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The F-22 Acquisition Program
Consequences for the US Air Force’s Fighter Fleet

Lt Col Christopher J. Niemi, USAF

The majority of US Air Force fighter aircraft in service today are 
F-15s, F-16s, and A-10s acquired in the 1980s. During that de-
cade, the service had a fighter strength of approximately 36 

fighter wing equivalents, with the average aircraft in the fleet about 10 
years old. Since then the number of fielded fighters has steadily de-
creased, the Quadrennial Defense Review (QDR) of 2010 having estab-
lished a requirement for 16–17 fighter wing equivalents.1 Additionally, 
the Air Force has acquired very limited numbers of new fighters since 
the early 1990s, causing the fighter fleet’s average age to increase 
steadily. Acquisition of the F-22 slowed but did not stop this trend (fig. 
1). By 2011 the average age of fighters was 21.3 years.2
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Figure 1. The Air Force’s current inventory of fighter aircraft, by year of delivery. 

(From Congressional Budget Office, Alternatives for Modernizing U.S. Fighter Forces 
[Washington, DC: Congressional Budget Office, May 2009], 9, http://www.cbo.gov 

/sites/default/files/cbofiles/ftpdocs/101xx/doc10113/05-13-fighterforces.pdf.)

More importantly, the corresponding percentage of planned service 
life “used” has markedly increased (fig. 2). By 2009, 80 percent of the 
fleet’s aircraft had used more than 50 percent of their originally 
planned service life. Clearly, the Air Force’s fighter fleet is wearing out.

This sustained decline in fighter inventory coincided with the devel-
opment and acquisition of the F-22. Originally, the Air Force intended 
to obtain 750 F-22s, primarily as replacements for air superiority F-15s 
acquired through the 1980s. As late as 2008, Air Force Chief of Staff T. 
Michael Moseley stated that the service needed at least 381 F-22s to 
meet operational requirements.3 Nonetheless, in 2009 Secretary of De-
fense Robert Gates announced that F-22 production would end at 187.4
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Figure 2. The Air Force’s current inventory of fighter aircraft, by percentage of 
service life expended. (From Congressional Budget Office, Alternatives for Modern-
izing U.S. Fighter Forces [Washington, DC: Congressional Budget Office, May, 2009], 
9, http://www.cbo.gov/sites/default/files/cbofiles/ftpdocs/101xx/doc10113/05-13 
-fighterforces.pdf.)

In consideration of this decision, this article examines the F-22 pro-
gram in an attempt to answer two questions. First, given the clear 
need to recapitalize its fleet, why did the Air Force acquire just 25 per-
cent of the F-22s originally planned? Second, could it have realized a 
better result by making alternative decisions during F-22 develop-
ment? Finally, the article briefly addresses current fighter acquisition 
efforts in the context of the Air Force’s experience with the F-22.

History of the F-22 Program
Originally, the Advanced Tactical Fighter (ATF) program sought to 

counter a Soviet threat during the Cold War. The ATF’s mission—air su-
periority—included finding and destroying high-priority enemy inter-
ceptors, standoff jammers, and large, offensive attack formations.5 
Plans did not call for air-to-ground attack, reconnaissance, or other 
“multirole” missions. Advancements in Soviet weapons, especially the 
MiG-29 and Su-27 aircraft, during the 1980s heavily influenced the 
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ATF’s design. Developed about a decade after the F-15, these platforms 
possessed similar aerodynamic performance although their avionics 
and long-range weapons remained inferior. Nonetheless, these Soviet 
advancements led Air Force leaders to believe that the F-15’s decisive 
air superiority advantage was fading. They wanted the ATF to preserve 
the technological advantage needed to battle superior Soviet numbers 
without incurring unacceptable losses.6

Seven companies presented proposals to the Air Force during the 
concept-exploration phase. The service subsequently decided to incor-
porate a demonstration/evaluation phase with two contractors com-
peting in a flight-test competition using full-scale prototypes, selecting 
Lockheed Martin and Northrop Grumman to lead the two teams in de-
veloping the YF-22 and YF-23, respectively. In 1991 Secretary of the 
Air Force Donald Rice announced that although both designs met re-
quirements, the Lockheed Martin proposal was superior because it of-
fered “better capability at lower cost.”7 The Air Force considered the 
Lockheed Martin / Boeing / General Dynamics team more likely to 
deliver on its promises than the Northrop / McDonnell Douglas team, 
whose reputation was tarnished by B-2 problems and the A-12 cancel-
lation.8 Thus, the ATF became the Lockheed Martin F-22.

The demonstration/evaluation phase transitioned to the engineer-
ing, manufacturing, and development (EMD) phase in 1991. At that 
time, the Air Force forecast that the new fighter would reach initial 
operational capability (IOC) 10 years later—in 2001.9 Although the 
service intended to replace approximately 790 air superiority F-15s 
with F-22s, early post–Cold War cuts reduced planned production from 
750 to 648 in 1991.10 At that time, it estimated the total cost of the pro-
gram at $99.1 billion in “then-year dollars.”11 Of that amount, $19.5 bil-
lion was dedicated to development (including $3.7 billion already 
spent during demonstration/evaluation).12 The remaining $79.6 billion 
went to production, making the average production unit cost (APUC) 
$122.8 million.13
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Early Engineering, Manufacturing, and Development

In the early 1990s, the overall Department of Defense (DOD) budget 
came under increasing pressure in anticipation of a post–Cold War 
“peace dividend.” By fiscal year (FY) 1997, the DOD budget had de-
creased 38 percent from its FY 1985 peak while the procurement por-
tion of the budget was simultaneously reduced by two-thirds (both 
figures in constant-year dollars).14 The dwindling budget created an 
exceedingly difficult environment for F-22 development.

The Air Force’s post–Cold War sustainment strategy entailed sacrific-
ing force structure and preserving modernization programs.15 Imple-
mentation of this strategy called for decreasing active duty manning 
by more than 40 percent—from 602,582 to 351,375 personnel between 
FY 1987 and FY 2000—while the service aggressively retired older tac-
tical aircraft like the F-4, F-111, and A-7.16 Consequently, by 1993 the 
Air Force’s force structure had shrunk from 36 to 27 fighter wing 
equivalents, well ahead of the post–Cold War drawdown identified in 
the outgoing Bush administration’s base force.17 However, the new 
Clinton administration, determined to reduce the growing federal defi-
cit, soon planned a second major restructuring of the military.

The Air Force believed that simultaneously funding multiple devel-
opment programs for tactical aircraft probably was not tenable.18 Fur-
thermore, senior Air Force leaders strongly supported the F-22. For 
example, Gen Michael Loh, commander of Tactical Air Command in 
the early 1990s and author of the original ATF Statement of Need in 
1981, remained “closely, and continuously involved with the ATF pro-
gram” throughout his active duty career.19 Gen Merrill McPeak, then 
the Air Force chief of staff, declared in 1994 that the F-22 “is probably 
the single most important [acquisition] program” in the entire Air 
Force.20 After retiring, he continued to testify on the need to procure 
additional F-22s. As a result of this widespread support, other develop-
mental programs such as the A/F-X (a joint Air Force and Navy strike 
fighter) and the Multirole Fighter (an F-16 replacement) were sacri-
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ficed for the F-22 during the Bottom-Up Review (BUR) negotiations.21 
The F-22 program survived, but the aircraft needed to do more.

Undersecretary of Defense for Acquisition John Deutch was initially 
undecided on the F-22. He advocated that the initial operational air-
craft incorporate an air-to-ground strike capability, enabling the F-22 to 
eventually replace the F-117.22 In response, the Air Force moved to 
broaden the F-22’s capabilities by formalizing limited air-to-ground 
strike—a capability under consideration for some time. The modified 
F-22 design carried two 1,000-pound Joint Direct Attack Munitions 
(JDAM) guided by the Global Positioning System in its internal 
weapon bays. Lockheed Martin incorporated this “add-on” capability 
for the relatively modest sum of $6.5 million.23 For the first time, the 
Air Force had modified the F-22’s design to incorporate an additional 
capability other than air-to-air.

The BUR, released in 1993, further reduced the Air Force’s fighter 
strength to 20 fighter wing equivalents.24 Planned F-22 production also 
decreased to 442 jets, a roughly proportional cut consistent with the 
new, smaller force structure. Although disappointed, the Air Force was 
relieved that the F-22’s projected IOC date did not slip further beyond 
2003 (since 1991 it had already slipped two years).25

What Is the Threat?

Throughout its history, the primary criticism directed against the F-22 
program was that the post–Cold War threat environment did not justify 
its cost. The 1993 BUR identified the DOD’s responsibilities after the 
Cold War: deter major regional conflict, maintain overseas presence, 
conduct small-scale intervention operations, and prevent attacks in-
volving weapons of mass destruction.26 Air Force senior leaders contin-
ued to focus on advanced airborne threats of the future. They believed 
that although Russia was less likely to present a direct threat to Amer-
ica, its advanced aircraft (or even Western developmental programs 
such as the French Rafale) still justified continuation of the F-22 pro-
gram.27 Additionally, General McPeak established a commitment to 
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stealth that strongly influenced the Air Force’s acquisition policy for 
the next 20 years: “As we field combat air forces for the future, stealth 
and precision must be first-order requirements.”28 His testimony to 
Congress provided the most plausible F-22 justification, arguing that 
the F-15C’s replacement must preserve the ability to operate over en-
emy territory: “If we want to defend United States airspace, the F-15 
will work fine. But I do not know where we are going to have to go in 
the year 2010 and have this fight. What I do know is I want to fight 
over his guys—not over my guys—and that is what air superiority 
means to us, and that is really why we need the F-22” (emphasis in 
original).29 However, General McPeak also argued that we needed the 
F-22 for lower-threat environments, noting that Bosnian air operations 
also justified the aircraft even though pilots did not face advanced 
threats there.30 The Air Force’s support for the F-22 remained consis-
tent and unified, but others were not convinced.

In December 1993, the General Accounting Office (GAO) presented 
a classified F-22 report to Congress. An unclassified version, along with 
public testimony, followed in early 1994.31 The report assessed the 
F-15 as superior to projected air threats in four of five performance cat-
egories (flight performance, radar, long-range missiles, short-range 
missiles, and range). Additionally, the report analyzed seven countries 
whose air forces represented potential threats to future air superiority 
missions. It concluded that (except for China) each of those air forces 
possessed between 188 and 460 fighter aircraft, far fewer than the 
number of US air superiority F-15s in service at that time. Further-
more none of them had more than a handful of advanced fighter air-
craft with performance in the F-15’s class. Finally, the report predicted 
that high costs likely would prevent proliferation of these aircraft. In 
short the GAO recognized that the F-22 greatly improved air superior-
ity capabilities but contended that the F-15 could adequately meet air 
superiority requirements through at least 2014. Based on this assess-
ment, it recommended that the Air Force delay IOC for seven years.
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The service aggressively countered the GAO report, arguing that it 
underestimated the threat while overestimating the F-15’s capabilities. 
The Air Force’s own analysis projected that the F-15 was inferior to 
the future threat in “range” and “short-range missiles,” equal in “radar” 
and “long-range missiles,” and superior only in the “flight-performance” 
category. Ironically, today’s F-22 fails to deliver improved performance 
in those areas in which the Air Force assessed the F-15 as most defi-
cient: range and short-range missiles.32 Nonetheless, the service rein-
forced its F-22 argument with thousands of simulations modeling the 
F-15 against the Mnogofunksionalni Frontovoy Istrebitel (Multifunc-
tional Frontline Fighter), a Soviet developmental project that never en-
tered production. Scenarios pitted two F-15s against eight of these 
fighters, based on the BUR requirement to fight two major regional 
conflicts simultaneously. According to Air Force models, the F-22 
would establish air superiority in seven days while the F-15 needed 22–
25 days—and only after experiencing 4.8 times the losses.33 In effect, 
the Air Force had defended the F-22 by using its own assumptions 
about future threats without addressing the GAO’s fundamental allega-
tion—the implausibility of the Air Force’s threat assumption.

The 1997 Quadrennial Defense Review

Just a year after the BUR, the F-22 program again came under pres-
sure. Deputy Secretary of Defense Deutch sent a memo to the services 
on 18 August 1994, calling for a review of several major acquisition 
programs. Deutch himself noted that the reduced threat made the F-22 
program vulnerable.34 He asked the Air Force to comment on the pos-
sibility of delaying F-22 production by up to four years.35 Shortly after-
wards, Lockheed Martin set up a “derivatives team” to explore further 
expansion of the F-22’s mission set.36 The team looked into a suppres-
sion of enemy air defenses (SEAD) variant (providing a follow-on capa-
bility to the Block 50/52 F-16) and an electronic surveillance version 
that could collect electronic emissions deep in enemy territory. How-
ever, neither of the two variants got off the drawing board, and the de-
rivatives team stood down in 1997 to focus on the original design.37
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Nonetheless, the Air Force felt more pressure to demonstrate that 
the F-22 could fulfill additional requirements. One anonymous con-
gressional staffer remarked, “I hope the Air Force is ready to unveil 
some new improved, better version.”38 Recognizing that significant de-
sign changes were cost prohibitive, the Air Force turned to adapting 
the baseline F-22 to other missions. For example, Aviation Week and 
Space Technology reported that the F-22 would “collect electronic inter-
cepts and thereby pinpoint the location of enemy headquarters for 
Navy Tomahawk cruise missile or Army artillery rocket attacks.” More-
over, Air Force officials hinted at a strategic electronic-intelligence col-
lection capability similar to that of the RC-135 Rivet Joint.39 However, 
these capabilities were not part of the F-22 design criteria, and cur-
rently fielded F-22s cannot conduct these missions effectively.40

Other examples revealed the Air Force’s struggle to defend the F-22. 
For example, one anonymous Air Force official noted that the F-22 of-
fered “good connectivity with off-board sources, a sensor suite that col-
lects a lot of information on its own, plus an electronically scanned ra-
dar that has good sensitivity against low RCS [radar cross section] 
cruise missiles, and a good combination of missiles.”41 In fact, upgraded 
F-15Cs are equal or superior to the F-22 in these areas (except for its 
sensor suite, where the F-22 enjoys marked superiority). Furthermore, 
this argument ignored both the F-22’s greatest advantage (stealth) and 
the availability of upgraded F-15Cs years before F-22 IOC at much 
lower cost.42 One finds another example in Gen Ronald Fogleman’s de-
fense of the requirement for 442 F-22s, claiming that it would reduce 
territory lost by 18 percent as well as lower ground casualties by 28 
percent and armor losses by 15 percent in future land battles—claims 
largely undermined by the wars in Iraq, Afghanistan, and Libya.43

Despite the Air Force’s objections, the May 1997 QDR imposed further 
cuts in the planned production of F-22s to 339 aircraft. This QDR noted 
that, unlike previous reductions which mirrored overall force cuts, a 
reduction to 339 was “consistent with its much greater capability com-
pared to the F-15, as well as our overall affordability concerns and 
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force structure decisions.”44 The only silver lining was that the Air 
Force had received a “promise to support production of two wings of 
F-22 strike aircraft,” which would restore total F-22 production to the 
400–500 range—a promise never kept.45

Later Engineering, Manufacturing, and Development

By 1996 rising program costs led the assistant secretary of the Air Force 
for acquisition to charter a joint estimating team (JET) to approximate 
the program’s future costs and determine ways to control the growth of 
such expenses. The JET estimated that the EMD would cost $18.7 bil-
lion (this figure does not include $3.7 billion spent during demonstra-
tion/evaluation). Congress subsequently adopted this number to estab-
lish an EMD limit in the National Defense Authorization Act for Fiscal 
Year 1998. It also implemented a $43.4 billion limit for production.46 
This marked a significant change for the F-22: a requirements-driven 
program had now become budget-driven. Under this “buy-to-budget” ac-
quisition strategy, decreased production numbers would fund addi-
tional production costs.47 Air Force and Lockheed Martin officials ini-
tially expressed confidence in their ability to keep costs below the new 
congressional limits without reducing production. However, expenses 
continued to rise.

In the wake of the 1997 QDR, the Air Force implemented a new con-
struct for its deployable forces. By 2000 all operational fighter squad-
rons had been grouped into one of 10 air and space expeditionary 
forces (AEF) packages that could deploy to meet deterrence, contin-
gency, or war-fighting requirements. Meanwhile, it was becoming 
clear that producing 339 F-22s would cost significantly more than $43.4 
billion, a situation that demanded a new acquisition strategy to secure 
additional funding support and stop the erosion of production num-
bers. The AEF construct became the fundamental justification for F-22 
numbers. The Air Force argued that since each AEF had an air superi-
ority F-15C squadron (each including 24 aircraft) assigned to it, the ser-
vice needed 10 operational F-22 squadrons.48 Secretary of the Air Force 
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James Roche later quantified the exact requirement at 381, after in-
cluding training, test, and attrition F-22s in the total.49 The AEF re-
quirement formed the foundation of the Air Force’s F-22 acquisition ar-
gument throughout production years.

In 2001 President George W. Bush appointed Donald Rumsfeld secre-
tary of defense with a mandate to reform the DOD. Secretary Rums-
feld used the word transformation to describe the process of preparing 
the department for new and different threats in the post–Cold War 
world. During early testimony to the House Appropriations Commit-
tee, he also made clear the need for recapitalization: “The Tomahawk 
cruise missile program, the F-15, F-18 and the F-16 aircraft flying to-
day, were developed in the 1970s. . . . Because of the long procure-
ment holiday of the 1990s, we have been left a poor hand. We must re-
solve to leave a better hand to our successors.”50 The only question 
concerned which acquisition programs supported transformation. 
Even at this early point, Secretary Rumsfeld appeared skeptical about 
the F-22 program; in fact, he did not mention the Air Force’s highest 
acquisition priority a single time during his testimony.

By late 2004, Secretary Rumsfeld had concluded that additional F-22s 
did not support his transformation vision, so he sought additional pro-
duction cuts. Massive cost overruns, combined with a high-profile ac-
quisition scandal involving senior acquisition executive Darleen 
Druyun, undermined the Air Force’s ability to defend the program.51 
Late in 2004, Presidential Budget Directive 753 removed production 
funding after FY 2008, effectively ending production at 183 F-22s.52 
The Air Force spent the next five years trying to overturn this decision 
but ultimately secured support for only four additional F-22s

Performance and Cost

To understand the production limitation of 187 F-22s, one must further 
examine the aircraft’s performance and cost. Simply put, does the 
F-22’s performance meet expectations and, if so, at what cost? In terms 
of performance, the initial operational test and evaluation in 2004 
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found the F-22 “overwhelmingly effective.”53 Air Force analysts rein-
forced this evaluation recently, estimating that the F-22 exchange ratio 
is up to 30 times better than that for F-15s, F-16s, or F/A-18s in similar 
high-threat scenarios.54 Although fourth-generation pilots are used to 
“seeing” nonstealth fighters 50 miles or more away with their radars, 
they typically fail to detect F-22s with their radar, visually or other-
wise. Today’s F-22 clearly excels at its originally designed air-to-air mis-
sion, reinforcing the fact that stealth enables tremendous advantages 
in the radar-dominated environment of modern aerial combat.

Further, the F-22 has demonstrated a capability to conduct air-to-
ground attack in high-threat environments where fourth-generation 
fighters simply cannot survive. Advanced surface-to-air-missile sys-
tems such as the Russian S-300 (North Atlantic Treaty Organization 
[NATO] designations SA-10 and SA-20) are the deciding factor in these 
environments. The S-300, similar to the American Patriot surface-to-air 
missile, has been operational since 1980. Although no Middle Eastern 
country currently possesses S-300s, Iran has expressed interest, and 
both China and Russia have fielded large numbers of them. This sys-
tem can engage fourth-generation fighters at ranges exceeding 100 
miles.55 A single S-300 battalion has the potential to render F-15Es, F-16s, 
and F/A-18s incapable of striking targets within a circle approximately 
200 miles across.56 Additionally, the follow-on S-400 (NATO designation 
SA-21) further improves maximum engagement range. Fortunately, 
F-22s can utilize their stealth to operate effectively well inside the 
maximum engagement ranges of these systems.57

However, F-22 performance is not without shortcomings, the two 
most substantial of which include limited range and high maintenance 
requirements. The aircraft’s maximum range is slightly superior to 
that of the F-16 but significantly inferior to that of the F-15C, which it 
was designed to replace.58 This fact has three important consequences: 
operational missions need more air-to-air tanker support, the F-22 has 
a limited ability to deeply penetrate hostile airspace, and pilots cannot 
take full advantage of the F-22’s supercruise capability. The aircraft has 
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also proven more difficult to maintain than originally anticipated. The 
Air Force acknowledged that the F-22’s “radar-absorbing metallic skin 
is the principal cause of its maintenance troubles, with unexpected 
shortcomings.”59 The service needs to maintain these coatings continu-
ously to ensure the combat readiness of F-22s, thereby significantly in-
creasing the necessary maintenance manpower (and cost). Moreover, 
even traditional (non-stealth-related) maintenance rates proved ini-
tially higher with the F-22 compared to those of older fighters. How-
ever, rates have improved vastly as maintenance personnel have ac-
quired more experience. For example, the mean time between 
maintenance amounted to .97 flight hours in 2004, but that for newer 
F-22s has recently increased to 3.22 flight hours.60

Another important consideration has to do with specialization. Air-
to-air performance demands drove highly specialized requirements, 
with heavy emphasis on countering advanced airborne threats. This 
led to a highly specialized design with an integrated avionics architec-
ture that has proven costly to modify in response to evolving needs. 
Consequently, the F-22 remains inferior to older fourth-generation 
fighters in some scenarios. For example, the F-22 will never have the 
capability of an air-to-ground platform like the A-10, F-15E, F-16, or 
F/A-18 in low-threat environments. Those fighters employ a much 
wider variety of air-to-ground munitions, can more easily incorporate 
emerging technologies (e.g., new-generation targeting pods), generally 
have greater range and loiter time, and are less expensive to procure 
and operate. These factors, combined with the absence of any airborne 
threat in Afghanistan, Iraq (since 2003), and Libya, largely explain why 
the F-22 did not participate in those conflicts. Nonetheless, critics were 
quick to charge that the F-22 lacked a viable mission when the Air 
Force’s newest fighter didn’t deploy to those countries.

In sum the F-22 performs as designed and, for the most part, meets 
expectations. It is a superb air-to-air fighter whose stealth, advanced 
avionics, and maneuverability offer immense advantages in modern 
combat. The aircraft also boasts significant air-to-ground capabilities. 
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However, the F-22’s utility for these missions depends very much on 
the threat. In the absence of radar-dependent surface threats, it offers 
no advantage over older fourth-generation aircraft in air-to-ground mis-
sions. The next question addresses how much this performance cost.

The F-22 program embraced many leading-edge technologies. It was 
the first operational air-to-air fighter to incorporate stealth, integrated 
avionics, thrust vectoring, and supercruise. Congress, especially the 
House of Representatives, expressed concern about the F-22 from the 
beginning because members believed that the Air Force had a “highly 
unrealistic assumption of outyear funding levels.”61 By 1993 the GAO, 
Congressional Budget Office (CBO), and Defense Science Board had ex-
pressed concern about the discontinuity between the DOD’s projected 
funding levels and projected program costs.62 Continuing perturbations 
due to technical challenges and funding instability forced the Air Force 
to restructure the F-22 program in 1993, 1994, 1996, and 1997—while 
developmental cost simultaneously increased by $5 billion.63

Diminished congressional confidence in the Air Force’s ability to 
control program costs led to the FY 1998 cost caps. When those caps 
were originally set, near-unanimous consensus existed regarding pro-
jected developmental costs among the Office of the Secretary of De-
fense (OSD) Cost Analysis Improvement Group (CAIG), JET, Air Force, 
and CBO. All of them estimated the EMD cost at $18.7 billion and the 
total research, development, testing, and evaluation (RDT&E) cost at 
approximately $22.4 billion.64 Unanticipated technical problems that 
came to light a few years later prevented the four independent esti-
mates from predicting the later cost overruns. By 2007 the cost of total 
RDT&E had ballooned to approximately $30.4 billion, about 36 percent 
more than the FY 1998 congressional limit and 56 percent more than 
planned at the beginning of EMD.65

Unlike forecasts of developmental expenses, estimates of production 
costs varied widely in 1997. The Air Force had the lowest estimate but 
still expected production to cost billions more than the $43.4 billion 
limit imposed by Congress. The CBO, OSD CAIG, and JET predicted 
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higher production costs although all estimates were lower than the ac-
tual costs.66 The author could find no explanation for why Congress set 
the production cap at $43.4 billion, a level inadequate to fund 339 F-22s 
under the best of circumstances. By FY 2009, Congress had adjusted the 
original $43.4 billion production limit to $37.6 billion since inflation 
was in fact lower than assumed in the original FY 1998 legislation.67 As 
production drew to a close, an estimate for the total cost for mass pro-
ducing 179 aircraft (EMD money funded eight “preproduction” aircraft 
conforming to production standards) came to $34.1 billion—about 90 
percent of the total allocated for 339 F-22s in the FY 1998 legislation. 
The F-22’s APUC was $191.6 million—56 percent higher than the 
$122.8 million planned at the beginning of EMD.68

Figure 3 compares these cost performance numbers to those of other 
fighter developmental programs. It depicts the total growth of program 
cost throughout EMD (except for the F-35, which will not complete 
EMD for many years) and demonstrates that despite the F-22’s unprec-
edented cost increases, they remained roughly consistent with those of 
other cutting-edge technology defense programs. For example, F-14 
program costs increased 45 percent during its EMD.69 Furthermore, 
since beginning EMD, the F-35 program has experienced a 58 percent 
growth in the cost of RDT&E and an 81 percent growth in projected 
APUC, already exceeding the total growth of the F-22 program.70 Since 
the F-35 EMD will continue for many years, additional developmental 
problems (and cost increases) will almost certainly emerge. Nonethe-
less, total planned production thus far has been only modestly affected 
because the Air Force, Navy, and Marines (along with the services of 
several partner nations) desperately need the F-35 to recapitalize thou-
sands of aging fighters. Thus, the F-22’s cost overruns, though substan-
tial, were not the primary factor in curtailing production.
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Figure 3. Cost increase during engineering, manufacturing, and development. 
(Cost data for the F-14, F-16, and F/A-18E/F from Obaid Younossi et al., Lessons 
Learned from the F/A-22 and F/A-18E/F Development Programs [Santa Monica, CA: 
RAND, 2005], 10, http://www.rand.org/content/dam/rand/pubs/monographs/2005 
/RAND_MG276.pdf.)

Why 187?
The ATF was designed for a specific mission—countering the Soviet 

Union’s advanced fighter aircraft. The dissolution of that state effec-
tively eliminated this threat and simultaneously undermined the Air 
Force’s threat-based argument. The service continued to argue vigor-
ously that fighting large numbers of advanced fighters remained a 
valid requirement, even as the post-Soviet development of Russian ad-
vanced fighters slowed to a crawl. The failure of potential adversaries 
such as Iraq, North Korea, or Iran to acquire significant numbers of ad-
vanced air-to-air fighters further undermined the Air Force’s argument.

Against this backdrop, two factors further weakened the service’s po-
sition. First, as described in the earlier historical analysis, Air Force of-
ficials made overly optimistic claims about F-22 capabilities. Although 
intended to convince congressional and DOD skeptics that the F-22 
was a good investment, these claims significantly damaged the Air 
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Force’s credibility and ultimately limited its ability to defend the pro-
gram. Second, the Air Force (and Lockheed Martin) repeatedly demon-
strated that they could not accurately predict the program’s total cost 
or timeline—a fact made clear by multiple cost overruns and program 
restructurings. By the late 1990s, these factors, in combination with a 
limited air-to-air threat, exacerbated the Air Force’s difficulty in secur-
ing additional program funding. However, the F-22 retained strong 
congressional support, particularly from those districts and states di-
rectly involved with production. The FY 1998 cost caps enabled Con-
gress to limit total expenditures without alienating these influential 
constituencies.

In 2003 planned production decreased to 276 under the FY 1998 pro-
gram’s cost caps as cost overruns continued to mount. The AEF argu-
ment proved no more effective than the threat-based one from the de-
cade prior; therefore, the cost cap remained the de facto limit. Clearly, 
Congress could have repealed the production cap (as it had done with 
the developmental cap in FY 2002) but did not support additional pro-
duction. In the end, the Air Force could not have fought harder for the 
F-22: the dogmatic support for the program by General Moseley and 
Secretary of the Air Force Michael Wynne evidently played a key role 
in their unprecedented dismissal.71

Primarily, the Air Force acquired only 187 F-22s because they were 
both too expensive and too specialized. The aircraft could have exe-
cuted combat missions any time after attaining IOC in 2005, but the 
nation simply did not need its unique capabilities in those conflicts. 
Since becoming operational, the F-22 has conducted only deterrence 
deployments and homeland defense intercepts—missions hardly wor-
thy of its unmatched prowess and cost. Meanwhile, F-15Es, F-16s, 
F/A-18s, and A-10s continued to prove their utility, flying combat in 
Iraq, Afghanistan, and Libya. Furthermore, F-15Cs updated with new, 
advanced radars, avionics, and weapons remain competitive with all 
air-to-air platforms currently fielded by potential adversaries.
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As production began to wind down, the Air Force could not convince 
Congress to raise total program funding, despite the exceptional perfor-
mance demonstrated by the F-22. Figure 4 depicts how decreased pro-
duction (after the 1997 QDR) offset increased developmental and pro-
duction costs, keeping total outlay under the FY 1998 cap. In the end, 
the Air Force fielded just 25 percent of the F-22s originally planned 
and less than half of its long-standing requirement of 381. The service 
must consider this disparity between required and actual production 
numbers in future acquisition programs.
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Alternative Possibilities
The F-22 acquisition program adversely affected recapitalization of 

the fighter fleet in two ways. First, 187 F-22s cannot recapitalize the 
entire air superiority F-15 fleet as originally planned; F-15Cs will need 
to remain in service for many years to supplement the F-22s.72 Second, 
and more significantly, the Air Force delayed multirole, close air sup-
port, and SEAD fighter recapitalization during the F-22 acquisition. As 
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a consequence, today’s average age for Air Force fighters is twice the 
historical norms, and the service will not field significant numbers of 
new fighter aircraft for many years. Could the Air Force have avoided 
this predicament? It missed two key opportunities. First, the Air Force 
could have delayed the start of EMD, reassessed ATF requirements, 
and modified the F-22 design to broaden its capabilities. Second, it 
could have acquired additional fourth-generation aircraft to mitigate 
developmental risk with the F-35.

Delaying Engineering, Manufacturing, and Development

By the time the Air Force had awarded the F-22 EMD contracts in Au-
gust 1991, two world events plainly indicated that the overly special-
ized ATF deserved reconsideration. First, demonstrations from the Bal-
tic States to the Caucuses in the late 1980s began to reveal cracks in 
the Soviet Union’s foundation. In October 1989, Mikhail Gorbachev 
formally announced a policy of nonintervention in the Warsaw Pact 
nations, effectively freeing them from Soviet influence. By the time 
Secretary Rice announced that the YF-22 had won the demonstration/
evaluation competition in April 1991, the former Soviet Socialist Re-
publics of Lithuania, Latvia, and Georgia had already declared inde-
pendence. Although the Soviet Union formally existed until December 
1991, it had already become evident that the presumed source of fu-
ture air superiority threats was imploding. Based on these events, Sec-
retary of Defense Dick Cheney ordered a review in January 1990 to re-
assess acquisition requirements and presented the Air Force with an 
opportunity to adapt the ATF program to the emerging post–Cold War 
reality. However, the service defended the program as planned.73

The second event, the Gulf War of 1991, represented the first mass-
on-mass US conventional military conflict in 40 years. F-15Cs achieved 
an extraordinary 31-to-0 exchange ratio in air-to-air combat.74 Further-
more, this victory involved only 28 percent of the entire air superiority 
fleet of the US Air Force. Attack, multirole, and SEAD assets were 
more heavily stressed during this operation.75 Although overall losses 
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proved lower than anticipated, older-generation Iraqi air defense sys-
tems managed to down 13 of the US Air Force’s aircraft. The service 
lost no aircraft to airborne threats.76 These facts should have made evi-
dent two very important realities: (1) fielded Air Force air-to-air fight-
ers were quite capable of meeting near-term air superiority needs, and 
(2) surface-based weapons rather than airborne fighters were emerging 
as the primary threat to the United States’ future offensive air opera-
tions. The Air Force did not draw these conclusions, subsequently is-
suing the EMD contract in August 1991 without any modification to re-
quirements.77

If the service’s leaders had realized that surface-to-air-missile sys-
tems were eclipsing air-to-air threats as the primary danger to future 
air operations, they could have better leveraged the investment in ATF 
demonstration/evaluation to counter weapons like the S-300. The 
ATF’s stealth made the aircraft inherently more survivable against 
these threats, but it lacked a robust air-to-ground attack capability to 
target them. Furthermore, niche air-to-air capabilities such as thrust 
vectoring and some specialized avionics could have been eliminated to 
reduce cost and weight. Range should have received more emphasis, 
possibly even at the expense of supercruise. In addition to JDAMs, the 
Air Force should have added air-to-ground radar, Link-16 data-link 
transmit capability, and an infrared targeting sensor. These modifica-
tions would have greatly enhanced the F-22’s utility in threat environ-
ments dominated by surface threats without degrading air-to-air per-
formance.

Any delay can seriously damage an acquisition program: costs in-
crease, and the program might be killed outright. Undoubtedly, the Air 
Force knew this, and it may have used this fact in its decision to con-
tinue the program as originally planned. However, barring cancella-
tion of the program, the Air Force could have better defended a less 
specialized F-22 and probably could have acquired more than 187. Al-
though the JDAM was incorporated relatively easily, other upgrades 
took much longer; indeed, the Air Force began fielding air-to-ground 
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radar (enabling the F-22 to locate ground targets autonomously) and 
the small-diameter bomb in late 2011. Unfortunately, the Air Force has 
found it impossible to add an air-to-ground infrared sensor or rectify 
the F-22’s limited range.

Continuing Fourth-Generation Procurement

Only a handful of fourth-generation F-15Es and F-16s were delivered af-
ter 1992, serving primarily to keep production lines open for future for-
eign sales. Although the GAO and members of Congress repeatedly 
urged the Air Force to consider acquiring additional fourth-generation 
fighter aircraft, the service has steadfastly concentrated on F-22s and F-
35s for the last two decades.78 By 2012 the results of this fifth-generation 
fighter acquisition policy had become clear: the Air Force has fielded 
187 F-22s while the fighter fleet’s average age has simultaneously grown 
to more than twice the historical average. Even if additional F-22 pro-
duction proved feasible, it could not meet greater requirements for 
fighter recapitalization. First, the F-22’s cost (APUC of $191.6 million) 
virtually guarantees that the service cannot acquire it in sufficient num-
bers to address the increased need. More importantly, the F-22 is simply 
too specialized; it cannot execute interdiction, time-sensitive targeting, 
close air support, or SEAD missions as effectively as older fourth-
generation aircraft. Today, the Air Force plans to recapitalize 1,770 aging 
F-15Es, F-16s, and A-10s entirely via the F-35 program.

Commenting on the F-35 in 2003, Air Force Chief of Staff John 
Jumper said, “I can guarantee you I’m going . . . to make damn sure 
that we don’t fall into some of the early developmental traps that we 
fell in with the F/A-22.”79 Unfortunately, the F-35 has experienced 
many of the same problems. For example, Senator John McCain (R-AZ) 
identified concurrent development, which describes overlap between 
the development phase and mass production, as the leading cause of 
the F-35’s developmental cost overruns.80 However, concurrency issues 
were not new: a 1995 GAO report highlighted concurrency in the F-22 
program as a major developmental risk.81 Massive cost overruns that 
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emerged in 2002 due to unanticipated avionics and structural problems 
validated those concerns. Today, concurrency issues are the primary 
reason that F-35 cost overruns have recently accelerated, with pro-
jected APUC increasing 17 percent from $113.6 million to $132.8 mil-
lion in just one year. The total F-35 cost overruns experienced since 
EMD began in 2001 now exceed those that occurred in the F-22 pro-
gram from the start of EMD through the end of production.82

More importantly, the F-35 is years behind schedule, and Air Force 
IOC will not occur until at least 2018.83 Consequently, the service re-
cently announced that it must invest in a service-life extension pro-
gram for the F-16. Finally, further delays and cost overruns are likely; 
the F-35 EMD is years from completion; and Secretary of Defense Leon 
Panetta recently announced another delay in the F-35’s development 
and acquisition timelines.84 The feasibility of an all-fifth-generation 
fighter fleet remains uncertain.

The Air Force should not have been surprised by these program cost 
overruns and schedule delays, given its F-22 experience and the pro-
gram’s similarity to the F-35. That is, both are fifth-generation fighters; 
both are made by Lockheed Martin; and both planned high levels of 
concurrent development. Responding to a question about purchasing 
updated fourth-generation fighters in 2009 after significant F-35 devel-
opmental problems had come to light, Gen Richard Hawley (retired 
commander of Air Combat Command) testified that “if we had ad-
dressed this question 10 or 15 years ago, the answer might be yes.”85 
However, he had testified 18 years earlier that (even upgraded) fourth-
generation aircraft could not meet future requirements.86 This appears 
to confirm that Air Force senior leaders were surprised by the F-35’s de-
velopmental problems, but they probably also viewed additional fourth-
generation fighter acquisition as a direct threat to fifth-generation 
fighter programs.87 Regardless, the Air Force failed to implement the 
only solution that could have eased today’s recapitalization problems—
acquiring additional fourth-generation fighters.
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The Navy’s F/A-18E/F Super Hornet program ran concurrently with 
the F-22. Unlike the F-22, the F/A-18E/F was not designed to counter 
any specific threat. Rather, it addressed shortcomings of the original 
F/A-18, namely limited range and limited ability to carry unexpended 
ordnance back to the ship.88 This was a much less ambitious develop-
mental program than the F-22, lacking stealth, supercruise, or thrust 
vectoring. Low developmental risk contributed to completion of the 
F/A-18E/F very nearly on time and on budget.89 As of 2008, the Navy’s 
total program cost amounted to $46.3 billion for 493 F/A-18E/Fs ($93.9 
million per jet) while the Air Force’s total program cost came to $64.5 
billion for 184 F-22s ($350.5 million per jet).90 In other words, the Navy 
is buying 3.73 Super Hornets for the cost of a single F-22.

Because the Navy did not develop the F/A-18E/F to counter any spe-
cific threat, it effectively defended procurement based solely on recap-
italization needs. Simply put, old airplanes must be replaced. Although 
aircraft in the Navy’s fighter fleet are an average of seven years 
younger than those in the Air Force, the Navy is recapitalizing its fleet 
much more rapidly.91 The Navy also uses F/A-18E/F acquisition to 
mitigate continuing F-35 developmental risk with 563 Super Hornets 
currently planned through FY 2014—and possibly more.92 The Rus-
sians and Chinese adopted a similar strategy with the Su-27 fighter. 
The Su-30MKK and F-11 combine the basic Su-27 airframe with up-
dated avionics and weapons. These Chinese aircraft represent the 
most capable potential adversaries for the Air Force, and officials have 
frequently cited them as justification for additional F-22 production.

Conclusion
The ATF’s overly specialized design constituted a fundamental flaw 

in the uncertain post–Cold War environment. The Air Force subse-
quently missed the best opportunity to adapt the F-22 when it issued 
the EMD contract without modification to ATF requirements. Through-
out EMD, the service remained overly focused on the F-22 at the ex-
pense of A-10, F-15E, and F-16 recapitalization. When acquisition even-
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tually shifted to the F-35, the Air Force largely ignored its F-22 
experience and failed to plan for inevitable developmental problems 
with the F-35. Despite massive cost overruns and schedule delays, the 
Air Force continues to hope that the F-35 can solely recapitalize 1,770 
aging F-15Es, F-16s, and A-10s. However, continuing developmental 
problems and the emerging national fiscal crisis threaten to under-
mine this strategy.

Although stealth is a powerful enabler for offensive systems, its 
greatest advantage lies in its ability to dramatically increase aircraft 
survivability against radar-dependent threats. Consequently, stealth’s 
utility depends on the presence of those threats. By insisting on ac-
quiring only stealth fighters (regardless of the cost), the Air Force as-
sumes that future adversaries will not counter stealth technology and 
ignores the fact that many air combat operations continue to occur in 
low-threat environments. For example, allied fourth-generation fight-
ers operated freely over large portions of Iraq (both in 1991 and 2003), 
Serbia, and Libya from the beginning of those conflicts. Future hostili-
ties likely will continue this long-standing historical trend, and cur-
rently fielded stealth assets can mitigate risk to operations in high-
threat environments where fourth-generation fighters are most 
vulnerable.

An all-stealth Air Force fighter fleet deserves reconsideration even 
today. Stealth technology demands significant trade-offs in range, secu-
rity, weapons carriage, sortie generation, and adaptability. Stealth pro-
vides no advantage in conflicts such as those in Afghanistan or Iraq 
(since 2003), and (despite its obvious utility) it cannot guarantee suc-
cess in future struggles with a near-peer adversary. Most importantly, 
the cost of F-22s and F-35s threatens to reduce the size of the Air 
Force’s fielded fighter fleet to dangerously small numbers, particularly 
in the current fiscal environment. These facts suggest that the Air 
Force should reconsider its long-standing position that fifth-generation 
fighters are the only option for recapitalizing its fighter fleet. 
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