needs
to know more about the functions of such aircraft.
Stated in the sparest terms, fighter and attack aircraft
perform three major missions: air superiority, interdic-
tion, and close air support, as well as other, more minor
ones. Those missions, however, are far more difficult,
extensive, and complex to achieve than they might ap-
pear to be at first glance.

Air Superiority and Counter-Air
Missions

The Department of Defense defines the mission for air
superiority (also known as counter air) as protecting the
United States, its forces, and its allies from air attack,
attacking and suppressing enemy air forces and air de-
fenses, and gaining and maintaining control of the air.
Early in a war, air forces are likely to place their highest
priority on air superiority.4 Fighter/interceptor aircraft

John Robinson, "UAVs [unmanned aerial vehicles] could replace sev-
eral manned aircraft, Owens says," Defense Daily, February 29, 1996.

William J. Perry, Secretary of Defense, Annual Report to the Presi-
dent and the Congress (March 1996), p. 168. Some people would
argue that this description by the Administration best articulates how
the U.S. Air Force would plan an air campaign and that, in reality,
planes are just as likely to be used to attack other targets early in a

Interdiction and Close Air Support

Interdiction and close air support are the two major at-
tack missions of tactical air forces. The Navy refers to
such missions that involve attacking targets on the
ground as strike warfare.

In the interdiction mission, aircraft attack targets to
divert or destroy an enemy's military potential. The so-
called "battlefield interdiction mission" involves attack-
ing targets threatening friendly troops. Planes perform-
ing "deep interdiction missions" attack targets well be-
hind enemy lines. The main difference between deep
interdiction and battlefield air interdiction missions is
that the first may require planes to attack targets at
greater ranges whereas the second requires more coor-
dination with the ground component commander during
planning. The Air Force employs the F-15E, F-117,
and the A-10 in interdiction missions. Both the Air
Force's F-16 and the Navy's F/A-18 also perform inter-
diction missions, as does the Marine Corps' AV-8B.

Aircraft perform deep interdiction missions against
a number of static targets such as communication net-
works, leadership headquarters, bridges, and transpor-
tation infrastructure. When such missions involve at-
tacks against air-defense networks and airfields, how-
ever, medium-range attack aircraft are considered to be
performing the air-superiority mission. Attacks against
moving targets such as second-echelon enemy ground
forces are also included in the interdiction mission.
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Close air support—the third attack or strike mis-
sion —involves engaging enemy ground forces that are
an immediate threat to or are already engaged in combat
with friendly forces. The difference between battlefield
air interdiction and close air support depends on the
distance between friendly and enemy forces. Some ana-
lysts argue that very little true close air support—at-
tacks on targets close to friendly lines—will actually
occur in future battles. Pilots may have to fly at rela-
tively low levels and slow speeds to be certain they are
not attacking friendly forces when battle lines blur. But
new shoulder-fired air defense missiles may put at risk
even the most heavily armored planes that adopt such
flight patterns. Nonetheless, the Air Force's A-10 and
F-16 are often billed as a close air-support aircraft.

The Marine Corps also expects the AV-8B and the
F/A-18 to provide close air support. All of those air-
craft have less armor than the A-10.

Other Missions

The military services used to employ specialized air-
craft to suppress enemy air defenses. The Air Force's
F-4G Wild Weasel aircraft, for example, were dedi-
cated to attacking air defense sites with High-Speed
Anti-Radar Missiles (HARM). The modern trend,
however, is to use a multirole aircraft such as the F-16
or F/A-18 for that role. The specialized equipment nec-
essary to locate the target is stored in a pod that can be

Table 1.
Current Tactical Fighter and Attack Aircraft

When It
Entered

Popular the Force
Aircraft Name In Bulk Primary Missions8

Procurement
Unit Cost
(Millions
of 1997

Quantity dollars)

RDT&E
(Billions
of 1997
dollars)

Air Force

A-10
F-15A-D
F-15E
F-16A-D
F-117

Warthog
Eagle
Strike Eagle
Falcon
Nighthawk

Late 1970s
Mid-1970s
Late 1980s
Early 1980s
Mid-1980s

Close air support
Air superiority
Interdiction
Multirole
Interdiction

Department of the Navy

727
865
209

2,201
59b

11
46
55
23

110

1.4
6.7
1.9
4.2
n.a.

A-6E
AV-8B
F-14
F/A-18A-D

Intruder
Harrier
Tomcat
Hornet

Mid-1 970sc

Mid-1 980sd

Early 1970s
Early 1980s

Interdiction or strike
Close air support
Air superiority
Multirole

205
279
583

1,015

39
34
55
44

0.1
2.5
5.9
6.0

SOURCE: Congressional Budget Office.

NOTE: RDT&E = research, development, test, and evaluation.

a. CBO uses the term "primary missions" to describe those that the planes are most likely to perform or for which they were designed. Aircraft may
perform other missions.

b. Only 59 production model F-117s were bought in total. (Five prototypes were also built, some of which were modified to production configurations.)

c. The original A-6 models were developed in the 1950s and fielded in the 1960s.

d. The United Kingdom developed the original AV-8 models in the 1960s, and they were purchased for the Marine Corps in the early 1970s.
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affixed to the aircraft. A similar approach is being
taken with reconnaissance and surveillance missions, in
which a reconnaissance pod on an F-16 or F/A-18 can
replace a dedicated aircraft such as the RF-4.

Other Systems That Perform
the Strike and Counter-Air
Missions

The Department of Defense employs a number of other
weapons that attack targets on the ground and defend
U.S. troops from attack by enemy aircraft and missiles.5

For instance, the Air Force maintains about 125 strate-
gic bombers—with longer ranges and larger payloads
than the fighter and attack aircraft—that are now gener-
ally assumed to be available for attacking targets in a
regional conflict. (During the Cold War, many of those
planes were withheld for possible strategic nuclear mis-
sions). In addition, the Navy can fire cruise missiles
from surface ships and submarines, which can attack
targets at ranges of about 1,000 nautical miles. More-
over, the ground forces of the Army and Marine Corps
also have large numbers of surface-to-surface missiles,
tanks, and attack helicopters that would be available in
a sustained conflict.

U.S. ground-combat units have weapons to defend
themselves from attack by enemy aircraft, as do Navy
ships. Many Navy ships have self-defense capabilities
in the form of guns and missiles that they can use
against attacking enemy aircraft. Army units also em-
ploy air-defense systems for the same purpose. None-
theless, this study focuses on DoD's plans to keep large
stocks of fixed-wing tactical aircraft on hand for the

5. For a discussion of the overlap between these forces, see General Ac-
counting Office, Combat Air Power: Joint Mission Assessments
Needed Before Making Program and Budget Decisions GAO/
NSIAD 96-177 (September 1996); Congressional Budget Office Eas-
ing the Burden: Restructuring and Consolidating Defense Support
Activities (July 1994); and Options for Reconfiguring Service Roles
and Missions (March 1994). At the direction of the Congress, DoD
has recently had several reviews of the roles and missions of its forces.
Reports discussing those reviews provide DoD's perspective on possi-
ble overlaps. See Chairman of the Joint Chiefs of Staff, Report on the
Roles, Missions, and Functions of the Armed Forces of the United
States (February 1993); and Commission on Roles and Missions of the
Armed Forces, Directions for Defense (May 1995). Neither report
recommended major restructuring.

foreseeable future to perform both the strike and fighter
missions.

Plans for Replacing
Combat Aircraft

Inevitably, the planes that perform combat missions
today will age over the next decades. Most of them
were bought in the 1970s and 1980s. But decisions
about how and when to replace them depend on a num-
ber of considerations, including future budgets and stra-
tegic assessments about the conflicts in which they will
be used.

The Bottom-Up Review

When the late Secretary of Defense Les Aspin assumed
office in January 1993, he already believed he had a
problem with the programs to modernize the tactical air
forces. The Bush Administration had given the okay to
the services to begin or continue to develop five new
tactical fighter or attack aircraft: the F-22, the F/A-
18E/F, the A/F-X, the Multirole Fighter (MRF), and
the short takeoff vertical landing Strike Fighter (SSF).
The Bush Administration had also supported continued
purchases of the F-16 fighter for the Air Force. Under
the Clinton Administration, DoD personnel estimated
that such programs would have cost $320 billion in
1993 dollars (about $340 billion in today's dollars).

Aspin had already heard testimony about the af-
fordability of those planes when he was Chairman of
the House Armed Services Committee.6 As Secretary
of Defense, he ordered a comprehensive "Bottom-Up
Review" offerees and modernization programs for the
U.S. military. The review referred to a "bow wave"
—that is, increased funding requirements in that part of
the existing plans that was farthest in the future (the
bow).

See, for example, the statement of Robert D. Reischauer, Director,
Congressional Budget Office, before the Subcommittee on Procure-
ment and Military Nuclear Systems and the Subcommittee on Re-
search and Development of the House Committee on Armed Services,
April 29, 1992.
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The defense plan for future years that was in place
when DoD performed its Bottom-Up Review ended in
1999, and the bow wave began at the same time. The
review attempted to remedy those problems of afford-
ability by restructuring plans. Hence, with the empha-
sis on restructuring, the review eliminated two efforts to
develop aircraft and canceled further purchases of
F-16s.

However, the Clinton Administration did add a new
program—the Joint Advanced Strike Technology
(JAST) program or the Joint Strike Fighter as it is now
called—that would explore ways to build tomorrow's
fighters more cheaply. (See Table 2 for more details
about future aircraft. For brevity, this study refers to
the program as the Joint Strike Fighter when discussing
future plans, though discussions of the program's his-
tory use the term JAST.)

Table 2.
Tactical Fighter and Attack Aircraft Planned for the Future

Aircraft

Aircraft
It Will

Replace

When It
Will Enter
the Force

In Bulk

Procurement
Unit Cost
(Millions
of 1997

Primary Missions8 Quantity dollars)13

RDT&E
(Billions
of 1997
dollars)

F-22 F-15A-D 2000-2010

JSF A-10,F-16C Early 201 Os

F/A-18E/F F/A-18A-D 2000-2005

JSF Early 2010s

JSFe AV-8B, F/A-18 Early 201 Os

Air Force

Air superiority

Multirole

Navy

Multirole

Deep interdiction (or strike)d

Marine Corps

Close air supportd

438 91 to 108 22.7

2,036 45 to 63 9.8 to 10.7

1,000 61 5.7

300 61 to 81 9.8 to 10.7

642 54 to 68 f

SOURCE: Congressional Budget Office.

NOTES: RDT&E = research, development, test, and evaluation; JSF = Joint Strike Fighter.

a. CBO uses the term "primary missions" to describe those that the planes are most likely to perform or for which they were designed. Aircraft may
perform other missions.

b. The low end of the range in the estimates is based on the Department of Defense's price goals. (The DoD estimate was expressed in unit flyaway
cost, a lower level of estimation.) The higher number is CBO's estimate of the price of the plane based on historical patterns among price, weight,
and performance.

c. May also replace the F-15E and F-117. The Air Force has not made a formal announcement about how it plans to replace its interdiction aircraft.

d. Will be required to perform other missions.

e. The United Kingdom may purchase 60 of these planes.

f. The development share for the Marine Corps is listed under Navy.
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The two development efforts that the Administra-
tion canceled were the A/F-X and the Multirole Fighter.
The A/F-X program was intended to produce a very
capable, stealthy strike aircraft to replace the A-6—and
possibly the Navy's F-14 fighter—on aircraft carriers.
The A/F-X was a joint program that was also targeted
to replace the Air Force's F-l 11, F-l5E, and F-l 17 at-
tack aircraft. The Air Force's MRF program was ex-
pected to produce the F-16's successor. The F-16 is the
Air Force's current multirole aircraft. A relatively inex-
pensive aircraft, it was developed so that the service
could afford to purchase enough planes to keep up its
force levels.

The Administration kept two efforts to develop
aircraft: the F-22 and the F/A-18E/F. It did, however,
significantly reduce the planned production quantities
of the Air Force's highly sophisticated F-22 fighter, ap-
parently based on force reductions. Conversely, it left
relatively unscathed the Navy's development effort to
produce the F/A-18E/F—a new and improved model of
the carrier-based multimission F/A-18.

The Administration's Plans

The Administration has provided detailed information
about its plans for the F-22 and the F/A-18E/F. But
fewer data are available about the Joint Strike Fighter,
since it has only recently entered DoD's plans. The dis-
cussion below of plans for the Joint Strike Fighter is
largely based on information that the JSF Program Of-
fice has provided either in briefings to CBO or in its
solicitation for contracts.

The F-22 to Replace the F-15. The Air Force plans to
buy the F-22 fighter to replace its fleet of F-l5s (see
Illustration 1). Full-scale development began in mid-
1991 and is expected to be finished in 2002. Four
F-22s—the first of the planned procurement quantity of
438 F-22s—are scheduled to be bought in 1999. Pro-
curement quantities will increase annually until 2003,
when the plane reaches a peak procurement rate of 48.
If the current procurement plan remains unchanged,
purchases of F-22s will continue until 2010.

The Air Force expects the F-22 to improve the ca-
pability of U.S. fighter fleets in several ways. It will be
stealthy—and hence, more likely to survive in a dense
air-defense environment or to be able to shoot down

Illustration 1.
F-22

SOURCE: Drawing courtesy of ©Jane's Information Group 1993,
reproduced, with permission, from Jane's All the World's
Aircraft 1993-94 (1993).

enemy fighters before they can fire back. (See Appen-
dix A for a discussion of stealth and aircraft design.)
The F-22 will also cruise at supersonic speeds, without
needing to resort to afterburners—a part of a jet engine
that adds to the engine's thrust and thus to the speed of
the aircraft, but that also uses fiiel at a rapid rate. The
Air Force expects the F-22's F119 engine to use fuel
more efficiently at high speeds than would conventional
engines. Moreover, the F-22 will provide displays of
information that can easily be read and thus ease the
already taxing workload of the fighter pilot. Such dis-
plays will provide information about, among other
things, the locations of targets, threats, and friendly
fighters.

The F-22 will also be an expensive plane. Even if
its price grows no more than it already has, the Admin-
istration estimates that the F-22 will have a unit pro-
curement cost of $91 million compared with about $46
million for the F-15A-D models. Acquisition costs,
which include the funds to develop and procure the
fighter, will total from $63 billion—including the $15.7
billion that DoD has already spent—to $70 billion.
(The higher cost is CBO's independent estimate for the
fighter's price based on past relationships among price,
weight, and performance.) Many Members of Congress
are concerned about the F-22's price and attempted to
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help DoD hold down the fighter's cost. The fiscal year
1997 authorization bill directed the Office of the Secre-
tary of Defense to conduct an independent review of the
plane's costs.7 That review is still in progress.

In addition to concerns about the F-22's price, the
Congress has voiced reservations about the phasing of
the F-22 program. Specifically, the Senate Armed Ser-
vices Committee's fiscal year 1996 report on its pro-
posed authorization made the point that the F-22 pro-
gram would begin significant levels of production be-
fore sufficient testing had occurred in the development
program (what DoD terms concurrency). As a result,
design flaws discovered late in the development process
would already have been incorporated in aircraft that
were completed early in the production phase. If those
problems are severe enough, they could require expen-
sive retrofits and modifications, such as those the B-1B
bomber is currently undergoing.

Press reports suggest that the F-22 fighter may al-
ready be having problems meeting its development
schedule. A recent article in Inside the Pentagon says
that the F-22's schedule may be revised since avionics
developed earlier in the design effort could already be
obsolete.8 Such problems could lead to a delay of a
year to a year and one-half in the program, according to
the report. The report also indicated that development
costs could rise by $1 billion to $2 billion. Neither the
Air Force nor the contractors have produced a revised
schedule yet, though such a slip in schedule is likely to
be a part of the fiscal year 1998 budget submission.9

A New E/F Version of the F/A-18. The multipurpose
F/A-18 makes up the bulk of the Navy's aircraft fleet
and will continue to do so for the foreseeable future. In
1991, the Navy announced plans to develop a new E/F
variation of the F/A-18 (see Illustration 2). The E/F
version features several modifications: a longer fuse-
lage, a larger wing, and a more powerful engine than
the current C/D model has. As a result of the de-

Illustration 2.
F/A-18E/F

7. U.S. House of Representatives, National Defense Authorization Act
for Fiscal Year 1997, conference report to accompany H.R. 3230
(July 30, 1996), p. 36.

8. Elaine M. Grossman, "Air Force F-22 Cost Review Could Result in
Higher Bills, Fewer Aircraft," Inside the Pentagon (October 31,
1996), pp. 1,14, and 15.

9. Tony Capaccio, "Cost Study Predicts Worst-Case $15 Billion F-22
Hike," Defense Week (December 23, 1996), pp. 1 and 15.

SOURCE: Drawing courtesy of ©Jane's Information Group 1993,
reproduced, with permission, from Jane's All the World's
Aircraft 1993-1994 (1993).

sign changes, the plane will be able to carry more weap-
ons than the C/D version and a comparable combat
load about 40 percent farther. The plane's new engine
should also permit the larger model to be as agile in
flight as were earlier models.

Moreover, the F/A-18's producer is suggesting that
the new plane will be stealthier than older models and
thus potentially more likely to survive in highly threat-
ening situations. Some analysts suggest that the F/A-
18E/F will only be stealthier if it carries no weapons,
since nonstealthy weapons carried externally can in-
crease a plane's radar signature, thus raising its visibil-
ity to enemy radar and decreasing its survivability. But
even if the F/A-18 E/F lacks significant reduction of its
signature, it will have other improved systems that
counter enemy sensors, thereby increasing its surviv-
ability.

The Navy expects to buy 1,000 F/A-18E/Fs begin-
ning in 1997 and continuing through 2015. Because of
the large number of planes, the price tag of the
F/A-18E/F program exceeds that of the F-22, totaling
about $67 billion, even though the F/A-18E/F's unit
cost is expected to be lower. CBO's analysis indicates
that that estimate is in line with the costs of earlier-
model F/A-18s—after adjusting for the E/F's heavier
weight.
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Concerns have also been raised about the benefits
of and need for the F/A-18E/F program. A recent Gen-
eral Accounting Office (GAO) report argued that the
changes in design required to arrive at the E/F stage of
the F/A-18 would lower other performance criteria for
the plane and that they were not needed anyway.10

Specifically, the GAO report argues that the addi-
tional weight that results from increases in range de-
grades the F/A-18E/F's fighter performance. GAO also
argues that whatever improvements do occur are not
worth the price increases they would require. The Navy
argues that flight test results prove the plane will meet
its goals within currently planned prices. Nonetheless,
future Congresses and Administrations may revisit the
E/F production decision. In fact, the fiscal year 1997
authorization conference report directs DoD to provide
a cost-benefit analysis of the F/A-18C/D and F/A-
18E/F aircraft by the end of March 1997.11

The Joint Strike Fighter: A Model for Common
Technologies. As part of the Bottom-Up Review, the
Clinton Administration announced a new project: the
Joint Advanced Strike Technology program. The JAST
program, the Administration promised, would explore
common technologies for replacements for Air Force
and Navy fighters, and might eventually lead to an ac-
quisition program that would supplant the canceled
MRF and A/F-X fighter programs. According to the
Administration, that restructuring would eliminate the
bow wave in theater air programs that was discussed in
the Bottom-Up Review.12

The effort to develop a short takeoff vertical land-
ing Strike Fighter was a third program to explore ways
of replacing the Marine Corps' AV-8B, a plane that can
take off and land vertically from the Navy ships that

10. General Accounting Office, Navy Aviation: F/A-18E/F Will Provide
Marginal Operational Improvement at High Cost, GAO/NSIAD 96-
98 (June 1996). The report, DoD's response, and GAO's response to
DoD make interesting reading as a case study on how dependent an-
swers to questions about weapons performance are on detailed assump-
tions.

11. U.S. House of Representatives, National Defense Authorization Act
for Fiscal Year 1997, p. 37.

12. Les Aspin, Secretary of Defense, Report on the Bottom-Up Review
(October 1993), pp. 35-38 and pp. 107-109. The Clinton Administra-
tion used the "bow wave" problem in theater air forces as an example
of how the Bottom-Up Review would solve problems caused by the
Bush Administration's plans for forces in the post-Cold War period.

transport Marine forces to combat. The SSF was not
explicitly discussed in DoD's Bottom-Up Review. It
did appear in a chart on funding for the Bush Adminis-
tration's "Base Force" in the report's chapter on re-
sources, but was not included in a similar chart on the
Bottom-Up Review forces.

Nonetheless, after the review, the SSF remained a
development effort, termed the advanced short takeoff
vertical landing (ASTOVL) program, which the De-
fense Advanced Research Projects Agency and the De-
partment of the Navy managed jointly. But in 1994,
the Congress directed the Joint Advanced Strike Tech-
nology program to absorb the ASTOVL program.13

Consequently, the program took on the added task of
designing a plane to meet the Marine Corps' short take-
off vertical landing (STOVL) requirement.

The Bottom-Up Review described JAST as a suc-
cessor to those earlier programs that were aimed at de-
veloping and acquiring aircraft to replace retiring
fighter and attack aircraft. But initially the JAST was
not a true acquisition program. The original objectives
for the JAST program were more in keeping with the
goal of exploring technology, with an eye toward identi-
fying technologies that might make the Administra-
tion's goals for affordability attainable. The purpose of
the program was to study the feasibility of a joint-ser-
vice purchase that would reduce costs through the effi-
ciencies of joint production. The program also planned
to explore a variety of procurement reforms.

Recently, however, DoD's expectations of the pro-
gram have changed. The program office now plans to
begin engineering and manufacturing development of a
new strike fighter—the Joint Strike Fighter—in 2001
and to start building it around 2005 (see Illustrations 3
and 4). In May 1996, the Administration—responding
to Congressional concerns—formally added the pro-
gram to its list of major acquisition programs.14

The Joint Strike Fighter is the largest of DoD's ef-
forts to develop fighter and attack aircraft. The JSF
program office indicates that it may begin buying the

13. National Defense Authorization Act for Fiscal Year 1995, H.R. 4301,
103rd Cong., 2nd Sess. (1994).

14. Memorandum from Paul Kaminski, Under Secretary of Defense, to the
Secretaries of the Military Departments, May 23, 1996.
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Illustration 3.
Lockheed Martin Joint Strike Fighter

SOURCE: Drawing courtesy of Joint Strike Fighter Program Office
and Lockheed Martin.

fighter in 2005 with initial purchases of 12 planes di-
vided evenly among the three services. Annual pro-
curement rates would grow to a peak of 170 aircraft.
However, because of the large planned procurement,
total purchases of the Joint Strike Fighter (about 3,000
planes for the United States) would not be complete
until almost 2030. The United Kingdom also plans to
purchase the plane.

The Department of Defense has not yet given an
estimate for the total program costs of the Joint Strike
Fighter to the Congress. But in its instructions to aero-
space companies competing for the contract to develop
the concept, the program office included estimates of its
goals for flyaway costs of the fighter. Based on those
goals, total acquisition costs would be $165 billion;
CBO's own estimate is higher—$219 billion.

Despite claims by the Clinton Administration that
its plan will eliminate the tactical aviation bow wave,
the affordability of plans for tactical aircraft is still a
worry for the Congress. Representative Curt Weldon,
Chairman of the Subcommittee on Military Research
and Development of the House National Security Com-
mittee, recently pointed out that such tactical aircraft
programs will cost as much as those in the plans that
were termed unaffordable in the Bottom-Up Review.
Reports on the House and Senate authorizing bills for

defense for 1996 also expressed concerns about tactical
aviation. In addition, language in Congressional re-
ports on the fiscal year 1997 defense budget raised con-
cerns about plans for modernizing tactical fighter and
attack aircraft.

The Joint Strike Fighter program recently held a
competition to determine which aerospace companies
would develop the concept for the plane. The solicita-
tion for bids for the competition drew responses from
five military aircraft producers. Two proposals from
Lockheed Martin Corporation and the Boeing Company
were selected. The losing bid was submitted by a team
composed of McDonnell Douglas Aerospace, Northrop
Grumman Corporation, and British Aerospace Defence
Limited. Industry interest is understandable. If the
program results in development of a family of aircraft
that perform the spectrum of missions currently envi-
sioned, the Joint Strike Fighters will make up more than
half of all U.S. fighters produced in the years between
2002 and 2020. After 2010, when the production of F-
22s ends, JSFs and the Navy's F/A-18E/F may be the
only U.S. fighters in production. Thus, if an aircraft
producer is left out of the JSF program, it could signal a
lost future in tactical aviation.

Illustration 4.
Boeing Joint Strike Fighter

SOURCE: Drawing courtesy of Joint Strike Fighter Program Office
and the Boeing Defense and Space Group.
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Conversely, a contract to build a Joint Strike
Fighter could reap unprecedented sales for the winning
company or companies. Micky Blackwell, president
and chief operating officer of Lockheed Martin's aero-
nautical sector—and a representative for one of the
companies that submitted winning proposals—pre-
sented industry's view of the sales potential associated
with the JSF program: "The JAST program could end
up being a trillion-dollar program. We are talking lots
of planes, a lot of money."15

Others in the industry believe the $1 trillion figure
is too high. Blackwell's estimate is apparently based on
the belief that the Joint Strike Fighter would replace an
even larger share of U.S. tactical fighter inventories
than currently envisioned, and on the assumption that it
would be sold widely in foreign markets. The same
article suggested that other aerospace observers doubt
the program would ever reach that size. For example,
according to the same article, Richard Aboulafia, an
analyst with Teal Group, said, "If every other fighter
program in the world collapses, including indigenous

ones, and only JAST is left, then, you could be talking
about a trillion dollar market."16 Nonetheless, accord-
ing to industry and government sources, the JSF pro-
gram will be worth hundreds of billions of dollars to the
winning contractor team.

Given the importance of the JSF's role to the future
of tactical aviation, considerable interest in the program
is merited. The outcome of the JSF program's efforts to
produce affordable fighters will determine whether fu-
ture Administrations can keep tactical fighter fleets at
their current levels or if they will have to reduce force
structure to stay within future budgets. That develop-
ment, in turn, may bear on the national security strategy
of future Administrations, since the strategies the
United States can contemplate depend on the size and
capability of the U.S. force structure that carries them
out. Not least, because the JSF's schedule and produc-
tion quantities are entwined with the plane's cost, Con-
gressional and Administration scrutiny of the JSF's fu-
ture affordability may be warranted.

15. Theresa Kitchens and Frank Oliveri, "Company Predicts Windfall for
JAST Winner," Defense News (January 29, 1996), p. 1. 16. Ibid., p. 1.



Chapter Two

The Role of Tactical Aircraft
in Carrying Out

National Security Strategy

T o gain a proper prospective, one must view tac-
tical aircraft needs in the context of the threats
the United States might face and the national

security strategy for dealing with them. Both threats
and strategy have changed dramatically over the last
seven years. During the Cold War, U.S. fighter forces
were sized and structured to fight a conventional war in
Europe with the former Soviet Union. The Soviet mili-
tary had more than 6,000 combat aircraft and engaged
in costly development and modernization efforts to en-
sure that its fighters would keep improving. The Sovi-
ets had also invested in what was probably the best air-
defense network in the world.

After the Soviet Union fell, U.S. leaders needed a
strategy that reflected a new world order. But given
that the old world order had collapsed, for what con-
flicts should the United States prepare? It is still not an
easy question to answer.

Establishing the Base Force
and the Bottom-Up Review

In 1991, the Bush Administration, fresh from its suc-
cess in "Desert Storm" (the conflict with Iraq) an-
nounced that it would structure U.S. forces to focus on
fighting similar wars—namely, regional conflicts. Un-

der the direction of its Chairman, General Colin Powell,
the Joint Chiefs of Staff laid out plans to restructure
U.S. military force structure—to a "Base Force"—to re-
flect that change in national strategy. Department of
Defense personnel, describing the new strategy, sug-
gested that the specific locations of those future con-
flicts could not be determined precisely. But for plan-
ning purposes, the department assumed that such wars
would take place in the Middle East—against either Iraq
or Iran—and on the Korean Peninsula.

The Threat of Regional Conflicts

The strategy called for major changes in the structure of
U.S. fighter forces. Under the Base Force, U.S. fighter
forces were to be restructured. They were expected to
include 26 Air Force wings and 13 carrier air wings in
the Navy, down from 37 and 15, respectively, in the
late 1980s.

In October 1993, the Clinton Administration laid
out its plans for defense in a report it called the
Bottom-Up Review (see Chapter 1). The review pro-
vided an estimate of the major forces needed to fight in
a single major regional conflict, a war similar in scope
to the Iraqi war. The building blocks for the major re-
gional conflicts included several elements containing
fighter and attack planes: 10 Air Force fighter wings,
four to five Marine Expeditionary Brigades, and four to
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five Navy aircraft carrier battle groups.1 Since the Ad-
ministration planned to retain the forces to fight in two
regional wars at almost the same time, the Department
of Defense's planned forces were roughly double those
"building blocks."

For tactical fighters, the review called for 20 wings
in the Air Force and 11 carrier air wings—six and two
fewer, respectively, than the Base Force. Marine Corps
air forces were discussed only in terms of the ground
units they supported, and those units were ultimately
kept at Base Force levels, though the Bottom-Up Re-
view initially appeared to recommend reductions.

Staff and called the "regional conflict model," attempts
to deal with uncertainties by constructing an illustrative
baseline for the threat. As the Congressional Budget
Office understands it, analysts using that method fold
the potential capabilities of a number of countries into a
one-threat scenario. The methodology uses a database
of forces and targets from 17 countries. From that da-
tabase, it creates a threat that is more than double the
average for a variety of target or force categories. The
model thus assumes that the threat may equal or exceed
90 percent of the targets and forces of the countries in
the database.

Other Threats

Although DoD's new strategy calls for fighting regional
conflicts, the capabilities of other powers are also im-
portant. The United States has recently enjoyed rela-
tively cordial relationships with Russia, the inheritor of
the bulk of the forces of the former Soviet Union. But
because of the size of Russia's military potential and
the recent Cold War, U.S. military planners will proba-
bly continue to consider Russian forces as a potential
threat.

Planners are also likely to keep a close eye on
China's military potential. China represents the one
remaining communist country with what political scien-
tists refer to as "great power" status—that is, countries
that possess powerful military and economic capabili-
ties, wide regional or global foreign policy interests,
and the willingness to defend them. More important
perhaps than China's status as a communist power is its
rapidly growing economy. The Chinese economy and
markets may give it the economic wherewithall to
emerge as a significant military threat if it chooses to
make larger military investments.

To deal with such uncertainties about a bewildering
array of potential enemies and possible scenarios, some
DoD planners are evaluating alternative U.S. forces
against a new scenario, called the Generic Composite
Scenario. That concept, originally developed by the Air

How Great Is the Threat
from Foreign Fighters?

Sizing U.S. tactical forces to meet two regional contin-
gencies requires an assessment of their potential adver-
saries in such conflicts. How many aircraft do potential
enemies possess and how good are they?

Surveying the Size of Fighter
Inventories

If the two major regional contingencies—war in the
Middle East with Iran or Iraq or war in Southeast Asia
with North Korea—remain the basis for planning, then
U.S. fighter forces would face relatively modest num-
bers of enemy fighters (see Figure 1). In 1995, Iran's
fighter inventories totaled 175, Iraq's 300, and North
Korea's about 700—compared with the more than 6,000
fighters that belonged to the former Soviet Union in the
1980s.2

The United States and its regional allies could in
fact field far more planes in a conflict. By the turn of
the century, after planned reductions in force struc-

Les Aspin, Secretary of Defense, Bottom- Up Review (October 1993),
p. 19. The review's building blocks in a major regional conflict also
included four to five Army divisions and 100 Air Force long-range
bombers.

2. Unless otherwise specified, the estimates of modernity and fighter
forces of countries that pose potential threats discussed here are based
on analysis by the Office of Naval Intelligence, which was discussed in
the recent publication, Worldwide Challenges to Naval Strike War-
fare (January 1996). It is the only U.S. government source for de-
tailed, unclassified fighter inventory projections for potentially threat-
ening countries. The Office of Naval Intelligence apparently aggre-
gated data from the Defense Intelligence Agency to come up with its
estimates.
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Figure 1.
Size and Level of Modernization of Fighter Inventories in Selected Countries
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ture are completed, the United States will possess about
3,500 fighter or attack aircraft (about 3,100 planes are
fighters or multirole aircraft, categories similar to those
shown for other countries). It could probably field
about 1,000 of those planes to each war (or roughly
double that number if it was to fight in only one the-
ater).3

Allies would contribute to those numbers: for ex-
ample, South Korea and Saudi Arabia possess 385 and
235 planes, respectively. Other allies might also con-
tribute. To cite a couple, the United Arab Emirates and
Oman have 78 and 27 planes, respectively, that they
could use if a conflict similar to the war with Iraq arose.

Modernizing Fighter Inventories

Yet simple counts of aircraft inventories may be mis-
leading indicators of combat potential. Large invento-
ries of obsolete aircraft may simply present a "target
rich" environment for today's modern fighters and
surface-to-air missiles. One way of evaluating the mili-
tary potential would be to consider the level of mod-
ernization—namely, when were the planes developed
and purchased?

Predicting accurately the size and nature of forces
that might be needed when the location and timing of
the conflict are unknown is exceedingly difficult.
Moreover, substantial uncertainty exists as to how
much modernization will occur worldwide before
planes that the United States is developing today can be
fielded. Nonetheless, planners for DoD and the ser-
vices must make decisions about modernization.

Recent statements by DoD leaders reflect consider-
able pessimism about current and future modernization
of foreign fighters. For example, Vice Chairman of the
Joint Chiefs of Staff, General Joseph Ralston, sug-
gested in recent testimony before the House Committee
on National Security that advanced fighters in foreign
countries continue to improve and proliferate.4 The

General's presentation included a chart that indicated
inventories of modern foreign fighters could total 5,900
planes.

General Ralston's estimate, however, appears to
tally the planes of every country in the world except the
United States. It includes modernized fighters pos-
sessed, for example, by some of the United States1

closest allies: the United Kingdom, Germany, France,
and Canada. It is difficult to imagine a conflict in
which U.S. forces would face any—much less most—of
those nations simultaneously. Indeed, they are more
likely to fight on the side of the United States.

The analysis by the Office of Naval Intelligence
focuses more narrowly on five selected countries: Rus-
sia, China, Iran, Iraq, and North Korea. (Figure 1 in-
cludes the fighter "generations" for the planes in the
inventories of those countries and those of the United
States.) The generational breakout is intended to cap-
ture the level of technology incorporated in the air-
planes. The Navy's study shows the size and genera-
tional mix in the fleets of the five countries discussed
above for 1985 and 1995 as well as projections for
2005.

Reviewing the Various Generations
of Fighter Aircraft

What are the planes that make up the various genera-
tions?5 First-generation aircraft—including the MIG-15
to MIG-19 and U.S. century series fighters—were de-
signed during the 1940s and 1950s. Although they are
still found in fighter inventories worldwide, older
planes probably have limited combat potential when
confronting more modern fighters, since they may suf-
fer from several disadvantages. For example, they may
carry less sophisticated munitions and have less capable
sensors.

Considerable uncertainty exists, though, about how many planes could
actually be sent to war. Although the United States will have more
than 3,500 planes in inventory, some of those planes perform support
roles and are not likely to be used in actual combat. Of the combat
aircraft, some might not be ready to fight. Aircraft deployments also
depend on a number of other factors such as airlift, prepositioned
stocks of equipment, and the availability of basing, that are beyond the
scope of this paper.

4. Joint statement of Paul Kaminski, Under Secretary of Defense for Ac-
quisition and Technology and General Joseph Ralston, Vice Chairman
of the Joint Chiefs of Staff, before the Subcommittees on Military Re-
search and Development and on Procurement of the House Committee
on National Security, June 27, 1996.

5. This discussion is based on the taxonomy provided in several Brook-
ings publications that seems to mesh with the generations discussed in
the Office of Naval Intelligence publication. See, for example, Robert
P. Berman, Soviet Air Power in Transition (Washington, D.C.:
Brookings Institution, 1978).
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Second- and third-generation aircraft may provide
somewhat more military capability, especially if they
have gone through extensive modifications since they
were built. Designed during the 1950s through 1970s,
those generations include the MIG-21-MIG-27 series
designed by former Soviet Union's Mikoyan Design
Bureau; F-4s and A-7s built by the United States; and
the European designed Mirage 3, Mirage 5, Tornado,
and F-l. Fourth-generation fighters, designed during
the 1960s and 1970s, include the US.-designed F-14,
F-15, F-16, and F/A-18; the Soviet-built SU-27 and
MIG-29; and the European Mirage 2000. Fourth-
generation aircraft usually have more sophisticated avi-
onics than their predecessors, more powerful engines,
and are able to operate more capable missiles.

Planes developed during the 1980s and 1990s are
fifth-generation aircraft. They include the F-22 aircraft
for the United States and foreign fighters such as the
SU-35, Rafale, and European Fighter Aircraft (now
designated EF-2000).6 Fifth-generation aircraft con-
tinue the trend in improving avionics. Some new de-
signs will incorporate improvements in propulsion tech-
nology, and some will be stealthy.

Modernization—measured by generational percent-
ages discussed here or average age discussed later—is a
useful, but not foolproof, proxy for capability. Older
aircraft—such as Air Force F-l 1 Is and the Navy A-6s
—were prized possessions until fairly recently, largely
because they possess longer ranges or more sophisti-
cated sensors than some newer U.S. tactical attack air-
craft. But those aircraft represent the exceptions, and
newer planes are generally more capable.

Sizing Up Russian and
Chinese Air Forces

Both Russia and China could field significantly more
aircraft than regional powers, though fewer than the
United States or the former Soviet Union. Russian air
forces (including Air Force, Navy, and planes held by
Russia's strategic Air Defense forces) contained about

2,000 fighter aircraft in 1995.7 China possessed more
planes with a total of about 2,500 in 1995, according to
the U.S. Navy. Both countries' aircraft inventories,
however, are made up of earlier generation planes than
those of the United States.

Russian Air Forces. Russia has the most modern in-
ventories of the potential adversaries the Navy listed.
Its fleet consists entirely of third and fourth generation
aircraft, and almost 60 percent of Russian fighters are
fourth generation. Large reductions in forces and the
retirement of older Russian aircraft at the end of the
Cold War may have aided that high level of moderniza-
tion. Many of the older planes may also have become
the property of the Commonwealth of Independent
States—states that formed part of the former Soviet
Union. Russia inherited only about 60 percent of the
former Soviet Union's combat aircraft. According to
the Navy estimates, Russian fighter inventories in 1995
were about half the size of Soviet fighter inventories in
1985.

The Navy expects that Russia will continue to mod-
ernize and reduce forces over the next decade, though at
a slower pace. By 2005, Russian fighter inventories
might be made up almost entirely of fourth-generation
planes with a smattering of more advanced fighters.

Chinese Air Forces. The Chinese also appear to have
accepted large-scale reductions in force over the last
decade, perhaps to pay for modernization. Their fighter
inventories declined by about 45 percent during that
period—from 4,500 in 1985 to 2,500 in 1995. Even so,
China's 2,500 plane force consists largely of older air-
craft. Only 6 percent of the 1995 inventory is third-
and fourth-generation planes, and almost three-quarters
of China's fleet is composed of planes that have 1950s
vintage designs. A RAND publication—which also

Though the Chinese F-10 would be included in the fifth generation
based on the timing of its design and fielding, the Office of Naval In-
telligence (ONI) appears to be including it in the fourth generation.
ONI probably did this to reflect the relatively limited capabilities of
this indigenously produced fighter.

7. Research literature reveals wide disparity in the counts of foreign fight-
ers. To be consistent, CBO uses the Navy publication for this discus-
sion because it provides unclassified U.S. government fighter projec-
tions for foreign countries. But other sources, such as the International
Institute for Strategic Studies' annual publication, The Military Bal-
ance, provide considerably different totals. One publication suggests
that as recently as 1994 Russian combat holdings could have been
much larger, totaling about 3,900 planes, and drawing down to about
3,100 planes by 1996. The publication suggests a plan to draw
fighter inventories down to about 2,200 planes by the turn of the cen-
tury—numbers more consistent with the Navy's estimate. Nonetheless,
concerns remain about disparity in those force counts. See the Center
for Science and International Affairs, The Arms Production Dilemma:
Contraction and Restraint in the World Combat Aircraft Industry,
Randall Forsberg, ed. (Cambridge, Mass.: MIT Press, 1994).
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provides a useful discussion of foreign fighter force
levels and modernization-—indicates that planes of that
generation would probably have little combat utility if
pitted against more modern aircraft.8

The Navy expects the pace of modernization for
Chinese fighters to pick up over the next decade as the
Chinese begin producing the fourth-generation F-10.
That plane incorporates modern technology, some of
which was acquired through Israel based on the design
of Israel's canceled Lavi fighter and some of which
comes from Russian technology exports.9 Despite
those trends in modernization, by 2005 modern planes
will make up only about a quarter of China's fighter
inventories according to the Navy's estimates. More-
over, the Navy expects the Chinese to continue trading
off quantity for quality, with a further drop in inventory
levels to about 2,000 planes.

The Air Forces of Regional Powers

Generational breakouts also provide more information
about the fighter inventories of the regional powers:
North Korea, Iran, and Iraq. Like the Chinese, most of
North Korea's planes are old or based on very old de-
signs. About 70 percent of the 700 fighters North
Korea possessed in 1995 were first-generation designs,
and less than 10 percent were the more modern third-
and fourth-generation planes. The Navy expects mod-
est modernization to continue in North Korea over the
next decade, resulting in about 15 percent of North
Korea's 2005 inventory being made up of relatively new
designs. The Navy also expects North Korean invento-
ries to drop by about 100 planes during this period—or
to about 15 percent less than the 1995 level.

Iran and Iraq have smaller fighter inventories than
North Korea, but they are more modern. In 1995, Iran
had about 175 fighter aircraft—about 25 more than it
had a decade earlier. More than half of the planes were
third- and fourth-generation fighters. The Navy ex-

9.

Christopher J. Bowie and others, Trends in the Global Balance of Air
Power (Santa Monica: RAND Project Air Force, 1995), pp. 37-38.

For an interesting discussion of the Lavi program, see Dov Zakheim,
Flight of the Lavi: Inside a U.S.-Israeli Crisis, (Washington-London:
Brassey's, 1996).

pects Iran to continue to modernize its forces slowly so
that by 2005 it could field a squadron or two of ad-
vanced fighters. The price of that modernization might
be a reduction in force of about 50 planes, according to
the Navy's estimates.

Iraq had about 600 planes in 1985. Some of those
aircraft were destroyed in the Gulf War or were flown
to Iran, which never returned them. In 1995, Iraq had
some 300 fighters. About 40 percent of them were
third- and fourth-generation planes. The Navy expects
Iraq to modernize over the next decade, perhaps in-
creasing the percentage of modern planes in its fleets to
about 50 percent.

Iraq's ability to modernize is believed to depend
heavily on two sets of sanctions that have been imposed
on that country by the international community. The
first are sanctions that attempt to prevent arms sales to
Iraq. The second set limits Iraqi oil sales. Restrictions
on oil sales limit modernization, since they prevent the
Iraqis from using oil revenue to purchase arms. Even if
current sanctions end, the negotiations that end them
might require Iraq to agree to limits on weapons pro-
curement. An agreement might well not halt purchases,
since countries often find ways around such promises,
but it might make them smaller.

Fighter Exports: Are They a
Major Concern?

Could an oil-rich regional power acquire a fleet of mod-
ern aircraft that could match those the United States
could deploy? It is unlikely. During the Cold War, the
Soviet Union was the major exporter of weapons to
countries hostile to U.S. interests. Though its military
technology was less sophisticated than that of the
United States, the Soviet industrial base produced more
sophisticated weapons than that of any other unfriendly
nation. None of the countries commonly viewed as po-
tential threats today have the resources to devote to
modernizing their fighters that the Soviet Union had.

Russia, which retained the larger share of the mili-
tary potential of the former Soviet Union, has much less
ambitious plans for aircraft design and production. A
fifth-generation fighter that DoD once anticipated
would be delivered early in the next decade is unlikely
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to become operational before 2015.10 Cuts in Russian
domestic production may also result in a smaller fighter
production base. In turn, a smaller base might produce
fewer modified fourth generation aircraft for export.

Potentially threatening countries might seek to pur-
chase more modern aircraft from U.S. allies. The Gray
Threat, a publication by RAND that argues for the
F-22, compares the potential performance of three
fighters—the Swedish Grippen, the French Rafale, and
the EF-2000—with the capabilities of the F-15 and F-
16.11 The analysis suggests that the Rafale offers and
the EF-2000 may offer substantial improvements over
the F-16 and that they have capabilities roughly equal
to the F-15E. RAND claims that the Grippen, a smaller
plane, would nonetheless have capabilities that exceed
those of the F-16.

Some U.S. aircraft builders dispute those estimates.
Lockheed Martin, the F-16's manufacturer, argues that
the RAND study used the thrust-to-weight ratio—a
measure that can translate into speed and agility—of the
block 42 F-16, which has the lowest thrust-to-weight
ratio of any F-16 produced. It suggests that current
F-16s have ratios that are 20 percent higher—in other
words, comparable to other top fighters.

Whatever is the right answer about aircraft perfor-
mance, part of the motivation on the part of American
aircraft manufacturers in those disputes can be traced to
their desires to sell U.S. aircraft abroad. The United
States will probably produce a large portion of the
planes that modernize foreign fighter forces. Those
planes will, of course, be sold to countries that are U.S.
allies at the time of the sale. But the United States has
faced the possibility of confronting its own aircraft in
war in the past when friends became enemies. A good
example of that about-face is Iran. Under the rule of
Mohammad Reza Shah Pahlavi, Iran purchased top-of-
the-line U.S. aircraft that had recently been delivered

10. Benjamin Lambeth, Russia's Air Power at the Crossroads (Santa
Monica: RAND Project Air Force, 1996). This recent RAND publi-
cation suggests that Russia lacks funds for significant modernization of
its air forces. See also Forsberg, ed., The Arms Production Dilemma
for a useful discussion of plans for fighter production in Russia and
other countries.

11. Mark Lorell and others, The Gray Threat: Assessing the Next-Gener-
ation European Fighters (Santa Monica: RAND Project Air Force,
1995).

when the 1979 revolution ushered in Islamic fundamen-
talist rule.

Simple economics suggests that regional powers
are unlikely to deploy large numbers of advanced air-
craft. Acquisition costs may simply be too high for any
but the wealthiest nations to increase greatly their reli-
ance on air power.

Why Should the United States
Keep Such Overwhelming
Superiority in the Air?

Even if the enemy forces that U.S. tactical fighters face
are no match for them in either number or quality, the
United States may choose to invest in air power for
other reasons. The United States relies on tactical air-
craft more than other countries. As a result of past in-
vestments, the United States dominates world air
power, if only because it is richer than other countries
and spends much more on defense than other countries.
U. S. reliance on aircraft also derives from their relative
mobility. The United States expects to fight on foreign
soil and must purchase weapons that can be transported
easily. Also, U.S. supremacy in the air may help to off-
set less favorable balances on the ground. Aircraft also
can attack enemy forces before a ground campaign be-
gins, thus increasing the likelihood of an early U.S. vic-
tory with lower casualties.

The United States may also place relatively more
emphasis on tactical aircraft today than it did in the
past. For one thing, tactical aircraft are easier to trans-
port than ground forces, which may make them avail-
able more quickly if conflict occurs in an unexpected
location, though tactical aircraft do require airlift, sea-
lift, or prepositioning of considerable tonnage in sup-
port equipment. Their mobility may make them partic-
ularly useful in the rapidly arising wars in DoD plan-
ning scenarios. Aircraft based on aircraft carriers or
accompanying ship-transported Marine Corps ground
troops would be particularly useful in conflicts that
arise suddenly and where landing rights at air bases
prove difficult to secure. Some analysts, however,
would argue that recent experiences, such as the war
with Iraq, suggest that U.S. forces would have longer to
prepare for and deploy forces to war than current see-
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narios assume. But potential foes may have learned
lessons too leaving little time for a lengthy U.S. build
up. Some proponents of air power believe that the ad-
vantages of preceding any action on the ground with air
attacks was also a major lesson from the war with Iraq.

Air campaigns also lower the risks of U.S. casual-
ties, a relevant issue when future contingencies might
occur in areas of the world where some citizens may
question whether the interests at stake are worth the
price of lives of U.S. troops. Indeed, in some ways the
U.S. population is more sensitive to casualties in gen-
eral today than it was in the past, in part because media
coverage brings war into the living rooms of the United
States nightly. In fact, even in conflicts in which U.S.
interests are clearly at stake, the issue is inevitable.

U.S. leaders have used air power in situations in
which they were reluctant to commit ground forces. For
example, air power was used in bombing Libya in
1986, more recently in the former Yugoslavia, and to
enforce international sanctions on Iraq.

Other Factors Affecting
U.S. Fighter Requirements

In determining requirements for tactical aircraft, the
Department of Defense must consider factors beyond
modernizing enemy fighters. Some factors such as pro-
liferation of advanced surface-to-air missiles systems
and improvements in enemy air-launched missiles could
make the job of U.S. combat air forces more difficult in
the future.

U.S. fighter forces possess, however, a number of
benefits fighter forces of other countries may not enjoy.
For instance, U.S. military personnel are often better
trained than the personnel of many potential regional
adversaries. Their weapons are also in better repair. In
addition, the United States invests in systems that pro-
vide better command, control, communications, and
intelligence—such as the E-8 Joint Surveillance Target
Attack Radar System (JSTARS) aircraft that locate
targets on the ground and E-3 airborne warning and
control system (AWACS) planes that provide informa-
tion about planes in the area.

Factors That Complicate the Task
of U.S. Air Power

U.S. fighter forces may find it costly to achieve air su-
premacy in regional conflicts if Russia and other coun-
tries that were part of the former Soviet Union sell So-
viet style surface-to-air missiles (SAM). According to
service briefings, U.S. tactical aircraft could face sub-
stantial increases in the level of the surface-to-air
threat. For example, an Air Force briefing indicates
that by 2005 some 23 countries may have advanced
surface-to-air missile systems compared with 14 today.
(That Air Force estimate is of all worldwide holdings,
including those of the United States, as well as a num-
ber of friendly nations. Presumably the United States
benefits when its allies possess modern weapons.)

The Navy, whose publication offered a less pessi-
mistic view of fighter threats than the Air Force, ex-
pressed more concern about ground-based air defense
systems. For instance, the Navy suggests that enemy
ground-based weapons have been more deadly to the
United States and its allies than enemy aircraft. The
Office of Naval Intelligence points out that ground-
based missiles or guns shot down almost all of the al-
lied aircraft lost to known causes in the war with Iraq;
yet enemy aircraft shot down only one coalition plane
out of 25 planes lost to known causes. In fact, during
the war with Iraq, very few allied aircraft—only 38
fixed-wing aircraft—were lost to any cause at all, and
only 48 additional planes were damaged.12 The official
Air Force history of the air campaign in the war with
Iraq, the Gulf War Air Power Survey, points out that
that rate is considerably lower than during the Vietnam
War. It represents a loss of only one plane for every
1,800 combat sorties.

The Navy publication also expresses concerns
about further advances in surface-based air defense sys-
tems that will make them more challenging to U.S. air-
craft. SAM systems could become more mobile, with
better missiles, and greater tracking capabilities. As a
result, those systems could be harder to detect and de-
feat. Modernizing surface-to-air missile systems—at
least cheaper, hand-held weapons—might be a less
complex and less costly way for enemies to upgrade

12. Thomas A. Keaney and Eliot A. Cohen, Gulf War Air Power Survey
Summary Report (Department of the Air Force, 1993), p. 61.
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their counter-air capabilities than building sophisticated
fighter fleets.

Conversely, both the Navy and RAND's Trends in
the Global Balance of Air Power argue that defending
a given airspace with fighters may be less costly than
with ground-based air-defense systems since many
SAMs may be needed to cover the same volume as a
few fighters.13 That theory may also apply to "man-
portable" systems, even though they are very inexpen-
sive individually compared with larger air defense sys-
tems. Nonetheless, their low price makes proliferation
of hand-held weapons virtually inevitable.

The war with Iraq proved that a country may have
modern air defense systems but not necessarily the ca-
pability to operate them with skill (it may also suggest
that U.S. analysts overestimated the capability of So-
viet weapons). Many U.S. defense analysts expected
Iraq's Soviet-style air defense system to prove highly
challenging to U.S. aircraft, since the former Soviet
Union was believed to field the most effective air de-
fense networks. Yet Iraq's air defense system was
largely incapacitated within days of allied attack, not an
outcome one would have predicted based on U.S. as-
sessments of the former Soviet Union's air-defense ca-
pabilities. (The Soviets may, however, have planned to
field a much denser SAM threat than that fielded by the
Iraqis.) The system might have survived longer if it
had been operated by highly trained personnel and de-
fended by fighter aircraft. Increased automation in new
air-defense networks might make it easier for countries
that spend limited amounts on troop training to operate
them effectively.

Hostile countries might find less costly ways of
modernizing their air forces than purchasing sophisti-
cated and costly aircraft. Improved air-to-air missiles,
if proliferated, might provide more air-to-air capability
to less capable fighter aircraft. The Air Force suggests
that countries possessing advanced air-to-air missiles
will rise from five today to 25 by 2005 (as before, the
Air Force counted the allies of the United States).

The Navy also expressed concerns about current
and future air-to-air missiles. According to the Navy,

two short-range air-to-air missile systems—the Russian
AA-11 and Israel's Python 4—exceed the capability of
the United States' short-range Sidewinder missile.
Those missiles have longer ranges and "[If] integrated
with a helmet-mounted sight. ...can fire at targets ap-
proaching 90 degrees off the fighter's nose."14 The
British ASRAAM (Advanced Short-Range Air-to-Air
Missile, a program the United States abandoned in the
early 1980s) may be an improvement over those mis-
siles if it is fielded.15

Short-range missiles usually are heat-seeking.
They are useful at "visual" ranges—that is, when the
pilots of battling fighters can see each other at distances
of several miles or less. The United States has empha-
sized fighting from longer ranges and has focused de-
velopment funding on missiles that operate from me-
dium ranges (also called beyond visual range) of 25 to
30 miles or more. The product of that focus, the
Advanced Medium-Range Air-to-Air Missile
(AMRAAM), is currently superior to other countries'
missiles, largely because its active radar seeker pro-
vides the missile with targeting information rather than
relying on data from its aircraft. The AMRAAM-
armed aircraft can "launch and leave," or break off after
launching the AMRAAM and leave to fight another
engagement or get out of harm's way.

Several countries have development efforts under
way to produce AMRAAM competitors. Those efforts
include the French medium-range Missile d'lnter-
ception et de Combat Aerien (MICA), which is an air
combat and air intercept missile, and the European
FMRAAM (Future Medium-Range Air-to-Air Mis-
sile).16 Either of those missiles could be sold to coun-
tries unfriendly to the United States. Moreover, their
developers suggest that they will have capabilities that
match or exceed those of the United States' AMRAAM,
though some may doubt such claims, at least for MICA.
According to the Navy, Russia also has several me-
dium-range, launch-and-leave missiles under develop-

13. Bowie and others, Trends in the Global Balance. This publication
offers a useful discussion of air power and air defense and provides the
underpinning for much of this discussion of factors affecting air power.

14. Office of Naval Intelligence, Worldwide Challenges, p. 20.

15. Jane's Air Launched Weapons (Surrey, United Kingdom: Jane's Infor-
mation Group, 1996). The United States signed an agreement with the
United Kingdom that it would pursue the medium-range, radar-guided
AMRAAM missile, while a European consortium pursued the shorter-
range ASRAAM air-to-air missile. Upon production, partners in the
agreement might purchase each other's missiles.

16. A heat-seeking MICA is also slated for production.
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ment. Of course, many of those missiles might never
be developed, never perform to specification, and even
if they are developed, might require extensive integra-
tion to work on earlier generations of aircraft.

What Makes U.S. Air Power
More Effective?

Several factors may increase the effectiveness of U.S.
air power. Those factors include access to plenty of
information about enemy forces and extensive training.

Both the Navy and the Air Force have expressed
concerns about the possibility that regional adversaries
will improve their ability to control forces in the field
and develop better command, control, communications,
and intelligence (C3I) systems. For the foreseeable fu-
ture, however, the United States has overwhelming su-
periority in systems that provide its forces with infor-
mation about the shape of the battlefield.

For example, no other potentially threatening coun-
try, including the former Soviet Union, has systems to
rival the E-3 airborne warning and control system.17

AWACS can keep track of the location of a number of
aircraft and relay to U.S. fighters the location of
friendly and enemy planes in a given area. JSTARS
provides similar information about targets on the
ground. According to an Air Force study, a JSTARS
prototype was so successful in the war with Iraq that
the United States was able to track the movements of
Iraqi reinforcing columns. The United States also in-
vests heavily in satellites that provide impressive arrays
of data about the battlefield.

In addition to all of those advantages in C3I, U.S.
tactical aircraft are aided by stealthy long-range bomb-
ers and ship-launched cruise missiles that might defeat
even improved enemy air defenses. Also, more than
any other country's fighters, U.S. planes can count on
receiving aerial refueling from tanker aircraft, thus ex-
tending their ranges. That advantage might compensate
for improvements in the ranges of enemy fighters and
attack aircraft. It also could compensate if U.S. devel-

opment efforts result in planes that have shorter ranges
than those in the fleet today.

The United States will also continue to invest in
improvements to the weapons deployed on its fighter
aircraft, and it stands an excellent chance of countering
many of the improvements in that area by potential ene-
mies. DoD's development efforts currently emphasize
improving air-to-surface munitions, though the depart-
ment suggests that improvements to medium- and
short-range air-to-air missiles are also on the drawing
boards.18

In fact, several of those development efforts might
compensate for improved enemy air defenses by per-
mitting planes to launch their weapons while still out of
the reach of surface-to-air missiles. Weapon programs
might also enhance aircraft survivability in other ways
by, for example, making multiple kills per pass possi-
ble, thereby reducing the number of passes for a given
threat. Improvements in weapons might compensate if
funding problems reduce the number of U.S. fighter
aircraft.

Furthermore, the United States keeps its forces at a
high level of readiness—perhaps as high as any poten-
tially hostile country and much higher than most.19 For
the last several decades, DoD has placed the highest
priority on "readiness"—that is, being able to fight well
on short notice. Well-trained troops with fully func-
tioning equipment are the underpinnings of a ready
force. U.S. pilots receive impressive training in basic
and advanced flight skills. The United States also allo-
cates substantial resources annually to make sure that
pilots receive plenty of flight hours and are well trained.
U.S. Air Force fighter and attack pilots in operational
squadrons fly on average about 19 hours a month, and
pilots in the Department of the Navy fly about 22 hours
per month. Those averages are probably higher than
those in most developed nations and probably even
higher in comparison to the flying patterns of potential
regional adversaries. Some analysts have argued that
having experienced, highly trained pilots is at least as

17. The former Soviet Union developed and fielded a plane in the 1980s,
which performs a similar mission to AWACS, but it probably is not as
sophisticated or as capable as AWACS. Most of those planes are now
in Russian inventories.

18. For a helpful discussion of these programs, see Bert H. Cooper, Jr.,
Missiles for Standoff Attack: Air-to-Surface Munition Programs
(Congressional Research Service, November 1996).

19. Even among friendly countries, probably only the Israelis and perhaps
the British provide levels of training that might equal those provided
by the United States.
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important to combat outcomes as possessing sophisti-
cated fighters.

In addition, the United States possesses an advan-
tage over potential enemies in the skills of the person-
nel who maintain its complex aircraft fleets and in the
stocked level of spare parts. Fighters, the sports cars of
the air world, are not useful for long if one lacks the
expertise to repair them or cannot get replacement parts
for them when they break down. For example, the
F-16, a very dependable U.S. fighter, flies only about
four hours before some component needs repair or re-
placement. Such repairs can keep fighters out of the
action for extended periods if parts or maintenance per-
sonnel are in short supply.

The United States employs large numbers of main-
tenance personnel and transports many spare parts to

war to make sure that its planes can keep operating.
Other countries' planes may be less reliable because of
less diligent maintenance or fewer spare parts.

Even with all of those advantages, some U.S. force
planners wish to pursue aggressive modernization. As
the current Vice Chairman of the Joint Chiefs of Staff,
General Joseph Ralston put it in testimony before sub-
committees of the House National Security Committee,
"We are not looking for an equal or fair fight. If our
deterrence fails and we must go to war with a future
adversary, we want it to be unfair—we want the advan-
tage to be wholly and completely on our side."20

20. Joint statement of Paul G. Kaminsky and Joseph Ralston, June 27,
1996, p. 2.





Chapter Three

Administration's Plan for
Tactical Aircraft

T
he Congressional Budget Office's analysis of
the Administration's plan suggests that planned
purchases should permit future Administrations

to keep forces at roughly the levels called for in the
Bottom-Up Review. But those plans entail two major
risks, either of which could cause serious shortages: the
Administration's plan assumes the services will use air-
craft for unprecedented periods, and planned annual
purchases may not be affordable.

Given the current modernization strategy of the
Department of Defense, the availability of Joint Strike
Fighters will be critical in avoiding aircraft shortfalls in
the first decade of the next century.1 The JSF purchases
in the program's illustrative procurement profile are
sufficient to prevent the services from experiencing
substantial shortages through 2020.

Plans for the U.S. Air Forcefs
Fighter and Attack Forces

The Air Force has 20 tactical fighter-wing equivalents
(13 active and seven reserve), composed of five types
of planes: F-15s, F-16s, F-117s, A-lOs, and F-llls.
F-l 1 Is are currently being retired, but the F-22—set to
enter production in 1999—will keep the number of

types of planes at five until the Joint Strike Fighter en-
ters service. The effect of the Joint Strike Fighter on
the number of types of planes depends on which planes
it will replace. JSFs were originally expected to replace
several Air Force aircraft including the F-l6, the A-10,
the F-15E, and the F-117. But the Air Force apparently
now expects the strike fighter to replace only two
planes: the F-16 and, eventually, the A-10.2

Planned Purchases

Over the next five years (from 1997 through 2001), the
Air Force plans to spend about $5.9 billion purchasing
40 F-22s (see Table 3 for plans of F-22 and JSF pur-
chases). Development funds for F-22s would add
about $7 billion over the same period. The Air Force
will also spend about $0.4 billion on buying a total of
12 F-15s and F-16s and $1.9 billion on JSF develop-
ment during that period. Procurement funding for pur-
chases of fighter aircraft is scheduled to grow through
2010. Over the following 10 years, annual purchases
of 110 aircraft are expected to be more than double the
quantities DoD expects to buy from 1997 through
2001.

For a review of DoD's modernization plans, see Bert H. Cooper, Jr.,
Tactical Aircraft Modernization Issues for Congress (Congressional
Research Service, November 6, 1996).

The Air Force only recently announced that JSFs would replace the
A-10. But the time of replacement has not yet been announced and the
Air Force's force projections show A-10s being retained through 2015.
Program office charts originally announced that JSFs would also re-
place longer-range attack aircraft, such as the F-15E and the F-l 17.
But the Air Force may develop a new plane—currently termed the
replacement interdiction aircraft (RI A)—for this mission or purchase a
version of the F-22.
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Table 3.
Administration's Plan for F/A-18E/F, F-22, and Joint Strike Fighter
(In quantities of aircraft and costs in billions of 1997 dollars)

Quantity

Costs
RDT&E
Procurement

Total

Quantity

Costs
RDT&E
Procurement

Total

1996
and

Before

0

5.0
0.2

5.2

0

15.7
0

15.7

1997

12

0.4
22

2.6

0

2.0
0

2.0

1998

24

0.2
2.8

3.0

0

2.2
0.1

2.3

1999 2000

F/A-18E/F

36

0.1

3.5

F-22

4

1.4
1.0

2.4

42

0

3.7

12

0.9
1.8

2.7

2001

48

0
3.3

3.3

24

0.5
2.9

3.4

Total,
1997-
2001

162

0.7
15.5

16.2

40

7.0
5.9

12.9

Funds
Needed to
Complete8

838

0
45.5

45.5

398

0
34.1

34.1

Total

1,000

5.7

66.9

438

22.8
39.9

62.7

Joint Strike Fighter

Quantity

Costs
RDT&E
Procurement0

Total

Quantity

Costs
RDT&E
Procurement

Total

0

n.a.
0

n.a.

0

20.7
0.2

20.9

0

0.6
0

0.6

12

3.0
2.2

5.2

0

0.8
0

0.8

24

3.2
2.9

6.1

0

0.9
0

0.9

Total

40

2.4
4.4

6.7

0

0.4
0

0.4

54

1.4
5.5

6.9

0

1.1
0

1.1

72

1.7
6.2

7.9

0

3.8
0

3.8

202

11.6
21.3

32.9

2,978

15.9
144.8

160.7

4,214

15.9
224.4

240.3

2,978b

19.7
144.8

164.5

4,416

48.2
245.9

294.1

SOURCE: Congressional Budget Office based on Department of Defense data.

NOTE: RDT&E = research, development, test, and evaluation; n.a. = not available.

a. Costs through 2030.

b. The Department of Defense may plan to purchase additional Joint Strike Fighters for the Air Force.

c. Joint Strike Fighter procurement funding requirements as estimated by CBO from Administration flyaway goals.
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Air Force Requirements for
Tactical Fighter Forces

William J. Perrry, the former Secretary of Defense, ex-
pected the Air Force to keep the 20 wings of tactical
fighters mentioned in the Bottom-Up Review.3 The
Congressional Budget Office estimated the number of
aircraft the Air Force would require to keep tactical
fighter forces at that level. Each of those 20 wings has
a notional combat complement of 72 aircraft. For ac-
tive units, the Air Force adds a 25-percent requirement
for combat trainers to that number. It also adds a small
number of planes, 6 percent, to test tactics and new sys-
tems. For reserve units, the Air Force adds a 12.5-per-
cent requirement for trainers but no additional planes
for testing. Finally, it also adds about 10 percent to the
total of the combat aircraft, trainers, and test aircraft for
a maintenance "float" for planes being repaired or mod-
ified. All of those factors add up to slightly less than
100 planes per wing, meaning that the Air Force would
need about 2,000 planes for its 20 wings.

In 1996, the Air Force had a requirement for 10
squadrons of fighter interceptor aircraft in the Air Na-
tional Guard. But by 2001 the Air Force expects that
requirement to decrease to six squadrons. After adding
the planes needed for those squadrons, the requirements
associated with the Administration's planned force lev-
els will total about 2,100 planes.

Fighter and Attack Aircraft Inventories

CBO also estimated how many planes the Air Force
will have in inventory to meet those requirements. The
Air Force will have almost 2,200 fighter and attack air-
craft in its inventory at the end of 1997—about 100
more planes than it needs to equip planned forces.
Even without JSF purchases, CBO found that invento-
ries will decline slowly to about 2,100 planes by
2005—still enough to meet requirements (see Figure 2).

Under CBO's estimates, in the second decade of the
21st century, the inventory would drop off rapidly un-
less replacement aircraft were purchased. By 2015, the
Air Force would have only about 1,750 planes. Those

reductions come about largely because the F-16C/D
aircraft will retire in quantity. As it is, they make up
almost 60 percent of today's fleets and were bought at
rates of up to 180 per year in the mid-1980s. Retire-
ments would be so rapid during the 2010-2015 period
that by 2015 the Air Force would experience shortages
of more than 300 planes if it purchases no new multi-
role aircraft.

That outcome rests on the assumption that the ser-
vice will be able to retain planes as long as it currently
plans—but no longer. CBO uses the estimates of engi-
neers to project retirements. Engineers working for
aircraft manufacturers (and for DoD) test planes in de-
velopment to estimate how long they can safely be
flown. Based on those tests, they produce estimates of
aircraft life, which DoD uses to set replacement sched-
ules (see Appendix B for a discussion of those esti-
mates). Current estimates forecast that today's genera-
tion of aircraft will last longer than the actual service
periods of past generations of aircraft.

Force Aging

The average age of Air Force tactical forces will in-
crease rapidly over the 1997-2020 period. Today's
fighter fleet has an average age of about 10 years,
slightly less than the Air Force's most recently ex-
pressed goal for fighter average age, pegged at 11
years.4

That goal, expressed in Air Force and DoD discus-
sions of the capability and modernity of U.S. fighter
forces, reflects a desire for an inventory with planes dis-
tributed uniformly over the age spectrum—from newly
delivered planes to those approaching retirement age.5

Such a distribution avoids block retirements that ne-
cessitate rapid replacement or large reductions in force.
A truly uniform distribution in an inventory of planes
with a retirement age of 20 years would result in an
arithmetic average age of 10 years. (For many years,
analysts in the Office of the Secretary of Defense and

See Thomas E. Ricks, "Perry Says Weapons Cuts Are Unlikely As
Several Reforms Produce Savings," Wall Street Journal, October 3,
1996, p. B5B.

Although engineering service lives are expressed in numbers of hours,
force planners typically translate those operating periods into years-
using standard annual operating service hours—to forecast force size
and needs for aircraft replacement.

See, for example, Casper W. Weinberger, Secretary of Defense, An-
nual Report to the Congress (Department of Defense, 1983, 1984,
and 1985).
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Figure 2.
Fighter and Attack Inventories, Requirements, and Average Ages Without Purchases of Joint Strike Fighters
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the services have assumed a fighter and attack aircraft
service life of 20 years for most planning.)

The average age of Air Force planes will grow from
the 10 years of today's fleet to about 14 years by 2001.
After that, the fleet will age about a half year per year
through much of the remainder of the period because
planned F-22 procurement rates are too low to compen-
sate for aging in the existing fleet. The average age
would reach about 19 years by 2010. Subsequently,
despite block retirements of F-16s, average ages would
continue to grow, reaching about 24 years by 2020.
That aging occurs even if inventories were permitted to
shrink to about 40 percent of their current size.

The Problems of Fleet Aging If the Joint Strike
Fighter Is Delayed. If the Joint Strike Fighter pro-
gram was significantly delayed, the Air Force could
attempt to meet requirements by keeping planes longer.
But then the average ages of fleets would of course be
even higher. If the JSF program were delayed beyond
2020 and future planners attempted to keep a 20-wing
force, the Air Force's fleet would reach about 25 years
of age by 2017.

The service would also need to retain more than
half its fleet beyond currently planned retirement ages
to keep inventory levels that high. As a result, the ser-

vice would need to operate some very old aircraft. In-
deed, by 2020 the oldest Air Force fighter aircraft
would be more than 40 years of age (see Figure 3).
Consequently, the Air Force would have to operate
fighters and attack aircraft about twice as long as it has
historically. (See Appendix B for a discussion of how
the Air Force and Navy estimate aircraft service lives
and about the reliability of those estimates.)

The Implications of an Aging Fleet. What are the
ramifications of an older fleet? Is it reasonable to as-
sume that fighters will operate longer than they have in
the past? Although there are no simple answers to
those questions, the services have raised several issues
in the past when discussing measures of fleet aging.
During the Cold War, DoD used measures such as aver-
age age as proxies for technological obsolescence,
based on the fear that enemy forces will field systems
with capabilities that so exceed those of U.S. systems
as to make them obsolete. The services also express
concerns about older fleets costing more to maintain
and experiencing higher accident rates. They also
worry about whether vendors will be available to pro-
vide parts for modifications. Perhaps of most concern
is the issue that an older fleet leaves planners less flexi-
bility to react to unforeseen delays or cuts in procure-
ment (since the fleet is already so old it may be difficult
to extend service lives even longer).

Figure 3.
Maximum Ages of Air Force and Department of the Navy Fighter and Attack Aircraft
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Technological obsolescence was a major concern
during the Cold War, when intelligence estimates pre-
dicted that the former Soviet Union would embark on
an aggressive program to modernize its fighter planes.6

That concern is less important today. Most analysts
would argue that potential U.S. foes in a post Cold-War
world lack the resources to develop planes with capabil-
ities that exceed those of current U.S. fighters for the
foreseeable future.

Nonetheless, as the earlier discussion of the threat
indicates, the services are suggesting that potential U.S.
opponents will modernize their aircraft and their air-
defense systems.

The idea that aircraft would experience more oper-
ating problems as they age seems intuitively correct:
after all, the family car usually costs more to maintain
as it gets older and is more likely to break down on the
freeway. Not surprisingly, though, the services tend to
maintain aircraft more intensively than all but the most
diligent car owner. Consequently, aging aircraft fleets
may result in fewer operational problems than aging
household vehicles.

Resolving the issue of whether aging trends for
fighter aircraft will produce operating problems is diffi-
cult. The Air Force has not been able to document op-
erational problems linked to aging. Lack of documen-
tation springs in part from lack of data. The services
have never kept fighter planes beyond about 30 years,
and in most cases fighter aircraft have retired at 20
years or less. At that point, they have operated perhaps
4,000 hours to 6,000 hours—about half the operating
periods of the oldest aircraft in current plans. There-
fore, some caution may be in order when discussing the
feasibility of operating planes as long as the services
may need to simply because they have never done it
before.

Conversely, the services have operated other types
of aircraft—including short-range transport planes and
strategic bombers—for much longer periods. Commer-
cial airliners also operate for 90,000 hours or more,
many more flight hours than even the long-lived B-52
bomber. But those planes fly such different flight pro-

6. The department may have overestimated the speed of Soviet modern-
ization during the Cold War.

files from fighters that they probably are not good
proxies for them.

If aircraft experience structural fatigue earlier than
expected, DoD can probably pay for modifications that
extend service lives. The services recently have chosen
to retire planes rather than modify them, since force
structure is being reduced anyway and modifications
can be costly. One example is the F-16A/B model that
the Air Force is currently phasing out of its fleet.
Lockheed Corporation estimated that a program to ex-
tend the service life of the F-16 would have cost about
half the original purchase price of the plane to get a 50
percent extension in life (the modification would have
also upgraded systems to permit the F-16s to operate
with newer Air Force aircraft). Still, if a large portion
of the fleet is very old and experiences structural prob-
lems, the services may be compelled to pay for modifi-
cations. If they have to pay to reestablish production
lines for parts, such modification could be costly.

Plans for the Department
of the Navyfs Fighter
and Attack Forces

Fighter and attack aircraft in the Navy and Marine
Corps (that together make up the Department of the
Navy) are fielded in 11 air wings for the Navy's 12 air-
craft carriers (the 12th carrier is typically not available
for operation and does not need a wing, according to
recent Navy arguments). They are also found in four
Marine Corps air wings, some of which operate off the
11 large amphibious ships that transport Marine forces.

Requirements for Tactical Fighter
and Attack Forces

The naval aircraft inventories that support those forces
consist of four different types of fighter and attack air-
craft: A-6 medium range bombers; AV-8 short takeoff
vertical landing aircraft for the Marine Corps; F/A-18
fighter bombers; and F-14 fighters. In 1995, the De-
partment of the Navy fighter and attack aircraft require-
ment to support those forces totaled about 1,500
planes. By 1998, that requirement will decline to about
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1,400 as the Navy decreases the number of aircraft in
each carrier wing.

Planned Purchases

Over the next five years (from 1997 through 2001), the
Department of the Navy plans to spend about $15.5
billion on purchasing 162 F/A-18E/F aircraft. It will
also buy six F/A-18C/Ds. Development funds for the
Navy Department's fighters would add about $2.7 bil-
lion over the same period.

As with the Air Force, purchases and procurement
funding for Navy aircraft are scheduled to grow over
the next decade. They will peak by 2009, when the De-
partment of the Navy expects to begin purchasing 120
planes per year, a sizeable increase over near-term pur-
chases. Navy purchases will continue at those levels
through 2014, when F/A-18E/F purchases are sched-
uled to taper off.

Fighter and Attack Aircraft Inventories
If the Joint Strike Fighter Is Delayed

Although CBO assumes that the Department of the
Navy will purchase 690 F/A-18E/F aircraft during the
1997-2010 period, the department would still experi-
ence substantial shortfalls if no JSFs were procured.
The Navy will experience modest shortfalls beginning
around 1998, after the A-6 retires. Shortages would
remain at manageable levels through 2012. They
would grow in the second decade of the 21st century
and by 2020, the Navy would have only about three-
quarters the planes it needs for itself and the Marine
Corps.

Aircraft and Aging

The Navy's fleet of aircraft is currently about the same
age, on average, as that of the Air Force. But purchas-
ing the F/A-18E/F and retiring the A-6 will prevent the
average age of the fleet from increasing much during
the next two decades. Even if the Navy keeps planes
longer to avoid large shortages, average fleet age would
not exceed 15 years until almost 2020. Moreover, us-
ing such a strategy, the Navy can reduce shortages to

less than 100 planes through most of the period of
CBO's analysis.

The Navy appears to—and may indeed—have less
of an aging problem than does the Air Force. However,
in the past, the Navy has held goals for average age that
are lower than those of the Air Force. In the early
1980s, for instance, the service reported a desire to
keep its fleet at an average age of about 7.5 years. Ac-
cording to the Navy, those lower goals reflected the
more austere operating environment that its aircraft
actually face.

Procuring the Joint Strike
Fighter Decreases Shortfalls

The development effort for the Joint Strike Fighter is
aimed at getting planes into production before block
retirements create acute shortages. The planned pro-
duction schedule for the JSF would accomplish that
goal for both the Air Force and the Navy through much
of the period of analysis, though quantities are not quite
sufficient to completely avoid shortages. Shortages in
the Air Force would not begin until 2013 (see Figure
4). In the Department of the Navy, they would begin
several years later. Significant shortages would then
grow for both services through 2020. Shortages can,
however, be almost completely avoided if DoD retains
planes beyond their planned retirement ages.

JSF deliveries, which do not start until 2007, will
not help the Department of the Navy avoid its near-
term shortages. The Navy—bedeviled by aircraft short-
falls over the last two decades—is attempting to solve
its shortages by altering the size and composition of its
air wings to decrease its aircraft requirements. Four
squadrons of Marine Corps F/A-18 fighter and attack
aircraft will provide planes for carrier air wings left
short of U.S. Navy aircraft. The Congressional Budget
Office has included the requirement associated with
those four squadrons since neither the Navy nor the
Marine Corps wishes to acknowledge eliminating that
force structure. Though current plans for procuring the
JSF should enable the Department of the Navy to meet
its requirements around 2013 to 2016, the Navy might
experience modest shortfalls in the period from 2017
onward.
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Figure 4.

Fighter and Attack Aircraft Inventories, Requirements, and Average Ages

with Purchases of Joint Strike Fighters
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Figure 5.
Previous Fighter and Attack Aircraft Purchases

Number Purchased

Air Force ^ Department of the Navy

1974 1979 1984 1989 1994

SOURCE: Congressional Budget Office based on data from the Department of Defense.

How Affordable Are
Fighter Aircraft?

If the JSF program is able to purchase planes at rates
equal to those of its illustrative schedule, the services
should be able to keep up force levels. But can DoD
afford to purchase the JSF on the assumed schedule? In
recent years, the Department of Defense has purchased
few fighter and attack aircraft compared with the num-
ber it bought previously (see Figure 5). Procurement-
measured either by the quantities of planes purchased
or the funds to buy them—declined from the mid-1980s
through the mid-1990s. In 1995, the Air Force pur-
chased no tactical fighters and the Navy bought only
24. That "procurement holiday" was made possible by
the rapid drawdown of forces at the end of the Cold
War. Large excess stocks of fighters meant that the
services could forgo purchases and live off planes pur-
chased during the 1970s and 1980s. But DoD deci-
sionmakers suggest that the procurement holiday is al-
ready ending, as force drawdowns are completed and

large-scale retirements bring inventories more in line
with requirements.7

Allocating More Money to
Fighter and Attack Aircraft

The Administration also plans to allocate more money
to fighter aircraft in the future. By 2002, new produc-
tion programs for fighter aircraft—the F-22 for the Air
Force and the F/A-18E/F for the Navy—will bring the
Administration's planned funding for fighters up to and
above the share of the defense budget that fighters have
enjoyed on average over the past 22 years (see Figure
6). CBO estimates that the Air Force and Navy would
need to spend an average of $9.6 billion annually over
the 2002-2020 period to purchase the planned quanti-
ties of the two aircraft plus the JSF. If the prices of
those planes turn out to be higher than DoD expects—a
likely outcome—DoD would need to spend an average
of $ 11.9 billion each year over the same period.

7. See, for example, Office of Assistant Secretary of Defense, "Depart-
ment of Defense Budget Request for Fiscal Year 1997" (press release,
Washington, D.C., March 4, 1996), p. 3.
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Figure 6.
Historical and Projected Funding for Fighter and Attack Aircraft (By fiscal year)
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Those numbers exceed the amount of money that
DoD would have if it was to spend the same share of
future budgets on fighter aircraft as it has spent in the
past. During the 1974-1997 period, the Air Force allo-
cated an average of about 4.6 percent of its annual bud-
gets to new fighter procurement and the Navy allocated
about 3.6 percent. CBO applied those percentages to
the service funding at the end of the Administration's
defense plan for future years to determine how funding
requirements might compare with past funding shares.
If the defense budget remains constant in real terms
after 2001, and if DoD expends on fighter purchases
the same share of future service budgets as it has in the
past, funding could total $6.3 billion annually (in 1997
dollars). Thus, required funding might exceed available
funding by about 50 percent to almost 90 percent, de-
pending on which pricing assumption proves to be cor-
rect.

DoD could devote more funding to tactical aircraft
if it chooses to do so. A number of other mission areas
have been deemphasized—areas that fighters would
have competed with for funding in the past. For exam-
ple, the historical-shares approach implicitly assumes
that DoD will continue to spend a large portion of its
funding on strategic programs. If the deemphasis of
strategic missions results in disproportionate cuts in
spending on purchases of bombers, ballistic missiles,
and other strategic systems over the long term, funding
for fighter aircraft could rise to absorb some of the
slack. But DoD would need to allocate sizable increases
in fighter shares to purchase its current plans.

Some DoD personnel argue that tactical fighters
will be able to absorb a larger share of the funding usu-
ally devoted to investment in aircraft (that is, develop-
ment and procurement).8 General John Shalikashvili,
Chairman of the Joint Chiefs of Staff, argued that in-
creasing the Defense Department's total annual pro-
curement spending to at least $60 billion—roughly in-
creasing funding from today's levels by about 50 per-
cent—would be needed to meet procurement require-
ments. Paul Kaminski, Under Secretary of Defense for
Acquisition, indicated in recent testimony that invest-
ment in tactical fighters would represent a much larger

8. Joint statement of Paul Kaminski, Under Secretary of Defense for Ac-
quisition and Technology and General Joseph W. Ralston, Vice Chair-
man of the Joint Chiefs of Staff, before the Subcommittees on Military
Research and Development and on Procurement of the House Commit-
tee on National Security, June 27, 1996.

share of total aircraft investment but that total aircraft
funding would not be out of line with past experience
because significant funds would not be needed in the
future for airlifters or bombers. Finally, General Jo-
seph Ralston, Vice Chairman of the Joint Chiefs of
Staff, argued that aircraft investment is cyclical and
suggested that the first decade of the 21st century
would be the TACAIR (tactical aircraft) decade—in
other words, a decade of heightened expenditures on
tactical fighters.

If DoD's budget was to rise during this period,
small fractions of the total budget, devoted exclusively
to tactical fighter purchases, could pay for any short-
falls. But if, as happened during the early 1980s, tacti-
cal fighters did not gain a significant share of budget
increases, service budgets would need to grow by large
percentages to pay for fighter funding. If fighters keep
their historical shares, a real increase of more than 2.1
percent in total defense budget authority would be
needed even if aircraft prices do not rise above DoD's
expectations.

Increased Funding May Prove Unlikely

Assuming that significantly larger amounts will be
available for fighters might be optimistic. The Admin-
istration does plan on increasing procurement spending
in its current budget plans. Those plans call for total
spending on procurement to grow to about $60 billion
in current dollars—or about $55 billion in 1997 dollars.
However, that growth is to take place over the five-year
period from 1997 through 2001 instead of by 1998 as
Chairman Shalikashvili was apparently recommending.
But even at that level, the share of DoD's budget for
procurement funding is 22 percent in 2001, which is
lower than its average share during the past 22 years by
about 3 percentage points.

CBO's estimate of the amount available for fighter
and attack procurement implicitly assumes that pro-
curement retains the higher historical average because it
is based on an average of the shares devoted to pur-
chases of tactical fighters over a long period (from
1974 to 1997). Yet, during that period, procurement
funding averaged 25 percent of the defense budget. If
procurement was reduced even to the peak funding
share in the Administration's plans—22 percent—and
fighter aircraft received their historical share of that
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lower level, only about $5.5 billion might be available
annually for procurement—or $0.8 billion less than in
CBO's baseline assumption.

Some analysts would argue that even making the
increases in procurement funding that the Administra-
tion plans may be difficult. Assuming the defense bud-
get remains constant in real terms after 2001, such in-
creases must come at the expense of other appropria-
tion categories, such as operation and maintenance and
military personnel.9 Making large cuts without harming
the readiness of DoD's forces for war involves making
changes in DoD's infrastructure—for example, closing
bases, or consolidating, eliminating, and finding more
efficient ways of providing support functions. All of
those changes have proven challenging in the past and
may prove even more challenging in the future since the
least painful cuts may have already been made.

DoD's forecasts, such as those presented by Under
Secretary Kaminski in his June 1996 testimony before
the House National Security Committee, also suggest
that aircraft investment (development and procurement)
over the 2002-2013 period would not rise significantly
above historical shares, despite large increases in tacti-
cal fighter funding.10 The basis for DoD's argument—
that the lion's share of aircraft investment spending for
the next decade and a half should go toward procuring
fighters—seems to be that few other aircraft will be
procured and most aircraft development will be halted.
Such an acquisition strategy probably would mean that
DoD would need to eliminate missions for which no
aircraft are developed or procured for that long a pe-
riod. DoD has yet to announce formally that it intends
to eliminate the mission areas that receive little funding.

Some analysts might argue that DoD's estimates
should also contain funds for developing the next gen-
eration of fighter aircraft, since funding for developing
fighter aircraft has never dropped so low before. It is
difficult to imagine what aircraft the United States will
need 30 years from now. Therefore, it is tempting to
leave the next generation of fighters out of calculations
for development funding 10 or 15 years from now,

which is one reason that CBO's analysis focuses on
procurement funds.

Other factors suggest that the amount of funding
accorded in CBO's historical shares estimate could be
too high. For example, CBO assumes that DoD's bud-
get rises with inflation during the 2002-2020 period.
Both the Congress's and the Administration's plans for
balancing the budget assume that DoD will need to ab-
sorb some inflation in the near term. Yet cuts for infla-
tion could feasibly continue beyond 2002. The Admin-
istration has not provided estimates of its plans for de-
fense for the period beyond 2002. But if such cuts ma-
terialize and are proportionately distributed, funding for
fighters could be lower than the numbers included in
CBO projections.

At least one industry forecast, by the Electronics
Industry Association (EIA), takes as its most likely de-
fense budget a path that assumes real declines beyond
2000.n EIA assumes spending for the Department of
Defense budget would drop from $234 billion in 2002
(about $6 billion less than EIA's estimate of what the
Department of Defense's share of national defense
spending could be in 2002 based on the Congress's cur-
rent plans) to $231 billion in 2003 and 2004 (all esti-
mates are in 1997 dollars). The EIA forecast dips
again to $230 billion in 2005 before rising slightly to
$232 billion in 2006.

Trends in other portions of the budget may suggest
increasing pressures on defense spending, particularly
after 2010 when the baby-boom generation begins
reaching retirement age. A recent CBO publication
projected trends in federal revenues and budgets over
the 1995-2050 period.12 The study cites Social Secu-
rity Administration statistics predicting that the number
of people 65 and older will double during the 1990-

9. Congressional Budget Office, Trends in Military Operation and
Maintenance Spending (forthcoming), will suggest that reducing op-
eration and maintenance spending below current levels could be diffi-
cult.

10. Joint Statement of Paul Kaminski and Joseph Ralston, June 27, 1996.

11. Electronic Industries Association, EIA Ten- Year Forecast of Defense,
NASA and Related Markets Electronic Opportunities (FY 1997-
2006) (Washington, D.C.: Electronic Industries Association, October
1996). These numbers reflect the funding for the programs in the De-
partment of Defense, but they exclude funding for National Security in
other departments.

12. Congressional Budget Office, The Economic and Budget Outlook:
Fiscal Years 1997-2006 (May 1996), pp. 69-95. The discussion in
this section is largely excerpted from Chapter 4 of that study on long-
term budgets. It provides an explanation of those trends, their implica-
tions, and possible solutions. The chapter also details many of the
assumptions associated with CBO's projections.
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2030 period, whereas the number of working-age peo-
ple will increase by only a quarter. The study presents
projections for deficits and public debt based on a vari-
ety of assumptions about a number of factors that influ-
ence the economy.

All of CBO's projections suggest that, unless
policymakers provide remedies, those retiring baby-
boomers will cause spending on entitlement programs
to grow rapidly and tax revenues to decrease because of
lost earnings. Largely as a result of those demographic
trends, CBO projected that the debt held by the public
could increase from the level in 1998 of about half of
the gross domestic product (GDP) to about 80 percent
of GDP by 2015 and over 100 percent by 2020. The
United States only once let its public debt exceed 100
percent of GDP, and that was for a brief period during
World War II.

Increases in domestic rather than defense spending
cause the debt to burgeon in CBO's projections. None-
theless, defense spending could easily be targeted as a
part of deficit reductions packages proposed to head off
the economic crisis from sustaining this level of debt.
Moreover, any large declines in future defense budgets
could substantially decrease available spending for
fighter aircraft.

Even if future defense budgets remain constant,
fighters will compete for funds with a number of other
weapons. Other services have also experienced pro-
curement holidays and will want to begin purchasing
weapons in larger quantities. The Army plans an ex-
tensive modernization program for its helicopter fleet
and, in the 2002-2020 period, the Navy plans to buy
roughly double the number of ships that appear in its
near-term budgets. In addition, DoD has added theater-
level and national missile defenses to its force require-
ments. Those high-priority, costly programs might well
draw resources from fighter aircraft.

How Two Estimates of the Costs
of Fighter and Attack Aircraft
Plans Compare with Historical
Spending Trends

How much fighters still in development—such as the
JSF, the F-22, and the F/A-18E/F—will cost is most

uncertain. The Department of Defense has its own
goals, and one of CBO's estimates of total costs focuses
on them. But DoD has often underestimated future air-
craft prices in the past. CBO has also developed an
alternative estimate that assumes fighter prices follow
historical relationships between cost and weight and
performance. That estimate yields a larger sum.

Funding Requirements for the Department of the
Navy's Planes Using DoDfs Price Goals. The
Department of the Navy requires less money each year
on average for tactical aircraft during the 2002-2020
period than the Air Force, but it may have more of a
problem meeting its funding requirements. During that
period, the Congressional Budget Office estimates that
the Navy's funding requirements would average about
$4.5 billion. If the Navy's budget experiences no real
increases or decreases beyond 2001, the Navy would
spend about 5.7 percent of its annual budget on fighter
and attack aircraft acquisition.

Navy funding would also experience a bow wave
during the first decade beyond current plans. Funding
during the 2002-2015 period averages $5.2 billion and
would absorb about 6.6 percent of a constant Navy
budget during that period. In fact, even during the
1974-1988 period—a time when large numbers of tacti-
cal fighters were bought—only about 4.2 percent of the
Navy budget was spent on those purchases, about 60
percent of the funding share Navy fighter and attack
aircraft would need over the 2002-2015 period even if
price goals were met. Peak funding in 2009 would re-
quire spending almost 9 percent of a constant service
budget—or about 50 percent higher than the highest
share of funding the Navy has given fighter and attack
aircraft since 1974.

Furthermore, CBO's analysis suggests that pur-
chases of fighter and attack aircraft could have heavy
competition for the Navy's funding during the next sev-
eral decades. Other budget pressures could make it
difficult to allocate so much additional funding to them.
The Navy will need to purchase a large number of ships
during that period. The Navy has given high priority to
its ship purchases in past years. Indeed, some analysts
might argue that the Navy's enduring aircraft shortages
of the 1980s resulted from the high priority the service
accorded ship purchases.
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If the Navy does not accord higher priority to
fighter aircraft, such a funding mismatch might mean
the service would be unable to purchase the number of
JSFs included in the JSF program's illustrative plans
(cuts in planned quantities also cause costs to rise,
which can result in larger cuts). The potential shortfalls
in Navy fighter funding could exacerbate any concerns
about the Navy's dropping out of the JSF program. If
the Navy was to drop out of the Joint Strike Fighter
program, it would only worsen any aircraft shortages it
has during this period. The flexibility to deal with big-
ger shortages of aircraft would be limited since the
Navy has already reduced the number of planes in each
of its carrier wings to deal with shortages.

Costs for Air Force Planes Using DoD Price Goals.
Estimates of aircraft funding for the Air Force suggest
slightly less of a problem during the period from 2002
through 2020, at least if DoD was to meet its price
goals. However, the Air Force's peak-year funding in-
dicates that the service will be unable to purchase both
the JSF and F-22 at the currently planned rates. The
Air Force's funding for fighter aircraft—with a slow
increase in the number of F-22s purchased—would
reach $4 billion by 2002 and peak at almost $8 billion
in 2010 when JSF purchases overlap with F-22 pro-
curement. Air Force funding requirements would aver-
age $5.2 billion over the 2002-2020 period. Those lev-
els are higher than the amount of the share of funding
the Air Force has devoted to fighter aircraft in its past
by about 50 percent.

Why might the Air Force be more able to provide
funding at those levels when the Navy might find them
unaffordable? The main reason is that the Navy—hav-
ing more demands on its funding than the Air Force and
smaller tactical air fleets—has historically spent less of
its budget on aircraft than the Air Force. But also the
Air Force has made an effort to develop a phased pro-
curement schedule that avoids large overlaps in aircraft
purchases. That strategy means that the Air Force
plans to begin JSF procurement when funding for the
F-22 is tapering off.

The Navy's plans do not appear to reflect a similar
strategy since its tactical fighter purchases overlap for a
longer period. For example, the service plans to pur-
chase JSFs for the Navy and the Marine Corps at the
same time that it is purchasing the F/A-18E/F during
the 11-year period from 2005 to 2015. Some analysts

would argue that the simultaneous purchases in the De-
partment of the Navy's plan are illusory since the ser-
vice could easily choose to purchase only one of those
planes. But current pricing for both programs depends
on the production quantities in the plan being realized.

As a result of its attempt to avoid having its pur-
chases overlap during past periods, the Air Force has
devoted a large share of its budgets to funding fighter
aircraft. For example, during the 1974-1988 period,
the Air Force allocated about 6 percent of its budget to
purchases of fighter aircraft compared with the approx-
imate share of 2 percent of its annual budget that it pro-
vided during the 1989-1997 period. Moreover, the Air
Force's peak historical funding share for fighter aircraft
since 1974—about 11.5 percent in 1978—is almost
double the Navy's and higher than the 10.6 percent the
service would need in 2010 under current plans.

Finally, the Navy and Marine Corps will probably
pay more for each of their Joint Strike Fighters, though
they will buy them in smaller annual quantities. The
program goals for the Navy's JSF—about $31 million
to $38 million (flyaway costs in 1994 dollars)—suggest
that it could have a procurement unit cost of about $61
million compared with $45 million for the Air Force
version since the Navy has greater mission require-
ments. The Navy also has in the past purchased more
expensive aircraft than the Air Force. For example,
prices of early models of the F/A-18—the Navy's lower-
cost aircraft—were twice as much as their Air Force
counterpart, the F-16. The Marine Corps' version with
its challenging short takeoff vertical landing flight pro-
file might cost about $54 million, modestly more than
the price the Air Force might expect to pay for its
plane. Price increases for the Marine Corps' require-
ment for vertical flight might be offset, at least in part
by the service's willingness to trade off improvements
in capability such as accepting a less stealthy design.

Congressional Budget Office's
Estimates of Fighter Prices

CBO also estimated future fighter costs based on so-
called "cost-estimating relationships" (see Appendix C
for a discussion of estimating fighter prices). Those
equations measure historical relationships between
price and aircraft weight and performance. CBO's anal-
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ysis indicates that future fighters could cost consider-
ably more than DoD price goals would imply. The
Joint Strike Fighter could have a procurement unit cost
of $63 million for the Air Force version, $81 million
for the Navy version, and $68 million for the version of
the plane that the Marine Corps might purchase (see
Table 2 in Chapter 1). CBO also produced an alternate
estimate for the F-22 that shows a possible unit pro-
curement cost of about $108 million, about 19 percent
higher than the Administration's estimate. According to
CBO's analysis, the F/A-18E/F's current estimate is in
line with past patterns. Consequently, CBO kept the
same cost for the fighter in both estimates.

Pricing DoD!s Plans with the Congressional Budget
Office Estimates. If prices rise to CBO's projected
higher levels, average annual DoD funding require-
ments for fighter aircraft over the 2002-2020 period

would rise to $11.9 billion, roughly 20 percent more
than the estimate based on DoD's goals.

The Navy's average annual funding requirements
from 2002 through 2020 would rise to $5.1 billion—
about 14 percent more than the Administration's pricing
assumptions and more than double the previous shares.
Moreover, in the CBO estimate the Air Force—which
had smaller funding shortfalls under the estimate that
assumes price goals are met—develops a bigger fund-
ing shortfall than the Navy. The Air Force would need
almost $7 billion a year during the 2002-2020 period.
Amounts required for the two services in 2009 and
2010—the peak funding years for the Navy and Air
Force, respectively—come to $8 billion for the Navy
and more than $11 billion for the Air Force. Paying
those sums would require the Navy to almost triple the
share it devotes to fighter purchases. The Air Force

Figure 7.
Unit Procurement Costs for Fighter and Attack Aircraft

Millions of 1997 Dollars

1950 1960 1970 1980 1990 2000 2010

SOURCE: Congressional Budget Office.

NOTE: The line is a linear regression of the historical aircraft cost.

a. CBO estimates.

b. Administration estimates.
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Table 4.
Summary of Technological Developments in Tactical Aircraft

Design
Component

Airframe

Avionics

Propulsion

1950s

Aluminum;
steel

Analog
gauges;
vacuum
tubes

Moderately
high-turbine
temperatures;
cooled
turbine;
titanium
begins to
replace
aluminum

1960s

Titanium;
some com-
posites

Analog
gauges;
transistors;
some avio-
nics integra-
tion

Superalloy
materials;
high-temp-
erature
turbine;
improved
cooling
techniques

1970s

Technology

1 0 percent
to 20 percent
of structural
weight com-
posites

Large-scale
integrated
circuits; hard-
wired digital
signal pro-
cessing;
multifunc-
tion displays;
head-up
display

High thrust
to weight;
high-temp-
erature
materials;
composite
materials

1980s

1 0 percent
to 20 percent
of structural
weight com-
posites

Program-
mable
signal pro-
cessors; very
large-scale
integrated
circuits;
crew-avionics
interactions

Turbine inlet
temperatures
~2,550°F;
metal single
crystal blades;
micropro-
cessors for
better
control

1990s

Metal matrix
composites

Fully inte-
grated
avionics;
bus/module-
based
architecture;
full helmet
display; very
high-speed
circuits

Turbine inlet
temperatures
~2,850°F;
non-metal
parts; inte-
gration of
aircraft and
engine
controls

2000s

Major use of
composites
in structure;
integrated
mechanical
systems (elec-
trical/hydraulic)

Greater inte-
gration of
avionics
functions;
common
antennas and
receivers;
reduction in
number of
components

Turbine inlet
temperatures
~3,400°F;
exotic cooling;
afterburners
not needed for
supercruise;
reduced
signatures

Signature No stealth No stealth No stealth LO; VLO LO; VLO LO; VLO

Aircraft Model A-4A-C
F-4A, A-6A

Aircraft That Enter Fleet During Period8

A-4E/F
F-4B/J
F-4C-E
F-111

F-15A-D
F/A-18A/B
A-6E, F-14A

AV-8B
F-15E
F-16C/D
F-117A
F/A-18C/D

F/A-18E/F F-22, JSF

SOURCE: Congressional Budget Office based on data from Bruce R. Harmon and others, Military Tactical Aircraft Development Costs (Alexandria,
Virginia: Institute for Defense Analyses, September 1988).

NOTES: LO = low observable; VLO = very low observable. Not all aircraft incorporate all technologies,

a. Not all aircraft incorporate all technologies.
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would need to more than triple its share of funding for
fighter aircraft from average shares in the past.

Which Estimates Are More Realistic?

If the number of purchases of tactical aircraft depends
so much on assumptions about pricing, which prices are
more realistic? Unfortunately, fighter prices could eas-
ily be higher than those associated with the Administra-
tion's goals, particularly for the Joint Strike Fighter.
Historical cost-estimating relationships suggest that
weight, performance, and costs are closely tied.

Fighter prices grow from one generation to the next
as DoD introduces more advanced technologies and
capabilities into its tactical aircraft (those data underlie
cost-estimating relationships). Since the 1950s, fighter
prices have doubled or tripled from one generation to
the next as those technologies have been introduced.
(See Figure 7 on page 37 for historical price trends for
fighter and attack aircraft and Table 4 for a summary of
developments in technology that might have contrib-
uted to price increases.)

Program goals for JSF prices assume that the pro-
gram will not experience as much price growth as those
trends might suggest, at least for the Navy and Marine
Corps versions. DoD's price goal for the Air Force ver-
sion is a flyaway cost of about $28 million in 1994 dol-
lars. CBO estimates that amount would correspond to
a procurement unit cost of about $45 million. That
price is consistent with previous price growth, but only
if one looks at the pattern in the least sophisticated air-
craft. That unit price for procurement is about twice
the average price of the JSF's predecessor, the F-16,
which in turn cost about twice as much as its predeces-
sor, the F-4.

The price goals for the Navy and Marine Corps
versions are in surprisingly low, even when compared
with the trend in less capable planes. They represent
increases of only about 60 percent above the purchase
price of the A-6E and the AV-8B Harrier, respectively,
when those planes cost almost twice the price of their
predecessors.13 (That disparity may also suggest that

the Navy's costs might rise significantly in relation to
the goal for the Air Force version after the source is
selected.) Even the Navy's F/A-18A to D models had a
price tag that was about twice the F-4s, their fighter
predecessor.

The services have also fielded a number of other
planes that represented more than a doubling in price
during each decade. True, those planes—including the
Navy's F-14 and the Air Force's premier fighter, the
F-15—achieved more significant improvements in ca-
pability than DoD may be expecting from the JSF.
Nonetheless, look at the total picture. If all fighter and
attack aircraft purchased by the services were taken into
account, the JSF price goals, including those for the Air
Force, would fall well below the average. As a result,
all JSF prices might increase, perhaps to the level of
CBO's estimate or higher if the program delivers sub-
stantial improvements in capability.

The Joint Strike Fighter program office argues that
past experience—such as that represented in the cost-
estimating relationships and reflected in generational
price trends—is not relevant to the JSF. Yet, as dis-
cussed in the next chapter, aircraft prices are to receive
more emphasis in the JSF program than they received
in earlier development efforts. The program manager's
position is that any improvements in capability need to
earn their way into the program. He also argues that
future managers, confronted with traditional trade-offs
between controlling cost and enhancing capability, will
accord higher priority to controlling cost than the man-
agers of earlier programs.

Nonetheless, the JSF program is promising sub-
stantial increases in capability over current aircraft, par-
ticularly in the realm of stealth. However, some ana-
lysts argue that stealth has definite cost penalties. The
F-22 and F-l 17A, two stealthy planes, have prices that
are significantly higher than other more conventional
fighter and attack aircraft. Low production quantities
and rates account for some of the difference in price.
But the requirements for stealth performance also drive
up costs. Whether DoD's price goals for the JSF fully
account for additional costs related to stealth technolo-
gies remains unclear.

13. Selecting the "correct" predecessor for the A-6 is difficult. Some ana-
lysts argue that the A-3, a carrier-based strategic bomber is the appro-
priate predecessor. A-6s cost almost 90 percent more than the A-3.
Other analysts argue that the A-l which emphasized a nonnuclear

mission is the plane that is truly the A-6's predecessor. A-6s cost more
than 10 times the price of the A-l.
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If the performance of the Joint Strike Fighter has to and costs, prices would rise and procurement rates and
be so diminished to meet price goals that it barely ex- total quantities would fall. Smaller fighter purchases
ceeds that of the current generation of aircraft, then the would create shortages between inventories and re-
utility of paying to develop a new plane becomes an quirements that, without force reductions, would re-
important question. If DoD is unable to sever the link quire DoD to keep planes even longer than the venera-
at least partially between improvement in performance ble ages in current plans.



Chapter Four

The Joint Strike Fighter:
Linchpin of the Administration's

Aircraft Modernization Plans

T he Joint Strike Fighter program will be the
linchpin of the Department of Defense's mod-
ernization effort. It will account for about two-

thirds of the fighter aircraft included in current DoD
plans. What is open to dispute is whether a common
aircraft design can answer the varied requirements of all
three services—a multirole fighter for the Air Force, a
long-range, ground-attack plane for the Navy, and a
short takeoff vertical landing fighter for the Marine
Corps. If DoD's modernization effort is to succeed, the
Joint Strike Fighter program must be successful. It
must meet three different sets of performance criteria
and deliver the affordable aircraft that program officials
promise. Because the Joint Strike Fighter is so central
to DoD's plans, still early in its development, and tak-
ing a nontraditional approach, the program deserves
close attention.

DoDfs Plans for the Joint
Strike Fighter Program

The Joint Strike Fighter program plans to design and
develop several airframes or versions of airframes—
possibly three—thereby mirroring the number of devel-
opment programs it replaced (see Table 5 for a descrip-
tion of the services' requirements for the plane). A ver-
sion that takes off and lands conventionally for the Air
Force will be the lightest, least-complicated, and cheap-

est of the versions. A more rugged and possibly more
complex version of the plane—strengthened to cope
with the rigors of carrier operations and possibly modi-
fied to increase its stealth—characterize the Navy's ver-
sion. The most radical differences are likely to appear
in the Marine Corps/Royal Navy short takeoff vertical
landing aircraft. The STOVL aircraft will require ei-
ther an additional fan driven off a common engine or an
increase in the engine's thrust to provide the short take-
off vertical landing ability that the Marines Corps
seeks. (The option of adding an additional engine for
STOVL planes was a part of a losing design proposal.)
The specific design solution to the challenges will de-
pend on which proposal is selected to enter the next
phase of development.

Philosophy of the Joint Strike
Fighter Program

Concerns about future prices underlie everything the
Joint Strike Fighter program is trying to accomplish.
The price of the aircraft receives more emphasis in the
JSF's program plans than has been common in previous
fighter development efforts. That emphasis is not sur-
prising for a program that owes its existence to other
programs canceled on the basis of their being unafford-
able. Nor should it be surprising given the profound
effects the program would have on future budgets and
force structure if its ambitious cost goals are not met.
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The push for keeping costs down has created two
distinguishing features in the program: a high degree of
jointness, and an attempt to incorporate commercial
processes and existing technologies or developing tech-
nologies that will reduce costs. Jointness is not only
evident in managing the program but also in the high
degree of commonality that is expected from the three
versions of the JSF. According to JSF program brief-
ings, a joint fighter will cost about 18 percent to 25 per-
cent less to develop, purchase, and operate than would
three independently produced planes.

To achieve its ambitious cost goals, DoD expects
to make the commonality of the systems those planes

incorporate—airframe structure and systems, engines,
and avionics—as great as possible. The JSF program
also expects to save money during both its developmen-
tal stage and later when planes become operational.

The JSF program office has not yet released a de-
tailed estimate for the development phase. But the
Congressional Budget Office estimates that the JSF
might cost $18.8 billion during the engineering and
manufacturing development (HMD) stage, in addition
to the $2.7 billion for developing the concept, bringing
the total cost of development to $21.5 billion. That
amount would be considerably less than earlier esti-
mates of HMD funding for three separate designs.

Table 5.
Operational Characteristics for the Joint Strike Fighter

Characteristic
Service and Requirement

Air Force Navy Marine Corps

Sortie Generation Rate
Significantly Greater Than
Current Models of:

Logistics Footprint
Significantly Lower Than:

Payload (Internal) Plus
Four External Stations

Survivability Enhancements3

Radius (Nautical miles)

Speed and Maneuverability

Aircraft Carrier Suitability

Basing Flexibility

Affordability (Unit flyaway costs
in millions of 1994 dollars)

F-16

F-16

1,000 pound class
Aim-120andGun

F/A-18

n.a.

2,000 pound class
Aim-120

AV-8

AV-8

1,000 pound class
Aim-120

Moderate High b

450 to 600 600 Minimum 450 to 550

Capabilities Comparable to Current Multirole Fighters Such as F-16 and F/A-18

No Yes STOVL

No No Yes

28 31 to 38 30 to 35

SOURCE: Congressional Budget Office based on Joint Initial Requirements Document (part of Department of Defense's Request for Concept
Development).

NOTES: STOVL = short takeoff vertical landing; n.a. = not applicable.

a. Specific details of the services requirements for enhancement to survivability (largely through reductions to the planes' signatures) though
unclassified, are not available to the public, according to DoD.

b. A plane that lands vertically may still have a large signature.
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Funding for engineering and manufacturing develop-
ment for the three planes JSF replaced might have to-
taled $29 billion to $36 billion. But spending the funds
for JSF development would be considerably more than
that spent to develop most earlier tactical fighters. (The
Air Force's F-22 still holds the highest development
price tag for a fighter.)

A new Department of Defense program to develop
weapons usually heralds the improvements in capability
that it will bring. Indeed, other design programs for
fighters have promised upgrades in almost all areas of
capability. The F-22 is expected to be stealthier and
more maintainable than its predecessor—the F-15. It
also is supposed to travel longer ranges at high speed
and to possess avionics that will keep its pilots aware
of their situation.

In contrast, a central theme of the JSF program is a
willingness to trade off capabilities to meet cost goals.
For example, the contractors have been instructed to
estimate the sensitivity of the JSF's costs to desired ca-
pabilities so that the program and the services will be
able to make trade-offs to lower the prices. Program
office briefings forecast that emphasizing affordability
in the design effort will yield additional savings of 15
percent to 30 percent over the life of the program.

The JSF program will also incorporate changes in
acquisition procedures that a number of analyses of
DoD's acquisition process recommended. Those re-
forms include "paperless" offices (increasing the use of
networked computers in the contracting process) and
use of "integrated product teams" (a management strat-
egy from the business community that involves poten-
tial users in product design). The program also plans to
make use of off-the-shelf commercial technology to
produce savings.

former Tactical Air Command, and a fighter interceptor
for the Navy's carrier-based air wings. The Navy with-
drew from the program, which ultimately produced
planes that performed only the interdiction mission. As
a result, DoD purchased the F-lll in relatively small
quantities.

The JSF program's goals for commonality indicate
that major portions of the fuselage, portions of the pro-
pulsion system, and most of the avionics would be com-
mon to all three versions. If the contractors find that
level of commonality feasible, then the fuselages of all
three versions of the Joint Strike Fighter would start out
on a common production line as would the engine and,
of course, the avionics.

Personnel in the Joint Strike Fighter program office
have stated in briefings that about 80 percent of the
value of planes' parts might be common, which is what
the JSF program's cost goals assume.1 According to the
program office, that assumption would result in a re-
duction of up to 25 percent from the program's esti-
mates of the life-cycle costs of three independent devel-
opment efforts.2

Using Technology to Reduce Costs

The Joint Strike Fighter program also expects to de-
velop technologies in ways that enhance affordability,
while using existing technologies as much as possible.
It plans to develop technologies that will reduce cost
and weight and make planes easier and cheaper to
maintain. In addition, it has directed contractors to
choose technologies that entail lower risk, even if it
means giving up some capability.

Commonality: A Major Design Goal

In the Joint Strike Fighter program, commonality cer-
tainly receives more emphasis than in any fighter design
since the Tactical Fighter Experimental (TFX or F-111)
program of the 1960s. That program, like the JSF, was
also intended to provide planes for a number of dispa-
rate missions: a medium-range nuclear-capable attack
aircraft for the Air Force's former Strategic Air Com-
mand, a conventional strike aircraft for the Air Force's

One can measure commonality in several ways: by counts of parts, by
weight, or by the cost of the parts. Designs can produce very different
scores for commonality depending on which of those scoring methods
is used.

The program office indicated that savings of 25 percent would be pos-
sible, but the program manager may be expecting even bigger savings
from commonality. "[Program Manager Craig] Steidle told the Armed
Forces Journal International that, as a result of commonality and
new manufacturing techniques, the Joint Strike Fighter's unit flyaway
cost could be reduced by as much as 30 percent." Glenn W. Goodman,
Jr., "Joint Strike YigfrtQT," Armed Forces Journal International (Feb-
ruary 1996).
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Consider one example of using existing technology
—namely, using a derivative of the F119 engine, the
engine in the F-22—instead of developing a totally new
engine. Some of the program's goals for engine design
might also be a good way to demonstrate technologies
that will reduce cost. Perhaps by increasing reliability,
the program plans to demonstrate an engine design that
will cost less to operate than engines of the previous
generation.

Another example of technologies that are aimed at
reducing cost is the demonstration effort of Joint Ad-
vanced Strike Technology Integrated Subsystem Tech-
nology. In standard development efforts, many of the
subsystems that make planes fly—such as the auxiliary
power unit and the hydraulics—are developed as sepa-
rate systems. That practice, however, leads to redun-
dancy and excess weight. Proponents of integrated
subsystems suggest that the reduced numbers of parts
will lower the number of failures the system or systems
suffer. The program will attempt to demonstrate a
combined system that will perform the functions of a
number of those subsystems.

The development effort for the Joint Strike Fighter
will also try to lower technological risk by considering
the capabilities of other aircraft with which the plane
will operate. As a result, the services might discover
that requirements for the JSF itself could be lowered.
For example, the services might decide to accept JSF
designs with less capable radars if the fighters could
expect to receive targeting information from Joint Sur-
veillance Target Attack Radar System aircraft (planes
that survey the battlefield and can provide locations of
ground targets to strike aircraft).

The services have agreed to preliminary require-
ments in JSF's Joint Initial Requirements Document.
The purpose of that document is to provide guidance
for contractors to use as they develop the concept rather
than to specify the final capabilities for the various air-
craft. For example, if the Navy later decides the esti-
mates for ranges and payload specified in the statement
of requirements are too short or too small, then it could
drop out of the program in favor of initiating a new de-
velopment effort. Conversely, the service could hold
out for increases in capability that might raise the price
of the program.

New Forms of Program Management

The JSF program was created at a time when budget
pressures were strong and some revolutionary changes
were occurring in the way DoD was managing acquisi-
tion programs. As a result, the program has a unique
program management structure and approach, including
freedom from traditional acquisition rules and over-
sight, its joint nature, and its emphasis on a number of
reform initiatives in the acquisition process.

The Oversight of the JSF Program As Part of the
New Philosophy. Management of research, devel-
opment, and procurement of the Joint Strike Fighter
reflects recent management initiatives by DoD to intro-
duce greater flexibility into the acquisition process gov-
erning major weapon systems. The department tradi-
tionally required that all major weapon programs prog-
ress through a series of development and production
phases separated by major decisions or milestones. All
major weapon programs—those with an estimated total
cost of more than $355 million for research and devel-
opment or $2.1 billion for procurement (in 1996 con-
stant dollars)—were required to pass each milestone
successfully before proceeding to the next phase.

Old Policy. Under former policy, the department re-
quired approval of a statement outlining the need to
perform a particular military mission before work on a
major weapon system could begin. Before the Defense
Acquisition Board—a high level DoD review commit-
tee—approved the need statement (Milestone 0) the
military services developed a weapon system concept to
meet the requirements of the approved military mission.
The Defense Acquisition Board authorized the services
at Milestone I to demonstrate and validate the weapon
concepts they had selected.

The next milestone decision (Milestone II) autho-
rized the services to begin engineering and manufactur-
ing development to transform a weapon concept into
operational subsystems and components. When the
services demonstrated that engineering and manufactur-
ing development efforts were sufficiently successful,
the Defense Acquisition Board authorized the initial
production of a weapon system in limited quantity to be
used for operational testing before beginning produc-
tion at a full rate (Milestone III).
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New Rules. Since 1992, however, to avoid costs and
delays from unnecessary reporting and review proce-
dures, efforts to reform the acquisition process empha-
sized streamlining and management flexibility. The
department also undertook a separate initiative to per-
mit developing advanced technologies to demonstrate
new military capabilities without committing the de-
partment to procuring a new weapon system. Such ini-
tiatives should allow the department to proceed with
research and development of concepts and technologies
for the JSF to an advanced stage of the acquisition pro-
cess without being subject to the previous formal re-
view processes.

DoD recently revised its management directives to
ensure that essential requirements are met during the
acquisition process. However, exceptions can be made
when appropriate to permit a program to proceed with-
out formal reviews and associated reporting require-
ments. A March 1996 directive states that a manage-
ment review of each weapon program should ensure
that major acquisition requirements are met but may be
tailored to reflect a program's particular characteris-
tics.3 According to the new directive, "Certain core is-
sues must be addressed at the appropriate milestone for
every acquisition program." However, "tailoring may
be applied to various aspects of the acquisition process,
including program documentation, acquisition phases,
the timing and scope of decision reviews, and decision
levels."4 The new rules permit a program to enter the
acquisition process at any stage of development or pro-
duction that the Defense Acquisition Board deems ap-
propriate. In some cases, if DoD management concurs
with recommendations from a program office, a major
weapon program may proceed to more advanced stages
of the acquisition process without undergoing formal
milestone reviews.

Through bypassing a traditional program initiation
and Milestone I review, the JSF program reflects DoD's
new, more flexible approach to acquisition management
(see Table 6 for schedule). The Defense Resources
Board—an oversight body that the Deputy Secretary of
Defense chairs—did not formally approve a mission
need statement for the JSF as has been required in the
past. But the Joint Requirements Oversight Council—

3. Department of Defense Directive, Executive Summary, DoDD 5000.1
and DoD 5000.2R (March 15, 1996).

4. DoDD 5000.1 and DoD 5000.2R, p. 8.

made up of members of the Joint Staff and chaired by
the Vice Chairman of the Joint Chiefs of Staff—re-
viewed a Joint Initial Requirements Document that the
services submitted in August 1995 that initiated the
program. Moreover, although the Defense Acquisition
Board held no formal Milestone I review, it did hold a
special review late in the summer of 1995 to examine
the Concept Demonstration Phase—the initial phase of
the acquisition process—and subsequently reviewed the
package asking contractors for proposals to develop
concepts. As part of that review, the Defense Acquisi-
tion Board also reviewed the cost estimates for program
development.

Although those steps toward greater flexibility may
streamline and accelerate the acquisition process for the
Joint Strike Fighter, they could also introduce a risk
that DoD leadership could overlook important elements
of program planning, developing, testing, and review-
ing. However, if the Defense Acquisition Board holds a
regular Milestone II review before the program enters
engineering and manufacturing development, the risk
that such oversights could occur might be reduced.

Other Reforms. The JSF program management struc-
ture incorporates a number of acquisition reforms. The
program has arranged for the early and intensive in-
volvement of a number of personnel who will be af-
fected by decisions about the design (according to a
program briefing that approach will involve industry
and "war fighter"—a potential user of the system—ear-
lier in the process). To ensure that involvement, the
JSF program is making heavy use of Integrated Product
Teams that provide broader involvement earlier.

The program is also following other suggestions for
reforming acquisition in attempting to simplify and
streamline the contracting process. For example, the
government's requests for proposals for early phases of
the program and the contractors' bids were prepared
and submitted using networked databases, which the
program office argues greatly simplify solicitation and
source selection.

The program also has an unusual joint service
management structure. The people who devised the
program attempted to ensure that the services would be
equal partners in the design phase. For example, the
Navy and Air Force are expected to alternate in supply-
ing program managers, and the program office is to
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Table 6.
Program Schedule for the Joint Strike Fighter as It Moves Through the Acquisition Management Process

Department of Defense
Milestones and Requirements

Milestone 0:
Approval to Explore
Concept

Reviewed by DAB
and JROC

Phase 0:
Concept Development

Joint Strike Fighter
Concept Studies,
1994

The then-Joint Ad-
vanced Strike Tech-
nology program was a
technology exploration
program, not an ac-
quisition program at
this point

Milestone I:
Approval to Begin a
New Acquisition
Program

Program provides and
DAB reviews:
CAIV
APB
Exit criteria

Milestone II:
Approval to Enter
Engineering and Man-
ufacturing
Development

DAB approves:
acquisition strategy
CAIV
APB
Exit criteria

Joint Strike Fighter
Phases and Status

Phase I:
Program Definition
and Risk Reduction

Joint Strike Fighter
selects two teams of
contractors for con-
cept development,
1996

Joint Strike Fighter
becomes major de-
fense acquisition pro-
gram in May 1996.

Phase II:
Engineering and
Manufacturing
Development

Milestone II: Joint
Strike Fighter in 2001

First formal review for
Joint Strike Fighter.

Milestone III:
Approval to Enter
Production,
Fielding/Deployment,
and Operation
Support Phase

DAB approves:
acquisition strategy
CAIV
Phase III exit criteria
Full-rate
production

Phase III:
Production, Fielding,
Deployment and
Operating Support

2009 (formal mile-
stone review)

2009 (formal mile-
stone review)

Joint Strike Fighter
first operational
around 2010

SOURCE: Congressional Budget Office based on information from the Department of Defense.

NOTES: DAB = Defense Acquisition Board; CAIV = Cost as an Independent Variable; JROC = Joint Requirements Oversight Council; APB =
Acquisition Program Baseline.
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alternate reporting to Navy and Air Force secretariats.
In the past, even in programs in which DoD expected
joint purchases, program oversight usually has been the
responsibility of a single service.

Manufacturers Compete for Joint
Strike Fighter Development Contracts

In response to its request, the Joint Strike Fighter pro-
gram received three proposals from aerospace contrac-
tors to develop conceptual designs for the plane. Two
companies—the Boeing Company and the Lockheed
Martin Corporation—submitted proposals individually.
The third proposal was submitted by a team composed
of McDonnell Douglas Aerospace, Northrop Grumman
Corporation, and British Aerospace Defence Ltd. The
program office announced on November 16, 1996, that
the Boeing and Lockheed proposals had been selected.

The winning teams will build and fly three versions
of two demonstrators—the X-32A, B, and C and the X-
35A, B, and C ("A," "B," and "C" designate, respec-
tively, Navy, Air Force, and Marine Corps versions).
Those planes will demonstrate STOVL capability and
low-speed handling—an important design feature for
planes that take off from and land on aircraft carriers.

The next major decision that affects which compa-
nies participate in the program is Milestone II, currently
scheduled to occur in 2001, the beginning of the engi-
neering and manufacturing development stage. At that
point, according to current plans, DoD will select a sin-
gle proposal for developing and producing the three
versions of the Joint Strike Fighter.

Concerns About the Joint
Strike Fighter Program

Personnel in the Congress and the Executive Branch
have expressed a number of concerns about the Joint
Strike Fighter program, especially whether the program
will fall victim to historical trends or be able to avoid
them as it promises. Those potential problems could
dim the chances for the hoped-for reductions in costs.

Concerns about Commonality

To cut costs, the Joint Strike Fighter program empha-
sizes commonality more than probably any other mili-
tary aircraft design effort. But skeptics are already
pointing to several problems related to commonality.

Warnings From the Past. The Department of De-
fense's past experience with joint programs does not
engender optimism about the prospects for attaining
high levels of commonality. Many defense programs
begin with the expectation of joint purchases by the
services, but those expectations are seldom met. In the
mid-1980s, for example, the Navy and the Air Force
planned to buy each other's planes. The Navy agreed to
buy a version of the Air Force's F-22 (then called the
Advanced Tactical Fighter) to replace its F-14 fighter
aircraft, and the Air Force agreed to purchase the
Navy's Advanced Tactical Aircraft, which was eventu-
ally designated the A-12, for its strike mission. Subse-
quent events—including substantial reductions in the
perceived threat and the cancellation of the A-12—dis-
rupted those plans. The Navy now has no plans to pur-
chase a version of the F-22.

The Marine Corps' V-22 is another example of
high hopes for jointness being dashed during develop-
ment. DoD originally planned to purchase about 1,200
V-22s, including about 600 for the Marine Corps, 230
for the Army, about 300 for the Navy, and about 80 for
the Air Force. After several years of development, the
Army dropped out. The Navy cut its planned purchases
from 300 planes to about 50 planes, which are still in
DoD plans. The Marine Corps also cut planned buys to
425 aircraft, and the Air Force may still buy 50 planes
for special operations.

Other examples of decreasing commonality be-
tween early concepts and production include the AV-8B
Harrier and the F/A-18E/F programs (see Table 7).
Those planes were supposed to have 50 percent and up
to 70 percent, respectively, in common with earlier ver-
sions. According to some estimates, their airframes
ended up with very little or no commonality.

The Navy's T-45 A Goshawk, a trainer that operates
on a carrier deck, was expected to have a high degree of
commonality with the United Kingdom's Hawk, a land-
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based trainer. It, too, ended up with little commonality
with the earlier version. The JSF program office ar-
gues, however, that the early involvement of the three
services in the design process will improve the chance
that the program will succeed in producing planes for
all three services.

Commonality Requires Compromise. Common
sense suggests that a joint program design is likely to
be a compromise. On the one hand, such a compromise
could mean that the service with the most modest re-
quirements in terms of capability (the Air Force) would
have to accept a higher price and capability than it
needs so that the needs of the services with the greater
capability requirements (the Navy and Marine Corps)
could be met.

On the other hand, the Navy might have to give up
on some of its technical desires to avoid pricing the Air
Force and the Marine Corps out of the market. If his-
tory is a guide, both outcomes are likely—the planes are
apt to be more costly than Air Force requirements
might dictate, but provide less capability than the Navy
might desire. (Also note that price increases and de-
creases in capability are consistent with the history of
many single-service programs as well. DoD's develop-
ment programs usually provide less capability at higher

prices than early optimistic estimates suggest.) The
program's success will depend on persuading the ser-
vices to lower their expectations from the stand-alone
programs they might have without the Joint Strike
Fighter.

Navy Concessions

According to briefings the Congressional Budget Office
has received from the Joint Strike Fighter program of-
fice, the Navy has already made several concessions in
its requirements. The Navy has argued that the planes
in its fleet need two pilots and two engines for a num-
ber of years. The service has indicated a willingness to
accept a single engine and a single pilot. Both of those
concessions could keep the price of the Navy's JSF ver-
sion down. Always present is the concern that the Navy
might attempt to withdraw from the program when the
JSF reaches engineering and manufacturing develop-
ment, when the service must find larger yearly sums to
pay its share of the fighter's development costs.

To keep prices down, the Navy might also need to
accept lower levels of stealth and shorter ranges than it
had originally expected from a strike fighter. But sig-
nificant concessions on those requirements might also

Table 7.
Trends in Commonality During Selected Development Programs

Aircraft3 Early Estimate Midterm Estimate Most Recent Estimate

F/A-18E/F

AV-8B

T-45A

P-7b

60 to 70 (1988)

50(1978)

64(1992)

59(1988)

25(1991)

5 to 10 (1980)

10 to 12 (1988)

0 to 5 (1989)

0(1995)

0 to 5 (1981)

8 to 10 (1990)

Terminated

SOURCE: Congressional Budget Office based on Department of Defense data.

NOTE: Table uses examples of recent development programs. Weight of common parts are expressed as a percentage of total airframe weight.

a. Reflects common features of the airframes with earlier models. Commonality in subcomponents may be higher. For example, the Navy argues
that 90 percent of the F/A-18E/F avionics subcomponents are the same as those in the F/A-18C/D.

b. Reflect commonality with the P-3 aircraft. The P-7 design was originally expected to be a modified P-3.
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endanger the Navy's support for the program. A naval
Joint Strike Fighter will need to offer substantial im-
provements in those areas above the capability of the
F/A-18E/F Hornet that the Navy is purchasing to be-
come its fleet workhorse for the first decade of the 21st
century.5

The Air Force's Concerns

Air Force decisionmakers have indicated that they will
drop out of the program if the price increases substan-
tially. Specifically, the service is worried that it will be
forced to pay extra to buy a plane that has more capa-
bility than it needs. General Joseph Ralston stated that
the Air Force would not be able to afford JSF aircraft
that are sized to meet Navy requirements.6

Air Force sensibilities about these issues are likely
to be highly important to JSF personnel, since the Air
Force is slated to purchase two-thirds of the planes.
Nonetheless, DoD's track record would lead one to ex-
pect significant growth in most planes' procurement
prices during the development phase—growth that
could easily drive the price well above the $28 million
price goal (in 1994 dollars).

The Marine Corps1 Concerns

The Marine Corps also raised concerns about whether
the Navy's desire to carry 2,000 pound bombs (rather
than the 1,000 pound bombs called for under Air Force
and Marine Corps requirements) would drive up the
price of the Joint Strike Fighter. Lieutenant General
Harold Blot, when he was the Marine Corps' Deputy
Chief of Staff for Aviation, was quoted as saying that,
"the last thing we want to happen is to have 300 air-
planes drive [the design of] 2,500 airplanes."7 Informal
sources suggest that the Air Force might be reconsider-
ing the desirability of carrying larger weapons.

For a discussion of concerns about the F/A-18E/F program, see Gen-
eral Accounting Office, F/A-18E/F Will Provide Marginal Opera-
tional Improvement at High Cost, NSIAD 96-98 (June 1996).

Tanya Bielski, "Navy's JAST Requirements Make Program Too
Expensive-Ralston," Defense Daily, November 1, 1995, p. 141.

"Marines to Scrutinize JSF [Joint Strike Fighter] Internal Carriage,"
Aerospace Daily, March 1, 1996, p. 322.

Concerns About Technology

As with commonality, concerns could be raised about
the ability of the JSF program to wring savings from
development by using existing (or mature) technologies
to the greatest extent possible. As an example, designs
for the Joint Strike Fighter may need an engine with
more thrust than that of the Fl 19, largely for the Ma-
rine Corps versions. Making such sizable increases in
thrust while maintaining reliability might be difficult to
attain from an engine originally designed for the F-22.
Moreover, it will doubtless require jumping some tech-
nological hurdles, such as enhanced cooling, which
might be challenging.8

According to some critics, DoD has found it diffi-
cult to make substantial increases in the performance of
existing engines. The General Accounting Office, for
example, argues that the Navy has not been able to get
the roughly 38 percent increase in thrust it desired from
its F404 engine to make it the F/A-18E/F's F414.9 If
GAO is right, and if increases in thrust expected from
the F119 exceed 20 percent in the eventual develop-
ment plan, they would exceed the increase that the
Navy may be able to get out of the upgrade from F404
to F414. Proponents of the JSF maintain that thrust
has increased by similar percentages when commercial
engines have been modified.

Some analysts are also skeptical about the promises
of cost savings from integrating systems, such as what
the Joint Advanced Strike Technology Integrated Sub-
system Technology program proposes. Even if goals
are met and the program develops a way to combine a
number of systems into one, concerns could be raised
about the increased maintenance costs of the single sys-
tem. Although an integrated system may reduce
weight, and thus cost less to purchase, it may be subject
to the problem that a failure anywhere in the system
may require maintenance to the entire system. Design-
ers can attempt to deal with this problem, perhaps by
designing modular systems, but trade-offs may be inev-
itable between integration and reducing the cost of re-

Office of the Under Secretary of Defense for Acquisition and Technol-
ogy, Report of the Defense Science Board Task Force on Concur-
rency and Risk of the F-22 Program (April 1995).

General Accounting Office, F/A-18E/F Will Provide Marginal Oper-
ational Improvement (June 1996), p. 29.
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pairs. Also, decreasing redundancy in flight controls
could make planes more vulnerable if they are hit.

A major theme of the effort to use significant
amounts of existing technology is that the services will
have to reduce the emphasis on state-of-the-art technol-
ogy. Choosing technologies that are already clearly
understood should cut costs, but the service participants
in the Joint Strike Fighter program may find it difficult
to forgo technologies that promise substantial improve-
ments in capability.

The Joint Strike Fighter has no formal requirements
for capability, since it has only recently become a
proper acquisition program rather than an exploration
program. But the concerns the services have about
trade-offs involved in achieving commonality may find
their match in the concerns the services have about ca-
pabilities lost to cut design and production costs. For
example, the services' stealth requirements may be of
high enough priority to force the program to incorpo-
rate advanced technologies that could drive up costs.

Concerns About Capability Trade-Offs

Because of the program's emphasis on affordability,
JSF's success will hinge on constraining costs. Yet the
price of fighters has always grown from one generation
to the next. Since the United States expects significant
improvements in capability from each new generation
of weapons and pays for what it gets, some growth in
prices is inevitable. If that improvement is the underly-
ing cause of such growth, DoD's plans to deemphasize
capability might hold prices down. But some of the
goals for the JSF's technical performance create poten-
tial for significant cost growth.

The Joint Strike Fighter program intends to keep
costs low by trading off capabilities. The catch is that
only a limited range of trade-offs may be acceptable.
Indeed, the JSF program office has compiled an impres-
sive list of desired capabilities. Even if those desired
capabilities are only goals, contractors appear to be
attempting to meet them (and, they argue, succeeding)
in their proposals for developing a concept. The list
also indicates the high priority that the JSF program
office is placing on cost. It is unusual for a program to
include cost among its design goals.

The Congressional Budget Office asked all of the
contractors who submitted proposals to develop the
concept for the Joint Strike Fighter to give examples of
desired capabilities they traded off to meet cost goals.
No contractor provided an example of such a trade-off,
though trade-offs were apparently made when the oper-
ational requirements were determined. New develop-
ment efforts are typically justified on the basis of the
improvements they offer over the current generation's
weapons. The eventual designs for the Joint Strike
Fighter will need to provide capabilities that exceed
those of the current fleet in several areas, particularly in
reduced observability. Otherwise, DoD may find it dif-
ficult to justify the program.

Concerns About Acquisition Reform

Some defense analysts raise another concern about the
current Administration's promises to cut costs. They
argue that they have heard similar promises from previ-
ous administrations that were not realized. A good ex-
ample is a concept developed in the 1970s under then
Deputy Secretary of Defense David Packard. Mr.
Packard's concept, called "design to cost," bears an un-
easy resemblance to the current administration's plan to
treat "cost as an independent variable"—that is, to pro-
vide designers with insights about how requirements for
increases in capability will affect costs.

A recent article in the Defense Systems Manage-
ment College's publication, Program Manager, also
raises some warnings. It suggests that cost increases
were generally higher in programs that used the design-
to-cost philosophy than in those that did not.10 But the
article goes on to argue that today's cost as an indepen-
dent variable design philosophy may be more success-
ful since it is a more sophisticated approach to improv-
ing costs. The article points to the Joint Direct Attack
Munitions (JDAM) program that is entering production
as proof that the newer approach is successful. Accord-
ing to the article, as a result of using that philosophy in
munitions design, JDAMs will cost less than estimated
rather than more.

Nonetheless, some defense analysts still raise a
skeptical eyebrow at claims for the new philosophy,

10. B.A. "Tony" Kausal IV, "Controlling Costs—A Historical Perspec-
tive, "ProgramManager, November-December 1996, pp. 22-28.



CHAPTER FOUR THEJSF: LINCHPIN OF THE ADMINISTRATION'S AIRCRAFT MODERNIZATION PLANS 51

despite the Joint Direct Attack Munition program's
promise of success. They point out that the JDAM pro-
gram will produce a munition rather than a plane. For
that reason, it is significantly less complex than the JSF
program. Greater complexity could increase the chance
for cost hikes.

Concerns About the JSF Schedule and
the Potential for Concurrency

Myriad factors could cause the schedule for the Joint
Strike Fighter to slip, including technical problems and
insufficient future funding. Such changes could in-
crease the costs of the program or the risk of concur-
rency—or even result in shortages in the services' inven-
tories of combat aircraft.

Schedule Slips Caused by Testing Delays. Consider-
able debate exists within the Department of Defense
about the desirable degree of overlap between develop-
ment and production (known within the trade as con-
currency). On the one hand, it is important to complete
sufficient testing before configuring factories for full
production and purchasing significant numbers of
weapons. On the other hand, DoD wishes to test weap-
ons that come off the production line and to avoid small
production quantities or gaps in production once it has
begun. If design flaws are discovered in testing once
production has begun, they can result in costly modifi-
cations, in a lack of commonality between weapons
produced before and after the flaws were uncovered,
and, in the worst case, weapons that cannot perform
their missions adequately.

By one hallmark of concurrency—purchasing more
than 10 percent of the total procurement quantity before
testing is complete—the Joint Strike Fighter is unlikely
to be concurrent, if total quantities remain high. To be
defined as concurrent by that definition, 300 Joint
Strike Fighters would need to be bought before testing
is complete. Based on the current test schedule, the
program would have only bought or paid long-lead
funding for about 230 planes before operational testing
is completed. Although producing 8 percent of a pro-
gram's production quantities does not meet the DoD
definition of concurrency, the planes could still cost
$12 billion of today's dollars.

In all likelihood, the JSF's schedule will slip, either
for technical reasons or because the services find they
cannot afford to pay for the annual quantities in today's
plan. The F-22 is the most recent fighter development
program and as such may provide lessons about the
Joint Strike Fighter. A glance at that plane's program
schedule might sober expectations of beginning JSF
procurement in 2005—about nine years from now.

The F-22 was originally scheduled to enter the
demonstration and validation phase of its development
(Milestone I) in 1984, perhaps a similar development
stage to the JSF's today. In 1985, F-22 designers antic-
ipated that the plane would enter production in 1992,
eight years later. Since those early program days, the
F-22 has experienced slips for a number of reasons,
even though for many years it has been placed high on
Air Force priority lists—sometimes at the very top.
Given the unusual nature of the JSF program's develop-
ment, pinning down exactly where the JSF is in the de-
velopment cycle is no easy matter. But it went through
a high-level review—perhaps the equivalent of a Mile-
stone I—in the spring of 1996.

If the F-22 program was to experience no further
delays, initial production of F-22s at a low rate would
begin in 1999—13 years after Milestone I and seven
years after the production starting date projected at
Milestone I. If the Joint Strike Fighter program was to
experience similar delays in development but needed to
keep close to the original production schedule to avoid
force cuts, concurrency could result under the 10 per-
cent rule.

JSF watchers may wish to check on several factors
to evaluate the realism of the JSF program's plans for
its development schedule. Those factors include the
development time planned between engineering and the
contract award for the engineering and manufacturing
development phase, the first flight, the number of test
articles, and flight test hours. The first flight is sched-
uled for 42 months after the contract is awarded. That
estimate is based on experience with the development
of four fighters (F-14A, F-15A, F-16A and F/A-18
A/B), plans for the technology maturation program, and
the development of the JSF concept program that in-
cludes flying demonstrators.

However, those four aircraft may not be the best
cases on which to plan the JSF schedule. In fact, the
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F-22 might be a better one if program scope and com-
plexity are considered. The F-22, which had a similar
demonstration program before the engineering and
manufacturing development stage, was scheduled at
Milestone II to take 50 months to first flight (eight
months longer than the time span planned for the JSF).
Since then, the time to the F-22's first flight has in-
creased to 70 months, and indications of further delays
are apparent. Although the Air Force attributes much
of this slip to reductions in funding by the Congress
and the Office of the Secretary of Defense, some por-
tion is likely to be the result of the complexity of the
program's technical scope. No evidence indicates that
the JSF, charged with developing a family of three air-
craft, will face fewer challenges than the F-22.

As of November 1994, the F-22 program included
a total of about 5,200 flight test hours and planned on
flying them using nine test aircraft. The average num-
ber of flight hours—23.3 per plane per month—exceeds
historical experience. Other fighter development pro-
grams that have successfully completed development
have flown averages of about 11 hours (F-15) to about
16.5 hours (F-16) per plane per month. Those compari-
sons suggest that the already concurrent F-22 program
may be in line for further slips—a suggestion that is
supported by reports that the fiscal year 1998 budget
submission will propose a program delay.

Unfortunately, most of the information that would
permit the Congressional Budget Office to evaluate the
concurrency in the JSF program in more detail is pro-
prietary or nonexistent. As part of their proposals, con-
tractors are expected to identify the development time
needed before first flight, how many test vehicles they
will build, and how many hours they expect to fly. If
development funds for a program pay for too few test
vehicles or too few hours, then both funding and sched-
uling can be optimistic.

Scheduling Slips Caused by Funding Shortages.
The schedule for the Joint Strike Fighter could slip if
requirements for development funding increase. The
then-JAST program already went through a program
delay in 1996, when the first estimates of funding for
developing a concept appeared in the budget. Accord-
ing to reports from the program office, an early review
of the scheduled program in 1996 resulted in a slip of
six months in the start of engineering and manufactur-

ing development, though the JSF program apparently
did not delay planned procurement. The administration
also added money to its estimates of program funding.
Even so, the program's development costs could climb.
Recent efforts to develop aircraft have experienced cost
hikes that average about 21 percent above the original
estimates for engineering and manufacturing develop-
ment. If funding to develop the Joint Strike Fighter was
to rise by that average, development costs for the pro-
gram would total $26 billion—about 15 percent more
than the cost to develop the F-22.

DoD insiders claim that the program will be fully
funded in the new Future Years Defense Program.
Moreover, the JSF program probably has sufficiently
high priority in DoD to compete successfully for funds.
But the JSF has a number of competitors for funding
over the six-year period that makes up the FYDP, and
many analysts believe that DoD will need additional
funding or will need to make further program cuts to
make ends meet during this period. As a result, adding
funds for development if requirements increase during
this period could be difficult.

Funding shortfalls in the period beyond the Future
Years Defense Program years could easily lead to slips
in the schedule for the JSF program. That possibility
applies even if the program itself does not experience
increases in development and procurement costs for
technical reasons. Since such slips can lead to less effi-
cient production or production delays, they can also
cause prices to rise.

Concerns About the JSF's Impact on
the Industrial Base

The aerospace industry has undergone a number of no-
table mergers over the last few years with Lockheed's
acquisition of General Dynamics' Fort Worth Aircraft
Division, the merger of Grumman Aircraft Corporation
with Northrop Corporation, and the planned merger of
McDonnell Douglas Aerospace and the Boeing Com-
pany. Some analysts have expressed concerns that the
Joint Strike Fighter program—by comprising such a
large share of DoD's future fighter purchases—might
spawn further consolidation in the industry or force
contractors not involved in its production out of the
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fighter aircraft business.11 As the argument goes, such
a single manufacturer or manufacturing team would be
able to reap monopoly profits and push up the cost of
the plane.

Furthermore, if the Joint Strike Fighter was to drive
the F/A-18E/F out of production, the winning contrac-
tor or team could easily become the sole producer with
the experience to develop and build any fighter aircraft
thereafter. One way to prevent that problem might be
to bring on a second source and create two JSF produc-
tion lines. That approach would ensure that more than
one manufacturer retains the skills to develop and build
fighter and attack aircraft. But even if other manufac-
turers retain those skills, the U.S. government could
face significant expenses if it had to qualify a second
producer.

Concerns about limiting competition have also
been expressed about the engine for the Joint Strike
Fighter. Both of the contractors involved in the JSF
competition are using variations of Pratt and Whitney's
Fl 19 engine (that powers the F-22). The JSF program
has received Congressional direction to keep the engine
design competitive by also qualifying General Electric's
F120 engine (a design that lost to the Fl 19 in the F-22
design) for the JSF program.

However, despite the program's apparent agree-
ment to that direction, proponents of an engine compe-
tition argue that funding for the second engine is too
low to make it an effective alternative. The F120 en-
gine is scheduled to receive about one-tenth of the fund-
ing slated for the other engine ($90 million versus $900
million) during the concept development phase of the
JSF program. Moreover, at least based on last year's
plans, no funds will be slated for the F120 design dur-
ing JSF's next development phase—engineering and
manufacturing development. (The JSF program indi-
cates that the newest program plans do include funds
for F120 development during the latter stage.) The
program argues that significantly greater spending on
the second engine is not needed since plenty of time will
be available for developing the second engine once the
developer for the airframe is selected.

The lack of competition in purchases of military
aircraft may pose less reason for worry than it would in
the private sector. As a single buyer, the government
brings enormous leverage to the bargaining table.
Moreover, DoD pays substantial penalties for keeping
excess design and production capacities. Such penal-
ties may outweigh the benefits of competition. Cold
War concerns about the need for production surges or
for the technological advances that might arise from
companies keeping a competitive edge are less compel-
ling today. Further, making the most efficient use of
DoD's dollars may be more persuasive in an era of tight
budgets.

Potential Problems with the Structure
of Program Management

The Joint Strike Fighter program is relying on its
unique program structure and freedom from old acqui-
sition rules to achieve jointness, commonality, and
lower prices. However, those methods are an unproven
mix in a program as complex as developing a tactical
fighter. Sharing management responsibilities—and
trading them off every few years—probably increases
both the services' commitment to the program and the
likelihood that management will be sensitive to the con-
cerns of both services. But that arrangement also leads
to frequent changes in program managers. Shortening
the program manager's tenure is at odds with recom-
mendations made in some studies of problems with the
defense acquisition process. Past reformers of the ac-
quisition process have recommended that acquisition
executives remain in place for long periods to improve
continuity and thus increase expertise and enhance ac-
countability.

Program officials often cite the JSF program's free-
dom from formal acquisition rules and oversight as au-
tomatically lowering costs. But that freedom may come
at a price. DoD's formal acquisition process represents
an attempt to reduce government risk, to avoid proceed-
ing too far into a program—and spending too much
money—without ensuring that programs will produce
needed, usable products.12 The process also strives to

11. See, for example, Richard Aboulafia, "From JAST to JSF," Military
Technology, Bonn, Germany: Wehr und Wissen, May 19, 1996.

12. See, for example, General Accounting Office, Combat Air Power;
Joint Mission Assessments Needed Before Making Program and
Budget Decisions, NSIAD-96-177 (September 1996) for a discussion
of some of the limitations of DoD oversight of tactical aviation pro-
grams.
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ensure that the cost estimates are reasonable, that the
program is justified by the threat and is the best choice
among available alternatives, and that program man-
agement has outlined a reasonable acquisition strategy.
Some decisionmakers might argue that the Joint Strike
Fighter program is both too costly and too important to
the future of tactical aviation to forgo even early formal
reviews.

Indeed, recent Congressional reports have sug-
gested that DoD should engage in a more rigorous re-
view of the JSF requirements before proceeding too
much further with the development program.13 Also,
the decision by Dr. Paul Kaminski, the Under Secretary
of Defense for Acquisition and Technology, to change

13. U.S. House of Representatives, National Defense Authorization Act
for Fiscal Year 1997, conference report to accompany H.R. 3230
(July 30, 1996), pp. 36-37.

the status of the JSF program may signal that the Ad-
ministration has rethought its earlier decision to skip a
number of reviews, even if the change in status came
about as the result of Congressional pressure. The
House National Security Committee—joined by the
Senate in Conference—directed the Institute for De-
fense Analyses to perform an independent analysis of
alternatives to the JSF by spring 1997, an analysis sim-
ilar to what DoD refers to as an Analysis of Alterna-
tives. It also directed the Cost Analysis Improvement
Group, part of the Office of the Secretary of Defense,
to evaluate the Institute's estimates of development and
production costs for the Joint Strike Fighter and for
alternatives to the program.

All in all, then, it would appear that the JSF pro-
gram is headed for greater scrutiny right now. Where
that will lead is for the moment hard to predict.



Chapter Five

Options for Tactical
Aircraft Modernization

W hen confronted with funding problems, the
services often reduce force structure. Since
the late 1980s, the Air Force has cut its

"wing equivalents" of tactical fighters by almost 50
percent. The Navy, which does not use wing equiva-
lents to describe its fighter forces, has ostensibly made
more modest reductions in its forces. Carrier-based air
wings—the Navy's measure of tactical air forces—have
only been decreased by about a quarter. But the Navy
has cut the number of planes per wing over the years. It
plans to use aircraft in some Marine Corps squadrons
to meet mission requirements both in its wings and in
Marine air wings. Future funding problems could well
lead to even sharper reductions in force.

The following alternatives illustrate varying ap-
proaches to dealing with long-term funding problems.
Each option produces savings, though only the last al-
ternative discussed would reduce future funding to the
amount associated with shares for tactical aircraft dur-
ing the 1974 to 1997 period.

The first option assumes that future leaders elimi-
nate the joint focus of the efforts to develop the Joint
Strike Fighter and instead concentrate on developing a
plane for only one or two services. One version of that
option—IA—would make purchases for the Air Force,
since that service needs the largest number of planes, It
assumes that Marine Corps forces dedicated to the
close-air-support mission would be eliminated, thus
lowering requirements and the need to purchase planes.
In a variation on that theme, Option IB would develop

planes for Navy and Marine Corps forces, and would
eliminate developing new aircraft for the Air Force.

The second option would capitalize on already ex-
isting aircraft or efforts to develop aircraft by purchas-
ing for one service the planes currently designed for
another. That option would cost less than the Adminis-
tration's plan or the first version of Option I but more
than that of past funding shares. Option III would pur-
chase today's less expensive aircraft and develop fewer
more costly new ones. Both Options II and III would
seek to purchase enough planes to meet current force
levels, whereas Option IV would make proportional
cuts in all programs, to get roughly to previous shares
of funding, and would accept the lowered force levels
that result.

Option IA: Set Priorities
for Tactical Aircraft
Requirements—Emphasize
Air Force

Option IA would restructure the Joint Strike Fighter
program to emphasize one of its three roles—namely,
replacing the F-16 in the Air Force. The option would
also purchase the F-22 for the Air Force fighter mission
in the quantities that the service is currently planning
(see Tables 8 and 9 for types and quantities of planes
purchased under alternatives).
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Table 8.
Types and Quantities of Aircraft Purchased for the 1997-2001 Period Under
the Administration's Plan and Four Options

Aircraft
Administration's

Plan IA
Options

IB HA IIB IIIA NIB IV

F-16
F-15E
F-22
F/A-18E/F
JSF(AF)

Subtotal

F/A-18C/D
F/A-18E/F
A/F-117X
F-22N
JSF(N)

Subtotal

NewAV-8B
Comanche
JSF (ASTOVL)

Subtotal

Total

6
6

40
0

_0
52

6
162

0
0

_0
168

0
0

_0
0

220

6
6

40
0
0

52

6
162

0
0
0

168

0
0
0
0

220

Air Force

222
92
0
0
0

314

6
6

40
0

_0
52

Navy

6
162

0
0
0

168

6
162

0
0
0

168

Marine Corps

0
0
0

482

0
0

_0
0

220

6
6

40
0
0

52

6
162

0
0
Q

168

0
0
0
0

220

228
52
20

0
Q

300

280
0
0
0
Q

280

12
0
0

12

592

150
52
20

0
Q

222

280
0
0
0
0

280

12
0
0

12

514

6
6

40
0
0

52

6
162

0
0
Q

168

0
0
0
0

220

SOURCE: Congressional Budget Office.

NOTE: JSF = Joint Strike Fighter; ASTOVL = advanced short takeoff vertical landing.

a. All F-16s purchased are C models for all options except Option 1MB. Option 1MB purchases are improved F-16s called the F-16 Multistaged
Improvement Program (MSIP), except for the first six, which are F-16 "C" models.

However, it would limit efforts to modernize
carrier-based naval wings to only the currently planned
purchases of the F/A-18E/F. It would also not pur-
chase any planes to replace the Marine Corps' AV-8B
aircraft. Since AV-8B aircraft are dedicated to the
close air-support mission, the option assumes that only
Marine Corps F/A-18 aircraft, along with Air Force and
Navy planes, would provide such support to the Marine
Corps ground forces.

A number of defense experts have recommended
consolidating missions in the tactical aircraft arena—
that is, abandoning certain tactical aviation missions in
one service and having that service rely on the other

services for its air support. The choice illustrated by
this option of having the Marine Corps forgo its close
air-support mission reflects a proposal that appeared in
a House National Security Committee report. The com-
mittee's report on the fiscal year 1997 authorization
request directed that no more money be spent on de-
signing an advanced short takeoff vertical landing air-
craft for the Marine Corps—though the suggestion did
not appear in final bill language.1 Designing planes to

House Committee on National Security, Report on National Defense
Authorization Act for Fiscal Year 1997, to accompany H.R. 3230
Report 104-563 (1996), p. 131.
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perform that function may be the most challenging task
for the JSF program.

Abandoning a development effort to add a new
stealthy plane to the Navy's carrier decks reflects the
possibility that the Navy might withdraw from the Joint
Strike Fighter program of its own accord if the Depart-
ment of Defense's goals for the plane's funding and per-
formance prove optimistic. Furthermore, the Navy
might find that the F/A-18E/F provides sufficient range
and stealth to do without the Joint Strike Fighter.

Risk and Balance

Option IA proposes developing a much less complex
Joint Strike Fighter and would design a plane only for
the Air Force mission. Therefore, the option's develop-
ment risk would be lower than that of the Administra-
tion's plan (see Table 10). The Congressional Budget
Office chose to modernize Air Force fighter forces in
this option because, under the Department of Defense's
plan, the Air Force would be purchasing JSFs in the
greatest numbers.

Table 9.
Types and Quantities of Aircraft Purchased for the 2002-2020 Period Under
the Administration's Plan and Four Options

Aircraft
Administration's Options

Plan IA IB IIA IIB IIIA IIIB IV

Air Force

F-16
F-15E
F-22
F/A-18E/F
JSF(AF)

Subtotal

F/A-18C/D
F/A-18E/F
A/F-117X
F-22N
JSF(N)

Subtotal

0
0

398
0

1,320
1,718

0
838

0
0

180
1,018

0
0

398
0

1.320
1,718

0
838

0
0
0

838

672
400

0
0
0

1,072

Navy

0
838

0
0
b

838

0
0

398
1,202

0
1,600

0
1,138a

0
180

0
1,318

0
0

398
1,202

0
1,600

0
1,1 38a

204
0
0

1,342

540
162
220

0
550

1,472

786
0
0
0

96
882

618
162
220

0
550

1,550

786
0
0
0

96
882

0
0

200
0

556
756

0
488

0
0

92
580

Marine Corps

New AV-8B
Comanche
JSF (ASTOVL)

Subtotal

Total

0
0

480
480

3,216

0
0
0
0

2,556

0
0

660
660

2,570

0
258

0
258

3,176

0
258

0
258

3,200

48
0

228
276

2,630

48
0

228
276

2,708

0
0

146
146

1,482

SOURCE: Congressional Budget Office.

NOTE: JSF = Joint Strike Fighter; ASTOVL = advanced short takeoff vertical landing.

a. Includes purchases for Marine Corps squadrons.

b. CBO assumed advanced short takeoff vertical landing versions of the Joint Strike Fighter are purchased for the Navy's carrier air wings. Those
planes are included in Marine Corps purchases.
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Table 10.
How the Options Affect Risk In the Development Phase and Level of Sophistication of Fleet

Alternative

Development Risk

Air Force
Department
of the Navy

Advanced Fighters' Share of
Fleets in 2020 (Percent)8

Department
Air Force of the Navy

Administration's Plan

Option IA: Set Priorities for
Development (Emphasize Air
Force Missions)

Option IB: Set Priorities for
Development (Emphasize

High

High

High

Medium

SOURCE: Congressional Budget Office.

a. Advanced fighters are assumed to be the F-117, F-22, F/A-18E/F, and the Joint Strike Fighter.

b. Rounds to 100 percent.

81

81

93

91

Naval Missions)

Options HA and IIB: Build on
Existing Development Efforts

Options IIIA and NIB: Emphasize
Current Generation Aircraft

Option IV: Make
Proportional Cuts

Low

Medium

Medium

High

High

Medium

Medium

High

0

75

30

57

93

100b

17

79

The option would represent a return to the Bush
Administration's plan to develop a multirole fighter.
But since the option would require the Air Force to
shoulder a larger responsibility for air support of
ground operations, designers would need to focus their
attention on the close air support and battlefield air in-
terdiction missions—more than they might have in the
design for the Multirole Fighter. Reducing the empha-
sis on air-to-air missions for the JSF might be accept-
able if DoD goes forward with its plan to purchase
large numbers of F-22s.

One of the alternatives that DoD evaluated in a
roles and missions study in 1993 was to eliminate
Marine Corps squadrons and use Navy air forces to
support the Marine Corps mission.2 That study recom-

Chairman of the Joint Chiefs of Staff, Report on the Roles, Missions,
and Functions of the Armed Forces of the United States (February
1993), pp. Ill 17-18.

mended retaining those forces in the Marine Corps that
are dedicated to close air support. It also expressed
concerns about whether the Navy could provide the
same level of support that dedicated Marine Corps
squadrons would provide, given that the Marine Corps'
aviation is an integral part of the Marine Corps' Air-
Ground Task Force. However, altering pilot training
could resolve some of those issues, as could changing
the chain of command.

Yet Marine personnel argue that the close working
relationship between the Marine Corps air and ground
personnel results in safer and more responsive air sup-
port for ground troops. Marines are concerned about
the availability of carrier-based aircraft. They are also
likely to be concerned about whether Air Force aircraft
would be available to them in some locations where
airbases might be out of range of Marine Corps' opera-
tions.
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Option IA would purchase roughly the same num-
ber of planes as DoD plans for the missions it retains.
As a result, it would produce fleets that are about the
same age and shortfalls or overages of about the same
size as the Administration plans through much of the
period (see Figures 8 and 9). The option, though, pur-
chases no Joint Strike Fighters for the Navy, whereas
the Administration's plan would buy 180 of them
through 2020 (the service plans to purchase a total of
300 planes). As a result, toward the end of the period,
the Navy's smaller forces would age more and larger
shortages would develop. Those shortages suggest that
the Department of the Navy might need to consider
continuing F/A-18 purchases or pursuing some other
strategy.

Costs and Capability

The Congressional Budget Office estimated that a
strike fighter designed only for the Air Force might cost
about $15.6 billion to develop. That amount is more
than CBO's estimate of the Air Force's share—about
$10.7 billion—of the current program's development
cost. Conversely, it would cost about a quarter less
than CBO's estimate of development costs for the total
JSF program ($21.5 billion). Because Air Force pur-
chases made up almost 70 percent of the original pro-
gram's purchases and because a single service design
will avoid weight and size penalties for other service
requirements, the Air Force-only Joint Strike Fighter
might be about 2,000 pounds lighter. CBO also as-
sumed that it would be smaller since the short takeoff
vertical landing requirement is likely to increase the
girth of the Joint Strike Fighter's fuselage.

Table 11.
Average Annual Funding for the Administration's Plan and Options (In billions of 1997 dollars)

Development Procurement
Alternative 1997-2001 2002-2020 1997-2001

SOURCE: Congressional Budget Office.

NOTE: Prices are based on cost-estimating relationships.
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Figure 8.
Average Age of Air Force and Department of the Navy Fighter and
Attack Aircraft Under Different Options, 1995-2020
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Figure 9.
Surpluses and Shortages of Air Force and Department of the Navy Fighter and
Attack Aircraft Under Different Options, 1995-2020
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Because of savings from weight, size, and program
complexity, CBO estimates that the unit procurement
cost of the plane would be $65 million on average.
That amount is only $2 million higher than CBO's esti-
mate of the unit procurement price of the Air Force's
version in the larger program, despite the loss of com-
monality with the 942 aircraft purchased for the other
services.

Option 1A requires modestly more procurement
funding than the other alternatives that CBO considered
in this study, except for the Administration's plan (see
Table 11 on page 59). The option is relatively expen-
sive since it continues to purchase both the F-22 and
the F/A-18E/F in the quantities planned by the Admin-
istration. Over the 2002-2020 period, the option would
have an average annual procurement cost of about $9.4
billion, about $2.5 billion less than the Administration's
plan, but still about half again the cost of past funding
shares. Development costs for the option over the same
period would average about $0.7 billion a year—about
$0.2 billion less than the average for the Administra-
tion's plan.

Although Option IA is more expensive than other
options, it would provide significantly more capability
than today's fleets. Indeed, it might be acceptable even
if air-to-air and surface-to-air threats increase in capa-
bility. The option's large purchases of F-22s and JSFs
for the Air Force mean that by 2020 some 81 percent—
the same as the Administration's plan—of the Air Force
fighter and attack fleet will have lower signatures than
today's aircraft. Moreover, in the case of the F-22, will
be very stealthy if design goals are met. The option's
large purchases of F/A-18E/Fs would also mean that
about 91 percent of the Navy's fleet would have ad-
vanced planes (or 2 percentage points fewer than the
Administration's plan). The Navy's fleet would have no
highly stealthy planes, however, since the option can-
cels its JSF.

The option would lower the capability of Marine
Corps' air forces significantly. That outcome may be
tolerable if one expects that few conflicts involving
only naval air forces will occur in the future or that na-
val aircraft operating from aircraft carriers will provide
sufficient air support for the Marine Corps. Certainly,
the Marine Corps' earlier concern that carriers would be
drawn away from coastal operations to pursue other
missions is less of an issue today than it was when de-

fense planning scenarios involved a world war with the
former Soviet Union.

Nonetheless, some policymakers and analysts will
be more than a little concerned about leaving the Ma-
rine Corps with a limited number of aircraft to provide
air support (only Marine Corps F/A-18s and its modest
number of attack helicopters would perform that mis-
sion). Other policymakers and analysts will question
whether the F/A-18E/F will have enough stealth to sur-
vive air-to-air and surface-to-air threats in the period
beyond 2015. They will point out that because the op-
tion provides no development funds for this mission
through 2020, the Navy will probably not field a new
plane in large quantities for 10 to 20 years. Option IB
addresses some of those concerns.

Option IB: Set Priorities
for Tactical Aircraft
Requirements—Emphasize
Navy and Marine Corps

Some analysts argue that naval forces should receive
the highest priority in today's strategic environment.
Even if conflicts arose in locations where the United
States lacks access to regional air bases, naval forces
would be available. Some supporters of naval forces
believe that the increased uncertainty about the location
of future conflicts suggests that they are more likely to
occur where the United States lacks access to the infra-
structure needed to field ground-based U.S. air forces
successfully. From that perspective, developing aircraft
that improve the capabilities of the Navy's carrier-based
air wings and the combat power of the Marine Corps'
expeditionary forces is more important, than for the Air
Force's land-based wings.

Therefore Option IB would develop planes to mod-
ernize those forces while deferring the modernization of
land-based Air Force units. Specifically, the alternative
develops a version of the Joint Strike Fighter for the
Navy and Marine Corps. Based on an alternative that
DoD planned to evaluate before the Bottom-Up Re-
view, Option IB would develop only the short takeoff
vertical landing version of the JSF and purchase it for
both carrier air wings and Marine Corps squadrons.
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In keeping with the theme of emphasizing naval
forces, the alternative would also continue the interim
development and purchase of the F/A-18E/F. Since the
alternative would deemphasize land-based fighter and
attack missions, it would cancel development of a Joint
Strike Fighter version for the Air Force, though it
hedges against uncertainty by purchasing almost 900
F-16Cs. Those purchases may provide enough planes
to avoid substantial cuts in Air Force fighter and attack
forces.

Option IB would cancel development of the F-22 as
well. Such an action might be acceptable to those who
feel that the modest capabilities of the fighters of po-
tential enemies provide insufficient justification for
purchasing a plane with the F-22's price and perfor-
mance, and that DoD's fighter and attack dollars would
be better spent on planes that focus more on ground
attack. To wit, the alternative would continue pur-
chases of the F-15E, a version of the Air Force fighter
that emphasizes the interdiction mission, buying about
500 planes.

Risk and Balance

Option IB would entail less development risk than the
Administration's plan since it would develop fewer
planes. It may have almost the same level of risk as
Option 1A: the lower risks associated with canceling
the F-22 development effort may offset the higher risk
of developing a STOVL JSF.

Option IB would purchase about 3,050 planes over
the 1997-2020 period—almost 280 more planes than
Option 1 A. The reason is that requirements for planes
under the option are assumed to remain at the levels in
the Administration's plan rather than decreasing, as the
previous option assumed. Option IB would also pur-
chase a number of current generation aircraft—F-15s
and F-16s—for the Air Force in larger quantities than
the Administration's plan.

As a result, the Air Force structure would initially
age more slowly than it would under the Administra-
tion's plan, not reaching 15 years of age until 2014
rather than 2002. After that, the fleet would age rapidly
since no Joint Strike Fighters are being delivered. The
Navy, which receives the same number of purchases in
the same years as the Administration's plans, has the

same aging patterns. It also has the same modest short-
falls.

Costs and Capabilities

Because Option IB would purchase much less expen-
sive planes on average, it would be significantly less
costly than either the Administration's plan or Option
IA. It would have an average annual procurement cost
of about $7.4 billion over the 2002-2020 period, about
$4.5 billion less than the Administration's current plan.
Thus, it should be easier to afford than the Administra-
tion's plan.

The Air Force would undoubtedly argue that the
loss of the F-22 would increase combat losses in future
conflicts and that canceling the program at this late
stage would waste substantial funds. Canceling the
F-22 could also cause a delay in the JSF program since
that program depends on successfully developing the
F-22's engine and some of the fighter's avionics.

The Air Force would also express serious concerns
about the loss of a follow-on to the F-16, since it makes
up such a large share of Air Force structure. Air Force
leaders have expressed their doubts repeatedly about
how well current generation planes will survive in the
future. Should the F-16 prove to be obsolete because
of the modernization of foreign weapons and be retired,
the option could result in significantly reduced force
structure.

The most serious problem with the option is that it
leaves Air Force fleets with no stealthy fighter or attack
aircraft by 2020 compared with 81 percent in the
Administration's plan. That void could mean that U.S.
fighter forces would be significantly less likely to sur-
vive in a highly threatening air-defense environment.
The United States would depend heavily on the capabil-
ity of the B-2 fleet and on stealthy JSFs in Navy and
Marine Corps inventories if it had to bomb targets in
such areas.

The Navy might also object to the option's assump-
tion of purchasing short takeoff vertical landing aircraft
for its aircraft carriers. Such aircraft may well have
shorter ranges and smaller payloads than the Navy is
currently envisioning for the JSF. Moreover, they may
not be very stealthy.
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Option IIA: Build on
Existing Development Efforts

One obvious way to modernize future forces would be
to build on existing development efforts. Excluding the
Joint Strike Fighter program, the Department of De-
fense has three major development efforts under way
for designing tactical fighters or attack helicopters: the
F-22, F/A-18E/F, and RAH-66 (Comanche).3 Option
IIA would develop and produce versions of those sys-
tems to meet the JSF requirements, instead of entering
into an independent design effort. Such an approach
might enhance aircraft capability at less cost than
stand-alone development efforts such as the JSF pro-
gram. It would also increase the commonality among
the services—one of the Clinton Administration's major
goals for future tactical aircraft purchases—and do so
sooner than the Administration's plan.

A Marinized Version of the F-22

Specifically, the option would purchase a marinized
version of the F-22 for the Navy's requirement for
stealthy strike. Actually, Air Force and Navy leaders
had made a similar proposal in the mid-1980s—early in
the F-22 program (then known as the Advanced Tacti-
cal Fighter—ATF—program).4 At that time, a CBO
publication suggested that a marinized ATF, a so-called
Navalized ATF or NATF, would represent a significant
challenge. But the services believed otherwise and ar-
gued that a Navalized Advanced Tactical Fighter was
well within the realm of design feasibility.

Since no F-22N program currently exists, CBO
estimated development and procurement costs. It esti-
mated that the F-22N would have a procurement unit
cost of $126 million, 17 percent more than CBO's esti-
mate of the price of the F-22, and about 56 percent
more than CBO's estimate of the cost of the Navy's
version of the JSF. CBO also estimated that DoD
would have to pay about $9.7 billion to develop the
plane based on cost-estimating relationships (assuming

3. Army plans also include the Longbow Apache program, an extensive
modification of its current attack helicopter, the AH-64 Apache.

4. Congressional Budget Office, Naval Combat Aircraft: Issues and
Options (November 1987), pp. 60-63.

a new airframe was developed and F-22 avionics and
engines were integrated).

Purchasing the Navy's F/A-18E/F
for the Air Force

The option would also purchase the Navy's F/A-18E/F
for the Air Force's strike requirement, mirroring the
successful F-4 program of the 1950s and 1960s. The
F-4 Phantom fighter was originally developed for the
Navy. But the Air Force purchased large quantities of
F-4s, which then became the backbone of the Air
Force's fighter fleet and was the F-15's predecessor.
The Air Force probably purchased the F-4 in part be-
cause the Vietnam War increased fighter requirements.
The Air Force made a number of modifications to the
Navy's F-4 design, probably to make the planes more
operable with other portions of the Air Force's tactical
aircraft fleets and to add capabilities the Air Force
wanted. Yet the program still represents one of the few
successful joint ones to produce fighter or attack air-
craft. A number of other countries also purchased F-4s,
and in fact they can still be found in many foreign
fighter fleets.

The F/A-18's manufacturer, McDonnell Douglas,
might be able to reduce the F/A-18E/F's weight and
therefore cost. But the Congressional Budget Office
assumes that the Air Force would purchase the same
aircraft the Navy intends to buy, thus ensuring maxi-
mum commonality. If the Air Force did not make any
design changes, it would not need to spend money on
development costs for the F/A-18. CBO assumes that
most of the savings from canceling development of the
Joint Strike Fighter would be used to purchase aircraft
and to decrease funding for tactical aviation in the long
term. But some of those savings would also need to be
reallocated to pay the costs of developing the F-22N.

Develop a Marinized Version of
the Comanche

Option IIA would not develop a fixed-wing replace-
ment for the AV-8B for the Marine Corps. Rather it
would develop a marinized version of the stealthy Co-
manche armed reconnaissance helicopter, being devel-
oped for Army scout and light attack roles, and would
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purchase them to provide support for Marine Corps
ground troops.5 It also would purchase additional
F/A-18E/Fs for the Marine Corps fighter squadrons
that are currently equipped with earlier model F/A-18s.

Risks and Balance

Option IIA should entail less risk than the Administra-
tion's current plans for modernizing tactical aircraft,
since the designs that are produced are farther along in
the development process than they are for the Joint
Strike Fighter. Similarly, the strategy in Option IIA
might pose somewhat less of a risk of design failure
than would the first option. Option IA would build the
same number of new planes, but it would continue to
develop the totally new Joint Strike Fighter for the Air
Force rather than producing marinized versions of ex-
isting development efforts such as the F-22 and Co-
manche. The challenges in developing aircraft for the
rest of the carrier-based fleet would be the same since
both options pursue the F/A-18E/F upgrade.

Developing a version of the Army's Comanche at-
tack helicopter to operate off of amphibious ships
would require developing folding rotor blades and an
added mechanism to stop them from rotating. Similar
changes have been made in many earlier design pro-
grams, including the Navy's SH-60B Seahawk helicop-
ter, a sea-going derivative of the Army's UH-60 Black-
hawk. But retaining stealth in the RAH-66 might com-
plicate designing a marinized version. The option could
also add to the number of types of aircraft that the Ma-
rine Corps operates.

As with both versions of Option I, the services are
apt to view the approach in this option with consider-
able skepticism. Since the Marine Corps needs to keep
its forces light to make them easier to transport rapidly,
it uses fixed-wing aircraft such as the Harrier to provide
firepower. In contrast, heavy Army forces rely more
extensively on self-propelled howitzers and tanks. At-
tack helicopters, which carry smaller payloads than the
Harrier—about 3,000 pounds compared with about
6,000 pounds—would provide less firepower. The

The Comanche, along with the Longbow Apache, an extensive modifi-
cation of the Army's current attack helicopter, are discussed in Con-
gressional Budget Office, An Analysis of U.S. Army Helicopter Pro-
grams (December 1995).

Marines rely on air support to lay down heavy barrage
fires against enemy targets, particularly counterbattery
fire, and might be concerned about reducing available
firepower. Marines also express concerns about
whether helicopters—which typically do not fly over
enemy forces—would be able to hit targets behind en-
emy lines thereby affecting battle outcomes.

Added purchases of F/A-18E/F aircraft for Marine
Corps fighter squadrons might alleviate some of those
concerns. The Navy expects the new model to be able
to carry a heavier payload than the aircraft currently in
the fleet.

Marine Corps personnel might also worry about
whether the slower flight speeds of helicopters would
make them less responsive to requests from Marine
Corps ground forces for air support. Planes performing
close air support in the Marine Corps are expected to
respond rapidly to a call for help. According to infor-
mal conversations with Marine Corps personnel, air-
craft performing the close air-support mission should
be able to take off from shipboard and within 20 min-
utes bomb enemy forces at distances that could be as
great as 100 nautical miles or more.

Option IIA would not meet that requirement, since
helicopters fly at much slower speeds than even the rel-
atively slow Harrier. Harriers, which can fly at 550
knots—at least for short distances—can easily meet the
requirement. The Comanche, which is expected to fly
at about 175 knots would take about 30 minutes to fly
100 nautical miles—about 50 percent more than the
time that the Marine Corps' requirement calls for.

However, helicopters might be more responsive
than fixed-wing aircraft if they accompanied ground
forces, as is the practice today for the Marine Corps'
attack helicopter fleet. Moreover, the Comanche is ex-
pected to offer some capabilities that the Marine Corps
might find useful, including a stealthy design that might
make it more able to survive in a highly threatening
environment. In addition, if major concerns arise about
reducing Marine Corps firepower, the Marines might be
able to purchase and field larger numbers of helicopters
than fixed-wing aircraft, since helicopters are much less
expensive. Even the Comanche, which is likely to be
very expensive for an attack helicopter, might—if
bought on the schedule CBO assumes—cost about $25
million on average, a little more than a third of CBO's
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estimate of the price the Marines might have to pay for
the Joint Strike Fighter and about $5 million less than
the cost of modifying existing Harriers.

CBO did not explicitly cost out an option that pur-
chases the AH-64D, the Apache Longbow, a modifica-
tion to the Apache that the Army is buying for its attack
helicopter fleet. But AH-64Ds would be available
sooner than the Comanche, would be somewhat
cheaper, and might provide more firepower. The
Apache lacks, however, the Comanche's stealth design.

Option IIA produces a slightly older fleet for the
Air Force than the Administration's plan, since it pur-
chases about 100 fewer planes for that service. The
option buys almost 80 more planes for the Navy and
Marine Corps and so, in the long-term, decreases fleet
ages slightly and eliminates shortfalls. The lower de-
sign risk of the alternate development programs might
also make them less likely to fall behind schedule than
would the Joint Strike Fighter, though some analysts
feel that it could be more challenging to develop an
F-22N than the JSF.

Costs and Capability

Option EA is less costly than the Administration's plan,
requiring average annual procurement funding of about
$9.3 billion over the 2002-2020 period—or about four-
fifths of the funding needed for the Administration's
plan. But by any reasonable standard it is still very
expensive. The Department of Defense would need to
spend about 50 percent more on purchasing fighter air-
craft than it has on average in the past. The option
might therefore be difficult to afford if DoD finds it has
too many other programs competing for resources.

The F/A-18E/F has a longer range and larger pay-
load than those associated with the Air Force require-
ments for the Joint Strike Fighter. As a result, Option
IIA might produce an Air Force fleet that is more capa-
ble in some ways than a fleet with JSFs. The F/A-
18E/F might also meet some of the Air Force's stealth
requirements, though that is the subject of some de-
bate.6 Even though some analysts suggest that the F/A-
18's stealth attributes may be somewhat limited, the
Air Force's stealth requirements for the JSF are less

stringent than those of the Navy. The Navy claims that
the F/A-18E/F is sufficiently stealthy to survive under
any scenario the United States might face, at least
through 2015.7 By replacing the single engine F-16
with the twin engine F/A-18, the option could result in
a higher operating cost than the Administration's plan.

Option IIA could also produce a more capable na-
val fleet, since the F-22N would outperform the JSF in
some ways. Specifically, F-22Ns might very well have
more sophisticated avionics and be able to fly super-
sonically without using an afterburner. The F-22's level
of stealth may also meet the Navy's desire for very
stealthy aircraft. Still the basic plane can carry only
two 1,000-pound precision-guided weapons internally
and so would not meet the Navy's requirement to carry
2,000-pound bombs. (Since CBO's estimate for devel-
opment assumes that DoD develops a new airframe for
the Navy, the plane might be sized to carry larger
bombs.) Improvements in the technology of explosives
could make the need for such large warheads obsolete,
but the Navy may have factored those improvements
into its judgment about that requirement. In addition,
the F-22 probably offers more fighter capability than
the Navy needs—and at a hefty price. Finally, Navy
personnel have reservations about the F-22's size,
weight, and the feasibility of designing a version of the
plane that can take off from and land on a carrier.
Decisionmakers might prefer to purchase a stealthy
plane, designed for the attack mission, that might ad-
dress some of those concerns.

Option I IB: Build on
Existing Development Efforts,
but Purchase an A/F-117X
Instead of the F-22N
Doubts about the relatively limited long-range bombing
capabilities of the Navy's planned carrier air wings may
have led Congressional leaders to suggest that DoD
evaluate other alternatives, including a version of the
Air Force's stealthy F-l 17. In its report on the fiscal

6. General Accounting Office, F/A-18E/F Will Provide Marginal Oper-
ational Improvement at High Cost, p. 37.

7. Office of Naval Intelligence, Worldwide Challenges to Naval Strike
Warfare (1996). One would hope that the F/A-18E/F, which is sched-
uled to remain in production until 2015, would continue to survive
until the end of its service life, around 2035 or later.
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year 1996 budget request, the Senate Armed Services
Committee directed the Navy to evaluate such an op-
tion. The authorization conference agreed to such an
evaluation, although it authorized very few funds, and
subsequent language in the appropriation bill elimi-
nated the requirement altogether.

The Skunk Works, the part of the Lockheed Martin
company that designed and produced the F-l 17, one of
the Air Force's stars in the war with Iraq, proposed a
version of the plane—the A/F-117X—that would oper-
ate off aircraft carriers. Although the plane would fly
subsonically, the proposed design was to possess more
range and a greater payload than the Navy's JSF ver-
sion. It would also be likely to have a larger payload
and longer range than the F-22N. The Lockheed Mar-
tin proposal promised a plane that could carry two
2,000-pound weapons on a combat mission of more
than 800 nautical miles—about 200 miles farther than
the Navy's minimum requirement for the JSF. The
F-l 17 version would also be likely to meet the Navy's
more stringent stealth requirements and could carry
even higher payloads on shorter missions. Moreover,
an A/F-117X would probably be cheaper both to de-
velop and purchase than the F-22 version.

CBO estimates that developing the Navy F-l 17
could cost about $7.7 billion—in short, about $2 billion
less than the F-22N. If 300 A/F-117Xs were bought,
the same number of planes as the Navy's share of the
JSF program, the unit procurement cost of the fighter—
about $106 million—would also be lower than the
F-22N, though it is about 30 percent higher than the
potential price of the Navy's Joint Strike Fighter.

Option III: Purchase Aircraft
That Are Now in Production

Option III would decrease or defer modernization ef-
forts, while attempting to preserve force structure. To
accomplish that, the option assumes that DoD spends
some of the money saved by canceling, deferring, or
scaling back modernization plans to purchase more of
today's aircraft so the services can maintain current
force levels and avoid aging fleets. Such an alternative
might be appealing if one believed that the United

States might need relatively large numbers of forces to
fight in several arenas and that the forces of potential
enemies were unlikely to be extensively modernized and
therefore posed little more threat than they do today.

Specifically, Option III would scale the Joint Strike
Fighter program back to the Administration's original
concept of having the program explore new technolo-
gies and defer JSF purchases for seven years. Such a
delay in developing the Joint Strike Fighter would per-
mit DoD to evaluate its needs for new aircraft—perhaps
with better knowledge of how potential enemies were
modernizing their forces. If it appeared that little mod-
ernization was likely, further deferrals of development
might be acceptable.

Option III would also not begin to increase pur-
chases of F-22s until 2001, and would purchase only
240 of the planes, slightly more than half the number
the Air Force wants, but enough aircraft to field two
tactical air wings. Such a "silver bullet" buy—small
purchases of highly capable but expensive weapons—
would permit DoD to learn all the lessons involved in
developing and producing F-22s at a lower total cost.
Also, the decrease in fighter production might be tolera-
ble if potential foes are unlikely to have sophisticated
fighter forces. The delay would permit the program to
complete a larger portion of its testing before entering
its full rate of production, thereby addressing Congres-
sional concerns about concurrency. It also would give
the Air Force a few more years to assess its needs for
the fighter.

In addition, Option III would cancel developing and
producing the F/A-18E/F, but would continue to pur-
chase F/A-18C/D aircraft. Since the Navy has modest
shortages in its fighter fleet, the option would use some
of the funds freed by canceling the E/F to add 274 F/A-
ISC/Ds to the budget during the 1997-2001 period.
That would be 112 more than the number of F/A-
18E/Fs planned for the same period. The option also
assumes that McDonnell Douglas would produce 60
additional AV-8Bs to provide air support for U.S. Ma-
rine Corps ground forces in the long interval before JSF
production. According to McDonnell Douglas, adding
newly produced AV-8Bs should be possible without
substantially changing the production base since the
ongoing remanufacture of the AV-8 is such an exten-
sive modification.
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This option mirrors recent Congressional actions.
The Congress added money to purchase six F-15Es and
six F-16s for the Air Force in 1996. It also funded six
more F/A-18C/D aircraft for the Navy. In the fiscal
year 1997 budget, the Congress added funding for two
additional F-15s and two more F-16s (above the Ad-
ministration's request for four of each) and also added
money for six F/A-18C/D aircraft.

CBO developed two versions of Option III. The
first of the versions buys the latest model of the F-16.
For Option IIIA, CBO assumes that F-16 production
would increase to 60 planes per year by 1999. The op-
tion purchases a total of 768 F-16s to stave off the need
for reducing forces until the middle of the second de-
cade of the 21st century, when CBO assumes that DoD
might begin purchasing more advanced aircraft.

A second version (Option IIIB) assumes that DoD
develops and purchases an improved F-16, the so-
called F-16 multistaged improvement program (MSIP).
The F-16 MSIP would have more sophisticated avion-
ics and could carry a wider variety of weapons, but it
would still lack much of the enhanced capability that
the Air Force will seek in a new fighter design. It mir-
rors an option the Air Force considered in the early
stages of the now canceled multirole fighter program.
A quantity of 768 F-16s would be bought, the same
amount as in Option IIIA. Option IIIB would purchase
fewer F-16s during the 1997-2001 period because of
the need for near-term development funds. But prices
for the two versions of the F-16 would differ. The
more advanced F-16 would be more costly with a pro-
curement unit cost of about $38 million compared with
$30 million for the current version. Moreover, CBO
assumed that it would cost an additional $2 billion to
develop the improved version.

Both versions of Option III would also purchase
214 additional F-15Es to compensate in part for the
reduction in F-22 fighters and partially to add to DoD's
medium-range attack fleet. Planes that can carry large
payloads relatively long distances, such as the F-15E,
might be particularly useful if one assumes that the
United States could easily engage in an extensive air
campaign or if one places a relatively high emphasis on
strategic targets located some distance from U.S. bases.
Nonstealthy F-15Es might also be useful if new
precision-guided munitions provide more standoff at-
tack capability that would permit conventional aircraft

to fire at targets from outside the range of surface-to-air
weapons.

CBO assumed that the savings from slowing F-22
purchases could be used to purchase F-15Es during the
1998-2001 period. Recent announcements by the Air
Force suggest that some of those savings might not ma-
terialize. On December 19, 1996, the Air Force wrote
the Congress to announce changes to the F-22 program
that extend engineering and manufacturing develop-
ment and slow increases in annual production.8 Cost
increases in both development and production may have
led to the restructuring. If the option's savings were
estimated against the revised plan, fewer F-15Es could
be purchased during the 1998-2001 period than as-
sumed here.

Risk and Balance

Options IIIA and IIIB probably offer about the same
risk of developmental failure as both versions of Option
II. The two versions of Option III develop the same
number of planes, though those developed are more
complex efforts. (The options also avoid the modest
risk associated with marinizing the Comanche.) The
F/A-18E/F-—developed in Options IIA and IIB but not
in either version of Option III—is probably the least
challenging of the Administration's efforts at develop-
ment. But both versions of Option III might reduce
some of that risk since they defer beginning develop-
ment for the F-22 and the Joint Strike Fighter. Devel-
oping the F-16 MSIP probably adds only modestly to
development risk.

Because they purchase more planes earlier, both
versions of Option III defer some of the aging of air-
craft under the Administration's plan. Also, the addi-
tional near-term purchases of 112 F/A-18s should de-
crease the shortfalls that the Department of the Navy
would experience under the Administration's plans.
Thus, the options might avoid some of the risks of re-
ductions in force levels that are inherent in the Admin-
istration's plan. They also provide larger inventory
hedges against the possibility that fighters might not
last as long as the services currently estimate. In the

Letter to Representative Curt Weldon, Chairman of the Military Re-
search and Development Subcommittee of the House National Secu-
rity Committee, from Arthur L. Money, Assistant Secretary of the Air
Force (Acquisition), December 19, 1996.
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longer term—toward 2020—both options would result
in older fleets than would the Administration's plan.
The Navy's fleet would also be smaller.

Costs and Capabilities

Both versions of Option III, compared with the Admin-
istration's plan, result in significant savings in the long
term. Neither option produces near-term savings, how-
ever, since CBO assumed that purchases of aircraft cur-
rently in the fleet would offset savings from delays in
modernizing.

In the longer run, Option IIIA produces substantial
savings during the 2002-2020 time period. Its average
annual procurement cost of $7.9 billion is about $4
billion less than CBO's estimate of the price of the Ad-
ministration's plan. It results, though, in funding that is
about 25 percent more than that of historical shares.
Option IIIB, which purchases a modified F-16, would
have average annual procurement costs of $8.3 billion,
$0.4 billion more than Option IIIA, the option that pur-
chases the basic aircraft.

Increases in development costs during the 2002-
2020 period would marginally offset savings in pro-
curement under both options. Deferring the start of
developing the JSF until 2003, compared with 1997 in
the Administration's plan, means that more of the pro-
gram's development costs would occur during those
decades. As a result, average annual development
funding would rise by about $0.2 billion for both ver-
sions of the option during that period. (Development
funding for the F-16 multistaged improvement program
was assumed to have already been spent during the
1997-2001 period.)

Options IIIA and IIIB decrease and defer peak an-
nual funding requirements, since they eliminate the
overlap between aircraft purchases. Despite that effect,
even Option IIIA, the cheaper of the two versions, still
has a bow wave. In 2017, when purchases of the Joint
Strike Fighter are assumed to reach peak rates, it would
require spending almost $13 billion on procurement,

about $6 billion less than peak Administration funding.
Yet that amount would be more than what could be
available if other pressures are placed on the budget.

On the one hand, the options offer more qualitative
capability than today's fleet. The option's proposed
purchases of F-22s and JSFs would mean that by 2020
the United States could field more than tenfold the
number of stealthy fighters that it can field today.
Moreover, the added F-15E purchases would increase
near-term strike capability. Further, the added pur-
chases of F/A-18C/Ds would mean that both the Navy
and Marine Corps would have aircraft for their fighter
squadrons.

On the other hand, neither option meets the ser-
vices' requirements for improving capability, primarily
in the low-observables area. The services would argue
that the options would leave their fighter fleets vulnera-
ble to advances in aircraft and surface-to-air missile
capabilities. The Air Force has expressed concerns
about the effectiveness of even the top-of-the-line F-15
in potential conflicts. The Navy argues that eliminating
the E/F model while purchasing C/Ds leaves them with
a plane that has too short a range to be useful in many
contingencies and that cannot land on a carrier deck
with its full complement of weapons. The Navy would
also probably maintain that the loss of the E/F model's
reduced visibility would make its aircraft fleet more
vulnerable to air-to-air and surface-to-air threats. Fi-
nally, the Marine Corps would find the modest addi-
tional purchases of the Harrier insufficient compensa-
tion for the seven-year delay in deliveries of the ad-
vanced short takeoff vertical landing version of the
Joint Strike Fighter.

For all of those reasons, the Congress and future
Administrations might want to pursue courses illus-
trated by those options above that pay for more mod-
ernization. But those options require allocating a larger
share of future budgets to tactical aircraft than has been
spent to date. If future Administrations find that other
competitors for defense dollars cause them to hold
fighter funding to past shares, or if defense spending is
itself reduced further, cuts to tactical aircraft spending
might be needed.
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Option IV: Make
Proportional Cuts to All
Programs and Accept
Force Cuts

Option IV is the only option the Congressional Budget
Office considered that actually cuts the funding for tac-
tical aircraft to the levels associated with historical
shares. It does so by using an approach that is a com-
mon outcome of the budget process: the pain would be
shared equally by making proportional cuts to all pro-
grams rather than killing any single program outright.
Realistically, some programs would probably expire as
the result of such a strategy, but they could take a long
time and large public expenditure before they do.

Such a strategy might also be consistent with a
choice to explore a number of design efforts rather than
purchasing large numbers of aircraft to preserve force
structure or defer aging. The Clinton Administration
proposed to develop weapon systems and produce them
in limited quantities. Such proposals could result in
large numbers of development programs with procure-
ment largely limited to what is needed to explore pro-
duction issues.

Sizable cuts in force would, however, be the out-
come of such a choice. First, the relatively larger sums
spent on funding for development could come out of
procurement funds. To compound the problem, pur-
chases of small numbers of planes increase the procure-
ment cost of the average aircraft. So not only do fewer
dollars go to purchases, but those that do purchase less.

Risk and Balance

The design risk in Option IV should equal that of the
Administration's plan, since it develops all of the planes
included in that plan. Therefore, concerns about devel-
opment in the Administration's plan would also apply
to this option.

Because this alternative would purchase only about
half the number of planes that the Administration's plan
procures—1,702 compared with 3,436—the option re-

sults in a smaller and older force. By 2015, fighter re-
quirements would exceed inventories by about 650
planes. The Navy would be short about 300 planes,
and the Air Force would have a deficit of 350 planes.
In 2020, after five more years during which retirements
exceed purchases, shortages would total about 510 and
930 planes for the Navy and Air Force, respectively.
Under the Administration's plan, such shortages would
amount to about 90 planes for the Navy and 320 planes
for the Air Force by 2020. In 2020, average fleet ages
under Option IV would also be high—about 14 years
for the Navy and 19 years for the Air Force.

Taken together, those results indicate that a choice
to pursue development at the expense of purchases
could result in very small fleet sizes. It would be unre-
alistic to assume that DoD and the services could retain
aircraft in the fleet longer to make up shortages, since
even under the Administration's current plans the fleet
will reach unprecedented ages. If forces were reduced
to eliminate those shortages, the Air Force might have
11 wings—about 55 percent of its current force size.
Navy and Marine Corps forces would experience simi-
lar reductions.

Cost and Capability

As suggested above, CBO intentionally structured this
option to characterize the purchases that might be made
if DoD spends no larger a share of the budget on fight-
ers than it has in the past or attempts to pursue all cur-
rently envisioned development efforts. At about $6.3
billion on average over the 2002-2020 period, the pro-
curement price of Option IV equals the amount associ-
ated with previous shares. Option IV's average pro-
curement cost is about 53 percent of the funding in the
Administration's plan.

Those results demonstrate the penalty paid for re-
ducing purchases. Although average annual procure-
ment funding for the 2002-2020 period is cut by less
than half, quantities purchased during the same period
are reduced by more than half. In fact, the average pur-
chase price of planes under this option is more than 10
percent higher than it would be under the Administra-
tion's plan, since aircraft producers do not become as
efficient at production if they make smaller numbers of
planes.



CHAPTER FIVE OPTIONS FOR TACTICAL AIRCRAFT MODERNIZATION 71

However, the actual adverse impact on aircraft
prices of a strategy employing proportional cuts could
be even greater. The Congressional Budget Office's
estimate assumes that aircraft producers build and
equip facilities that are sized to production rates.
DoD's past experience is that producers usually build
facilities that are sized to planned rates that never mate-
rialize. That phenomenon occurs for several reasons,
including optimism about the availability of future
funding and about future aircraft prices. CBO is unable
to estimate the cost burden if future plans prove to be
as unrealistic as past plans. But prices could be higher
than those CBO assumed if DoD equips facilities to
produce more planes than it orders.

Option IV would probably have significantly less
combat capability than any of the other alternatives,
even though the individual planes it purchases may be

more capable than alternatives that pursue less modern-
ization. Still, the smaller force structure associated
with the alternative—55 percent to 65 percent of current
levels—might be acceptable if one expected to require
forces to fight only in one regional conflict. In addition,
the more capable, though smaller, forces might provide
sufficient hedges against improvements in enemy
defenses.

Conversely, Option IV provides less capability for
the cost than a more selective development effort might
provide. In addition to its inefficiency, the option's
small forces would provide little reserve for fighting a
second conflict, should one emerge. Finally, if DoD
was to reduce the number of its forces that low, rebuild-
ing would be a formidable task if a more challenging
threat emerged on the horizon.
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Appendix A

Stealth and Fighter and Attack
Aircraft Design

S tealth is a term the Department of Defense
(DoD) uses to describe reduced visibility to en-
emy sensors. Reduced visibility is one of the

factors that determines whether an aircraft, missile, or
weapon will survive to carry out its mission. Many
people think of stealth in terms of reducing visibility to
enemy radars. But DoD also uses the term to describe
reducing a platform's visibility to infrared (heat) sen-
sors, acoustic (sound) sensors, to human eyes and ears,
and to systems that pick up an aircraft's electronic
emissions.

Nonetheless, much of the design effort to make a
weapon system stealthy focuses on reducing its radar
cross section—that is, the size of its signature to enemy
radars. The radar cross section is critical since radars
represent the most likely detection method for inte-
grated air defense systems as well as for most individ-
ual air defense weapons. (When compared with most
other kinds of sensors, radars can provide more in-
formation about and more accuracy on the location of
targets, and can operate in adverse weather and atmo-
spheric conditions.) Smaller signatures do not mean
that planes are completely invisible to radar, but rather
that enemy radars will be able to detect aircraft only at
shorter ranges. Radar systems that are less capable,
such as those on small mobile systems—surface-to-air
missiles and antiaircraft artillery—may detect stealthy
targets at such a reduced range that effective tracking
and subsequent engagement may be out of the question.

Moreover, the signatures of highly stealthy aircraft,
being equivalent to those of birds and insects, may fall
within the "noise" level of some radars. Such radars
may be set to decrease false detection rates and result in
an inability to see objects with small signatures. More
sophisticated radar-detection systems may have the ca-
pability to overcome that problem to some degree.
Thus, in the future, they may be able to see stealthy
targets, though it would still be at much shorter ranges
than nonstealthy planes and missiles.

Shorter detection ranges open corridors in air-de-
fense networks for stealth aircraft. That ability permits
the U.S. military to develop routes and tactics that will
allow aircraft to attack targets that more conventional
planes might find difficult and risky to reach. Shorten-
ing the range of radar may mean that operators of
surface-based, antiaircraft systems cannot take advan-
tage of their missile's full range—that is, their engage-
ment range can be reduced to a fraction of that for a
conventional aircraft target. Moreover, with late detec-
tions, the threat systems have less reaction time. Given
the high speeds (perhaps 500 to 1,000 or more miles
per hour—8 to 17 miles per minute) at which fighter
aircraft may fly in highly threatening environments,
missile operators would have very little time to fire at a
stealthy target that might not be detected until within 10
to 20 miles of the surface-to-air system. Those shorter
ranges permit a stealthy aircraft equipped to attack anti-
aircraft systems to launch its weapons and subsequently
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avoid the system's sharply reduced engagement zone.
Also, antiaircraft systems will be much less likely to be
able to take multiple shots at stealthy planes. Finally,
stealthy aircraft add an element of surprise to air at-
tacks and can fly within attack ranges of some targets
without being detected.

Radar range is also critical when interceptors are
guided to their target by ground-based radar. Smaller
signatures decrease the ground-controlled intercept ra-
dar range and thus track time. That effect delays or
interrupts steering commands to enemy fighters. As a
result, getting the threat interceptor to the correct loca-
tion for a successful missile launch is difficult. Another
problem for the enemy is that small airborne radars
(when compared with ground-based radars) find it diffi-
cult to detect targets unless they are pointed in the right
direction or the targets are close. Enemy fighters may
spot stealthy planes too late. Thus, they may be unable
to attack stealthy planes or escape from them. (The
stealthy aircraft may have launched its weapons al-
ready). Moreover, since many surface-to-air and air-to-
air missiles use radar returns for tracking a target to the
intercept point, smaller signatures may also decrease
the capability of enemy missiles.

Very small signatures might make enemy missiles
more vulnerable to countermeasures carried by the
stealthy plane. Countermeasures include chaff—a cloud
of metallic bits designed to fall in a way that creates a
tempting signature—and decoys, which are towed elec-
tronic emitters that create an electronic signature for
enemy missiles to home in on. A stealthy plane's signa-
ture is smaller than that of a chaff cloud or a towed
emitter. Indeed, a stealthy vehicle has fewer require-
ments for the high-cost areas of countermeasure power
and complexity. That is the result of the basic physics
involved in protecting an aircraft with a much smaller
signature. It applies to both "on board" countermea-
sures and "off board," such as that provided by standoff
jamming platforms. For all of those reasons, defense
mission planners would prefer to have some stealthy
platforms early in the war to defeat enemy air defenses
and attack high-value targets that are heavily defended.

The way a radar beam is reflected from the surface
of an object determines radar signatures.1 Consider the
analogy of a person shining a flashlight at a mirror to
take just one example. If the flashlight is held at a 90
degree angle to the mirror the light bounces back di-
rectly and the reflection is the greatest. If the light hits
the mirror at an oblique angle, it bounces away from the
source of the light. A concave mirror reflects light back
to the light's source from a number of angles, whereas a
convex mirror would deflect light away from the
source. Among the best radar returns (worst from a
stealth perspective) is that produced by the dish-shaped
antenna of a radar receiver. The worst radar returns are
from those objects that fragment the radar beam, cause
it to bounce off at a different angle, or diffuse the radar
returns.

Adding film to the mirror, which absorbs some of
the light, reduces the amount of light that is reflected
back as well. A flat black paint would preclude any
visible light from being reflected back to the observer.

Designers of stealthy weapon systems try to capi-
talize on those simple physical principles by building
systems whose shapes deflect the radar returns. Stealth
designs may include faceted or rounded surfaces to de-
flect or diffuse radar returns. Since weapons carried
externally are likely to increase radar signatures (by
having corners where they are attached to the plane or
themselves having large radar signatures), highly
stealthy aircraft carry their weapons internally.

In addition, designers employ radar-absorbing ma-
terials (similar to painting the mirror) to reduce the re-
turn. Designers must also mask concave apertures such
as cockpits, engine intakes, and exhaust nozzles. Fi-
nally, stealthy designs may also reduce or disperse en-
gine exhaust to decrease the intensity of the heat of the
exhaust plume and, thus, its infra-red signatures.

The radar return also depends on a number of other factors illustrated
in the radar equation: for a discussion of radars, radar cross sections,
detection ranges, and stealth, see Merrill L. Skolnik, Introduction to
Radar Systems (New York: McGraw-Hill Publishing Company,
1980), pp. 33-65 and 553. An extremely helpful discussion of the
design issues in reducing radar cross sections is provided in Eugene F.
Knott, John F. Shaeffer, and Michael T. Tuley, Radar Cross Section
(Boston, Mass.: Artech House, 1993), which discusses shaping and
radar-absorbing materials. Research notes from a Georgia Tech Re-
search Institute course by Michael T. Tuley entitled, "Radar Cross
Section Reduction" were also particularly valuable.
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Table A-1.
Selected Objects and Their Visibility to Radar

Radar Cross Section
SAM Tracking Range

(Nautical miles)

Object

Large Transport Aircraft

Conventional Fighter Plane

B-1B Bomber

Cruise Missile

Large Bird

Insect

In
Decibels

20

10

0

-10

-20

-30

In Square
Meters

100.0

10.0

1.0

0.1

0.01

0.001

Target at
500 Feet

40a

40a

40a

30

20

10

Target at
15,000 Feet

150

125

75

50

30

20

SOURCE: Congressional Budget Office based on a presentation from Lockheed Martin on the Value of Stealth.

NOTE: SAM = surface-to-air missile,

a. Limited to line of sight.

The two strategies of coatings and masking may be
used to reduce some aspects of the signature of a con-
ventionally designed aircraft. But to achieve extremely
small signatures, aircraft designers are driven to new
designs that weigh shaping considerations—hidden en-
gines, carrying weapons internally, and other attributes
of stealth design—with performance and other mission
requirements.

Measuring a Plane's Signature

The size of a plane's signature is expressed in several
ways (see Table A-1). One is the radar cross section,
which is expressed in square meters.2 Along with
square meters (m2), the stealth and radar communities
often use decibels (db). That is a logarithmic measure
of the strength of the signal return relative to some ref-

The measurement of a single radar cross section is a great simplifica-
tion of a plane's visibility to radar, since the signature will vary de-
pending on the angle of the radar to the plane. For example a plane
that has a low signature from the front might have a large signature if
viewed from the side, back, top, or bottom.

erence level, conceptually similar to the scale used to
describe the intensity of sound.3

DoD describes a continuum of stealth for aircraft
that starts with conventional aircraft, goes to near low
observable, to low observable, and then to very low
observable. Those terms have no unclassified defini-
tion, and some analysts have suggested that the Air
Force and the Navy use them differently, and that fur-
thermore some contractors, attempting unclassified ex-
planations of the level of stealth of their weapons, may
also use those designations loosely.

Among the few unclassified discussions by DoD
personnel on the meaning of the very low observable
designation is the testimony of General Larry D.
Welch—a former Air Force Chief of Staff—who was
discussing the B-2 bomber's signature in an unclas-
sified forum. General Welch suggested that a very low
observable plane, such as the B-2, might produce a sig-
nature equivalent to that of an insect (see Table A-1 for

Paul A Tipler, Physics (New York: Worth Publishers, Inc., 1976), p.
525.
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decibel and square meter radar cross section measure-
ments for a variety of flying objects, including insects).

According to a briefing on the value of stealth pre-
pared by the Lockheed Martin Corporation, an unspeci-
fied insect might have a radar cross section of .001 m2.4

The same briefing suggests that a conventional fighter
could have a signature of 10 m2, or much larger than the
insect's signature. Low observable objects presumably
would fall somewhere in between. The B-1B bomber,
which may incorporate some technology for reducing
signatures, may achieve a radar cross section of 1 m2,
and a cruise missile could have a radar cross section of
O.lm2 .

The dramatic reductions in signature to reach the
low observable designation or very low observable des-
ignation are necessary if DoD wishes to reduce radar
ranges sharply—the result of the relationship between
radar range and target signature. The form of the radar
equation that describes that relationship is:

Rm=tPtG
2A2RCS/(47i)3PnJ1/4

where; R^ = the maximum radar range; Pt = the trans-
mittal power of the radar signal; G = the gain of the
antenna; X = the wave length; RCS = the radar cross
section of the target; and Pmm = the power of the mini-
mum detectable signal.5 Since the variable of the range
in the equation is raised to the fourth power, other vari-
ables have to be reduced significantly to decrease radar
ranges. For example, the radar cross section would
have to be reduced by 12 db (a 16-fold reduction in me-
ters squared) to reduce a radar range by half. Radar
power would need to increase by 16 times to recapture
the range—an expensive proposition and one that may
actually place the radar at more risk of attack.

Although stealth has obvious advantages, it also
has disadvantages, particularly if the weapon is to fall

See Lockheed Corporation briefing, The Value of Stealth (May 1994)
for a useful unclassified discussion of stealth technology. The briefing
refers to an article by William O'Neil, "Dont Give Up On the Ship,"
U.S. Naval Institute, Proceedings (January 1991), p. 48. That article
provided data on the radar cross section of various objects. Presum-
ably the type of insect matters and a bee would have a larger radar
cross section than a gnat, but the analogy gives a useful idea of the
order of magnitude reductions that DoD expects from stealth technol-
ogy-

See Knott, Shaefer, and Tuley, Radar Cross Section, p. 46. That is a
simplified equation.

into the very low observable category: stealthy designs
are more costly, probably carry smaller payloads than
conventional aircraft, and may have shorter ranges or
be less agile in flight. Obtaining a very low observable
level of stealth while carrying weapons externally may
be difficult and perhaps impossible. For one thing, the
weapons themselves would have to be stealthy, which
would increase their cost. Also, weapons would need to
be carried conformally—that is, in ways that do not al-
ter the shape of the aircraft a great deal—which proba-
bly would involve designing and purchasing a stealthy
pod.

Internal carriage creates the need for a larger fuse-
lage, and it reduces aircraft payloads, unless the design-
ers choose unconventional shapes—such as the bat
wing shape of the B-2 or the faceted F-l 17. (Designers
also use internal carriage for long-range aircraft since
weapons carried internally create less drag.) Such un-
conventional designs can also, however, have cost pen-
alties. Stealth aircraft typically contain more exotic
materials than conventional planes. Coatings add
weight and labor. Production facilities have to be more
secure—entailing, among many changes, more secure
buildings and special computers as well as more
guards. Moreover, production personnel must be
cleared at higher levels. Avionics on stealthy planes
may be more sophisticated as well. In addition, mainte-
nance may be more difficult. For example, even dents
in the smooth coating of a stealthy plane could increase
its signature. In short, all of those factors can reduce
other elements of capability and increase costs.

One other issue is whether stealth is perishable.
Consider another analogy: developing technology for
fighting wars is an ongoing game of cat and mouse. If
the mouse becomes quieter and learns to forage at
night, the cat develops better hearing and learns to see
in the dark. Some defense experts have suggested that
improvements in enemy sensors may take away—or at
least decrease—the advantages of stealth in the future.6

One method of defeating stealth would be to de-
velop higher-powered radars. A very high-power radar
could give antiaircraft systems back the range lost as a
result of reducing target signatures. Looking back at

6. For a discussion of stealth and possible alternatives or countermea-
sures, see Department of the Navy, Office of Naval Intelligence
Worldwide Challenges to Naval Strike Warfare (January 1996).
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the radar equation, however, one finds that the power of
the transmitter needs to increase dramatically to make
major increases in tracking or detection ranges. Such
increases in power may be costly. They could also in-
crease the vulnerability of antiaircraft systems, such as
surface-to-air missile systems. SAM systems—targets
themselves to air-launched, antiradiation missiles—need
to worry about emitting more radiation and thus be-
coming easier to attack.

Weapon designers could also attempt to find other
methods of detecting stealthy platforms. For example,
a publication put out by the Office of Naval Intelligence
suggests, "Infrared search and track systems (IRST) are

beginning to exploit the 8-14 micron band of the infra-
red spectrum. The signature of the aircraft in this band
is derived from friction-induced skin heat and is hard to
conceal [that could be a particular problem for planes
that fly very fast for long ranges]. Although design of a
reliable system in this band poses technological chal-
lenges, there is potential to detect low radar signature
targets."7 Even if that technology becomes a reality,
stealthy designs may still retain some advantages in
detection range, since the ranges of such systems may
be limited.

7. Worldwide Challenges to Naval Strike Warfare, p. 17.





Appendix B

Service Lives for
Military Aircraft

H ow long should an aircraft operate? The term
service life typically refers to the number of
hours that an aircraft can be flown before the

stress and strain of normal operations begin to render it
unsafe to operate. From that standpoint, service life is
very important to the military services and is often used
as a proxy to estimate when aircraft should be removed
from service, and, hence, when new aircraft are needed.
Accurate, conservative estimates of aircraft service
lives are therefore of great importance from both cost
and operational perspectives. If aircraft do not last as
long as planned, they will have to be repaired or re-
placed at additional cost. Moreover, the plane's opera-
tional utility is diminished if it cannot perform for the
expected length of time.

How then are service lives determined? Generally,
the goals for a plane's service life are established when
its concept and operational requirements are being de-
veloped. Along with requirements for improvements in
capability—for example, range, speed, and stealth-
military planners might specify requirements for service
life. They may need the plane to last 20 years and to fly
8,000 hours. Aircraft structural and materials engi-
neers then translate those operational goals into goals
for structural use.

Engineers know that over the course of a plane's
service life it performs numerous maneuvers—it flies at
various speeds and altitudes; carries a variety of pay-
loads; takes off and lands numerous times; and banks,
turns, and rolls frequently at various rates. All of those

maneuvers place stress and strain on the aircraft's struc-
ture and cause it to deteriorate. Engineers attempt to
design the aircraft structure so that under the rigors of
everyday use it does not deteriorate beyond the point of
usability and is as capable of flying at the end of its
service life as at the beginning.

Given those challenges, aircraft engineers have a
massive job in ensuring that all the structural compo-
nents of an aircraft will perform as required for the
length of an aircraft's service life. Aircraft resemble
long chains—they are pieced together from many sepa-
rate structures and are only as strong as the weakest
link. Should a major structural component—such as a
wing, the tail, the fuselage, or a joint or bulkhead that
joins any of those structures—break during operation,
the entire aircraft may be destroyed.

Because failure of any major aircraft component in
flight can result in disaster, the engineers must under-
stand how those components respond to stress and
strain individually and as part of the complete aircraft.
To that end, aircraft engineers use computer models as
well as physical tests to gauge the ability of aircraft
components to withstand the rigors of flight.

Computer models simulate how aircraft compo-
nents respond when they are flexed, stretched, and
twisted with various levels of force. Hence, they pro-
vide engineers with insight into structural weaknesses—
for instance, where cracks are likely to form and how
those cracks might grow. The models allow engineers
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to predict how long a structural component can theoret-
ically withstand the rigors of flight and thus determine
if it is strong enough to satisfy design goals.

In addition to computer simulation, engineers sub-
ject to tests a complete airframe—designated as a test
article in the Department of Defense's purchasing plans
—to determine if it will meet design goals. Machines
twist, flex, and shake the airframe to simulate the
stresses that the plane will experience when flying. The
test article is typically used to simulate flying twice the
number of hours the plane is expected to fly when it is
operational. Measurements are taken during such test-
ing, and the results are compared with computer predic-
tions to determine if the aircraft will perform as antici-
pated.

Testing and simulation allow engineers to deter-
mine a plane's capability to satisfy goals for its operat-
ing service life. Despite that validation, designers can-
not predict the service lives of aircraft with certainty. A
number of factors influence whether the engineers' pre-
dictions will pan out over the operational life of the new
plane.

Limitations in the computer models that simulate
the effect of flight is one factor that may introduce error
into the engineers' estimates. Even relatively complex
models of aircraft structural design do not faithfully
simulate all of the factors at work when an aircraft
component twists, slides, and bends. As computing
technology becomes increasingly sophisticated, that
issue may decrease in importance as one that throws off
predictions of service life.

Perhaps more important in the long run is the cost
of testing and evaluation. High costs may limit the
ability of engineers to collect sufficient data to deter-
mine accurately whether all structural components are
capable of meeting goals for service life. High-fidelity
computer models are expensive to design and typically
require large, powerful computers that are expensive to
own and operate.

Thus, designers sometimes resort to less accurate
models to assess the durability of components. In addi-
tion, full-scale testing for durability is a costly and
time-consuming procedure. As a result, manufacturers
may opt not to test all of an aircraft's structural compo-
nents if they were tested on an earlier version of the
plane (as was the case with F-16 Block 40 and Block

50 aircraft). Although that failure to test produces
economies in the design process, each version of an
aircraft may introduce important strains in the struc-
tural chain—even in components that were not ostensi-
bly influenced in the modification process—that could
shorten service life.

Another important limitation in determining
whether an operational aircraft will meet goals for its
service life is the ability of engineers to predict accu-
rately how the aircraft will be used over the course of
its service life. How violently will it be maneuvered?
How fast will it will fly? At what altitudes? How much
ordnance will it carry? How many takeoffs and land-
ings will it perform? All of those factors affect the
forces that the aircraft will be subject to over its life-
time and how much damage its components will incur.
Thus, the success with which the Department of De-
fense predicts actual use—and the engineers' ability to
test accurately for that level of use—will affect whether
a plane will live up to its design specifications.

Engineers naturally attempt to eliminate inaccuracy
as much as possible. They make informed predictions
about aircraft use, relying on data from existing aircraft
that perform the same or similar missions (though that
method has problems of its own). Moreover, some de-
sign philosophies (such as those used by the Navy) pro-
vide room for error. Engineers might design an aircraft
to specifications that are more rigid than they anticipate
the average aircraft will require.

Any manufactured structure, no matter how finely
fashioned, contains inherent flaws. Materials made of
metal will contain microscopically small pockets or fis-
sures imperceptible to the human eye. However, when
subjected to the stress and strain of flight, those imper-
fections grow. That growth is what concerns engineers.
They rely on computers to evaluate the numerous vari-
ables and equations that describe how materials re-
spond to the forces of flight and attempt to predict how
quickly those imperfections will grow into cracks that
result in component fracture and failure.

Nonetheless, aircraft are dynamic systems, which is
another way of saying that countless forces are at work
both internally and externally when an aircraft operates.
Therefore, assumptions and generalizations must be
made when simulating aircraft use and the forces it and
its components will encounter. Some of those assump-
tions will inevitably prove to be wrong.



Appendix C

Cost Estimates for Aircraft in
the Administration's Plan:

Joint Strike Fighter, F-22, and F/A-18E/F

T he Congressional Budget Office estimates that
the cost to develop and acquire the three air-
craft in the Administration's tactical aviation

plan would total $357 billion in 1997 constant dollars.
The Joint Strike Fighter (JSF) program accounts for
about 60 percent, or $219 billion, of that amount. The
F-22 and the F/A-18 E/F programs make up the differ-
ence, costing about $70 billion and $67 billion, respec-
tively. This appendix provides the basis for those esti-
mates (see Table C-l).

Background

The Department of Defense uses several building
blocks for determining or describing a weapon's cost.
Chronologically, the first one addresses the costs to
develop a system. The costs to develop an aircraft en-
compass engineering design, manufacturing ground and
flyable test articles, and testing to establish that the de-
sign meets performance specifications.

Once the government decides to build the aircraft in
a greater quantity, it incurs costs that the cost analysts
describe with various terms. Those include:

o Flyaway cost is the most basic component and in-
cludes the costs of the airframe, engines, electron-
ics, and other parts of the airplanes themselves.

o Weapon systems cost covers everything in flyaway
cost plus equipment to maintain the aircraft (such
as power carts and diagnostic computers), simula-
tors for pilot training, and maintenance manuals.

o Procurement costs add to the cost of the previous
two categories by including an initial complement
of spare and repair parts.

When development and procurement costs are
added to the expenses of constructing any special facili-
ties such as operating base hangars and ramps or de-
pots, the sum represents what analysts dub "acquisition
costs" (see Table C-2 for a description of how those
building blocks add up to the acquisition cost).

Acquisition Costs of the
Joint Strike Fighter

The cost of the Joint Strike Fighter—at $219 billion
—would have a greater impact on the budget for aircraft
procurement than the other two programs combined.
Procurement costs would total about $197 billion (or
90 percent of the acquisition cost) for 2,978 aircraft.
CBO estimates that research and development would
require another $21.5 billion (see Table C-3 for CBO's
estimate for the JSF and the methods used to estimate
major elements of the program).
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Table C-1.
Summary of CBO Estimates for the Joint Strike Fighter, F-22, and F/A-18E/F
(In billions of 1997 dollars)

Program

Joint Strike Fighter

F-22

F/A-18E/F

Total

Development

21.5

22.8

5.7

50.0

Procurement

197.3

47.3

61.7

306.3

Military
Construction

0.2

0.2

0

0.4

Total
Acquisition

219.0

70.3

67.4

356.7

SOURCE: Congressional Budget Office.

In contrast, the Administration has an estimate for
development costs, but only goals for recurring flyaway
costs and no estimate for other procurement costs. The
Department of Defense's estimates development costs
at $19.7 billion or about 9 percent lower than the CBO
estimate; its cost goals for recurring flyaway costs are
more than 40 percent lower on average. CBO estimates
that the Air Force's version of Joint Strike Fighter
would cost about $45 million each on average com-
pared with DoD's goal of $30 million. As for the Navy
and Marine Corps, CBO also does not expect that the
cost goals could be met. Instead of Navy planes that
cost from $34 million to $41 million each, CBO ex-
pects the unit cost to be about $57 million. The Marine
Corps' aircraft would cost $50 million each instead of
$33 million to $38 million, which is DoD's goal for that
version.

Development Costs for
the Joint Strike Fighter

At about $21.5 billion, development for the Joint Strike
Fighter would represent about 10 percent of total acqui-
sition costs. Development covers two distinct phases-
concept development costing about $2.7 billion and
engineering and manufacturing development at about
$19 billion. CBO uses estimates from DoD for concept
development, but departs from DoD estimates for the
three main elements of engineering and manufacturing
development that are the responsibility of a contrac-
tor—airframe, avionics, and propulsion—and costs of

the program office and test ranges that the government
bears directly. CBO estimated the first three parts
based on statistical analyses, known as cost-estimating
relationships, whereas the estimate for administration
and the ranges assume that such costs would be 11 per-
cent of the contractor's estimated costs—a rough per-
centage based on the experience of previous develop-
ment programs for fighter aircraft.

The Institute for Defense Analyses (IDA) and the
RAND Corporation performed the statistical analysis in
separate studies to determine the mathematical relation-
ships between costs and performance or physical char-
acteristics of airframes, avionics, and engines. They
used multiple regression techniques and data from more
than 16 tactical fighter and attack aircraft, between 20
and 45 aircraft avionics subsystems, and 15 turbine
engines. The size of the avionics sample varies depend-
ing on the subsystem—for example, fire control radar,
computers, or controls and displays.

For airframe development, costs depend on the air-
craft's weight, maximum speed, the amount of ad-
vanced materials in the airframe, and a measure of the
program's complexity when many contractors are
teamed in the development. The important variables
for estimating avionics costs are system weight, level of
integration, and technological maturity.1 For the cost of
engines, the variables driving costs are maximum air-
flow through the engine, engine thrust-to-weight ratio,

1. Level of integration refers to the maximum number of gates per chip
available at the time the avionics system entered development.
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Table C-2.
Components of the Cost of Acquisition
for Tactical Aircraft

Cost Category Cost Components

Flyaway Cost

Weapon
Systems Cost

Procurement
Cost

Acquisition
Cost

Airframe and Avionics and Propulsion
and Nonrecurring

Flyaway and Logistics Support

Weapon Systems and Initial Spares
and Repair Parts

Procurement Cost; Research
Development, Test, and Evaluation;
and Military Construction

SOURCE: Congressional Budget Office.

NOTE: Nonrecurring costs are one-time costs not chargeable to
each aircraft. They include items such as tooling purchases
that are needed to achieve increases in production rate, an-
cillary equipment such as launchers and bomb racks, and
engineering design costs for modifications made during pro-
duction.

specific fuel consumption, and a measure of technology
called time-of-arrival.2

The databases underlying the IDA and RAND anal-
yses did not capture the added costs of developing
stealth technology. They consist of systems developed
before the advent of that technology. Clearly, incorpo-
rating stealth features into an aircraft has some cost
penalty in both development and production. For ex-
ample, during development, stealth requires additional
design considerations, extra test articles and testing,
unique applications of materials in the manufacturing
of test articles, and greater security.

Similarly, during production, stealth still requires
unique applications of materials in the aircraft, contin-
ued testing of each aircraft off the production line, and
greater security in certain areas of the production facil-
ity. Quantifying that cost penalty has been difficult,
however, because no research or studies have been pub-

This method was first used by Alexander and Nelson at RAND and
was later used in RAND's engine cost-estimating models. See AJ.
Alexander and J.R. Nelson, Measuring Technological Change: Air-
craft Turbine Engines, R-1017-ARPA/PR, (Santa Monica: RAND
Corporation, April 1972).

lished to shed light on this question. Informal informa-
tion from industry indicates the extra cost may be about
10 percent. But CBO believes the figure may actually
be higher given recent cost experience on programs like
the B-2, F-l 17, the A-12, and the ongoing F-22. CBO
chose to double the 10 percent factor in production and
increase it by half again to 30 percent in development.
Development receives a higher factor because the ef-
forts to design the stealth aircraft appear greater than
those needed to build the aircraft repeatedly in produc-
tion.

Procurement Cost of the
Joint Strike Fighter

CBO estimates that procurement costs of the Joint
Strike Fighter would total about $197 billion (in 1997
dollars). CBO estimated five elements of procurement
cost—airframe, avionics, propulsion, nonrecurring, and
logistics support and initial spare parts. Airframe and
avionics account for over half of procurement costs and
were estimated using a second set of cost-estimating
relationships that the Institute for Defense Analyses
and RAND computed. CBO bases its estimate for pro-
pulsion costs on similar costs for the F-22 and the same
sort of variables used in the estimates for airframe and
avionics costs. The estimate for nonrecurring costs
represents a fixed percentage of airframe, avionics, and
propulsion costs combined. Costs for logistics support
and initial spares represent a fixed percentage of recur-
ring flyaway costs.

Airframe. CBO's estimate of $65 billion for airframe
production costs draws on an IDA analysis of how such
costs vary as a function of the airframe's weight, the
percentage of advanced material used in manufacturing
the airframe, and structural efficiency. The Institute for
Defense Analyses derived those cost-estimating rela-
tionships based on a statistical analysis of airframe cost
and technical performance data on 17 tactical fighter
and attack aircraft, including the F-l8, F-l6, and F-l5
aircraft. Because the cost-estimating relationship ad-
dresses the cost of the 100th airframe off of the produc-
tion line, the Congressional Budget Office estimated a
schedule of costs for 2,978 aircraft based on the esti-
mate of the cost-estimating relationship and on a learn-
ing curve—a pattern of declining costs as a production
run lengthens—that also accounts for the commonality
between the three versions or models of the Joint Strike
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Table C-3.
CBO Cost Estimate for the Joint Strike Fighter (In billions of 1997 dollars)

Cost Component Estimate Primary Basis of Estimate

Development Cost

Procurement Cost
Airframe
Avionics
Propulsion
Nonrecurring

Subtotal, Flyaway

Support and initial spares

Total, Procurement

Military Construction

Acquisition Cost of
Joint Strike Fighter

21.5

64.6
52.5
17.4
11.2

145.7

51.6

197.3

0.2

219.0

Institute for Defense Analyses and RAND Cost Equations

Cost Equation of the Institute for Defense Analyses
RAND Cost Equation
F119 Costs Adjusted Based on IDA Equation
Percentage of Other Flyaway Costs

Percentage of Recurring Flyaway Costs

Costs for F-22, F-18, and AV-8B

SOURCE: Congressional Budget Office.

Fighter. As with development costs, CBO raised the
estimate—by 20 percent in this case—to capture the
cost of stealth technology.

Avionics. CBO estimated the $53 billion production
costs of JSF avionics (for example, radar, controls, and
displays) using cost-estimating relationships developed
by RAND. Using a database of between 20 to 45 avi-
onics systems depending on the subsystem, RAND
found that production costs for avionics depend on sys-
tem weight, level of integration, and technological ma-
turity. Like the cost-estimating relationships for the
airframe, the cost-estimating relationships for avionics
address the cost of the 100th system off of the produc-
tion line. CBO estimated a schedule of avionics costs
for 2,978 aircraft based on the estimates of the cost-
estimating relationship and learning curves for avionics.
CBO did not increase those estimates for "stealth" be-
cause the cost impact in production is minimal for most
avionics systems.

Propulsion. CBO estimates that the costs of produc-
tion of the Joint Strike Fighter engines and the special
propulsion elements associated with the short takeoff
and vertical landing capabilities of the model sought by
the Marine Corps would be $17 billion. That estimate

relies on similar costs for the F-22 engine and an equa-
tion that the Institute for Defense Analyses developed.

CBO used the costs of the F-22 engine, designated
the Fl 19, for a direct analogy because all teams of con-
tractors for the Joint Strike Fighter have announced
plans to use the Fl 19 engine or a version of it. CBO
estimated a schedule of propulsion costs for 2,978 air-
craft based on the F119 engine costs, the equation of
the Institute for Defense Analyses, and a learning curve
for engines. CBO did not increase those estimates for
the stealth factor because the effect on costs is minimal.

Nonrecurring.3 CBO estimated the JSF nonrecurring
flyaway costs (about $11 billion) as a percentage of re-
curring flyaway cost. On average, nonrecurring costs
amount to about 8 percent of the recurring flyaway cost
for this program based on separate percentages for each
service for nonrecurring costs that CBO computed from
the cost breakdowns provided in DoD's Selected Acqui-
sition Reports (SARs) for various models of F-16,

3. Nonrecurring costs are one-time costs not chargeable to each aircraft.
They include items such as tooling purchases that are needed to
achieve increases in production rate, ancillary equipment such as
launchers and bomb racks, and engineering design costs for modifica-
tions made during production.
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Table C-4.
CBO Cost Estimate for the F-22 (In billions of 1997 dollars)

Cost Component Estimate Primary Basis of Estimate

Development Cost

SOURCE: Congressional Budget Office.

22.8 Air Force Estimate

Procurement Cost
Airframe
Avionics
Propulsion
Nonrecurring

Subtotal, Flyaway

Support and initial spares

Total, Procurement

Military Construction

Acquisition Cost of F-22

19.6
12.6
5.0
0.3

37.5

9.8

47.3

0.2

70.3

Cost Equation of the Institute for Defense Analyses
RAND Cost Equation
F1 19 Costs
Percentage of Other Flyaway Costs

F-15Costs

Air Force Estimate

F-18, and AV-8B aircraft.4 The Joint Strike Fighter is
due to replace two of those three aircraft. The third, the
F/A-18, is the most recent aircraft in the Navy's inven-
tory and provides the best analogy to the JSF from a
Naval perspective, and could also be replaced by the
JSF in the long term.

Logistics Support and Initial Spares and Repair
Parts. CBO also estimated the cost of logistics sup-
port and initial spares and repair parts as a percentage
of recurring flyaway cost. On average, the costs of
logistics support and initial spares amount to about 36
percent of the recurring flyaway cost for this program
based on CBO's analysis of DoD's Selected Acquisi-
tion Reports for various models of the F-16, F-18, and
AV-8B.

The Congress requires that Selected Acquisition Reports (SARs) be
submitted annually on most major weapons. SARs contain informa-
tion on program progress, technical capabilities, contract progress, and
overall cost.

Acquisition Costs of the
F-22 Fighter

CBO estimates that F-22 costs would total $70 billion
(see Table C-4). Development costs for the F-22 would
total about $22.8 billion, of which approximately $15.7
billion has already been spent. CBO's estimate for the
remaining $7 billion covers the 1997-2002 period and
is taken with minor adjustment from the Selected Ac-
quisition Report (dated December 31, 1995) for this
system. Procurement costs for 438 aircraft would total
about $47 billion or nearly 70 percent of the CBO's
estimate of F-22 acquisition costs. CBO's procurement
cost estimate is about 18 percent higher than the Ad-
ministration's estimate—about $40 billion.

As with the Joint Strike Fighter, CBO's estimate
for F-22 procurement has five major elements—air-
frame, avionics, propulsion, nonrecurring costs, and
logistics support and initial spares. The estimate of
each element is based on the same methods as in CBO's
estimate of the Joint Strike Fighter as follows:

o Airframe costs (about $20 billion) were estimated
using the Institute for Defense Analyses' equation
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showing production cost as a function of the air-
frame's weight, the amount of advanced materials
in the airframe, and the structural efficiency of the
airframe; an adjustment for the costs of stealth
technology; and the learning curve implicit in the
SARfortheF-22.

The cost estimate for avionics (about $13 billion)
employs the equation developed by RAND that
predicts costs as a function of weight, level of inte-
gration, and technological maturity.

Propulsion costs ($5 billion) were estimated based
on cost data provided by the Fl 19's manufacturer
and the learning curve implicit in the Selected Ac-
quisition Report for the F-22.

Nonrecurring costs ($0.3 billion) represent a fixed
percentage of recurring flyaway cost based on the
cost breakdown provided in the most recent Se-
lected Acquisition Report for the F-15, in part, be-
cause the F-22 would replace that aircraft.

Logistics Support and Initial Spares (about $10
billion) were estimated as a percentage—26 per-
cent—of recurring flyaway cost based on like costs
of the F-15.

Acquisition Costs of the
F/A-18E/F

CBO estimates that acquisition costs for the F/A-18EF
total about $67 billion (see Table C-5). CBO's esti-
mate of development costs is the same as reported by
the Navy in the Selected Acquisition Report of a year
ago; about $5 billion of nearly $6 billion has already
been expended Procurement of 1,000 aircraft accounts
for about $62 billion or 92 percent of the cost estimate.
Unlike the estimates for the Joint Strike Fighter and the
F-22, CBO's estimate of procurement costs is nearly
the same as the Administration's estimate—only about
1 percent higher.

This aircraft presents a less complicated challenge
than the Joint Strike Fighter or the F-22 because much
more is known about the FA-18's costs. The Navy and
Marine Corps have already bought over 1,000 earlier
models of this aircraft, and drawing on the cost history
of those purchases provides a rough first cut at the cost
of the E and F models. Much of the FA-18E/F avionics
is the same as that on the C and D models; and the en-
gine is a derivative of the existing C and D engine, the
F404. The later model's airframe, however, is much

Table C-5.
CBO Cost Estimate for the FA-18E/F (In billions of 1997 dollars)

Cost Component Estimate Primary Basis of Estimate

Development Cost

Procurement Cost
Recurring Flyaway
Nonrecurring

Subtotal, Flyaway

Support and initial spares

Total, Procurement

Military Construction

Acquisition Cost of FA-18E/F

5.7

417
6.6

48.3

13.3

61.7

0

67.4

Navy Estimate

Previous Models Adjusted for Weight Differences
Percentage of Recurring Flyaway Costs Based on Earlier Models

Percentage of Recurring Flyaway Based on Earlier Models

Facilities Already Exist for Earlier Models

SOURCE: Congressional Budget Office.
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different—some would say the E and F are practically
new aircraft instead of a variation on an existing air-
craft. Consequently, CBO approached the estimates of
FA-18E/F costs at a higher level of aggregation than
the estimates for the Joint Strike Fighter and the F-22.

CBO estimated three elements of procurement
costs—recurring flyaway, nonrecurring flyaway, and
initial support and spares. The estimate for recurring
flyaway costs ($41.7 billion) assumes that those costs
would be the same as the earlier models, adjusted for
the E/F's extra weight. Specifically, the estimate as-
sumes that the program would cost the same as the first
1,000 earlier models except that the heavier E/F model
would cost 36 percent more based on the ratio of its

weight to the weight of earlier models. Recurring fly-
away accounts for 68 percent of the F/A-18E/F pro-
curement estimate.

CBO expects that nonrecurring flyaway cost and
logistics support and initial spares for E and F models
would be the same percentage of recurring flyaway
costs as they were for earlier models. Based on the cost
breakdowns provided in the F/A-18 Selected Acquisi-
tion Report, nonrecurring flyaway cost would total
about $7 billion—about 16 percent of recurring flyaway
costs. For logistics support and initial spares, the cost
would represent 32 percent of recurring flyaway cost or
about $13 billion.





List of Abbreviations

AMRAAM
ASTOVL
ASRAAM
ATF
AWACS
C3I
DoD
EIA
HMD
FMRAAM
FYDP
GAO
GDP
HARM
IDA
IRST
JAST
JDAM
JSF
JSTARS
MICA
MRF
MSIP
NATF
ONI
RCS
RDT&E
RIA
SAM
SAR
SSF
STOVL
TACAIR
UAV

Advanced Medium-Range Air-to-Air Missile
advanced short takeoff vertical landing
Advanced Short-Range Air-to-Air Missile
Advanced Tactical Fighter
airborne warning and control system
command, control, communication, and intelligence
Department of Defense
Electronics Industry Association
engineering and manufacturing development
Future Medium-Range Air-to-Air Missile
Future Years Defense Program
General Accounting Office
gross domestic product
High-Speed Anti-Radar Missile
Institute for Defense Analyses
infrared search and track
Joint Advanced Strike Technology
Joint Direct Attack Munition
Joint Strike Fighter
Joint Surveillance Target Attack Radar System
Missile d'Interception etde Combat Aerien
Multirole Fighter
multistaged improvement program
Navalized Advanced Tactical Fighter
Office of Naval Intelligence
radar cross section
research, development, test, and evaluation
Replacement Interdiction Aircraft
surface-to-air missile
Selected Acquisition Report
STOVL Strike Fighter
short takeoff vertical landing
tactical air
unmanned aerial vehicle




