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CHAPTER 1

Introduction

The US Department of Defense (DOD) is responsible for a global array of
security responsibilities at a time of acute national budgetary constraints,
war-weary public opinion, and emerging national security challenges from
sources as diverse as China, Iran, North Korea, and Russia. During Fiscal
Year (FY) 2018, (October 1, 2017-September 30, 2018), DOD’s budget is
projected to be $692.1 billion with $5.973 billion for the multiple variants
of the Lightning II F-35 Joint Strike Fighter (JSF). The JSF’s importance in
future DOD military aviation planning was reflected in a February 24,2014,
proposed congressional budget submission advocating eliminating the A-10
fleet and replacing it with the JSF by the early 2020s.!

Militaries purchasing weapons systems must plan for the obsolescence of
existing weapons, their eventual replacement, and the need to develop
weapons systems capable of countering and defeating comparable weapons
systems of current and potential adversaries in order to maintain competi-
tive military advantages over these adversaries.? This has been particularly
true for jet fighter planes. Around approximately 1993, the United States
and allied militaries began looking at replacing the F-18 and F-111 jet
fighter programs. The vehicle they came up with was the F-35 JSF and
system development began in October 2001. Joint is defined by the US
military as activities, operations, and organizations in which two or more
military departments participate. JSF is a multinational acquisition aspiring
to develop and field next-generation fighter aircraft for the Air Force,
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Marine Corps, Navy, and eight international partners. It is a single-seat,
single-engine aircraft incorporating low-observable stealth technologies,
defense avionics, advance sensor fusion, internal and external weapons, and
advanced prognostic maintenance capabilities.?

JSE’s primary US contractors are Lockheed Martin for the aircraft and
Pratt & Whitney for the engine. It is intended to be produced in three
variants: replace the Air Force’s F-16 Falcon, A-10 Thunderbolt; and
complement the F-22A Raptor. JSF will also replace the Marine Corps
F-18 Hornet and AV-8 Harrier aircraft, while providing the Navy with a
multirole strike stealth aircraft to supplement the F-18 Super Hornet.*

During its existence the aircraft has experienced repeated delays and cost
overruns. Targeted overall program costs began at $233 billion in October
2001, increased to $278.5 billion by March 2007, $395.7 billion in March
2012, nearly $400 billion in April 2015, falling to $379 billion through
December 2015, and increasing to $406.48 billion by July 2017 according
to US Government Accountability Office (GAO) and DOD reports.
Annual funding costs are projected to average $12 billion annually through
2037 according to GAO and this same organization projects long-term JSF
operational and support costs to surpass $1 trillion. These cost overruns
and other factors have repeatedly pushed back the deployment of this air-
craft and further delays are likely given the budget constraints facing the
United States and its allies for the foreseeable future, although these bud-
getary restrictions may be lessened if the Trump Administration’s proposed
defense spending increases of $54 billion materialize.®

In addition, these countries’ military forces are also undergoing intense
debate on structuring themselves and their operational capabilities in view
of the Asia-Pacific region’s increasing strategic importance as demon-
strated by China’s growing military power and North Korean rhetorical
belligerence in light of its nascent nuclear and ballistic missile arsenals.
These countries are also having to contend with resurgent Russian military
power in areas such as the Arctic, Mideast, and Ukraine; the continuing
threat of the Islamic State (Daesh); and the potential dangers of Iranian
military power despite the nuclear agreement reached between Tehran
and the P 5+1 countries including the United States although the United
States withdrew from this pact on May 8, 2018. The United States and its
allies are also debating the future viability of traditional combat aircraft
programs due to the emergence of drone aircraft, precision-guided muni-
tions, cyberwarfare, and human-machine interaction in using military
technology for combat operations.®
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The work strives to provide a history of the JSF from a comparative
multinational perspective transcending a US-centric approach to the JSF.
It will emphasize governmental procurement practices, defense industry
lobbying, legislative oversight, and governmental and military attitudes
and experiences from selected participating countries. It makes heavy use
of primary source government and military documents and some social
media activity from multiple countries to illustrate the complexities of
military acquisition and procurement and multinational consortial defense
purchasing. The widespread public availability of materials on national
military weapons systems purchases is also a theme of this analysis. It also
stresses the role of legislators and parliamentarians, the perspectives of
defense industry contractors and military personnel, and the objectives of
national militaries and defense ministries. Understanding these variegated
perspectives is critical in determining whether the JSF is necessary for
becoming the primary military fighter plane against current and poten-
tially emerging national security threats facing the United States and its
allies from countries such as China and Russia and whether drone aircraft
would be more effective against such threats.”

This work examines the history of this program in the United States and
in selected allied countries including Australia, Canada, and the United
Kingdom. It makes heavy uses of government and military documents
including materials produced by congressional and parliamentary oversight
committees and auditing agencies such as GAO, Australian National Audit
Office, Britain’s National Audit Office, and Canada’s Auditor General. It
will address the interdisciplinary intersection of areas such as defense acqui-
sition, defense contracting, and national security policymaking, and strate-
gic planning in a variety of countries seeking to find ways of addressing
emerging military security challenges using emerging aerospace technolo-
gies and the high economic costs of attempting to meet these challenges.

Global Defense Procurement and the F-35 Joint Strike Fighter opens by
providing a history of jet fighters from their emergence during World War II
until the present. Particular emphasis is placed on how jet fighters are classi-
fied by numerical generations encompassing first to fifth generations with
detailed descriptions of the technical capabilities of fighters representing
these generations from the United States and allied countries and competitor
nations including China and the Russian Federation/Soviet Union. This
introductory chapter also discusses how the increasing financial costs and
technological sophistication of jet fighter technology are limiting the number
of countries and individual aerospace companies who can affordably produce
these aircraft to meet their military customers’ warfighting requirements.
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The next chapter examines military aviation trends facing the United
States and its allies including the threats posed by adversarial countries
such as China, Iran, North Korea, and Russia. It addresses the role of
Unmanned Aerial Vehicles in military operations; Chinese and Russian
efforts and capabilities to limit the retaliatory capacity of US and allied
militaries; discusses potential military operational scenarios and targets in
which the United States and its allies may use the JSF to conduct military
operations; and documents how the US aging jet fighter fleet is weakening
its military capacity against these emerging threats and prompting the
need for new multi-mission military aircraft such as the JSE.

Additional chapters describe the historical development and evolution,
controversy, success, and failures experienced by the JSF in the United
States and other countries. Since this is a global program with interna-
tional economic, military, and political implications, particular emphasis is
placed on how countries besides the United States have addressed the JSF
in their governmental policymaking. While not all countries allied with the
United States have adopted the JSF as a warfighting tool, it has been con-
sidered or adopted by many including Australia, Canada, Denmark, Israel,
Italy, Japan, the Netherlands, Norway, South Korea, Singapore, Taiwan,
and Turkey. In addition to detailed coverage of discussions of whether the
military capability of the JSF is affordable and essential for individual
countries’ national security requirements, this treatise also emphasizes the
widespread economic impact of the JSF in these countries by listing where
contractor or subcontractor facilities are located in these countries and
how this incentivizes the desire of the aerospace industry in these coun-
tries and their elected representatives to participate in this program. The
role of political contributions in the United States by aerospace industry
companies and labor unions is also stressed including listing selected polit-
ical contributions made to congressional representatives by these organi-
zations during the 2015-2016 congressional clection cycle.

The conclusion emphasizes the close relationship between military spend-
ing and the aerospace industry; stresses the need for JSF critics to present
economically and militarily credible alternatives to emerging US and allied
jet fighter fleets beyond maintaining existing combat aircraft; and stresses
the vital importance of the United States and its allies maintaining opera-
tional military superiority against adversaries like China and Russia who are
determined to utilize emerging aerospace technological advances to pro-
mote their geopolitically revisionist international security aspirations. This
chapter also analyzes critical weaknesses in the belief that machine-operated
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aircraft can meet emerging military requirements; documents the positive
reaction pilots from the United States and other countries have concerning
the JSF’s capabilities and flight performance; acknowledges JSF program
managerial performance and financial problems which have occurred with
many other weapons systems; references Israel’s successful use of the JSF in
May 2018 operations against Iranian and Hezbollah targets in Lebanon; and
stresses the United States’ need to strengthen domestic scientific and tech-
nological agility to address emerging national security threats due to the
global proliferation of scientific and technological expertise. This can be par-
tially accomplished by building and maintaining the JSF to address emerging
Chinese and Russian threats and technological advances and threats posed
by other national and transnational entities to the United States and allied
strategic interests.

NoOTES
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CHAPTER 2

History of Jet Fighters

Understanding the historical development and evolution of fighter planes
must recognize that this is an evolutionary process encompassing the twen-
tieth and twenty-first centuries. Descriptions of fighter planes, whether
from the United States, allied countries, or enemy countries, often use the
term “generation” to describe the developmental stage of these weapons.

Jet fighters emerged during the latter part of World War II. First-
generation fighters refer primarily to turbojet engine-powered aircraft.
Their primary weapons were machine guns, cannon, dumb bombs, and
eventually air-to-air missiles. Some first-generation aircraft were super-
sonic (capable of cruising beyond the speed of sound [1236 kilome-
ters/768 miles per hour]) and some used radar to operate at night in an
interceptor role. Examples of such aircraft include the US F-86 Sabre used
effectively during the Korean War against the Soviet Union’s MiG-15 and
MiG-17. Most first-generation fighters, however, could not sustain super-
sonic flight levels and did not have good endurance.!

Second-generation fighters were prevalent from the mid-1950s-early
1960s. These aircraft maintained supersonic speed in level fight and the
air-to-air missile became their primary weapon replacing the cannon and
machine gun. Technological innovation enabled these aircraft to carry
onboard radar facilitating tracking down enemies beyond visual range.
Dogfighting was deemphasized in favor of bigger missile payloads and
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better radar. Examples of such fighters include the F-104 and F-105 from
the United States and its allies and the MiG-19 and MiG-21 from the
Soviet Union and its allies.?

Third-generation fighters from the early 1960s to 1970 featured produc-
tion of multi-mission role jet aircraft capable of conducting both ground
attack and air defense. Emerging technologies including vertical /short take-
oft and landing (V/STOL) and thrust vectoring (an aircraft’s ability to
direct thrust from its main engines in a direction besides parallel to the air-
craft’s longitudinal axis) were incorporated into aircraft enabling them to
use shorter runways and perform better maneuver. Enhanced ground attack
capability was supported by air-to-surface missile (ASM) and laser-guided
bomb (LGB). Examples include US and allied aircraft such as the F-4 and
Mirage IIT and Soviet bloc aircraft such as the MiG-23.3

Fourth-generation fighters held sway from 1970 to the late 1980s. These
were designed for network-centric battlefields and performing multi-mis-
sion tasks. Emphasizing maneuverability instead of speed was critical and
such aircraft were equipped with multimode avionics capable of changing
from air-to-ground modes, making it easier to perform ground attack and
air superiority tasks. Radar-absorbing stealth coating technology began to
be introduced on planes such as the F-16 Fighting Falcon and F-117
Nighthawk. Other aircraft falling in this generation include US and allied
F-15, F-16, F-18 /A, Mirage 2000, and Soviet bloc MiG-29 and Su-27.*

Four and a half generation fighters emerged during the late 1980s and
early 1990s. These had more advanced technology than fourth-generation
fighters but were not advanced enough to reach the fifth-generation
threshold. Some of these fighters were made of lighter composite material
with stealth coating, possessing high-altitude supercruise capability, and
armed with digital avionics and sophisticated weapons include beyond
visual range air-to-air-missiles (AAM), Global Positioning System (GPS)-
guided missiles, and helmet-mounted displays. Examples of these aircraft
include the Eurofighter Typhoon, Dassault Rafale, Saab JAS 39 Gripen,
and F/A-18E /F Super Hornet.?

Fifth-generation fighters date from 2005 to present and describe air-
craft fitted with advanced very low observable (VLO) stealth, integrated
information and sensor fusion, along with air-to-air and air-to-ground
capabilities producing enhanced fighting agility, reliability, maintainability,
and deployability. Fifth-generation fighters equip pilots with 360° situa-
tional awareness and network-centric capability. US examples of these
aircraft include the F-22 Raptor and F-35 JSF with the Russian MiG MFI
and Su-47 and the Chinese Chengdu J-20.6
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The United States, its allies, and enemies have produced significant
numbers of jet fighters during the jet age and have seen these fighters
achieve both success and failure, increasing technological sophistication,
and increasing financial costs. These fighters have been produced to fulfill
national missions and interests in implementing four airpower strategic
options: influencing and shaping, deterrence, coercion, and punishment.”
A 1998 Rand Corporation study on the historical evolution of jet fighters
describes three broad periods of fighter development after World War 11
(see Table 2.1).

Table 2.1 Historical jet fighter development®

Timeframe Overall technology and Dominant Technology dvivers
procurement vequivements  performance gonls

1940s-1950s (1st Technology revolution.  Speed Aerodynamics
and 2nd generations) Many R&D programs Celiling propulsion
Much prototyping many  Rate of climb materials

capable contractors
requirement consensus
1960s-1970s (3rd Technology refinement ~ Maneuverability  Avionics

and 4th generations) Fewer R&D programs Agility System integration
Technology Less prototyping Flexibility Propulsion
refinement R&D policy revolution Multirole

Fewer R&D Fewer contractors

programs Requirements debate

Less prototyping

R&D policy

revolution

Fewer contractors
Requirements debate

Maneuverability
Agility
Flexibility
Multirole
1970s-1990s (5th Technology revolution Stealth Airframe shaping
generation) Fewer R&D programs materials
Increased prototyping Avionics
Fewer experienced
contractors

Requirements consensus
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US Jet FIGHTERS 1940519505

The US military began developing jet technology during World War 11,
but remained behind German technology in aeronautical and jet propul-
sion research during this era as demonstrated by Berlin’s ME-262 which
saw some action during this conflict and achieved partial success against
allied aircraft.” Early US military jet fighter procurement involved the
Army Air Force and the Navy before the Air Force became an independent
military services as a result of the 1947 National Security Act.'

Rapid technological advances in the 1950s including speed increases
and altitude capabilities by fighters and bombers facilitated supersonic
fighter development and Eisenhower Administration mission performance
goals emphasizing the preeminence of nuclear weapons in US military
strategy. Eisenhower’s “massive retaliation” policy stressed strategic and
tactical nuclear missions for the military and caused the Air Force, and to
a lesser extent the Navy, to seek fighters and bombers capable of operating
in strategic and tactical nuclear environments. During this time period,
major advances in jet turbine engine power and efficiency, the afterburn-
er’s emergence, and resolving basic aerodynamic design problems stem-
ming from very-high-speed flight produced exponential increases in
aircraft speed and altitude capabilities from both the military and private
sector contractors.'!

Examples of US jet fighters deployed between 1946 and 1958 are
shown in Table 2.2.

Table 2.2 US jet fighters deployed between 1946 and 195812

Fighter ceiling First Cost based on 100 Empty Max. speed  Ceiling
(ft.) flight aircraft production weight (1bs) (mph) (ft.)
run—2016 CPI dollnrs

F-84G 1946 2,220,000 11,095 622 40,500
F-86F 1947 1,960,000 10,950 678 45,000
F-86D 1949 3,200,000 13,948 692 49,600
F-89D 1948 8,140,000 21,000 610 48,000
F-94C 1949 4,990,000 12,708 600 51,400
F-100D 1953 6,970,000 21,000 864 47,700
F-101B 1954 15,400,000 28,000 1100 50,300
F-102A 1953 11,200,000 19,460 825 51,800
F-104C 1954 16,300,000 14,082 1450 58,000
F-105D 1955 17,400,000 27,500 1480 50,000
F-106A 1956 39,700,000 23,646 1525 52,000

F-4C 1958 14,600,000 28,540 1500 55,400




HISTORY OF JET FIGHTERS 15

These aircraft were developed, produced, and researched by the armed
services branches, the National Advisory Committee on Aeronautics
(NACA), and companies as diverse as Bell, Boeing, Convair, Douglas,
Grumman, Lockheed, McDonnell, North American, Northrop, Republic,
and Vaught.'?

1960s-1970s

These decades saw the US military become involved in the Vietnam War in
which fighter aircraft played a significant part, a shift in US nuclear doctrine
from massive retaliation to flexible response, and the rise of the Soviet
Union as rival to US air power supremacy. Key technological developments
and capabilities occurring during this era included fly-by-wire (FBW) flight
control systems, negative static stability, operational variable geometry
fighters, the genesis of stealth, and sustained Mach 3+ flight. This period
also experienced considerable intellectual debate, disagreement, and fer-
ment concerning fighter performance and design goals, mission roles, doc-
trine, and operational concepts. Results of this debate included shifting
emphasis from heavy, fast, multirole fighter-attack aircraft to lighter, more
agile, specialized air combat fighters. Escalating costs lead to increasing
attempts to reform the weapons acquisition process driven by the speed,
technological complexity, and weight of military aircraft, producing drastic
escalation in research and development and procurement costs.'

Examples of fighter planes purchased by the United States during this
time period are shown in Table 2.3.

Table 2.3 US jet fighters purchased during the 1960s and 1970s'®

Fighter First  Cost based on 100 aircraft Empty Max speed  Ceiling
Sflight production run—2016  weight (lbs) (mph) (ft.)
CPI dollars
A-6 1960 63,500,000 25,630 648 40,600
LTV A-7 Corsair 1965 21,800,000 19,127 690 42,000
A-10 1972 19,000,000 24959 439 45,000
EA-6B 1968 76,600,000 31,160 651 37,600
F-5A/B 1962 7,730,000 9558 1060 51,800
E-14 1970 55,900,000 43,735 1544 50,000
EF-15 1972 41,200,000 28,000 1650 65,000
F-16 1974 21,600,000 19,700 1500 50,000
F/A-18 1978 34,500,000 23,000 1190 50,000

SR-71 (started 1963  55,200,000-66,200,000 60,730 2275 90,000
as YF-120)
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1980s-1990s

These decades saw the United States rebuild its military power to achieve
Cold War victory over the Soviet Union and its allies, the successful perfor-
mance of US military airpower during Operation Desert Storm against
Iraq in 1991, and declining defense spending during the 1990s in the Cold
War’s aftermath. At the same time US airpower military was used in opera-
tions in the Balkans during the 1990s and in enforcing no-fly zones against
Saddam Hussein’s Baathist regime in Iraq. This time period saw increasing
technological sophistication in US military aircraft marked by the emer-
gence of precision-guided munitions, and the increasing use of and reliance
on space-based technology such as GPS and stealth technology.!¢

The significance of this latter technology is described in a 1998 Rand
Corporation report:

Stealth technology aims at reducing as much as possible the radar, IR,
acoustic, and visual signatures of combat aircraft to avoid enemy detection,
to enhance survivability and achieve surprise. The highest priority and most
challenging aspect of stealth is achieving a low radar cross section (RCS).
This is because radars can detect conventional aircraft at up to several hun-
dred miles range, providing ample warning time for defenders, while IR,
acoustic, and visual sensors have much shorter detection ranges in most situ-
ations. Stealth became increasingly of interest to Air Force and DoD plan-
ners in the 1970s. The continuing development of a variety of technologies
increased stealth’s cost effectiveness as a means of countering rapidly
improving Soviet air-defense capabilities. In the case of the strategic bomber,
stealth appeared to be the only way to ensure the survivability, and thus the
continued existence, of penetrating manned bombers into the 1990s.'”

Examples of fighter planes purchased by the United States during this
era are shown in Table 2.4.

A significant factor influencing the increasing costs of military aviation
programs such as the JSF has been aerospace industry consolidation
occurring in the 1990s. During 1993 Lockheed purchased General
Dynamics Fort Worth fighter division ending nearly a half century of
independent combat aircraft research and development leadership dating
back to the B-24 Liberator and Convair delta jets from the 1940s to the
1950s. In mid-1994, Lockheed and Martin-Marietta merged becoming
Lockheed Martin. In April 1994, Northrup purchased Grumman which
served as the Navy’s premier fighter developer since the 1930s and this
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Table 2.4 US jet fighters purchased in the 1980s and 1990s'8

Fighter First flight ~ Cost based on 100 Empty  Maox speed  Ceiling (ft.)
aircraft production weight (mph)
run—2016 CPI dollars (bs)

A-6F 1987 63,400,000 25,630 648 40,600
Intruder
F-14A 1986 55,900,000 43,735 1544 50,000+
F-15E 1986 45,800,000 31,700 1650 60,000
F-16XL 1982 27,700,000 22,000 600 50,000
F/A 1984 42,600,000 23,000 1190 50,000
18-C/D
F-20 1982- 1,770,000,000 55,000 1522 55,000
canceled program cost
1986
F-22 1997 168,000,000 43,340 1500 >65,000
EF-117A 1996 62,000,000 29,500 617 45,000

time period also saw Northrup complete its purchase of LTV. In 1996
Boeing bought Rockwell’s aerospace and defense divisions who were
developers of the first operational supersonic fighter. Soon after Boeing
merged with McDonnell-Douglas and in July 1997 Lockheed Martin
acquired Northrop Grumman. The net result of these mergers saw fighter
R&D leaders such as General Dynamics, Grumman, McDonnell-Douglas,
Northrop, and Rockwell eliminated as independent entities, leaving the
number of credible combat air fighter contractors as Boeing and Lockheed
Martin."

2000s—PRESENT

The twenty-first century has seen the US defense aerospace industry con-
tinue production, maintenance, and updating of existing fighter systems
such as those covered in the previous chart and the JSF. Increasing con-
cerns for the US military’s jet fighter fleet is the fleet’s aging, declining
production, and accelerating costs in an environment of lowered defense
spending characterizing political discussion and analysis of recent US mili-
tary jet fighter development. A 2015 Defense Industry Daily report main-
tained that the average age of the current Air Force fleet is 26 years with
some transport and aerial refueling tankers being 40-50 years old and fac-
ing the possibility of reaching 70-80 years before they are retired.?°
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A 2010 Heritage Foundation analysis determined the average age of
the following military aircraft platforms to be:

Air Force tactical aircraft—over 20 years;

Navy and Marine Corps tactical aircraft—over 15 years;
CH-47 Chinook helicopters—nearly 20 years;

UH-1 Huey helicopters—35 years;

P-3C Orion long-range aircraft—almost 25 years;

B-1 Lancer bomber—over 20 years;

C-5A Galaxy transport aircraft—40 years; and

KC-135 tankers—44 years.?!

A follow-up 2015 assessment by the same organization noted the decline
in naval strike aircraft to a single model, the F/A-18; rated its air wing
capacity 3 on a scale of 5 based on the ability to meet a two major regional
contingencies requirement with a 20% reserve; and gave it an overall score
of “marginal” in its ability to meet readiness requirements. The Air Force
was appraised as being on track to the smallest size in its history; noted that
budget constraints were reducing it to 26 Tactical Air Squadrons encom-
passing air superiority fighters, strike fighters, and attack planes; average
aircraft age is 28 years; that the F-15 constitutes 71% of its air superiority
platforms but has reached 90% of its estimated 30-year service life and the
F-16 has consumed 80% of its expected life span; and that combat flying
hours were down 18% in FY 2013. The Air Force received strong ratings in
capacity and readiness but a marginal rating in capability.??

Other countries allied with the United States and opposed to the United
States have also developed and purchase jet fighter aircraft to accommodate
their national security needs. Their experiences will now be profiled.

AUSTRALIAN, BRITISH, AND CANADIAN JET FIGHTERS

Australian, British, and Canadian air forces have purchased jet fighter
planes to meet their own national security needs and to successfully inter-
operate with either the US military or other North Atlantic Treaty
Organization (NATO) forces. These countries have generally purchased
US fighters while, at the same time and with varying degrees of success
and failure, developed their own indigenous defense aerospace industrial
capabilities, or purchased jet fighters from other countries. Considerable
literature exists documenting the experiences of these programs and
assessing future manned jet fighter purchases by these countries.?
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Australian jet fighter purchases have primarily been made by the Royal
Australian Air Force (RAAF), whose current name dates from March 31,
1921. RAAF currently employs 14,388 personnel supported by 4028
reserve and 800 civilian personnel at 17 major bases and various offices
across Australia.?* These planes have been purchased to facilitate RAAF
cooperation and interoperability with the United States, New Zealand,
and other countries allied with Canberra. During the jet age, RAAF fight-
ers have seen action in theaters of operation as varied as the Korean War,
Vietnam War, various international peacekeeping operations, and military
operations in Afghanistan and Iraq. Australia is also developing its military
airpower capability to monitor China’s increasing military assertiveness
which may eventually adversely affect Canberra’s international economic
and strategic interests in the Asia-Pacific region.?

Jet fighters purchased by the RAAF during the jet age are shown in
Table 2.5.

Table 2.5 RAAF jet fighters purchased during the jet age?®

Fighter Maximum Weapons
speed (mph)
EA-18G 1190 AIM 9 Sidewinder; AGM 88 Harm missiles; AIM 120
Growler AMRAAM missiles
F-4 E 1485 General Electric M61 20 mm six-barrel cannon; up to
Phantom 16,000 Ibs stores including bombs, missiles, rockets
F/A-18 1190 Two AIM 7 Sparrow, two AIM-9M Sidewinder AAMs,
A/B 20 mm M61 gun, variety of air-to-surface weaponry, such
Hornet as Mk 82 bombs, 70 mm rockets, harpoon anti-ship
missiles
F/A-18 F 1190 Four AIM 9 Sidewinder; four AIM 120 AMRAAM; JDAM
Super precision-guided munitions
Hornet
F-86 Sabre 692 Six .50 caliber machine guns
F-104 1328 20 mm Vulcan Gatling autocannon capable of firing 6000
rounds per minute
F-111 1650 20 mm Vulcan six-barreled Gatling cannon; LGBs 2000
and 4800 Ibs
Mirage 1674 One Matra R530 and either two Sidewinder AIM-9B or
depending on  two Matra R550 Magic air-to-air missiles and twin 30 mm
altitude DEFA cannon. Ground attack weapons such as six Mk
82,227 kg (500 Ibs) bombs or three GBU-12 LGBs
JSF 1199 AIM 120 AMRAAM; AIM 9X Sidewinder; joint air-to-

ground missile; joint strike missile; JDAM precision-guided
munitions.
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Britisu

The United Kingdom’s Royal Air Force (RAF) was established on April 1,
1918, and it and the Royal Navy (RN) have engaged in operations glob-
ally during its existence. During the Cold War, it was an integral part of
the NATO alliance seeking to deter the former Soviet Union; it maintains
close ties with the Air Forces in former British colonies globally, and has
participated with the United States in many military operations in areas
such as Iraq and Libya. Although the RAF has experienced reduced fund-
ing as discussed in Chap. 4, it possesses a highly professionalized work-
force of 30,560 regular forces and 6330 reserves as of October 1, 2017,
and possesses a significant arsenal capable of effectively enforcing British
national interests in many global regions against a diverse variety of ene-
mies in multiple operational environments. Increasing Russian assertive-
ness in the North Atlantic and Western Europe has increased the need for
the United Kingdom to have effective and lethal jet fighter forces.?”

Examples of jet fighters purchased by the RAF and RN in recent decades
are shown in Table 2.6.

Table 2.6 Historic and recent RAF jet fighter purchases?

Fighter Maximum  Ceiling ~ Weapons
speed (mph)

Avro Shackleton 640 39,400 4 x 0.20 mm Hispano MKv cannon; 8 60 lbs

De Havilland rockets; 2 1000 Ibs

Venom

Blackburn 667 40,000  One internal rotating bomb bay 12,000 lbs

Buccaneer S.2. capacity; 18 SNEB 68 mm rockets; 2 AIM 9
Sidewinders; LGBs

English Electric 1300 54,000 2 x 30 mm Aden Cannon; two De Havilland

Lightning F-6 Firestreak or two Hawker Siddeley red top
missiles

F-5 Phantom 1060 51,800 2 x 20 mm M39A2 revolver cannons; Hydra

79 mm rockets; 4 AIM 9 Sidewinders or 4
AIM AMRAAMs; Paveway bombs;

F-86 Sabre 692 49,600  Six .50 caliber machine guns

Harrier GR7 660 43,000 CRV-7; AIM-9 L Sidewinder Maverick;
Paveway II, Paveway III, Enhanced Paveway;
general purpose bombs

Hawk T 1/1A 632 48,000  AIM 9-L Sidewinder
Jaguar GR3, 1065 40,000  AIM-9 L; Sidewinder Paveway II, Paveway III,
GR3A general purpose bombs, CRV-7, Aden 30 mm

(continued)
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Table 2.6 (continued)

Fighter Maximum  Ceiling ~ Weapons
speed (mph)
JSF Lightning 1199 50,000 AIM 120 AMRAAM; AIM 9X Sidewinder;
I joint air-to-ground missile; joint strike
missile; JDAM precision-guided munitions
Tornado GR4 989 50,000  DMS and Legacy Brimstone; Enhanced

Paveway II, Storm, Shadow; Paveway I11;
Paveway IV; Mauser 27 mm cannon; ASRAAM

Typhoon 1370 55,000  Paveway IV, AMRAAM, ASRAAM, Mauser
27 mm cannon; Enhanced Paveway 11

CANADIAN

The Royal Canadian Air Force (RCAF) was established in 1920 as the
Canadian Air Force, became RCAF in 1924, was merged into a unified
Canadian Defence Forces in 1968, and then became the RCAF again in
2011. RCAF has been closely allied with the United States and NATO and
shares responsibilities for the North American Acrospace Defense
Command (NORAD) with the United States. These responsibilities are
carried out by 12,000 regular personnel, 2100 reserves, and 1500 civilian
employees.?* During its history, the RCAF has experienced success and
failures in developing jet fighter programs, with the Avro Arrow program
of the late 1950s representing a failed program. Canada has had some suc-
cess in developing a defense acrospace industry and attempts to keep up
with US technological and military interoperability operations while not
providing sufficient financial support to its military forces. Canada is fac-
ing the challenges of defending its vast Arctic territorial airspace from
increasing Russian assertiveness and seeks to strike a delicate balance
between meeting domestic economic, political, and social concerns and
maintaining its role as a critical player in North American defense and
strategic planning.*® Examples of jet fighters the RCAF has purchased or
attempted to purchase are shown in Table 2.7.

CHINA

Chinese jet fighters are flown by the People’s Liberation Army Air Force
(PLAAF) and People’s Liberation Army Navy (PLAN). PLAAF was estab-
lished as a branch of the People’s Liberation Army following the successful
1949 Communist revolution. As of 2017, PLAAF personnel were estimated
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Table 2.7 RCAF jet fighter purchases®!

Fighter Maximum  Ceiling ~ Weapons
speed (mph)

Bae-Ct-155 Hawk 638 44500 1 x 30 mm Aden cannon; 4 AIM

Sidewinder or ASRAAM
Canadair CF-104 1146 50,000 1 x 20 mm M61Al Vulcan cannon; external
Starfighter bombs, rockets, and missiles
CF-100 Canuck 552 45,000 2 wingtip pods of 29 x 70 mm “Mighty
Mouse” infolding aerial rockets
CF-188 Hornet 1370 49,212 Air-to-air: AIM 9M IR guided missile AIM 7
(popularly known radar-guided missile; AIM 120 radar-guided
as CF-18) missile; 20 mm canon air-to-ground: Mk 82<
Mk 83, Mk 84, GBU 10, 12, 16, and 24 laser
F-101B Voodoo 1134 58,400 4 AIM 4 Falcon missiles; or 2 air 2 Genie

nuclear rockets

to number 398,000, with 2307 combat-capable aircraft. A US Air Force
National Air and Space Intelligence Center assessment of PLAAF’s history
says it has gone through four phases during its recent history:

e Founding Period 1949-1953: Participation in the Korean War and
building up its organizational structure.

® Overall Development Period 1954-1966: Merging the People’s
Liberation Army (PLA) Air Defense force in to PLAAF (1957); cre-
ating surface-to-air missile (SAM) forces in 1958; expanding head-
quarters structures; and establishing regional headquarters and air
corps across China; territorial defense against American and
Taiwanese manned and unmanned craft.

¢ Cultural Revolution Period 1966-1976: Deploying units to Vietnam;
1971 Lin Biao coup attempt; air defense in Laos; expanding num-
bers and closing down of schools due to revolutionary turmoil.

® Modernization Period 1976-Present: Force modernization and pro-
fessionalization; development of indigenous acrospace industry, pur-
chase of advanced arms from Russia; 1979 Sino-Vietnam border
conflict; increasing assertiveness in South and East China Seas.??

PLAN was also established in 1949. It includes an aerial arm including
maritime strike aircraft, an aircraft carrier, and is developing an anti-ship bal-
listic missile to defeat US carrier strike groups. In 2016, PLAN personnel
were estimated to be 235,000, with 26,000 of these being in naval aviation
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and an arsenal of 348 combat-capable aircraft. PLAN would play a critical role
in any invasion of Taiwan and is already involved in China’s increasing inter-
national assertiveness as demonstrated by its participation in anti-piracy patrols
in the Gulf of Aden, protecting sea lines of communication and in seeking to
claim territories in the South and East China Seas and preserving Beijing’s
access to fishing resources and potentially large natural gas and oil reserves.®
Lack of transparency by China about its aircraft capabilities and the
intelligence challenges of gathering such data make finding reliable infor-
mation about recent Chinese jet fighter specifications and technical capa-
bilities problematic. Examples of historical and contemporary jet fighters
in PLAAF and PLAN inventories produced by indigenous companies such
as Chengdu in Sichuan Province and Shenyang in Liaoning Province,
sometimes for foreign export, or purchased from abroad from locales as
diverse as Israel and Russia and reengineered are shown in Table 2.8.

Table 2.8 Chinese Air Force and Navy jet fighters®

Fighter  First ~ Maximum  Ceiling Weapons

flight  speed (mph)

H-6H 1998 631 42,980 2 23mm AM-23 guns, bomb load of up to
19,841 Ibs in weapons bay, cruise missile
pylons

J-6 1958 957 58,700 3 x 30 mm NR-30 cannons (70 rounds per

gun for wing guns, 55 rounds for fuselage
gun); up to 550 Ibs unguided rocket bombs

J-7 1966 1375 57,420 2 x 30 mm Type 30-1 cannon; 60 rounds per
gun; 55 mm rocket pod 12 rounds; PL-7,
PL-8 missiles, 50 kg-kg unguided bombs

J-10 1998 1676 59,055 PL 11/12 air-to-air missiles; PJ-9 and
YJ-9K ASMs; LT-2 1000 1bs LGB; FTI-1,
1000 Ibs satellite-guided bomb

J-11 1998 1550 62,523 PL 8,/9 /12 missiles; free-fall cluster bombs

-15 2009 1585 65,700 PL 8,/12/15 air-to-air missiles; KD-88

ASMs; YJ-83 k anti-ship; and YJ091
anti-radar. Estimated max weapon load of
6500 kg (14,200 lbs)

J-20 2011 1305 59,055 PL-10 ASRAAM; PL-12 medium-range AAM

J-31 2012 1334 Unknown  Twin internal weapons

JH-7 1988 1122 51,180 PL 5/8,/9 AA missiles; Yingji 8-k anti-ship
missiles; CM 802-A ASMs; GB 1/5 LGBs

Su-27 1977 1550 62,523 1 x 30 mm GSH-30-1 cannon 150 rounds;
2 short-range heat-secking AA missiles; 6
medium-range R-27 AA missiles

SU-30 1989 1320 56,800 6 R-27 AAMs; 6 Kh-P31 /a anti-ship missiles;

MKK 6 KAB 500 KR bombs; nuclear capable
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SovieT UNION/RUSSIAN FEDERATION

Soviet and Russian military jet fighters experienced considerable success
during the Soviet era, collapsed during the early years following the Soviet
Union’s collapse, and are experiencing some resurgence in recent years
due to increased Russian military spending derived from higher energy
sector sales. Russian jet fighters are sold to many countries outside of
Western security architectures such as China and they have contributed to
increased Russian military assertiveness against NATO countries, in the
Arctic, and Middle East during Vladimir Putin’s presidency.

The Russian Federation’s Air Force was estimated to include 150,000
personnel as of 2017 and its overall combat aircraft are estimated to number
1090. Its naval aviation personnel are calculated at 31,000 with 205 com-
bat-capable aircraft though the reliability of how many Russian aircraft
there actually are is questionable due to the lack of transparency of Russian
military statistics and the challenges of acquiring accurate intelligence on
these aircraft. Russia military has slowly moved from low- to high-tech,
mass conscript to professional, and from mass to mobility. While the
Russian military is capable of developing high-tech weapons capable of
competing with the United States and its allies there is genuine debate as
to how effective Russian aircraft would be in combat situations involving
the United States and its allies and whether the Russian military industry is
technologically competitive with Western aerospace industries. Russian
capacity to continually produce cutting-edge fighters like the Su-35 is
questionable due to uncertain domestic production facilities and Western
economic sanctions against Russia for its actions in Crimea and Ukraine.?¢

Examples of historic Soviet and contemporary Russian jet fighters made
by companies such as Mikoyan and Gurevich (MiG) (now Russian Aircraft
Corporation, near Moscow) and Sukhoi in Moscow are given in Table 2.9.

Table 2.9 Soviet/Russian jet fighters?”

Fighter First  Maximum  Ceiling  Weapons
flight  speed (mph)

MiG-15 1947 658 50,853 2 x NR-23 23 mm cannon; 1 Nudelman
NR-37 37 mm cannon; 2220 Ibs bombs

MiG-21 1956 1351 58,400 One internal 23 mm GSh-23 cannon; 4
R-60 m AAM; 2 1102 Ibs bombs

MiG-23 1967 1505 60,695 1 GSh-23L 23 mm cannon with 200 rounds;
R 23/24 AAM; R-77 AAM

(continued)
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Table 2.9 (continued)

Fighter First  Maximum  Ceiling  Weapons
flight  speed (mph)

MiG-25 1964 2170 67,915 2 x radar-guided R-40r AAMs; 2 x infrared
guided R-40T missiles

MiG-29 1977 1490 59,100 1 x 30 mm GS-h1 cannon with 150 rounds;
up to 7720 Ibs of weapons including six
AAMs; including a mix of semi-active radar
homing missiles

MiG-31 1975 1860 67,600 1 x GS-h 6-23 23 mm cannon with 600
rounds’ 6 RS-37 long-range missiles 280 km;
Kh-58 anti-radiation missiles

Su-15 1962 1386 59,383 2 x R-98 medium-range AAMs; 2 or 4 R-60
short-range AAMs

Su-33 1987 1.430 55,800 1 x 30 mm GSH-30-1 cannon with 150
rounds; 6 x R-27 AAMs; Moskit anti-ship
missile; electronic countermeasure (ECM)
pods

Su-35 2007 1485 59,060 1 x 30 mm GSH-30 gun with 150 rounds; 5
RVV-BD AAMs, 5 KH-59 MK ASMs; 8
KAB-500Kr guided bombs

Su-57 2017 1520 65,000 1 x 30 mm GSH-30-1 cannon; 4 K-77M

T-50 AAMs; 4 Kh-38 m air-to-ground missiles; 4
PAK-FA Kh-35 air-to-sea missiles
CONCLUSION

All of these countries have sought to take advantage of jet technology and
other advanced aerospace technologies to develop fighter aircraft capable
of meeting their national security requirements at given points in time.
These countries have also sought to develop domestic aerospace industries
and provide them with economic incentives to produce jet fighters for
domestic militaries and approved international military markets. In addi-
tion, these countries have also, to varying degrees, demonstrated the politi-
cal will to sustain increasingly costly financial contributions to support
these industries and technologies over several decades even as unmanned
aerial weapons systems have become more prominent in the twenty-first
century’s inaugural decades. The continued willingness of Western coun-
tries to sustain these commitments and expenditures is uncertain.

A 2017 study by National Defense University’s Eisenhower School for
National Security and Resource Strategy contends that the US aerospace
and defense sector will become increasingly dependent on international
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arms sales to sustain its viability. It goes on to maintain that the fighter air-
craft market is currently on a structural trajectory toward long-term market
failure due to high barriers for new market entrants and the high capital
requirements for increasingly complex technologies; substitute defense
products in defense aerospace being implausible with drones not advancing
to being operationally viable in hostile combat environments; buyers having
significant bargaining power since the fighter aircraft customer base is lim-
ited to sovereign states with only a few of these being financially capable of
producing fourth or fifth-generation fighters; and suppliers having alterna-
tives with fighter producers being able to compete in other defense indus-
tries and various non-defense manufacturing and software industries.*

This assessment also maintains that Lockheed Martin is the only Euro-
Atlantic manufacturer currently developing or producing a fifth-generation
fighter and that, since these countries are unlikely to buy such fighters from
potential adversaries like Russia or China, there may be no realistic alterna-
tive to them but the JSF. Consequently, to sustain this industry’s long-term
viability, US and other Western aerospace defense firms must focus on
exports; emphasize services such as maintaining, rebuilding, and continu-
ously upgrading existing systems; focus on information such as providing
multiple software upgrades to fielded systems at lesser cost than developing
new systems; focus on mitigating risk by sharing partnerships and as a means
of opening foreign sales markets; and stressing incremental innovation and
limited research and development since the high risk of winner-take-all-
firms provides limited incentive to invest in major technological advances.*?

The next chapter focuses on geopolitical and technological factors driv-
ing the United States and other countries to maintain their interest in jet
fighter aircraft during this century’s second decade. It also covers potential
operational combat scenarios in which the JSF may be used.
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CHAPTER 3

Emerging Military Aviation Trends
and Potential US Aerospace Adversaries

The emerging international military aviation environment is part of the
reason why the United States and other countries are interested in devel-
oping and deploying technologically advanced and financially expensive
jet fighters. Numerous factors are prompting air forces to develop such
aircraft and this chapter examines some of the factors influencing contem-
porary and emerging military aviation trends and developments. Particular
emphasis will be placed on drones or Unmanned Aerial Vehicles (UAVs),
counterterrorism purposes, the increasingly assertive nature of Chinese
military policy including its Anti-Access Area Denial (A2 /AD) programs,
increasing Russian military airpower assertiveness, and the continuing
dangers to international security interests posed by countries such as Iran
and North Korea which have significant conventional militaries and
nuclear weapons capabilities and aspirations.

Many of the potential military operations described in this chapter are
hypothetical in nature and the exact performance of the JSF and its for-
eign counterparts can only be speculated on given the absence of access to
classified information on fighter performance. This chapter presents sce-
narios in which the JSF might be used in the next two decades in a variety
of operational situations and scenarios.
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COUNTERTERRORISM

The United States and its allies are likely to continue using conventional
airpower to conduct counterterrorism operations against state-supported
terrorist groups and transnational terrorist entities such as the Islamic
State (IS), human traffickers, drug dealers, and international maritime
pirates. Airpower will be used for intelligence and targeting purposes and
it reduces the necessity of sending in conventional or special operations
forces to engage terrorist infrastructures. The United States and its allies
will use the panoply of current Western airpower technological expertise
including precision-guided munitions; GPS satellites; intelligence, surveil-
lance, target acquisition, and reconnaissance (ISTAR); electronic assets;
and computerized situational awareness to identify and target hostile tar-
gets. While US and allied airpower is not likely to face peer competitors
with jet fighters in these theaters of operation, they may have to deal with
significant anti-aircraft capabilities and the intelligence, operational, and
propaganda consequences of losing fighter aircraft to shoot downs or
mechanical failures such as crashes and the possibility that these aircraft
and their pilots will fall into enemy hands.!

A limitless variety of global targets could see conventional airpower like
JSE as well as existing jet fighter technologies used in counterterrorism
operations. Within the Western Hemisphere, potential twenty-first-century
geographic targets for US airpower include operations against Bolivarian
states such as Bolivia, Cuba, Ecuador, Nicaragua, and Venezuela which
support terrorist groups, drug traffickers, and human traffickers with inter-
ests antithetical to the United States.?

The Middle East and North Africa are likely to remain targets for the
United States to use airpower against Islamist terrorist groups as varied as
ISIS, Boko Haram, Al Qaida in the Islamic Maghreb and Al Qaida in the
Arabian Peninsula, and other entities such as the Lord’s Resistance Army.?
South Asia, particularly regions adjacent to Pakistan and Afghanistan, is
also likely to see US airpower conduct conventional operations against ter-
rorist forces as varied as Al Qaida, the Haqqani Network, Taliban, Lashkar-
e-Taiba, and others. This may involve operations in these countries as well
as in surrounding Central Asian republics which may impact Chinese and
Russian strategic interests. The presence of nuclear weapons in India and
Pakistan will complicate the potential deployment of counterterrorism air
strikes in this region.*
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Drones/UAV

An additional factor illustrating the increasingly complex environment of
contemporary and future airpower operations is the emergence of
unmanned drone aircraft or UAVs. These aircraft can be remotely piloted
from thousands of miles away and have been used by both the George
W. Bush and Obama Administrations in anti-terrorism operations. In
some cases, using these aircraft has effectively knocked out terrorist targets
without inserting US or allied combat aircraft into hostile environments,
resulting in financial savings. However, drone strikes have produced civil-
ian casualties in some cases which critics charge violate international law,
national sovereignty, and increase the ability of terrorists to recruit for
their causes. Debate over the effectiveness and propriety of UAVs will
continue for the foreseeable future. They can serve as a force multiplier for
the United States and allied forces and for enemy forces. UAVs should be
viewed as a supplement and not as a replacement for conventional air
power. Their effects can be mitigated or countered by hostile military
forces who may develop their own UAV capabilities to use against the
United States and its allies and their military assets.®

The United States has used UAVs in military operations since World
War II. Israel used these aircraft for surveillance purposes over Lebanon’s
Bekaa Valley in 1982. A Predator drone located Osama Bin Laden in
Afghanistan in 2000 and not long after 9 /11 weaponized Predator drones
armed with Hellfire missiles were flying over Afghanistan. UAV use has
become so prominent that contentious debate has resulted from proposals
to give military awards to UAV operators for their combat mission accom-
plishments.® Data acquired from UAVs is sent to US military and intelli-
gence agency computers and facilitates tracking and mapping enemy
networks and targets and linking visual imagery with other forms of intel-
ligence including intercepted phone calls, emails, and text messages.”

There were 74 US drone strikes in Afghanistan in 2007 and by 2012
US drone strikes in that country averaged 33 per month. There were five
drone strikes in Pakistan in 2007 and 330 in 2012.3 Examples of US UAV
aircraft include the MQ-1 B Predator, MQ-9 Reaper, and RQ-4 Global
Hawk. The Predator serves as an armed, multi-mission, medium-altitude,
long-endurance remotely piloted aircraft oriented toward intelligence col-
lecting and performing strike coordination and reconnaissance against
high-value targets. It also provides intelligence, surveillance, reconnais-
sance, close air support, combat search and rescue, precision strike, target
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development, and terminal air clearance. Produced by San Diego-based
General Atomics Aeronautical Systems, Predator operational capabilities
are shown in Table 3.1.

The Reaper serves as an armed, multi-mission, medium-altitude, long-
endurance remotely piloted aircraft used primarily for intelligence collec-
tion and secondarily against dynamic execution targets. Produced by
General Atomics Aeronautical Systems, Reaper operational capabilities are
shown in Table 3.2.

The Global Hawk is a high-altitude, long-endurance, remotely piloted
aircraft featuring an integrated sensor suite providing global all-weather,
day or night, intelligence, surveillance, and reconnaissance (ISR). It also
provides persistent near-real-time coverage using imagery intelligence, sig-
nals intelligence, and moving target indicator sensors. Its prime contractor
is Northrop Grumman in Rancho Granada, CA, and Bethpage, NY, with
Raytheon and L3 Comm being subcontractors having locations in multiple
states. Global Hawk operational capabilities are shown in Table 3.3.

Table 3.1 Predator UAV operational capabilities’

Power plant Rotax 914F four-cylinder engine

Thrust 115 horsepower

Wingspan 55 ft. (16.8 meters)

Length 27 ft. (8.22 meters)

Height 6.9 ft. (2.1 meters)

Weight 1330 1bs (512 kilograms) empty

Maximum take-off 2250 Ibs (1020 kilograms)

weight

Fuel capacity 665 1bs (100 gallons)

Payload 450 Ibs (204 kilograms)

Speed Cruise speed around 84 mph (70 knots), up to 135 mph
Range Up to 770 miles (675 nautical miles)

Ceiling Up to 25,000 ft. (7620 meters)

Armament Two laser-guided AGM-114 Hellfire missiles

Crew (remote) Two (pilot and sensor operator)

Unit cost $20 million including four aircraft with sensors, ground

Program cost
Initial Operating
Capability
Inventory

control station and Predator Primary Satellite Link (FY 2009
dollars)

$4.745.3 billion August 2012

March 2005

Total Force, 164




EMERGING MILITARY AVIATION TRENDS AND POTENTIAL US AEROSPACE... 49

Table 3.2 Reaper UAV operational capabilities!”

Power plant Honeywell TPE-331-10GD Turboprop engine
Thrust 900 shaft horsepower maximum

Wingspan 66 ft. (20.1 meters)

Length 36 ft. (11 meters)

Height 12.5 ft. (3.8 meters)

Weight 4900 Ibs (2223 kilograms) empty

Maximum take-oft weight
Fuel capacity

Payload

Speed

Range

Ceiling

Armament

Crew (remote)
Unit cost

Program cost
Initial Operating Capability
Inventory

10,500 lbs (4760 kilograms)

4000 Ibs (602 gallons)

3750 Ibs (1701 kilograms)

Cruise speed around 230 mph (200 knots)

1150 miles (1000 nautical miles)

Up to 50,000 ft. (15,240 meters)

Combination of AGM-114 Hellfire missiles, GBU-12
Paveway 11, and GBU-38 Joint Direct Attack Munitions
Two (pilot and sensor operator)

$56.5 million includes four aircraft with sensors,
ground control station, and Predatory Primary satellite
link (FY 2011 dollars)

$33.637 billion August 2012

October 2007

Total Force 104

Table 3.3 Global Hawk operational capabilities!!

Power plant Rolls-Royce North American F-137-RR-100 turbofan engine
Thrust 7600 Ibs

Wingspan 130.9 ft. (39.8 meters)

Height 15.3 ft. (4.7 meters)

Weight 14,950 Ibs (6781 kilograms)

Maximum take-oft weight
Fuel capacity

Payload

Speed

Range

Endurance

Ceiling

Armament

Crew (remote)

Unit cost

Program cost

Initial Operating Capability
Inventory

32,250 Ibs (14,628 kilograms)

17,300 lbs (7847 kilograms)

3000 Ibs (1360 kilograms)

357 mph (310 knots)

12,300 nautical miles

More than 34 hours

60,000 ft. (18,288 meters)

None

Three (LRE pilot, MCE pilot, and sensor operator)
$222.69 million August 2012

$893.8 million FY 2014

2011 (Block 30); 2015 (Block 40)

Active Force, 33 (three more Block 30s purchase, to be
fielded in 2017)
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CHINA

The most challenging and threatening security environment for the
United States and its allies remains the growth of China and Beijing’s
increasingly assertive diplomatic, economic, and military claims in the
Asia-Pacific region. During May 2009 Beijing submitted to the United
Nations Convention on the Law of the Sea (UNCLOS) a nine-dashed
map claiming indisputable sovereignty over the entire body of water,
islands, seabed, and subsoil within the 200-mile nautical limit of the Outer
Continental Shelf of the South China Sea.'?

On November 23,2013, China established an Air Defense Identification
Zone (ADIZ) over the East China Sea featuring some overlap with existing
Japanese and South Korean ADIZs. This edict saw Beijing set rules requir-
ing aircraft flying in this area to:

Report a flight plan to the Chinese Government;

Maintain radio communication and respond to Chinese government
identification inquiries;

Maintain radar transponder function; and

Exhibit clear nationality and logo markings.

This announcement also stated China’s military would take emergency
defensive measures to respond to aircraft not giving required identification.!®

China’s military has engaged in aggressive behavior against the United
States and allied countries’ military and civilian aircraft for over a decade.
Examples of this behavior includes a United States Navy (USN) electronic
surveillance plane being struck by a Chinese fighter pilot on March 31,
2001, forcing the US aircraft to make an emergency landing on Hainan
Island; five Chinese naval vessels attempting to snag the USNS Impeccable’s
towing cable 75 miles southeast of Hainan Island on March 5, 2009, forc-
ing the Navy to dispatch warships to escort unarmed survey and ocean sur-
veillance vessels; two Chinese naval vessels approaching the USS Cowpens,
crossing directly in front of this vessel, and forcing it to stop to avoid a col-
lision on December 5, 2013, about 32 miles southeast of Hainan Island;
and an armed Chinese jet fighter conducting a dangerous intercept of a
Navy P-8 Poseidon aircraft on August 19, 2014, in international airspace
135 miles cast of Hainan Island. Japanese Air Self Defense Force aircraft
scrambled against Chinese aircraft 199 times between April and June
2016 in the air and water over the disputed Senkaku,/Diaoyu Islands.!*
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Recent analysis of China’s PLAAF indicates a force that is benefiting
from increasing military spending and demonstrating a commitment to
enhancing Beijing’s ability to project power into the Western Pacific and
surrounding oceans to deter US and allied strategic interests. A critical
emphasis of Chinese airpower planning is regaining control of Taiwan.®

The 2015 edition of the Defense Department’s annual report on
Chinese military power notes that the Chinese Navy has more than 300
surface vessels, the largest in Asia, and is emphasizing new anti-ship, anti-
air, and anti-submarine weapons and sensors. It also notes that Beijing’s
PLAN is moving from “near seas” to “far seas” operations capable of power
projection beyond immediate territorial waters in the East and South China
Seas. PLAN’s aircraft carrier Linoning was expected to have an air wing in
2015 or later with additional aircraft carriers possible.'®

This document also reports that PLAAF is Asia’s largest and third larg-
est in the world, possessing over 2800 aircraft (not including unmanned
aircraft) and 2100 combat aircraft including fighters, bombers, fighter-
attack, and attack aircraft. DOD asserts that PLAAF is rapidly closing the
gap with Western air forces across a broad spectrum of aircraft capabilities
including aircraft, command and control, jammers, electronic warfare, and
data links. The majority of Beijing’s air forces are expected to be fourth
generation in the next few years.!”

The indigenously developed J-10B is a fourth-generation fighter
expected to enter service and China is likely to acquire Russia’s Su-35
Flanker aircraft with its advanced IRBIS-E passive electronically scanned
array radar system. The Su-35 could enter the PLAAF by 2018, and in
October 2014 Russian Deputy Prime Minister Dmitry Rogozin said
Moscow would like to export 24 Su-35S fighters to China. Beijing has
been pursuing fifth-generation fighters since 2009 and is the only country
besides the United States with two concurrent stealth fighter programs.
PLAAF observations of foreign military employment of stealth aircraft are
viewed as a critical capability in transforming from a territorial air force to
a force capable of conducting offensive and defensive operations. Beijing
believes stealth aircraft provide an offensive operational advantage denying
adversaries time to mobilize and conduct defensive operations consistent
with China’s emphasis on A2 /AD operations against opposing forces.!8

Third- and fourth-generation J-20 stealth prototypes conducted first
flights in March and July 2014 and test flights with a fifth-generation pro-
totype may occur by the end of 2015. October 31, 2012, saw the first
flight of China’s J-31 fighter which the Pentagon believes is similar in size
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to the JSF and the J-31’s design characteristics appear to be similar to the
J-20s. In addition, Beijing also has one of the globe’s largest forces of
advanced long-range SAM systems consisting of a combination of Russian
SA-20 (S-300PMU1,/2) battalions and domestically produced CSA-9
(HQ-9) battalions. Beijing plans further enhancements to its strategic air
defense systems by importing Russia’s S-400/Triumf SAM system while
possibly simultaneously developing its indigenous CSA-X-19 (HQ-19) for
a foundational ballistic missile defense capability.?®

US and allied JSF fighters might be used in the event of'a Chinese inva-
sion of Taiwan. DOD’s 2015 report on Chinese military power provides
the quantification in Table 3.4 on the current airpower cross-straits bal-
ance between Beijing and Taipei:

While these figures do not include Chinese missile or amphibious lift
capability, nor do they demonstrate whether the United States and other
countries would be willing to come to Taiwan’s defense, they illustrate the
significant initial airpower advantage Beijing would hold in a conflict in
the East Asian/Western Pacific theater of operations.

China is also making extensive efforts to develop its UAV military pro-
grams. Organizations such as Chengdu Aircraft Industry Group/Chengdu
Aircraft Design Institute, Guizhou Aircraft Industry Corporation,
Shenyang Aircraft Company/Shenyang Aircraft Design Institute, China
Aerospace Science and Technology Corporation, China Aerospace Science
and Industry Corporation, and Nanjing Research Institute on Simulation
Technique have developed fixed and rotary wing UAVs, precision-guided
munitions, AGMs, battlefield reconnaissance, enemy air defense suppres-
sion capabilities, and specific weapons such as the Xianglong/Soar Dragon,
a high-altitude, long-endurance UAV resembling the US RQ-4. A 2012
US Defense Science Board study contended that Chinese UAV capabilities
could “easily match or outpace U.S. spending on unmanned systems, rap-
idly close the technology gaps, and become a formidable competitor in

Table 3.4 2015 China aircraft within range of Taiwan?®

China Taiwan
Aircraft Total Within range of Tniwan Total
Fighters 1700 130 388
Bombers/Attack 400 200 22

Transport 475 150 21
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unmanned systems.” Beijing is also seeking to harness its military innova-
tion capabilities to make it one of the world’s leading military technologi-
cal powers by 2020.%

A possible US response to China’s increasing military power is found in
the Air-Sea Battle (ASB) concept. ASB is not a military doctrine or strat-
egy, but seeks to ensure global commons freedom of action to reassure
allies and deter potential adversaries. ASB seeks to counter and asymmetri-
cally and symmetrically shape A2 /AD environments, and developing inte-
grated forces capable of succeeding in such environments. ASB seeks to
respond to A2 /AD by developing networked integrated forces capable of
attacking in depth to disrupt, defeat, and destroy enemy forces; using air,
cyber, land, maritime, and space assets in this regard for friendly joint and
coalition forces; providing commanders with ready access to capabilities
across these domains regardless of which commander owns them; inte-
grating these forces before entering operational theaters, and attacking in
depth to disrupt, defeat, and destroy enemy A2 /AD platforms.>?> ASB has
not been formally incorporated into US military strategic or doctrinal
planning and has not had money appropriated for its implementation. It
has received mixed assessments in strategic studies literature, but it can be
viewed as a potential template for potential US and allied military opera-
tions against China that may involve using the JSF as an offensive and
defensive platform.??

ASB had evolved into Joint Concept for Access and Maneuver in the
Global Commons (JAM-GC) as of carly 2015.%

Chinese military targets for US and allied aircraft are widespread. They
would include military command and control targets in Beijing and
elsewhere. Depending on the nature of a military conflict with China,
target lists could include targets over wide geographic ranges from Central
Asia to the Pacific and from the Russian frontier to strategically important
Hainan Island. PLA groups which could be targeted by the JSF and other
weapons systems include the 27th, 38th, and 65th group armies in the
Beijing military region; the 13th and 14th group armies in the Chengdu
military region; the 15th airborne rapid reaction unit, and the 41st and
42nd group armies in the Guangzhou military region; the 20th, 26th, and
54th group armies in the Jinan military region; the 21st and 47th group
armies in the Lanzhou military region; the Ist, 12th, and 31st group
armies in the Nanjing military region; and the 16th, 39th, and 40th group
armies in the Shenyang military region.?
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Figure 3.1 lists various Chinese air and naval assets that could be tar-
geted in a military conflict including the East, North, and South Sea fleets.?¢
A Chinese invasion of Taiwan would place Beijing’s military assets in
Nanjing province at risk of attack including its extensive missile assets and
air power capabilitics as demonstrated on maps in DOD’s 2015 annual
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report on Chinese military power.?” Oil and natural gas transit choke points
could also be targeted by China’s opponents in a military confrontation in
arcas as geographically dispersed as Kazakhstan, Russia, and Burma.?

However, any military response against China by the United States and
its allies, regardless of whether this response includes a mixture of air,
cyber, land, sea, and space strikes, must also account for the regional and
global strategic strike capabilities of Chinese conventional and nuclear
missiles and the amount of time and geographic distance required for US
ships to reach the South China Sea from the United States and other loca-
tions demonstrated by the following four maps which will affect the impact
and effectiveness of any military strikes against Beijing and how China
might target its military opponents (Fig. 3.2).%
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Fig. 3.2 China conventional strike capabilities or maximum missile range.
Source: U.S. Department of Defense 2016
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IrRAN

Another potential theater of operations for US military aircraft such as the
JSF is Iran. Tehran’s widespread support for international terrorism and its
nascent nuclear weapons program are of acute concern to countries as
diverse as the United States, Israel, European Union countries, and Persian
Gulf states such as Saudi Arabia. Numerous scenarios could involve
military strikes against Iranian military targets with ones against Iranian
nuclear sites such as Arak, Esfahan, Fordow, Lavizan-Shian, Natanz,
Parchand, and Techran. Such strikes would need to be sustained to be
effective and could result in Iranian military retaliation through conven-
tional means, terrorism, cyberwar, and other means.?°

Iran has acquired long-range missiles from North Korea and developed
indigenous liquid and solid-fueled missiles giving it a strike capacity and has
some chemical weapons and a potential biological weapons capability. The
overall size of its armed forces is estimated at 500,000-525,000, including
Revolutionary Guards, though many of its forces are poorly trained con-
scripts. Tehran’s Air Force personnel are estimated at 25,000-35,000 and
its regular naval personnel are estimated at 18,000. The International
Institute of Strategic Studies (1ISS) believes Iran has a combat aircraft inven-
tory of 312 with 40-60% of these having limited or zero mission capability.
Age and obsolescence are also major problems for Tehran’s Air Force with
60% of these planes being purchased by the Shah’s government in the 1970s
and including F-14s, F-5B, and various F-4s which have not been modern-
ized. It also has Russian MiG-29 and Su-24K, French F-1E Mirages, and
Chinese F-7ms in its arsenal. Tehran has tried to produce light Saegheh and
Azarakhsh fighters into its arsenal but these are far behind the United States,
Saudi, and United Arab Emirates’ fighter purchases and Tehran’s purchases
are drastically restricted by UN sanctions.?!

Iran has land-based SAMs from Chinese, Russian, and US sources.
However these are obsolete and highly vulnerable to electronic counter-
measures and anti-radiation missiles. Tehran’s air defense system is vulner-
able to stealth strike fighters, cruise missiles, and ASMs fired from outside
its SAM coverage. Acquiring advanced SAM systems with antiballistic mis-
sile capabilities such as Russia’s S300 and advanced radars and command
and control systems necessary to integrate them into a more effective sys-
tem would be Tehran’s aspirational goal. While Iran could not win any
serious military confrontation with the United States or its allies, it can
threaten, intimidate, and execute significant low level or terrorist attacks
directly or through surrogates against regional and major powers.*
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Iranian nuclear sites are featured in Fig. 3.3.

Potential US or other country military strikes against Iran must
factor in Iranian ballistic missile ranges and accuracy as well as the
range of Tehran’s military aircraft. Medium-range ballistic missiles
(MRBMs) and their ranges include the Ghadr-110 (1240-1800 miles/
2000-3000 kilometers); Shabab-3 (1302 miles/2100 kilometers);
Ashoura (1240-1553 miles/2000-2500 km); and Sejjil (1240-1553
miles/2000-2500 kilometers). Intermediate range ballistic missiles
(IRBMs) available to Tehran, despite concerns about their guidance and
accuracy, include the Shabab-5 (1864-3106 miles/3000-5000 kilome-
ters) and Shabab-6 (1864-3106 miles,/3000-5000 kilometers).3?

T BE: 9 T o*5¢
LARMENIA,  AZERBAAN Tt “ UZBEKISTAN
TURKEy A i L .
D \__,E)
£ -z
i _‘H
| Caspian ) TURKMENISTAN
= | Sea |
. \ /
e L |
9 -
A o 1 \ E
} ) fl
Karaj Tehran Nuclear
Research Centre
Llshlmr-ﬂ.bg Tehran
Arak
. e
L 2
STAN
s PR IRAN AFGHANI
Technology Centre
Yazd
°
: @ - Anarak
/Xl Bt ?
/ Kuio < b ‘Shlraz
: AT |_Bushehr
Y ® PAKISTAN
—9 1 .
\ ‘\\_
b
Ll PesenGar T Bandar-
b R & Avvas :
‘i\— — = . 5=
SAUD] » - —\ -
ARABIA .| BAHRAIN = \ g
g | 4 5 S L
il rJ // y T J
- | 5 9 oo o
QRATAR UNITEDARAB | =
) [ EMIRATES [ ) L] 100 Miles.
shue & i g OMAN @ Nuclear Facilty Site | 3

Fig. 3.3 Known Iranian nuclear sites. Source: Hassan, Congressional Research
Service



58 B.CHAPMAN

NorTH KOREA

The Korean peninsula has remained one of the world’s most dangerous
security arenas since the Korean War’s conclusion in 1953. The United
States retains close political and military ties with South Korea and North
Korea’s totalitarian regime maintains a large military capacity and force
structure, possesses a nuclear weapons arsenal, and periodically engages in
aggression against South Korea as demonstrated by a March 26, 2010,
torpedo attack against the naval vessel Cheonan near Baengnyeong Island
in the Yellow Sea killing 46 sailors, a November 23, 2010, North Korean
artillery attack against Great Yeonpyeong in the Yellow Sea killing two
South Korean marines and six civilians while destroying 70 houses, result-
ing in South Korea returning fire and causing an unknown number of
North Korean casualties, and North Korea firing anti-aircraft round at
South Korean propaganda balloons launched from Paju, South Korea, on
October 10, 2014, with the South Korean military returning fire.’*

Any aerial confrontation with North Korea involving the JSF and other
aircraft would inevitably target Pyongyang’s ballistic missile arsenal which
can carry nuclear weapons. According to the US National Air and Space
Intelligence Center (NASIC), North Korean short-range ballistic missile
(SRBM) capabilities are believed to be as shown in Table 3.5.

North Korean IR/MRBM capabilities are believed to be as shown in
Table 3.6.

North Korean intercontinental ballistic missile (ICBM) assets are
assessed by NASIC as shown in Table 3.7.

Despite its poverty-stricken nature exacerbated by autocratic govern-
ment policies, North Korea has amassed one of the world’s largest militar-
ies. Its ground forces are estimated to number 950,000 and are
concentrated in areas close to the South Korean border.?

Pyongyang’s Air Force order of battle numbers 110,000 personnel,
over 800 combat aircraft, 300 helicopters, and over 300 transport aircraft
as Fig. 3.4 illustrates.”

Table 3.5 North Korean short-range ballistic missile (SRBM) capabilities®

Missile Propellant  Deployment mode — Maximum range Launcher numbers

SCUD B  Liquid Road-Mobile 186 miles/300 km  Fewer than 100
SCUD C  Liquid Road-Mobile 310 miles/500 km  Fewer than 100
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Fig. 3.4 North Korean air forces. Source: U.S. Department of Defense, “Military
and Security Developments,” 2015

The order of battle for North Korean naval forces numbers approxi-
mately 60,000 personnel, 260 amphibious landing craft, and 30 mine
warfare vessels as illustrated in DOD?’s biennial North Korean military
power report.*

North Korea’s military is primarily ground centric, so military strikes
against it would initially be targeted toward the 70% of ground forces and
50% of air and naval forces deployed within 62 miles/100 kilometers of
the Demilitarized Zone (DMZ). These ground forces are characterized by
regular and light infantry units supported by armored and mechanized
units and heavy artillery concentrations. They are also fortified in several
thousand underground facilities and have long-range artillery capable of
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firing from the DMZ to Seoul. The Air Force is responsible for inserting
special operations forces and its most capable combat aircraft are Russian
MiG-23 and MiG-29 fighters and Su-25 ground attack aircraft. The pre-
ponderance of Pyongyang’s Air Force consists of older MiG aircraft. The
North Korean Air Force has a thick and overlapping air defense system of
SA-2, SA-3, and SA-5 SAM sites, mobile SA-13 SAMs, mobile and fixed
anti-aircraft artillery, and numerous man-portable air defense systems like
the SA-7. The Navy is divided into East and West coast fleets consisting
primarily of aging vessels. Although Pyongyang’s conventional forces have
not kept up with emerging military technology due to international eco-
nomic sanctions, these forces remain capable of inflicting significant casu-
alties on any enemies and their equipment.*!

Despite the obsolescence of much of its conventional forces, North
Korea remains dangerous due to the military’s absolute control of North
Korean policymaking. Pyongyang’s nuclear weapons arsenal, aided by
cooperation with Iran and Syria, is likely to be used, along with the
regime’s determination to maintain power at all costs. A military confron-
tation with North Korea would also have to target Pyongyang’s nuclear
sites such as Unggi and Yongbyon.*?

Russia

The Russian Federation’s increasing international assertiveness is demon-
strated by its 2014 annexation of Crimea, Moscow’s ongoing support for
separatists in Ukraine, and its Air Force incursions into the airspace of
countries as diverse as Japan, the United States, and the United Kingdom
documented in numerous sources. Moscow’s increasing military coopera-
tion with Beijing including conducting joint exercises with China and its
increasing defense expenditures under President Vladimir Putin have res-
urrected a Cold War geopolitical security environment, and may make it
necessary for Western powers and the US Asia-Pacific allies to conduct
aerial military operations against Russia using weapons systems such as the
JSF in the foreseeable future.*?

Potential US/NATO operations against Russia involving use of the JSF
and other jet fighters and aerial assets such as UAVs would have a large
range of targets to strike. These would include Russia’s energy infrastruc-
ture including oil and natural gas pipelines stretching from delivery mar-
kets in Western Europe to the Arctic, Barents, Black, and Caspian Seas
(Fig. 3.5).*
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RUSSIA OIL AND GAS OPERATIONS
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Fig. 3.5 Russia oil and gas operations. Source: Davies and Mugg, American
Enterprise Institute

Russia’s military, although suftering from a reduced demographic base
and corruption, still strives to dominate the periphery of nations sur-
rounding the Russian Federation’s extensive territories. It also secks to
expand security ties and influence with Collective Security Treaty
Organization (CSTO) countries, many of which were once part of the
Soviet Union, and to recover territory lost with the Soviet Union’s col-
lapse. A 2014 analysis maintained that Moscow will spend over $730 bil-
lion over the next decade to modernize the Russian military with
approximately $650 billion of this spent on new equipment. These new
purchases are expected to include 100 naval vessels, 600 warplanes, and
1000 helicopters by 2020.#

Nuclear weapons continue playing a critical role in Russian military doc-
trine and strategy. Moscow has reported 1400 warheads on 473 deployed
strategic launchers and over 2300 strategic weapons on non-deployed stra-
tegic launchers along with 4000 non-nuclear strategic weapons. This arsenal
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includes bombs and warheads for the SS-21 Tochka and SS-26 Iskander
SRBM, and warheads for A-135 and S-300 ABMs. Moscow’s Strategic
Rocket Forces have an 18 launcher division of Yars S§-29 ICBMs designed
to penetrate US ballistic missile defenses and Putin plans to add 400 new
ICBMs and submarine-launched ballistic missiles (SLBMs) during the next
decade to Russian nuclear forces.*

Russian SRBM ballistic missile capabilities are shown in Table 3.8.

Russian ICBM capabilities, according to the NASIC, are shown in
Table 3.9.

Russian nuclear missile facilities and airbases would be subject to attack
by the JSF or other US/NATO military assets in a potential war and are
located in multiple time zones and regions as Figs. 3.6 and 3.7 indicate.

Table 3.8 Russian SRBM capabilities*”

Missile Propellant  Deployment mode  Maximum range Launchers

SCUD B (S8S-1) Liquid Road-Mobile 186 miles/300 km  Fewer than 200
S§S§-1C (Mod 2)  Liquid Road-Mobile 148 miles/240+ km  Fewer than 200

S§S-21 (Mod 2)  Solid Road-Mobile 43 miles/70 km Fewer than 200
§S-21 (Mod 3)  Solid Road-Mobile 74 miles,/120 km Fewer than 200
§S-26 Solid Road-Mobile 186 miles/300 km  Fewer than 200
Iskander-E Solid Road-Mobile 174 miles/280 km  Fewer than 200

Table 3.9 Russian ICBM capabilities*®

Number of  Warbheads — Propellant Deployment — Maximum range Number of

stages per missile mode launchers

2+Post- 10 Liquid Silo 6200 miles/10,000+ km About 50

Boost

Vehicles

(PBV)

2+PBV 6 Liquid Silo 5592 miles/9000+ km  About 50

3+PBV 1 Solid Road-Mobile 6835 miles/11,000 km 150+

3+PBV 1 Solid Silo & 6835 miles/11,000 km  About 80
Road-Mobile

3+PBV Multiple  Solid Silo & 6835 miles/11,000 km  About 20
Road-Mobile

SS-X-28 Atleast 2 Solid Road-Mobile 3417 miles/5500+ mm  Not yet

deployed
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Russian naval and air bases in Crimea could be targeted by Western
forces, Russian naval bases in Syria could be targeted by Israel, and the
growth of Russia’s Northern Fleet is also likely to make it a target for US/
NATO attacks.

Russia is seeking to augment its UAV arsenal which remains signifi-
cantly behind Western capabilities. A January 2015 analysis by the US
Army’s Foreign Military Studies Office (FMSO) contends Moscow’s
UAVs are unarmed and primarily used for artillery spotting, reconnais-
sance, and signal retransmission with particular emphasis on its economi-
cally and strategically critical energy sector. This same assessment predicted
Russian robotic military capacity would achieve progress in subsequent
years in conducting reconnaissance and detecting and destroying fixed and
mobile targets.*

During 2014, Russia added almost 200 UAVs to its inventory while
activating 14 companies with an emphasis on supporting Russian motor-
ized rifle brigades and implementing a dedicated UAV company in the
next few years. While the Russian Ministry of Defense plans its first UAV
regiment, FMSO estimates Moscow would need to spend $9.2 billion in
the necessary technology if it aspires to catch up with Western UAV capa-
bilities. Currently, the Defense Ministry’s Unmanned Aviation Center in
suburban Moscow’s Kolomna is the only institution training specialists to
work with UAVs and testing advanced vehicles with a workforce number-
ing around 100.°

An April 22, 2015, Voice of America (VOA) report noted UAV capa-
bilities had been incorporated into Eastern Ukraine air defense efforts as
part of Moscow’s support for pro-Russian separatists in that country and
FMSO also noted that during 2015 Moscow will establish an UAV regi-
ment in Crimea as part of the Black Sea Fleet’s naval aviation force to
monitor and track NATO ships in the Black Sea. The United States and its
allies have also deployed UAV assets to this region to gather intelligence
on Russian activities.!

In a military confrontation with Russia, the United States and its NATO
allies are likely to deploy the JSF, F-22, Typhoon, and other jet fighters
against Russian jet fighters such as the SU-35 and T-50 (PAK-FA) on
fronts whose geographic coverage is likely to extend from the Arctic to the
Baltic Republics, Eastern Europe, Black Sea region, and potentially other
theaters of operation. Considerable debate exists within the military and
among civilian analysts as to how US /NATO aircraft would fare in opera-
tions against these Russian aircraft. The Russian T-50 is Moscow’s first
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combat aircraft made from a high proportion of composite materials rep-
resenting 25% of the aircraft’s mass and 70% of its surface. The visibility of
US F-22 is 0.3-0.4 square meters but the T-50’s visibility is between 0.1
and 1.0 meters. Former US Air Force Chief of Intelligence Lt. General
David Deptula has said the T-50’s design is at least equal and potentially
superior to US fifth-generation aircraft while also commenting: “It cer-
tainly has greater agility with its combination of thrust vectoring, all mov-
ing tail surfaces, and excellent aerodynamic design, than does the F-35.7%2

US Air Force Chief of Staft General Mark Welsh III has noted that
severe defense budget cuts will have an adverse impact on US air superior-
ity. During May 2015, Welsh mentioned that in three to five years China
and Russia could be fielding capabilities superior to those of the United
States in many areas, noting that the technological gap between the United
States and these countries has closed. Welsh also contended that in eight
to ten years the United States could be facing countries using top-end
Chinese and Russian fighters whose fighter jet technology innovations are
at least somewhat derived from stolen US intelligence while also noting
that the US Air Force’s active component is 40% (200,000 personnel)
smaller than the first Persian Gulf War in 1990-1991.%3

While the precise technical capabilities of Russian aircraft such as the
Su-35 and T-50 remain classified and have not been subject to operational
combat action, they need to be taken seriously by the United States and its
NATO allies given Russia’s commitment to increasing its defense capabili-
ties and its aggressive air power actions against Western countries in recent
years. Increasing Russian public willingness to support increased military
spending is reflected by a July 2015 poll in which 53% of respondents said
Russian military spending should be increased even if it retards economic
development and another poll that month saw 86% of Russians say their
military should be capable of defending the country from external military
threats.>*

CONCLUSION

Developing and advancing military jet fighter technology is a never-ending
process. Despite the financial costs involved, many countries, particularly
China and Russia, have proven willing to make the financial investments
to develop jet fighters to further their national strategic interests and
objectives and challenge the national and strategic interests of the United
States and its allies. Besides aforementioned Russian support for increasing
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military spending, Beijing’s Made in China 2025 initiative which strives to
increase Chinese autarky in military aircraft, computer chips, and robotics
is a critical indicator of China’s determination to militarily challenge the
United States.*

Despite economic problems facing the United States and its allies,
including growing budget deficits, increased national debt, and public
ambivalence toward increased military spending reflected in a February
2015 Gallup poll showing 32% thought too much was being spent on
defense, 29% feeling defense spending was just right, and 34% feeling too
little was spent on defense. A September 2017 Politico and Harvard
School of Public Health poll found increasing defense spending was an
extremely important priority for 17%, a very important priority for 25%; a
only somewhat important priority for 13%, and should not be a priority for
42%. A November 2017 Henry J. Kaiser Family Foundation survey found
that 36% favored increased defense spending if the Republican tax plan
included individual and corporate tax cuts while 62% opposed increasing
defense spending with these provisions.>

A 2017 Heritage Foundation analysis of US national security capabili-
ties expressed concern about the effectiveness of US military aviation
and Washington’s aging US military aviation fleet. It also sought to
make US policymakers and public opinion aware of the increasing age of
the US jet fighter fleet. Its overall assessment of US military capability
was presented on a scale ranging from very weak, weak, marginal, strong,
and very strong was marginal. China and Russia were rated as high
threats to vital US interests, with Iran and North Korea rated as clevated
threats. All of these countries, along with Afghanistan/Pakistan, and
Middle East terrorism were related as aggressive threats to vital US inter-
ests on a scale whose threat levels range from benign, assertive, testing,
aggressive, and hostile. The capability of these countries’ threats on a
scale ranging from marginal, aspirational, capable, gathering, and formi-
dable was aspirational for Iran, capable for North Korea, and gathering
for China and Russia.?”

The Navy’s air wing capacity was rated as a 3 on a five-point scale, with
1 being the lowest and 5 being the highest. Overall US military power, on
a scale ranging from very weak, weak, marginal, strong, and very strong,
was rated marginal for capacity, weak for capability, and strong for readi-
ness for a caumulative overall marginal rating.>®

The Air Force’s overall military capability was strong while Heritage noted
its aging aircraft and troubled modernization programs such as the JSF.
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Heritage rates the Air Force’s capacity score as strong, its capability as mar-
ginal, and readiness as marginal. It noted that the Air Force operated with a
2016 capability of 1159 fighter aircraft which is 96.58% of the 1200 aircraft
fleet required for two major regional conflict (MRC) operations. Heritage
went on to observe that Air Force readiness has been degraded due to an
accumulating shortage of pilots and maintainers and 2013 budget
sequestration.®

Particular concern is reflected with the continually increasing age of US
jet fighter platforms. The Navy’s F/A-18 A/D Hornet whose fleet inven-
tory is 328 and was first deployed in 1983 has a fleet age of 24.5 years, and
the F/A-18 E /F Super Hornet with an inventory of 550 was first deployed
in 2001 and has a fleet age of 13.4 years. Heritage gives the overall capabil-
ity score of these aircraft as a 3 on a scale from 1 to 5, with 1 being the
oldest and 5 being the newest. Aging and obsolescence concerns also apply
to Air Force fighter and ground attack aircraft. The A-10 Thunderbolt,
whose inventory is 143, was first deployed in 1977, and its fleet age is
33 years with an age score of 2 and capability score of 1 on a five-point
scale. The 317-strong F-15 fleet was first deployed in 1979, its fleet age is
27.7 years, its age score is 2, and capability score is 2. The 570-strong F-16
fleet was first deployed in 1978, its fleet age is 24.9 years, age score is 1, and
capability score is 1. Finally, the F-22 flect inventory is 165 strong, it was
first deployed in 2005, its fleet age is 7.9 years, and its age score is 5.9

The Marine Corps military capacity was rated as weak while its capabil-
ity and readiness were rated as marginal, giving it an overall marginal mili-
tary power rating. The Marine Corps EA-6B electronic warfare fleet of 18
was first deployed in 1971, has a fleet age of 27, and an age score of 1.
Their AV-8B Harrier fleet of 131 was first deployed in 1985, has fleet age
of 18, and an age score of 1.9

All of these factors help contribute to the desire of the United States
and allied countries to develop a jet fighter program capable of meeting
their military requirements for the second decade of the twenty-first cen-
tury and beyond given threats emerging from China, Iran, North Korea,
and Russia along with transnational threats such as terrorism. The JSF has
been chosen by the United States and many of its allies as the fighter plat-
form best suited to meet these emerging military aviation requirements.
JSF’s successes, failures, and controversies are chronicled in subsequent
chapters.
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CHAPTER 4

JSF and the United States

The US experience with the F-35 JSF has often seemed like a Sisyphean
endeavor, making periodic progress, but repeatedly plagued by cost over-
runs, delays, and other setbacks which have made it appear that its com-
pletion and successful deployment will never be achieved. This chapter
attempts to document the US historical development and evolution of the
JSF in its nearly quarter-century lifespan. The history of US military weap-
ons systems development is extremely complex and filled with withering
criticisms, successes, failures, corruption, and incompetence, and future
US military weapons systems development will never be filled with any-
thing less than significant complexity and uncertainty.!

JSE was initially envisioned as a relatively “affordable” fifth-generation
fighter for the Air Force, Marine Corps, and Navy in an attempt to avoid
higher costs of developing, procuring, operating, and supporting three sepa-
rate aircraft designs to meet these services’ similar but not identical operational
requirements. The services’ three versions are intended to be equipped with
single-seat aircraft capable of being supersonic for short periods of time and
having advanced stealth characteristics. The intended three service versions
include the Air Force’s Conventional Take-Oft and Landing (CTOL) F-35A
to replace existing F-15, F-16, and A-10 aircraft; the Marine Corps Short
Take-Oft and Vertical Landing (STOVL) F-35B to replace AV-8B Harrier
STOVL aircraft and the Marine Corps CTOL F/A-18/A/B/C/D /strike
fighters; and the Navy’s carrier suitable F-35C to replace the F/A-18E /E.2
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JSF CAPABILITIES

JSF technical, operational, and armament capabilities for individual vari-
ants are extremely advanced as Table 4.1 demonstrates.

HistoricAL OVERVIEW AND EvoruTtioN 1990s

JSF’s protracted historical development and evolution began during the
during the late 1980s and early 1990s as the military and the DOD sought
to cope with a changing post-Cold War international security environ-
ment, the need to incorporate emerging technology into jet fighter plat-
forms, and the need to produce more cost-effective weapons systems.

This time period saw agencies such as the Defense Advanced Research
Projects Agency (DARPA) work with industries such as Lockheed, Pratt
& Whitney, and General Electric, along with the Air Force and Navy on
developing a new affordable lightweight fighter capable of meeting the
needs of these armed service branches. The Clinton Administration’s
opening months in 1993 saw the DOD begin a Bottom-Up Review
(BUR) of US military forces and modernization plans. A key BUR objec-
tive was seeking to rationalize five concurrently occurring tactical aircraft
development programs: the Air Force’s F-22 and Multirole Fighter (MRF)
programs; the Navy’s F/A-18E/F and A/F-X programs; and DARPA’s
and the Navy’s Commonly Affordable Lightweight Fighter program.*

In September 1993, the BUR decided to cancel the MRF and A/F-X
programs and develop technologies for a Joint Attack Fighter to replace
the AV-8, F-16, and F-18 when they were to be retired in 2010. This
effort became the Joint Advanced Strike Technology (JAST) program and
its first director was appointed in December 1993. Initial JAST concept
exploration contracts were awarded in May 1994 and these studies did not
include a Marine Corps STOVL varjant.®

Another noteworthy development in JAST evolution occurred in
September 1994 when the DOD’s Defense Science Board (DSB) issued a
report on this program. This document focused on five key areas includ-
ing: JAST program objectives, mission, and relationships; multi-service
requirements; technology for affordability; risk assessment and reduction;
and industry capabilities and motivations. DSB urged JAST to sharply
focus on the following areas:
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e Service requirements for advanced strike systems within a defined
end-to-end strike architecture;

e Affordable processes and end products;

e Transitioning technologies to form building blocks leading to engi-
neering and manufacturing development (EMD);

e Demonstrating building blocks for high-confidence EMD programs;

® One or more advanced aircraft serving some combination of:

— Carrier-based first-day-survivable stand-alone strike capability
— Land-based sortie generation aircraft
— Marine Corps multirole battlefield preparation

e The Office of the Secretary of Defense needing to continually ensure
JAST is a technology customer and not a technology developer.®

DSB went on to contend new military aircraft requirements should
include operating with minimum support in theater, operating in small
formations or as a single aircraft with minimal or zero close escort or
penetrating supporting elements, operating in high-threat areas with min-
imum attrition, and delivering precision weapons providing high lethality
against various targets and also precluding unwanted collateral damage.
This document went on to stress that the diverse and global nature of
potential future challenges to US interests makes it critical that advanced
strike capabilities include land- and sca-based options.”

In September 1995, Deputy Secretary of Detense John White directed
Undersecretary of Defense for Acquisition and Technology Paul
Kaminski to create a plan for developing a new aircraft from JAST.
During a February 1996 meeting with military service secretaries, White
approved the plan to develop a JSE. Contractors such as Lockheed
Martin submitted proposals in June 1996 with Lockheed Martin pro-
posing three JSF objectives:

1. Demonstrating it is possible to build a common CTOL, STOVL,
and naval variants of a JSF;

2. Demonstrating STOVL performance and supersonic speed on the
same flight; and

3. Demonstrating the handling qualities and carrier suitability of the
naval variant since Lockheed Martin had never built a naval fighter.®
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In May 1996 Kaminski changed JSF to an acquisition category 1D
program and officially named it as JSF, instructing Congress that it was an
aircraft development program. November 1996 saw Boeing and Lockheed
Martin selected to build concept demonstration aircraft.’

Preliminary concerns about possible duplication and high costs were
expressed early in JSF’s history by the General Accounting Office (now
Government Accountability Office) (GAO). A February 1997 GAO report
expressed concern about overlapping air superiority capabilities in all armed
services with particular emphasis on theater ballistic missile defense capabili-
ties.’® An additional and carly factor driving enhanced and protracted pro-
gram cost growth was a 1996 congressional decision establishing an alternate
F136 engine developed by GE Transportation Aircraft Engines in Cincinnati
and Rolls-Royce of Bristol, UK, with an auxiliary facility in Indianapolis.
This was in addition to the JSF’s primary F135 engine produced by Pratt &
Whitney in East Hartford and Middletown, CT.!!

Although JSF has been supported by Congress throughout most of its
lifespan, concerns have regularly been voiced about the program. An early
example of this concern was expressed by Senator Ted Stevens (R—AK)
(1923-2010) who on March 4, 1998, commented that the JSF was moving
into a costly phase which would produce substantial problems unless costs
were restrained. However, Air Force Chief of Staff General Michael Ryan
differed, stressing that JSF’s role as a multirole aircraft made it less costly.

During this same hearing Senator Kay Bailey Hutchison (R—TX) asked
Ryan why both the F-22 and JSF were needed by the Air Force. Ryan
responded that while the F-22 was a “force enabler” allowing a theater
commander to rapidly achieve air superiority, the JSF would provide the
preponderance of the Joint Commander’s offensive airpower and support
a mixture of dominance capability and high operational tempo enabling
the Air Force to support its goal of full spectrum dominance. Senator
Daniel Inouye (D—HI) (1924-2012) asked Ryan about the JSF’s alter-
nate engine, with Ryan saying the Air Force supported it even though
there was no operational requirement for it and contended that it could
provide additional benefits such as improved operational readiness since a
single-engine problem would not ground the entire JSF fleet; provide
improved contractor response due to competition; and enhance the US
fighter engine industrial maintenance base. Ryan also maintained that this
would cost an estimated $1.8 million."?

On March 17, 1999, Ryan, expressing concern about defense spending
reductions and potentially emerging concerns with the JSE, told the same
committee:
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I must tell you, though, that I am becoming more and more worried about
the future and our ability to pay for some of the systems that we believe you
need and Congress has already authorized. We want to upgrade our missile
warning capability. And further, we have anxiety about the future of the
Joint Strike Fighter (JSF).1

Despite Ryan’s anxiety about JSE, he responded to a question during this
same hearing by Senator Byron Dorgan (D—ND) on possible delays to
the JSF, by asserting that the JSF was on track to replace aging F-16 and
A-10 fleets beginning in FY 2008. At the same time, the Congressional
Budget Office (CBO) released a report saying the cost of future DOD
plans to buy 2852 JSE, 339 F-22s, and 548 F-A/18-E /Fs would approach
$340 billion. Such inconsistent program delivery and pricing predictions
would become JSF hallmark characteristics.!®

The JSF’s technological complexity was described during a December
7, 1999, hearing held by the House Government Reform Committee’s
National Security Subcommittee. Testifying before this panel Darleen
Druyun, the Principal Deputy Assistant Secretary of the Air Force for
Acquisition and Management, said that the F-22’s avionics system had
2.2 million lines of code and mentioned that the JSE’s avionics system was
even more complex and that its lines of code could double the F-22’s
depending on the individual contractor’s design.®

In March 2000, CBO recommended that slowing JSF’s purchase by
two years would reduce development and production requirements by
$3 billion over the next five years and $22.3 billion through 2010.'” In the
same month GAO expressed further concern about JSF acquisition during
congressional testimony. Specific concerns expressed by this agency
include critical technologies being projected at low technical maturity lev-
els when engineering and manufacturing development contracts are
scheduled to be awarded and that when competing contractors experi-
enced design problems and cost overruns, and DOD restructuring, the
program would provide less information than originally planned before
selecting between competing contractor proposals.!®

GAO consequently recommended that the Secretary of Defense direct
the JSF Program Office to adjust the planned March 2001 engineering
and manufacturing development decision date to allow sufficient time for
critical technologies to mature before awarding the engineering and man-
ufacturing development contract.'®
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2000s

JSF has experienced significant successes and setbacks during the twenty-
first century. On October 24, 2000, its X-35A prototype completed its
first test flight at Palmdale Regional Airport, CA; November 22, 2000,
saw it complete its flight program and return to Palmdale as the X-35B,
and on December 16, 2000, the X-35C prototype completed its first test
flight from Palmdale to Edwards AFB, CA. May 24, 2001, saw operations
begin on the X-35B flight ready system; June 23, 2001, saw the X-35B
achieve the first press-up representing the first time a shaft-driven lift-fan
propulsion system lifted an aircraft; and on August 6, 2001, the X-35B
completed its flight testing with its 66th test flight.?°

CONTRACT AWARDED

On October 26, 2001, the DOD awarded the JSF’s System Design and
Development Contract to Lockheed Martin along with Northrop
Grumman and BAE systems. The award was announced by Under
Secretary of Defense for Acquisitions, Technology, and Logistics Edward
Aldridge; Secretaries of the Air Force and Navy James Roche and Gordon
England; British Minister of Defense Procurement Lord Willy Bach; and
Sir Robert Walmsley, the United Kingdom’s National Armaments Director
and Chief of Defense Procurement. They announced that the review pro-
cess involved nearly 250 individuals, mentioned the JSF would be pro-
duced in CTOL for the Air Force, a carrier variant for the Navy, and a
STOVL variant for the Marine Corps and the United Kingdom. The esti-
mated value of this contract, in terms of international participation, was
said to exceed $200 billion. As envisioned during this announcement, JSF
was said to begin operations in 2008, last until 2040, and be able to bring
US fighter forces to almost all-stealth status by 2025.%

Specific contractual details saw Lockheed Martin receive an
$18,981,928,201 billion cost-plus-award-fee for JSF’s Engineering and
Manufacturing Development Program. Sixty-six percent of the work was
to be performed in Fort Worth, TX; 20% in El Segundo, CA; and 14% in
Warton/Samlesbury, UK, with April 2012 listed as the targeted comple-
tion date. Pratt & Whitney Military Engines in East Hartford, CT, received
2 $4,803,460,088 cost-plus-fee-award contract for designing, developing,
fabricating, and testing the F135 engine propulsion system and common
hardware to complete ground testing and demonstrate conformity with
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testing requirements. Seventy-two percent of this work was to be per-
formed in East Hartford, CT; 16% in Middletown, CT; 1% in West Palm
Beach, FL; and 11% by Rolls-Royce as a UK subcontractor, with April
2012 as the targeted completion date.?

Manufacturing began on the F-35 airframe with milling processes on
November 10, 2003, and the first F-35 left the Lockheed Martin factory
on February 20, 2006.2* Awarding this contract and these initial technical
accomplishments did not stop Congress and congressional support agen-
cies like GAO from closely scrutinizing JSF’s performance and expressing
concern about program progress during the first term of George W. Bush’s
presidency.

In an October 24, 2001, hearing on the Bush Administration’s just-
released Quadrennial Defense Review (QDR) Senator Rick Santorum
(R—PA) asked Deputy Secretary of Defense Paul Wolfowitz how the JSF
would address anti-access and power projection threats facing the military.
Wolfowitz replied that the JSF would complement existing power projec-
tion capabilities and be a critical enabler in countering anti-access threats
such as SAMs, fighters, cruise missiles, theater ballistic missiles, and weap-
ons of mass destruction.*

The hope that the international collaboration involved with the JSF
would lead to positive cost benefits was expressed by Undersecretary
Douglas Feith when he told the Senate Armed Services Committee on
February 28, 2002, that “The Joint Strike Fighter is a model of coopera-
tion and efficiency involving the United States and several allies.”? Efforts
to give small businesses a stake in JSF contracting and to extend the pro-
gram’s geographic economic and political impact were reflected in
Undersecretary of Defense Aldridge’s May 15,2002, comments that small
businesses could get 20-30% of JSF funding.®

Grassroots concern about the potential financial costs of the JSF and
whether the F/A-22 fighter was necessary and relevant was expressed by
Steve Ellis, the Vice-President of Taxpayers for Common Sense, during
the April 11, 2003, congressional testimony on tactical aircraft programs.?”
Concern that the international collaboration involved in the JSF might
not be as productive as intended was expressed by Rep. Michael Turner
(R—OH) in a July 21, 2003, hearing: “The Joint Strike Fighter [JSF],
could be a model for twenty-first century system acquisition, promising
three-planes-in-one jointness, and unprecedented international coopera-
tion. Or it could fall prey to the same cost growth, schedule delays, and
inter-service disputes that plagued so many cold war procurements.”?8
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At this time, GAO released a report on the JSF’s international coopera-
tion elements and relevant strengths and weaknesses involved. Report find-
ings indicate that while international partners can share future program
costs increases that they are NOT required to do so; that if program costs
increase the burdens will fall nearly entirely on the United States; that tech-
nology transfer matters present major challenges for program participants;
that increased pressure to approve export authorizations supporting pro-
gram goals could produce unintended consequences including inadequate
license content reviews or broad interpretations of disclosure authority; and
that extending necessary technology transters to achieve program com-
monality involving aircraft commonality could stretch US disclosure policy
for the most sensitive military technology. GAO also announced that if
return-on-investment expectations are not met in partner company coun-
tries then JSF could lose domestic political support; that Lockheed Martin
needs to ensure a level playing field for foreign companies and their sub-
contractors; and that the DOD needs sufficient information about foreign
contractors to ensure they meet cost and schedule requirements.?

During a February 4, 2004, exchange with Senator Saxby Chambliss
(R—GA), Secretary of Defense Donald Rumsfeld acknowledged that the
JSF has a weight problem in response to Chambliss’ concern that it could
be a “train wreck” where tactical airpower capabilities were concerned and
expressed hope that JSF weight problems could be resolved.?® Responding
to a March 24, 2004, questioning from Senator Thad Cochran (R—MS)
on the JSF’s weight problem, Roche stressed he did not think weight was
a terminal problem, but because it affects the STOVL the Air Force thinks
it is responsible to devote attention to reducing STOVL risk. He also
added that if weight could be reduced then more engine thrust could be
produced consequently enhancing weapons system effectiveness.®!

The second term of the George W. Bush Administration saw increasing
recognition of the complexities, political tensions, and costs involved in
defense International Armament Cooperative Programs (IACP) which
JSF proponents have heralded as spreading cost burdens more equitably.
A 2006 Air University study on IACP found that such partnerships can
strengthen alliances, reduce acquisition costs and increase market share for
US industry, bolster domestic and allied industrial bases, and increase
coalition capability. Detrimental aspects of IACP include the risk of part-
ner defection, undue risks assumed by the lead country, invigorating
industrial competitors, limiting coalition warfare capabilities, running the
risk of countries “going rogue” as demonstrated by the 1978-1979
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Iranian Revolution resulting in the Islamist regime gaining possession of
previously delivered F-14 Tomcats, and the possibility of partner countries
using technology acquired through IACP participation for reverse engi-
neering purposes injurious to the defense and economic interests of par-
ticipating countries.*

Recommendations for policymakers embarking on IACP by Stephen
DiDomenico include:

e Approaching critical technologies’ export decisions at the capabilities
level. Include timeframe when capability-enabling technologies will
be delivered and to whom they will be delivered. Protect critical
technologies with anti-tamper and logistics /depot agreements.

e Consolidate policy interagency process within Commerce, DOD,
and State to ensure the United States speaks with one voice before
supporting or opposing an IACP.

e Remove international cooperative process impediments such as the
Buy American Act.

e Relax technology transfer and export controls to take advantage of
global market environment. Recognize completion fosters lower
cost and defense product innovations.

e Expedite slow and inefficient export approval by consolidating dispa-
rate National Disclosure Policy Committee and other export com-
mittees within the DOD into a one-stop shop for vetting national
disclosure policy exceptions.

e After international buy-in and financial commitment, protect pro-
gram from bill-paying practices tending to push content to the right
to save money but increasing long-term program costs.?

Recommendations for IACP program managers include:

e Do not embark on an IACP without full support from political and
military leadership.

e Establish a streamlined interagency panel process with an empow-
ered voting body to quickly adjudicate problems.

e Decide up front what “crown jewels” US capabilities will and will
not be given up. Ensure capabilities are vetted by the entire non-
disclosure committee before beginning development. Ensure partici-
pants are empowered to make decisions and provide frequent insight
to these communities during development as technologies enable
capabilities to become more refined.
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e Communicate expectations to partners clearly and early to prevent
future acrimony or possible defection. Ensure agreements are specifi-
cally documented in Memorandums of Understanding (MOU). Include
in MOU s cost-sharing conditions and responsibilities when costs esca-
late. Do not make or imply promises you have no authority for.3

NuNN-McCUrDY BREACHES

Recognizing the tendency of defense acquisition programs to experience
cost overruns, Congress established the Selected Acquisition Report
(SAR) as a program performance gauge and legal reporting requirement
in 1975.3 In 1981 Senator Sam Nunn (D—GA) and Rep. David McCurdy
(D—OK) introduced what became known as the Nunn-McCurdy amend-
ment to 1982 defense spending legislation. Nunn-McCurdy established
congressional oversight of defense acquisition weapons systems whose
costs increased beyond certain limits. Two unit costs were defined in this
legislation with the first being the Program Acquisition Unit Cost (PAUC)
consisting of development cost, procurement cost, and system-specific
military acquisition program construction, divided by the number of fully
configured end items slated to be produced for the acquisition program.
The second unit cost is the Average Procurement Unit Cost (APUC)
which is government funding divided by the number of units procured.
Weapons system cost growth was measured by how much 1982 unit costs
exceeded the same unit costs reported in the March 31, 1981, SAR.3¢

Nunn-McCurdy became permanent with the 1983 defense authoriza-
tion legislation requiring the Secretary of Defense to tell Congress when a
major weapons systems cost growth exceeded 15%. If cost growth sur-
passed 25%, the program was assumed terminated unless the Secretary of
Defense made a written declaration to Congress that a breach occurred.?”
The 2006 Defense Authorization Act changed Nunn-McCurdy reporting
requirements to include the original baseline as a benchmark to measure
cost growth against.®

The Bush Administration’s second term saw continued legislative wran-
gling and debate over the JSF’s continued funding, cost growth, and pro-
gram performance. Despite legislative concerns, program funding
remained on course. There was also debate over whether the JSF was
necessary given the emergence of unmanned military aircraft and uncer-
tainty over military aircraft from hostile countries threatened current US
military airpower. This sentiment was expressed by Brookings Institution
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defense analyst Michael O’Hanlon on February 16, 2005, in testimony
before the House Budget Committee when he maintained: “We are going
to provide 2500 manned airplanes in an era when unmanned airplanes are
becoming more and more effective and when our current generation air-
planes are not seriously at risk from most of the enemies that we are facing
today.” He went on to advocate that the DOD should buy additional
F-16s, purchase approximately 1000 JSE, and remove the Navy from the
JSE program.®

Dissatisfaction with JSF from other federal agencies was expressed in a
March 29, 2006, House Armed Services Committee hearing by Missile
Defense Agency Acquisition Advisor Terry Little. He maintained that the
1990 Defense Acquisition Workforce Improvement Act, requiring the
DOD to establish education, training, and requirements courses for civilian
and military acquisition workers, had to many holes allowing for waivers and
deviations, complained about the large numbers of JSF program managers
during its existence, and contended that program managers should be given
a maximum of five years to produce results before leaving.*

GAO PrROGRAM MILESTONES 2005-2008

On December 15, 2006, the JSF Lightning IT made its first flight; on June
11, 2008, the JSF B made its first flight; on November 13, 2008, the JSF
made its first supersonic flight, and in-flight integration of JSF avionics
occurred on November 24, 2008.#! Program accomplishments and prob-
lems were noted in GAO reports and in congressional committee hearings
during this period. A March 2005 GAO report found that program acqui-
sition costs have increased by $19 million or 23% since 2001; that warf-
ighter delivery had been delayed for two years; that the full impact of
recent aircraft design changes may not be known for some time; and that
the Air Force, Marines, and Navy have not determined how many aircraft
they will buy. This assessment went on to add that the DOD would find it
difficult to deliver on future business case agreements if program account-
ability continues being compromised by frequent program management
changes. This report also asserted that its monthly production, facilities,
and tooling spending went from $100 million per month in 2007 to
$1 billion a month in 2013 before flight testing is completed.*?

Another GAO report that month determined that JSF program unit
costs went from $64.048 billion in September 2001 to $80.840 billion in
December 2003 for a 26.2% increase while planned aircraft purchases fell
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from 14.3% from 2866 to 2467.** One year later GAO determined that the
DOD planned to begin low-rate initial JSF production in 2007 with inad-
equate testing to prove a mature design for the three basic airframe vari-
ants, without developing critical software, or without a fully integrated
aircraft with advanced missions systems and prognostic maintenance
capabilities. The report went on to add that the three variants will not start
flight testing until 2009; that a fully configured integrated development
will not begin flight testing until 201 1—four years after production begins;
that the DOD plans to have ordered 190 aircraft at a cost of $26 billion in
2011; and that in 2013 the JSF program plans to have purchased 424 air-
craft for an expected $49 billion cost. However, these purchases will occur
using cost-reimbursable contracts because the DOD lacks necessary design,
performance, and technology knowledge, placing increased risk on the
DOD. GAO subsequently recommended that the DOD delay production
investments and production in JSF production capability until aircraft
design qualities and integrated mission capabilities of fully configured and
integrated variants are proven to work in flight testing.**

March 2007 saw GAO note that the JSF delivered and flew its first
developmental aircraft and started manufacturing additional development
aircraft for its test program. It also noted program costs had increased
$31.6 billion since 2004 and that late design drawings, design and manu-
facturing processes changes, and late subsystem deliveries have produced
delays preventing timely manufacturing and delivery of development air-
craft. GAO recommended that the Secretary of Defense limit annual JSE
production to 24 until each variant’s basic flying qualities have been dem-
onstrated in flight testing scheduled for 2010.%

Testifying before the House Armed Services Committee’s Subcommit-
tees on Air and Land Forces and Seapower and Expeditionary Forces on
March 22,2007, GAO Director of Acquisition and Sourcing Management
Michael Sullivan reported on findings concerning JSF’s previously autho-
rized alternate engine. Sullivan mentioned that continuing with the alter-
nate engine could cost significantly more than a sole-source engine but
could produce costs and other benefits in the long run. The estimated life
cycle cost for a sole-source engine is $53.4 billion and an additional $3.6—
$4.5 billion could be required to implement the alternate engine pro-
gram. Sullivan asserted that associated competitive pressures from the
alternate engine could produce 10.3-12.3% savings that could recover
that investment and bring non-financial benefits such as better engine per-
formance and reliability, improved industrial base stability, and more
responsive contractors.*®
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Despite this qualified GAO support for the alternate engine program, it
was not favored by the military. William Balderson, Deputy Assistant
Secretary for Naval Air Programs in the Navy Department, told Rep. Neil
Abercrombie (D—HI) that the DOD’s decision to cancel this program
was based on affordability and that expected savings from competition did
not outweigh the investment costs. However, the alternate engine
remained in the JSF until it was canceled by General Electric and Rolls-
Royce on December 2, 201147

A March 6, 2008, congressional hearing on proposed 2009 defense
spending legislation saw continued concern about the JSF’s alternate
engine expressed in the following exchange between Rep. Gene Taylor
(D—MS) and Secretary of the Navy Donald Winter:

Taylor: Given that the Pratt-Whitney F-135, short-takeoft, vertical landing
development engine has experience two failures during testing, do you think
it would be prudent to continue the Joint Strike Fighter’s competitive
engine program that was mandated in last year’s Defense Authorization Act
but not provided any funding for the Department of Defense?

Winter: Sir I believe that the problems that have occurred with the 135
engine, the Pratt engine, are not atypical, if you will, for a development of
this caliber. And we do believe that they are understood and they are good
plans in place right now to provide the corrective remedies that will enable
us to use that engine appropriately for testing.

I would note that for the Department of the Navy, both the Marine
Corps and the carrier Navy, we do have a particular issue in terms of being
able—having to go down to a single-engine type for our fleet. The chal-
lenges of maintaining and sustaining those engines at sea are such that we
cannot provide for multiple engine support onboard either our big deck
amphibs or our carriers.*

Visible frustration with exponentially rising JSF costs was expressed on
March 12,2008, by Rep. Jim Moran (D—VA) in a House Appropriations
Committee Defense Subcommittee hearing. Moran complained about
program expenses reaching $1 trillion, that total acquisition costs had
increased by $23 billion due to higher procurement costs, and noted GAO
commenting that $288 billion spent for acquisition was unreliable due to
insufficient documentation. Moran also expressed displeasure that GAO
had found three independent defense offices had concluded that program
costs estimates were understated by $38 billion and that aircraft delivery
schedule was going to slip two years. He concluded his criticisms to
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Secretary Winter by asking why the United States was investing in a Cold
War aircraft instead of dealing with terrorist groups that will not seek to
challenge US air superiority.

Winter responded that the JSF was intended to give the United States
the ability to respond to current and emerging threats; stressed its power
projection capabilities to ground and naval forces, noted the importance of
being able to project power from the sea; emphasized the Navy would not
place orders for production until sufficient flight test evaluation has occurred;
and that the first STOVL flight was anticipated to occur later in 2008.*

The JSF’s technical complexity is characterized by its 22.9 million soft-
ware source code lines which are dwarfed by the 95.1 million lines of
software source code in the Army’s Future Combat System (FCS) pro-
gram which has also experienced controversy.®® A March 2008 GAO
report noted that recent DOD JSF decisions added to program risk.
Examples of these decisions include DOD deciding not to request funding
for the alternate engine program in an attempt to increase management
reserves from $400 million to $1 billion which GAO maintained signifi-
cantly increased the risk of not completing development testing on time,
and not fixing design and performance problems until late into opera-
tional testing and development when it is more expensive and disruptive.
GAO also maintained that DOD’s Mid-Course Risk Reduction Plan does
not directly address or correct ongoing production and schedule concerns
that depleted management reserves; that its expectation that program
development and procurement costs increase substantially and that sched-
ule pressures will worsen based on existing performance and conditions;
that two-thirds of JSF budgeted funding have been spent on the prime
development contract with only half the work being completed; and that
program cost estimate standards remain unreliable when compared with
federal government and industry cost estimate standards.®!

This assessment also noted the following use of $1.4 billion in JSF
management reserves by the DOD between 2004 and 2007 (Table 4.2).

Manufacturing delays were also noted by GAO (Table 4.3).

Table 4.2 JSF management reserves 2004-2007>

$430 million—Engineering drawings 29%
$370 million—Supplier design and performance 25%
$350 million—Production products and labor 24%
$163 million—Other 11%

$160 million—Weight and technical changes 11%
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Table 4.3 JSF manufacturing delays®

Development Forward fuselage Wing Final assembly
aireraft

Days Cost Days Cost Days Cost

behind  efficiency (%)  bebind  efficiency (%)  behind  efficiency (%)
STOVL-1 In mate 119 In mate 69 - 77
STOVL-2 -19 148 -129 65 - -
STOVL-3 -34 133 —-134 49 - -
STOVL-4 -68 115 -162 23 - -
CTOL-1 -73 139 -279 23 - -
CTOL-2 -35 78 -283 - - -
CTOL-3 -35 58 —-140 - - -

RAND REPORT CONTROVERSY

Controversial programs such as the JSF can attract media attention from
US and international sources. This was true in 2008 when the Australian
Broadcasting Corporation program Lateline published a story claiming
that an August 2008 war game simulation by the Rand Corporation (a
prominent federally funded research and development center) determined
that a large Chinese air and naval assault against Taiwan decimated
Taiwanese and US military forces including the JSF.>

This claim was debunked by Rand in a September 25, 2008, statement
by that organization’s Project Air Force Director Andrew Hoehn who
maintained:

Recently, articles have appeared in the Australian press with assertions regard-
ing a war game in which analysts from the RAND Corporation were involved.
Those reports are not accurate. RAND did not present any analysis at the war
game relating to the performance of the F-35 Joint Strike Fighter, nor did
the game attempt detailed adjudication of air-to-air combat. Neither the
game nor the assessments by RAND in support of the game undertook any
comparison of the fighting qualities of particular fighter aircraft.>

JSF PROGRAM MILESTONES 2009-2012

The Obama Administration’s advent in 2009 saw additional milestones
reached by JSF along with continuing delays and controversy. On March
18, 2010, the F-35B made its first vertical landing at Patuxent Naval Air
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Station in Maryland. June 6, 2010, witnessed the first naval carrier variant
flight. The first flight of the first production of the F-35 AF-6 occurred on
February 25, 2011, the System Development and Demonstration (SDD)
F-35 fleet surpassed 1000 flight hours on April 6, 2011, and the Air Force
accepted the first low-rate initial production into its inventory on May 5,
2011. On July 14, 2011, Lockheed Martin delivered the first F-35 to
Eglin Air Force Base, FL, for pilot and maintainer training; on July 27,
2011, a catapult launched the F-35C for the first time at Joint Base
McGuire-Dix-Lakehurst, NJ; October 3,2011, saw the F-35B land on the
USS Wasp in JSF’s first vertical landing on a ship; the first F-35B was deliv-
ered to the Marine Corps on January 11,2012; the first international F-35
was delivered to the United Kingdom on July 12,2012; and on November
20, 2012, the first three F-35s were delivered to the Marine Corps Air
Station in Yuma, AZ making this the first operational JSF base.%¢

WEAPONS SYSTEMS ACQUISITION REFORM ACT

Continuing congressional concern with the high price of JSF and other
defense weapons systems led Congress to enact the Weapons Systems
Acquisition Reform Act (WSARA) in 2009. This legislation received
broad bipartisan approval with Senator Carl Levin (D—MO) noting on
May 6, 2009, that commonality between the JSF’s three variants would
reduce cost and that three of JSF’s eight critical technologies are still not
mature. Senator John McCain (R—AZ) 2009 contended that WSARA
was justified by the JSF program being “completely out of control” and
noting contracts lose touch with original estimates and realities.®”
WSARA provisions included:

1. Requiring the DOD to designate officials to serve within the Office
of the Secretary of Defense (OSD) as principal advisors on acquisi-
tion functions involving cost estimation, systems engineering, and
performance assessment.

2. Encouraging the DOD to conduct technology readiness estimates
and expand use of independent cost estimates early in the acquisi-
tion process.

3. Requiring the DOD to ensure that acquisition strategies for Major
Defense Acquisition Programs (MDAP) include measures ensuring
competition, or the option of competition, at both prime contract
and subcontractor levels throughout each program’s lifecycle.
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4. Requiring the DOD to carry out a program recognizing perfor-
mance excellence by individuals, armed forces team members, and
civilian personnel in acquiring products and services.®

A December 2012 GAO report on WSARA acknowledged evidence of
more realistic JSF program cost estimates, mentioned the DOD had
implemented most fundamental reform act provisions, was strengthening
acquisition activities, and contended WSARA was helping identify pro-
grams and mitigating risks earlier in the acquisition process. It also noted
remaining problems include organization capability constraints making it
difficult to expand WSARA’s impact; that military services would like
more cost estimation and implementation guidance; that these services
may not have sufficient resources to oversee and conduct systems engi-
neering and developmental testing activities; that expanding use of lessons
learned would enhance impact across the acquisition portfolio; and that
systemic change will be difficult until cultural barriers are addressed.
Examples of these cultural barriers include relationships between military
services and OSD and concerns by service officials that OSD regulations
are burdensome.®

The FY 2010 Defense Authorization Act included $6 billion for the
Obama Administration’s requested purchase of 30 JSF with 10 of these
for the Air Force and 20 for the Navy. In addition, Congress included an
additional $2 billion for research and development which was $215 mil-
lion more than the administration’s request. This legislation also man-
dated that GAO present annual reports on JSF program performance
through 2016.9°

CBO FIGHTER MODERNIZATION STUDY

Purchasing JSF, retaining existing fighter fleets, increasing reliance on
UAVs, or some combination of these weapons systems are all options facing
US civilian and military policymakers. A May 2009 CBO report discussed
fiscal and operational consequences of new fighter aircraft under DOD’s FY
2009 modernization plans and alternatives which would satisfy military
inventory requirements. Alternative 1 satistying inventory requirements by
accelerating/increasing JSF purchases was estimated to cost $59 billion
between 2010 and 2014 and $157 billion between 2010 and 2034.
Alternative 2 involving satisfying inventory requirements by purchasing
JSF’s and improving legacy aircraft would cost $64 billion between 2010
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and 2014 and $160 billion between 2010 and 2034. Alternative 3 involving
canceling JSF and purchasing improved legacy aircratt would cost $39 bil-
lion between 2010 and 2014 and $117 billion between 2010 and 2034.
Alternative 4 covering purchasing JSF in quantities matching 2009 weapons
capacity would cost $48 billion between 2010 and 2014 and $105 billion
between 2010 and 2034. Alternative 5 covering purchasing enough JSF to
match 2009 weapons capacity and purchasing small armed UAVs to meet
inventory requirements would cost $51 billion between 2010 and 2014 and
$119 billion between 2010 and 2034. Alternative 6 involving replacing
some fighter aircraft with medium-range bombers or UAVs to improve mis-
sion range would cost $58 billion between 2010 and 2014 and $153 billion
between 2010 and 2034. Finally, Alternative 7 involves replacing some
fighter aircraft with medium-range bombers or UAVs to improve mission
range and augmenting fleets with small armed UAVs to satisty inventory
requirements would cost $61 billion between 2010 and 2014 and $165 bil-
lion between 2010 and 2034.%

NuNN-McCUrDY BREACH

On March 20, 2010, Secretary of Defense Robert Gates announced that
the JSF had exceeded the cost containment limits specified in Nunn-
McCurdy with JSF’s average procurement costs in FY 2002 dollars grow-
ing 57-89% over the original program baseline. This breach was reported
to Congress with specific cost breaches totaling 78.23% for the PAUC and
80.66% for the APUC. A few weeks earlier, Defense Acquisition head
Ashton Carter issued a memorandum restricting the JSF with highlights
of this restructuring including;:

e Extending the SDD phase by 13 months and delaying full-rate pro-
duction to November 2015 and adding extra low-rate initial produc-
tion aircraft to be purchased during the delay.

e Withholding $164 million in contractor award fees for poor perfor-
mance and adding incentives to produce more aircraft than planned
with the new budget.

® Moving procurement funds to R&D. More than $2.8 billion previ-
ously budgeted to buy JSF could be used to continue program
development.®
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On January 6, 2011, Gates announced changes in JSF testing and
production plan focusing on the F-35B. Noting that the Air Force and
Navy versions are proceeding satisfactorily, Gates noted the Marine Corps
STOVL version was experiencing significant testing problems that could
produce a redesign of aircraft structure and propulsion which could add
more weight and cost to an aircraft which is incapable of absorbing these
two factors. He went on to place the STOVL on two-year probation;
stated that if this program did not get back on cost, performance, and
schedule then it would be canceled; and that it would move to the end of
JSF’s production sequence. Specific technical problems with this aircraft
included premature wear on hinges for an in-door feeding its lift fan,
cracks discovered in a bulkhead used for fatigue testing following
1500 hours of flight time out of a planned total of 16,000 hours, and the
need to redesign the driveshaft, lift-fan clutch, actuator for the roll-post
nozzles after discovering that the driveshaft contracts and expands more
than expected and that other components experience more heat than
anticipated during flight operations.®

Secretary of Defense Leon Panetta lifted the JSF’s STOVL variant from
probation in a January 20, 2012, announcement at Maryland’s Patuxent
Naval Air Station, saying: “Over the course of the last year, you here at Pax
River have made an incredible difference by completing tremendous
amounts of STOVL testing. ... You’ve demonstrated that we have made
real progress toward fixing some of the known problems that we have had
with STOVL.” Panetta went on to mention that there was still more work
to be done with the JSF.%*

SEQUESTRATION

Concerns over the rising federal budget deficit and national debt and
increased calls for significant cuts in federal spending led Congress in 2011
to establish a Joint Select Committee on Deficit Reduction. A draft docu-
ment prepared by the chairs of the Simpson-Bowles fiscal commission on
November 12, 2010, called for using F-16 and F/A-18Es for half of the
Air Force’s and Navy’s planned JSF purchases which commission leaders
claimed would produce savings of $9.5 billion between FY 2011 and FY
2015.%° An option considered by this committee was sequestration involv-
ing automatic across-the-board spending cuts for government programs
with some exceptions. The 2011 Budget Control Act included sequestra-
tion designed to last ten years for discretionary budget expenditures
including defense spending.%¢
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On November 15, 2011, Panetta warned that if sequestration began in
January 2013 then it would add $500-$600 billion in DOD spending
reductions in addition to already planned reductions of $450 billion over
the next ten years. He asserted that sequestration would mean termination
of the JSF and of the next-generation bomber, intercontinental ballistic
missile, missile defense, and upgrades to existing programs.5’

On April 24,2013, JSF Program head Air Force Lt. General Christopher
Bogdan told the Senate Armed Services Committee that sequestration has
the potential either to stretch the development program out or to reduce
the capabilities warfighters can get. He claimed sequestration cuts funds
for the program, meaning development will be stretched out, causing the
program to cost more in the long run. This will have impacts on interna-
tional partners. Cost increases may result in reduction of their aircraft
quantities which would, in turn, increase unit costs even more and cause
them to relook their commitment to the program. Furloughs of civilian
workers will have immediate negative consequences including causing a
reduction in testing and potentially reduce productivity by a third.®

SUBSEQUENT JSF FUNDING

A 2012 defense spending legislation saw Congress include language requir-
ing the DOD to engage in fixed-price contracting for JSF and requiring
Lockheed Martin to assume full responsibility for costs under the contract
above the targeted cost specified in the contract. It also included $9.4 bil-
lion for F-35 rescarch and procurement.®” A 2013 defense spending legisla-
tion saw Congress appropriate $1.007 billion for the carrier variant and
$1.482 billion for SDD.” The 2014 defense spending bill saw JSE’s carrier
variant receive $1.135 billion, the STOVL variant receive $1.267 billion,
and $1.036 billion in research, development, test, and evaluation fund-
ing.”* For FY 2015, Congress granted JSF $610,000 for the carrier variant
and $1.029 billion research, development, testing, and evaluation. Section
153 of this legislation saw Congress require GAO to submit an annual
report reviewing JSF acquisition containing the following information:

e The extent to which this acquisition program is meeting cost, sched-
ule, and performance goals.

e Progress and results of developmental and operational testing.

e Progress of F-35 procurement and manufacturing.

e Assessment of plans and efforts by the Secretary of Defense to
improve the efficiency of F-35 procurement and manufacturing’?
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In its FY 2016 congressional budget request unveiled on February 2,
2015, the DOD requested $10.6 billion to purchase 57 JSF with 44 of
these being the CTOL variant for the Air Force, 9 the Marine Corps
STOVL version, and 4 the Navy’s carrier version. These requests received
consideration during spring 2015.73

ADDITIONAL CONGRESSIONAL JSF OVERSIGHT

Scrutinizing JSF program accomplishments and setbacks remains an ongo-
ing chore for congressional oversight committees. Testifying before the
House Natural Resources Committee on March 24, 2011, American
Resources Policy Network President Daniel McGroarty noted that the
rare earth element rhenium provides high-performance jet engines for air-
craft such as the JSF and that it is prized for its ability to retain its strength,
shape, and conductive properties at extremely high temperatures.
McGroarty went on to mention that the United States imports 86% of its
rhenium from China and Kazakhstan and that it could be extracted from
domestic copper and molybdenum mining resources.”

The capabilities of some weapons systems are classified and not publicly
available in hearing transcripts or other publicly accessible documents. An
example of this is reflected in the following question submitted to Pacific
Command Commander Admiral Robert F. Willard from Senator Kelly
Ayotte (R—NH) on February 28, 2012. “In light of the development of
the Chinese development of their own advanced fighter, DOD has certified
that there are no suitable alternatives to the F-35 JSF. How critical is the JSF
to protecting U.S. interests and maintaining U.S. air dominance around the
world but more specifically in the Asia-Pacific region?” Admiral Willard did
not provide a response to this question in the hearing transcript.”

On April 11, 2013, Secretary of Defense Chuck Hagel told the House
Armed Services Committee that the DOD was continually taking steps to
tighten contract terms and reduce risk in the JSF.7® Testifying before the
Senate Appropriations Committee’s Defense Subcommittee on June 19,
2013, Chief of Naval Operations (CNO) Jonathan W. Greenert sought to
emphasize the importance of the JSF’s stealth capability to subcommittee
members:

Now, with regard to capability, we need the stealth. We need their advanced
electronic warfare (EW) sensors, the weapons, and perhaps more impor-
tantly, the command and control capability that this aircraft brings. With its
stealth and its EW capability, it effectively enables us to be closer to the
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threat. You can fuse targets. That means as you detect targets, you can bring
them together, determine what is what, what is the threat, and build a com-
mon operational picture, and you can engage first. And perhaps just as
important, the F-35 Charlie is designed to share this operational picture
with other F-35s, other tactical aircraft, including our Super Hornet and the
other aircraft in the air wing, other ships, other platforms via our tactical
data links. So it really is a force multiplier in addition to be an incredibly
capable aircraft.”

Later during this hearing Air Force Chief of Staff General Mark A.
Welsh III told the appropriators that the following adversary technological
developments and aging US fighter fleet make the JSF necessary with the
following declaration:

I believe the F-35 is essential to ensuring we can provide that air superiority
in the future. Potential adversaries are acquiring fighters on par with or bet-
ter than our legacy fourth-generation fleet. They are developing sophisti-
cated early warning radar systems and employing better surface-to-air missile
systems, and this is at a time when our fighter fleet numbers about 2000
aircraft and averages a little over 23 years of age, the smallest and the oldest
in the Air Force’s history. America needs the F-35 to stay a step ahead, to
make sure that the future fight is an away game and to minimize the risk to
our ground forces when conflict inevitably does occur. Its interoperability
among the Services and partner nations, its survivability against the advance
integrated air defense systems, and its ability to hold any target at risk make
the F-35 the only real viable option I see to form the backbone of our future
fighter fleet.”®

Marine Corps Assistant Commandant John M. Paxton, Jr. stressed that
the F-35B STOVLs triple the number of global airfields that can be used,
and combined with the F-35C carrier variant doubles the number of US
capital ships capable of operating a fifth-generation multirole fighter.
Paxton went on to contend that in the emerging international security
environment of anti-access and aerial denial technology, along with the
ability of state and non-state actors, to reach out and touch surface targets
thousands of miles out at sea requires the United States to have sufficient
assets to counter such threats.”

Responding toaquestion from Senator Jack Reed (D—RI), Undersecretary
of Defense for Acquisition, Technology and Logistics Frank Kendall said he
was “reasonably confident” that JSF classified information was being pro-
tected from hostile cyber threats. Kendall also told Senator Richard Shelby
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(R—AL) that the JSF was an affordable program and mentioned the prog-
ress made in resolving software problems. Subcommittee Chair Senator
Richard Durbin (D—IL) asked Kendall if the JSF was “too big to fail” with
Kendall responding he did not think any DOD program was “too big to fail”
as a matter of principle and that DOD was not at a place where it would
consider terminating the JSE.3

A 2013 DOD Strategic Choice and Management Review recommended
trading away size for high-end capability while advocating that the DOD
budget protect investments to counter anti-access and aerial denial threats
such as the JSF, long-range strike systems, and cruise missile submarines.8!

Concern over the possible export of stealth technology by countries
such as Russia and China was expressed by Rep. Kay Granger (R—TX) in
a March 13, 2014, House Appropriations Committee hearing to Secretary
Hagel, who responded by saying that the United States intended to retain
its technological edge over its adversaries and that the JSF is a key example
of US intent in this arca. During a March 25, 2014, hearing before this
committee CNO Admiral Jonathan Greenert told Rep. Steve Womack
(R—AR) that the JSE-C version would deploy to the Western Pacific in
2019-2020.82

A March 26,2014, House Armed Services Committee hearing expressed
concern about recent JSF software problems with Reps. Jim Turner (R—
OH) and Loretta Sanchez (D—CA) also expressing concerns about JSF
cost management. Testifying before the committee JSF Program Director
Bogdan thanked the committee for its support for the JSF through its
troubles and said the program was making slow and steady progress in
technical improvements and cost management. He also asserted:

I believe the F-35 program is headed in the right direction now, and I am
confident in our ability to meet U.S. Marine Corps initial operating capabil-
ity and Air Force initial operating capability in the summers of 2015 and
2016, respectively, with all the capabilities our warfighters need. We are now
seeing the benefits of a disciplined systems engineering process that we insti-
tuted a few years ago in response to many of our technical issues, including
improvements on the helmet, the hook, our fuel dump capability, weapons
capability, lightning protection, and night and all-weather flying. We are
closely managing F-35 onboard and off-board software, and software still
remains the number one risk on the program. We have also fundamentally
changed the ALIS system, our [Automatic Logistics Information System],
and are starting to see some incremental improvements there.
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We are also fully committed to making the F-35 more affordable in both
the cost of buying the airplanes and the cost of operating and sustaining the
aircraft.®?

During an April 2, 2014, Senate Appropriations Committee hearing
Senator Dan Coats (R—IN) asked Air Force Secretary Deborah Lee James
whether upgrading F-16 aircraft to include service life extensions would
ensure fighter wings with these aircraft would be able to compete for the
JSF in the future and when would the next Air National Guard JSF base
be chosen. James responded by saying that F-16s would have a sustained
service life for peacetime and combat activities and that the next round of
F-35A basing would begin in 2016-2017.34

Testitying before the Senate Armed Services Committee on March 12,
2015, US Northern Command Commander Admiral William E. Gortney
noted that during 2014 Russian heavy bombers flew more out-of-area
patrols than any year since the Cold War. Gortney went on to note improved
interoperability between Russian long-range aviation and other Russian
military components, including air and maritime intelligence collection
platforms monitoring NORAD responses. On March 25, 2015, Marine
Corps Deputy Commandant for Aviation Jon M. Davis told a Senate
Armed Services Committee Subcommittee that the F-35B would achieve
Initial Operating Capability in summer 2015. Director Bogdan told a
House Armed Services Committee Subcommittee on March 5, 2015, that
the JSF program was executing well across the entire acquisition spectrum.
He also mentioned he expected various JSF software blocks to be delivered
to the Marine Corps later that year and that the Air Force should receive
Block 3i software capabilities between August and December 2016.
Bogdan also mentioned that Block 3F software capability is planned for
delivery in Fall 2017, though this could still be delayed, and announced
that 36 production aircraft were delivered in 2014 and an overall total of
124 JSF had been delivered to operational, test, and training sites with the
production line running two months behind schedule.®®

An October 21, 2015, House Armed Services Committee hearing saw
Bogdan contending the F-35 was “executing well across the entire spec-
trum of acquisition to include development and design, flight test, pro-
duction, fielding and base standup, sustainment of fielded aircraft, and
building a global sustainment enterprise.” He also asserted that Block 3F,
the final version of the software, had been implemented in a flight test, and
that aircraft had been delivered to British, Dutch, Italian, and Norwegian
customers. He then contended that prices for all three variants would con-
tinue dropping into the 2020s.8¢
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This same hearing saw Rep. Marc Veasey (D—TX) question Bogdan
about problems with the Helmet Mounted Display System (HMDS) used
by JSF pilots whose funding Veasey contended had been damaged by
sequestration. Bogdan replied that HMDS funding was part of a system
development and demonstration program which had not been adversely
impacted by sequestration. He also responded to Veasey’s question about
the helmet’s weight stressing that no helmet sensors are being charged
and that lighter and stronger material is being used for strapping and cush-
ioning the HMDS.%”

On April 25,2016, Senator Orrin Hatch (R—UT) spoke in support of
the JSF on the Senate floor. Noting the emergence of geopolitical threats
such as Russia’s conquest of Crimea, Iranian ballistic missile tests, Chinese
assertiveness in the South Chinese Sea, and North Korea’s constant war
threats with South Korea, Hatch stressed that the JSF could penetrate
advanced enemy air defenses and neutralize ground targets. Acknowledging
the frustrations of so many with JSF’s protracted acquisition process,
Hatch noted that JSF’s cost had dropped to under $100 million per unit
in the past five years and was expected to achieve an $85 million per air-
craft fly away cost by 2019. He also noted JSF’s positive performance
against legacy aircraft such as the F-16 and F/A-18 in aircraft combat
scenarios and stressed allied support for JSE, noting Israel’s Defense
Minister recently said, “I’m very happy that we’ll know how to preserve
the qualitative military edge of the Israeli Defense Forces and Israeli Air
Force through acquisition of this important plane.”8®

In the Senate version of the FY 2017 defense appropriations bill, fund-
ing was provided for 63 JSF which was six fewer than provided for in the
FY 2016 defense appropriations legislation with provisions for 45 fewer
JSF’s for the Air Force between 2017 and 2021. The Appropriations
Committee expressed concern that current programmed quantities would
not support initially planned fielding of JSF squadrons and recommended
an additional $100 million in advanced procurement while encouraging
the Air Force to revisit JSF procurement quantity in its FY 2018 budget
request. The Committee also expressed concern about Navy delays in pre-
viously planned production increases for the JSF carrier variant and that
the Undersecretary of Defense for Acquisition, Technology, and Logistics
should review block buy strategy before requesting such authority from
congressional defense committees.®

A February 16, 2017, House Armed Services Committee hearing saw
Bogdan announce that JSF’s fleet exceeded 210 aircraft and surpassed
73,000 flight hours. He also noted overseas deployment to the Netherlands
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and JSF’s participation in the United Kingdom’s Farnborough International
Air Show and Royal International Air Tattoo. Specific program accomplish-
ments, he noted, included successful 2016 testing of the F-35A internally
mounted GAU-22 25-millimeter cannon and ground testing of the F-35B
and F-35C centerline cannon pod. He also noted successful Automatic
Logistics Information System (ALIS) performance during ashore and afloat
test and deployment events and enhancements in cyber protection.”

Bogdan also maintained steady progress was being made in SDD with
this flight testing projected to end in February 2018; that DOD had
directed the program to main resources to deliver Block 3F capability by
May 2018; and that remaining SDD costs are estimated to be $3.2 billion.
He also told committee members that the ability to fix missions systems
software had increased from three to four months to 30—45 days; that
ALIS 2.0.2 is approximately four months late with its first fielding to occur
in March 2017 at Nevada’s Nellis Air Force Base; and that there are 100
Category 1 (Must Fix) deficiencies with 25 of these being corrected and
verified as fixed, 33 have been corrected but await testing to verify they are
fixed, 39 are in the process of being fixed, and 2 are being fixed.
Additionally, he noted the JSF program is solving excessive naval variant
vertical oscillations during carrier launch which stem from a nose landing
gear strut being compressed as the catapult initial pre-tension load pulls
on the nose landing gear, with the hold back bar restraining the aircraft
from additional forward movement resulting from engine thrust.”!

During 2016 JSF delivered 46 aircraft out of a planned 53 including 40
from the Fort Worth Final Assembly and Checkout Facility and 6 from a
satellite facility in Cameri, Italy. The 2017 delivery goal was 66 aircraft with
61 coming from Fort Worth, 3 from Cameri, and 2 from a Nagoya, Japan,
facility. September 2016 saw a Marine JSF participate in a Live Fire Test at
New Mexico’s White Sands Missile Range, where it detected, tracked, and
targeted a low-flying MQ-170E drone aircraft and passed this information
using the JSF’s Multifunction Advanced Data Link (MADL) to the Aegis
combat system aboard the USS Desert Ship (LLS-1) which fired a Standard
Missile-7 from “over-the-horizon” shooting down the drone. Bogdan con-
cluded his remarks stressing the JSF’s upcoming focus areas are:

e Completing development within existing time and resources;

e Delivering full Block 3F capabilities;

e Smoothly transitioning from development to Follow-On-
Modernization;
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e Completing production ramp-up while continuing to improve qual-
ity and delivery schedule;

e Continuing global sustainment enterprise growth; and

e Improving the ficlded fleet’s performance.?

Testifying at this hearing, Air Force Lt. General Jerry D. Harris, Jr., the
Deputy Chief of Staff for Strategic Plans and Requirements, noted the
Block 4 upgrade is currently in early planning stages but is expected to
bring increased capability beginning in FY 2021 and every two years with
the goal of meeting estimated threats in 2025 and beyond. These capabil-
ity improvements include integrating additional weapons and upgrades to
electronic warfare systems, datalink systems, and radar. He asserted the Air
Force is placing acute importance on a hardware upgrade designated
Technical Refresh 3 which will provide an improved integrated core pro-
cessor, improved panoramic cockpit display (PCD), a more capable air-
craft memory system, and other classified hardware changes.”®

JSF ProGrAM MILESTONES 2013-2016

In August 2013 the second round of F-35B trials were completed on the
USS Wasp, the first F-35C was delivered to Eglin AFB, FL, on June 22,
2013; and Lockheed Martin delivered the 100th JSF to Luke AFB, AZ, on
December 13, 2013.°4 On May 9, 2016, the Air Force announced the
development of Block 3i software for Initial Operating Capability while also
providing initial warfighting capability on upgraded computer hardware
software; and on August 2, 2016, Air Combat Commander General Hawk
Carlisle declared the Air Force’s JSF combat ready with it being capable of
conducting basic close air support, interdiction, and limited suppression/
destruction of enemy air defenses in a contested operational environment
with an operational squadron of 12-24 aircraft; the ability to conduct and
deploy operational missions using a program of record missions and mission
systems, and possessing all necessary logistics and operational elements.”®
Other recent JSF program developments include the JSF’s carrier ver-
sion conducting tests in the Atlantic Ocean from the USS George Washington
in August 2016, a November 19, 2016, announcement of progress made
in JSF pilots helmet including the ability for pilots to display various imag-
ery modes including thermal, night vision, and actual vision along with the
ability to achieve look-through-the-aircraft capability while giving pilots a
clear 360-degree picture through daylight and low-light settings; and a
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February 3, 2017, agreement between Lockheed Martin and DOD
enabling the JSF to achieve a $728 million price reduction with the Air
Force per unit cost dropping to $94.6 million (7.3%), the Marine Corps
version to $122.8 million (6.8%), and the Air Force version to $121.8 mil-
lion (7.9%). It is possible these cost reductions were achieved in response
to President Donald Trump’s pre-presidential tweet that the program cost
was too expensive.”®

DEPARTMENT OF DEFENSE INSPECTOR (GENERAL REPORTS

JSF performance has also received often critical scrutiny from the DOD
Office of Inspector General (DODIG). A significantly redacted January
2006 DODIG report noted that the JSF program office needed to improve
its controls over accelerated export of unclassified technology to foreign
companies. It also mentioned that the JSF program office needed to
decrease inadvertent or unauthorized access to controlled technologies by
continuously monitoring risks to the JSF program, revising the protection
plan as new risks occur, and ensuring contractors apply countermeasures
to protect technology.””

A September 2013 DODIG report stressed numerous concerns about
the JSF program office including:

e Not ensuring Lockheed Martin and its subcontractors applied rigor
to design, manufacturing, and quality assurance processes.

e Failing to flow down critical safety item requirements.

e Ensuring Lockheed Martin flowed down quality assurance and tech-
nical requirements to contractors.

e Establishing an effective quality assurance organization.

e Ensuring that the Defense Contract Management Agency (DCMA)
performed adequate quality assurance oversight.

e DCMA did not sufficiently perform quality assurance oversight of
JSF contractors.”®

A March 11,2015, DODIG follow-up to this 2013 report found that
the JSF program office had achieved generally conformed to quality
requirements and had demonstrated quality management system perfor-
mance improvements in the interim. DODIG remained concerned that
the JSF office had not made sufficient progress to achieve full compli-
ance with Section 802 of the 2004 National Defense Authorization Act
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mandating quality control in procuring critical aviation security items;
creating an independent quality assurance organization and ensuring its
adequate staffing to perform effective JSF program oversight; ensuring
Lockheed Martin was taking requisite steps to reduce the assembly
defect rate in order to meet full-rate production goals; ensuring this
company’s software quality management processes were performing suf-
ficiently to prevent software defects; and ensuring that Lockheed Martin
delivered contractual requirements to subcontractors, evaluated deliver-
ables for contractual compliance, and allowed minor nonconformances
to only be approved by the proper authority.”

2016 DOD DIrRECTOR OF OPERATIONAL TEST
AND EVALUATION REPORT

The FY 2016 report by this office on various DOD operational testing
programs noted that JSF’s program office acknowledged schedule pres-
sure exists for completing SDD and starting Initial Operational Test and
Evaluation by the planned August 2017 date in the program’s integrated
master schedule. Additional problems documented in this report include
delays in Block 3F missions systems development and flight testing prob-
ably taking until July 2018 to complete; delays and incomplete Block 3F
weapons delivery accuracy and ongoing weapons integration problems;
continued ALIS shortfalls and delays including late delivery of ALIS ver-
sion 3.0 with the full version of this for the F-35B not being released until
2018; insufficient progress in developing, integrating, and testing Air-to-
Air Range infrastructure instrumentation into the JSF; and delays in pro-
viding training simulators in Block 3F configuration to initial training
centers and operational locations. These delays could push initial opera-
tional testing and evaluation capability to 2018, 2019, or 2020.1%°

Various GAO JSE REPORTS

JSF program activities and developments continue providing a target-rich
environment for JSF scrutiny. On June 19,2013, GAO Acquisition Sourcing
and Management Director Michael Sullivan told a Senate Appropriations
Committee subcommittee that JSF program performance improved in
2012 with most management and development test objectives being met.
Enhancements were made in key technical risks such as the HMDS, the
ALIS system which predicts and diagnoses aircraft maintenance and supply
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problems, the arresting hook system for the carrier variant, bulkhead struc-
tural durability enhancements, and improved software management and
output.!!

Remaining problems include long-term affordability with development
and procurement funding costs from 2013 to 2037 being $316 billion for
an annual average of $12.6 billion, estimating annual operating and sus-
tainment costs of $18.2 billion for all JSF variants, only 12% of mission
system software capabilities being validated, and design changes and
reworking continuing to add to program costs and risks.!?2

A November 7, 2013, GAO letter to House Budget Committee Chair
Rep. Paul Ryan (R—WI) and Representatives Turner and Sanchez stated
that JSF had to fund a portion of its budget sequestration by delaying
software rescarch, development, testing, and evaluation.!®® A March 2014
report from this agency mentioned that JSF acquisition costs now
approached $400 billion, making it the most expensive defense acquisition
program of the United States. This report also indicated that software
testing problems could hinder warfighting capabilities in the areas of mis-
sion systems and flight sciences which the armed services expect. The pur-
pose of missions systems testing is verifying software systems and
capabilities providing critical warfighting capabilities function properly
and flight science systems verify basic aircraft flying capabilities. The report
went on to contend that each of the armed services may not receive the
JSF warfighting capabilities they expect when these aircraft are delivered
and that their delivery dates could be delayed.!%*

Testifying before the House Armed Services Committee on April 14,
2015, GAO’s Sullivan noted that technical challenges including on the
F-35B durability test aircraft, engine failure, and greater than expected
software test growth were likely to produce future JSF cost growth and
schedule delays. He also stressed that DOD has a long way to go to reach
JSF engine reliability and that planned production increases from 38 air-
craft in 2015 to 90 aircraft in 2019 could be challenging due to ongoing
late delivery of parts by suppliers.!

On March 23, 2016, GAO Acquisition and Sourcing Management
Director Michael J. Sullivan testified before a House Armed Services
Committee Subcommittee presenting the findings of GAO’s annual con-
gressionally mandated report on JSF program progress. He noted that
DOD was beginning planning and funding significant new JSF capabilities
known as Block 4 which DOD does not plan to include as its own acquisi-
tion program but as part of an existing funding baseline which will not
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make it subject to congressional and regulatory oversight. Projected Block
4 development costs are anticipated to increase near-term funding needs
as Table 4.4 demonstrates:

This assessment went on to contend that while JSF program acquisition
costs have decreased since 2014, forthcoming operational and sustain-
ment costs are estimated to be around $1 trillion which DOD officials
believe to be unaffordable. Peak production rates for US aircraft are
expected to be reached in 2022 with the program expected to require an
annual average of $12.7 billion to complete aircraft procurement through
2038 with annual numbers of aircraft purchased by each service expected
to jump from 63 in 2016, to peak at 120 annually between 2022 and
2029, before dropping to 62 in 2038.%7

Table 4.5 provides information on the progress of various tests of JSF
software blocks as of December 2015:

Table 4.4 Projected Block

4 development costs! ;g }g igé 4rTl9lll;)iﬁion
2018 $609.4 million
2019 $649.2 million
2020 $655.3 million
2021 $668.2 million

Table 4.5 JSF software block test progress'®

Block  Training capability: includes basic Percent test
1 and navigation, mission planning, flight points
2A displays, voice communication, and threat complete
jamming 100%
Block  Initial warfighting capability: Includes Required for 2015 100%
2B basic close air support/interdiction, and ~ Marine Corps Initial
initial air-to-air and initial air-to-air Operating Capability
capability (I0C) 100%
Block  Extension of Block 2B capabilities: Required for 2016 100%
3i Includes adding Block 2B capabilities to  Air Force IOC

new technology hardware, export

compliance, and new helmet with

improved display system
Block  Full warfighting capability: Includes full Required for 2018 18%
3F avionics and weapons envelope. Navy IOC
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Positive assessments of this 2016 GAO JSF program assessment are
airframe and engine contractors reporting improved efficiency and supply
chain performance along with improving reliability and maintainability.
Engine manufacturing deliveries remain steady, as have labor hours
required for engine assembly. Shortcomings stressed in this analysis include
the F-35 fleet falling short of reliability and maintainability in 9 of 19 areas
though there is time for program improvement. As of August 2015 the
fleet had only flown a cumulative total of 35,940 hours out of the 200,000
cumulative flight hours required for system maturity. Problems remain
with Pratt & Whitney engine reliability with F-35A and F-35B engines
being at 55% and 63% reliability of where they should be. Concern was
also expressed over whether the JSF can sustain annual funding exceeding
$14 billion per year in 2022 when it will compete for DOD funding with
the long-range strike bomber and KC-46A tanker.!?”

A November 2016 GAO report on DOD weapons system require-
ments stressed that both the JSF and CH-53K Heavy Lift Replacement
Helicopter did not conduct sufficient systems engineering prior to begin-
ning product development. Consequently, both of these programs began
development with significant risks and limited understanding of the chal-
lenges posed by their technical requirements. Neither program established
a functional or allocated baseline before beginning development.

GAOQ also maintained that neither DOD nor JSF contractors conducted
detailed systems engineering to satisfactorily retire risk, establish an allo-
cated baseline, truly understand the challenge posed by their require-
ments, and possess a sound executable business case. Most JSF systems
engineering occurred after development began and the program experi-
enced major cost and schedule growth with development costs increasing
over 60% above initial estimates with Initial Operating Capability being
delayed over five years and restructured three times.!?

An October 2017 GAO JSF analysis noted that DOD was currently
sustaining over 250 JSF with plans to triple the fleet by 2021 but faced
lingering sustainment problems impacting warfighter readiness with these,
as shown in Table 4.6.

This GAO assessment also noted that the DOD has taken some steps to
reduce estimated JSF sustainment costs such as establishing Cost War
Room to identify and implement cost-reduction measures intended to
reduce JSF program office 2012 operating and cost estimates 30% by
2022. The program office had completed 38 improvement projects
expected to result in $1.7 billion in operating and support cost avoidance
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Table 4.6 October 2017 JSF sustainment challenges!!!

Key sustainment — Description
challenge
Limited depot DOD?’s capabilities to repair F-35 parts at military depots are six

repair capacity

Spare parts
shortages

Undefined
technical data
needs

Unfunded
intermediate-level
maintenance
capabilities

Delays in ALIS
development and
uncertain funding

years behind schedule, which has resulted in average part repair times
of 172 days—twice that of the program’s objectives.

Spare parts shortages are degrading readiness. From January through
August 7, 2017, F-35 aircraft were unable to fly about 22% of the
time due to shortages of parts.

The DOD has not defined all the technical data it needs from the
prime contractor, and at what cost to enable competition of future
sustainment contracts. Technical data include the information
necessary to ensure weapon system performance and support.

The Marine Corps initial F-35 deployments on ships in 2018, and
potentially the initial ship deployments for the Navy, will not include
required intermediate-level maintenance capabilities. Such capabilities
provide a level of support between the squadron and the depots, so
that repairs can be done at sea. The DOD has identified initial
intermediate capabilities that it plans to implement, but funding to
do so is not yet in place.

The ALIS is a complex system supporting operations and
maintenance that is central to F-35 sustainment, but planned updates
will likely be delayed, and requirements for ALIS development are
not fully funded.

by May 2017. However, this was offset by an increase in projected flying
hours, extension of the JSF life cycle from 56 to 60 years, and refinements
to cost models increasing program life cycle operating and support costs
from approximately $850 billion in FY 2012 to $1.1 trillion in FY 2016.112

GAO recommendations to the Undersecretary of Defense for Acquisition,
Technology, and Logistics, and the JSF Program Executive officer for recti-
fying these deficiencies include:

e These two officials revising sustainment plans to ensure they include
key requirements and decision points to fully implement F-35 sus-
tainment strategy and aligned funding plans.

e These officials reexamining metrics used to hold the contractor
accountable under fixed-price, performance-based contracts to
ensure such metrics are objectively measurable, fully reflect processes
the contractor has control over, and drive desired behaviors by all
stakeholders.
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e These officials, prior to entering multi-year fixed-price, performance-
based contracts, ensure that the DOD has sufficient knowledge of
actual sustainment costs and technical characteristics after baseline
development is complete and the system reaches maturity.

e These officials take steps to improve communication with the mili-
tary services and provide more information about how the F-35 sus-
tainment costs they are charged relate to the capabilities received!!?

RAND COOPERATIVE ACQUISITIONS REPORT

The promise of resource sharing, enhancing military interoperability, and
cost savings through the participation of multiple US armed services, multi-
ple foreign militaries, and multiple domestic and foreign contractors has long
been heralded by JSF advocates as a key justification for this program. This
rationale received serious criticism in a December 2013 Rand Corporation
report. This report stemmed from a request from the Commander of the Air
Force’s Material Commander General Janet C. Wolfenbarger to analyze ben-
efits and costs of historical joint aircraft programs from the early 1960s
though the JSE. This report addressed the following five questions:

e Have historical joint aircraft programs saved Life Cycle Cost (LCC)
compared with comparable single-service aircraft programs?

e Is JSF on track to save LCC compared with notional single-service
fighter programs?

e What factors contributed to cost outcomes in historical joint aircraft
programs and JSE?

e What implications does a joint aircraft approach have for the indus-
trial base?

e What are joint aircraft approach implications for operational and
strategic risk?!4

Rand’s research and data analysis covered up until November 2011 and
their conclusions found /historical joint aivcraft programs have experienced
higher rates of acquisition cost growth than single-service aircraft programs and
have not saved overall LCC. The report compared research, development, test,
and evaluation (RDT&E) and procurement cost growth estimates for histori-
cal single-service and joint aircraft programs at comparable points in their pro-
gram history measuring cost growth in constant purchasing power dollars to
properly account for inflation. Rand found joint service programs experience
significantly higher acquisition cost growth than single-service programs.s
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JSF is not on the path to deliver promised LCC savings. Rand noted that
while JSF was structured to overcome some problems experienced by his-
toric joint fighter programs, it faced the challenge of meeting three signifi-
cantly different service requirements (along with international partner
requirements) and ambitious technical and performance objectives
(including supersonic low-observable STOVL) into a single core aircraft
design with an 80% service variant commonality goal. Rand maintained its
analysis of DOD SAR data showed JSF LCC were higher than if the ser-
vices pursued three separate fighter programs.!®

Difficulty of veconciling diverse service vequivements in o common design is
a major factor in joint cost outcomes. Rand noted that from the Tactical
Fighter Experimental (TFX) F-111 program in the 1960s through the JSE,
attempting to accommodate multiple operating environment, service-
specific missions, and divergent performance and technical requirements in
common joint fighter designs increases program and technical complexity
and risks prolonging RDT&E and increasing joint acquisition costs.
Conversely, service-specific requirements and demands tend to produce less
commonality and lead to more variants reducing the main course of joint
cost savings anticipated in procurement and operations and support.!”

Joint aivcraft programs ave associnted with a shrinking combat industrinl
base. Pursuing joint aircraft programs in recent decades has occurred in the
context of the number of major fighter plane contractors falling from
eight in 1985 to three in 2013. Lockheed Martin is the only prime con-
tractor actively leading the JSF fifth generation program for the foresee-
able future. This reduces the potential for future competition, discourages
innovation, and makes cost control more difficult. Acquisition decision
makers and governmental and military policymakers must understand this
in determining the next fighter development program and how a smaller
industrial base will affect this plane’s development regardless of whether it
is for a single service or a joint program.!!8

Joint aivcraft programs could potentially increase operational and strate-
gic visk to warfighters. Rand contends having various fighter platform types
across service inventories hedges against design flaws and maintenance
and safety problems which could produce fleet-wide stand-downs.
Multiple fighter platforms increase options available to meet unexpected
enemy capabilities. During the Korean War, the Air Force was rapidly able
to upgrade its F-86 Sabre to meet the unexpected introduction of the
Soviet Mikoyan-Gurevich (MiG-15) which was more capable than exist-
ing Air Force or Navy fighters. If the Air Force or Navy placed exclusive
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reliance on a single joint fighter other than the F-86, it might have been
unable to respond quickly to the new threat posed by the MiG-15. Greater
US military reliance on joint fighters produces fewer options to meet
unanticipated future threats and cries and unexpected safety and reliability
problems capable of grounding entire fleets of specific aircraft types. Rand
concluded its assessment maintaining that the DOD avoid future joint
fighter and other complex joint aircraft programs unless participating ser-
vices have identical and stable requirements.!?

2014 DOD SELECTED ACQUISITION REPORT

A December 31, 2014, report from DOD’s Undersecretary of Defense for
Acquisition, Technology, and Logistics noted significant financial efficien-
cies in JSF costs. This SAR mentioned that overall JSF costs had decreased
from $398.6 billion to $391.1 billion. It also documented that aircraft
costs had fallen from $329.9 billion to $324.1 billion (—1.8%) due to
incorporating prime contractor and subcontractor labor rates for all JSF
variants saving $4.4 billion and revised escalation indices saving $3.4 bil-
lion. Additional savings of $1.1 billion came from reductions in initial
spares requirements due to technical baseline maturation and other fac-
tors. However, these decreases were partially offset by a $4.4 billion
increase for revised airframe estimates.!

JSF engine subprogram costs decreased from $68.6 billion to $67.0 bil-
lion (1.6%) due to revised escalation indices of $700 million, reductions in
initial spares requirements of $600 million due to technical baseline matu-
ration, and revised downward estimates of $500 million based on actual
costs from early low-rate initial production lots. Such decreases were par-
tially offset by increases of $200 million resulting from procurement pro-
file changes.!?!

US JSF INDUSTRIAL PARTICIPATION

A significant number of companies in the United States are involved in
manufacturing various JSF components. These companies and their work-
force are spread across the United States and have likely influenced the will-
ingness of Congress to continue supporting this program despite its cost
increases and repeated delays. The data below in Table 4.7 indicates that JSF
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Supplier locations  Direct/indivect jobs  Estimated economic impact
Alabama 10 178 $12.2 million
Arizona 20 1877 $227.9 million
Alaska 5 81 $5.5 million
California 277 27,965 $5.079 billion
Colorado 11 354 $25.7 million
Connecticut 80 8519 $645.8 million
Delaware 1 4 <1 million
Florida 94 10,208 $1.401 billion
Georgia 17 2000 $234.7 million
Idaho 2 55 $3.7 million
Illinois 35 3555 $422.9 million
Indiana 11 2041 $166.6 million
Towa 4 1989 $163.5 million
Kansas 20 467 $33.1 million
Kentucky 3 58 $4.2 million
Maine 2 825 $68.2 million
Maryland 36 3296 $830.4 million
Massachusetts 76 1035 $59.9 million
Michigan 17 2300 $185.7 million
Minnesota 25 480 $31.8 million
Mississippi 1 225 $18.6 million
Missouri 22 545 $38.6 million
Montana 2 8 < $1 million
Nevada 4 135 $25.7 million
New Hampshire 47 2218 $979.1 million
New Mexico 1 4 < $1 million
New Jersey 39 1376 $101 million
New York 72 6375 $733.1 million
North Carolina 10 735 $63.4 million
North Dakota 1 4 < $1 million
Ohio 11 2041 $166.6 million
Oklahoma 7 387 $30 million
Oregon 18 754 $57.6 million
Pennsylvania 42 477 $27.2 million
Puerto Rico 1 76 $2.5 million
Rhode Island 5 51 $2.9 million
South Carolina 6 135 $48.1 million
South Dakota 1 4 < $1 million
Tennessee 5 149 $17 million
Texas 79 39,439 $ 5.179 billion
Vermont 3 163 $128.8 million

(continued)
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Table 4.7 (continued)

Supplier locations — Dirvect/indirect jobs — Estimated economic impact

Virginia 18 682 $51.7 million

Utah 10 1889 $161.5 million
Washington 13 2133 $173.8 million

West Virginia 1 8 <$1 million

Wisconsin 5 70 $4.3 million

Total 1174 127,170 $17,692,127,170 billion

facilities and workforce are in geographic locations potentially represented
by 90 US senators and 424 US representatives. The following chart lists the
states having JSF contractors or subcontractors, the number of supplier
locations in each state and territory, their workforce, and estimated annual
economic impact. Only Alaska, Hawaii, Louisiana, Washington, DC, and
Wyoming do not have JSF suppliers.

Examples of some US companies and US subsidiaries of foreign com-
panies involved or potentially involved in aspects of JSF production are
shown in Table 4.8.

Another way of understanding the widespread political support JSF
receives in Congress is looking at the campaign contributions made to a
bipartisan group of legislators by aerospace industry companies and labor
unions to members in states or districts with significant JSF contracting
facilities. Table 4.9 lists a representative sampling of 2013 /2014 campaign
cycle contributions, arranged alphabetically by state, made to these repre-
sentatives and senators campaign committees by Lockheed Martin, other
major aerospace companies, and specialized labor unions. Those serving
on relevant congressional armed services and appropriations committees
during the 114th Congress (2015-2016) or earlier are also noted.

Examples of 2015-2016 campaign cycle aerospace industry and union
contributions to Senate races are shown in Table 4.10.

A congressional JSF caucus consisting of 48 representatives from both
parties was formed on November 9, 2011. Chaired by Rep. Kay Granger
(R—TX) and Norm Dicks (D—WA,) it seeks to promote the JSF to mem-
bers of Congress and educate Congress about what they see as its benefits.
Most of these members represent districts with JSF contractors.!?¢
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Table 4.8 Selected JSF US contractors!'??

Accurus Acrospace—Athens, GA  Machining

Adacel—Orlando, FL.
Alcoa—Cleveland, OH
Possible alternative location—
Lafayette, IN

Ametek Aerospace—
Wilmington, MA

Avionics Specialties (Partnered
with Honeywell—Earlysville,
VA)

Circor Aerospace/Aerodyne
Controls—Hauppauge, NY
Click Bond—Watertown, CT
Carson City, NV

Curtiss-Wright Flight Systems—

Shelby, NC

Gastonia, NC

Cytec Engineered Materials—
Woodland Park, NJ
Greenville, TX

Anaheim, CA

Dassault—Auburn Hills, MI
Ducommun Aerostructures—
Gardena, CA

El Mirage, CA

EDO Corporation—Long
Island, NY

General Dynamics—Saco, ME
Williston, VT

Marion, VA

Goodrich—Cleveland, OH
Oldsmar, FL,

Vergennes, VT

Hamilton Sundstrand (United

Technologies)—Rockford, IL

Harris—Palm Bay, FL

Embedded speech recognition system
Aluminum structural die forgings
Aluminum lithium

Sensor suites, data management systems, cooling and
ventilating systems, environmental control systems,
various subassemblies

Low-observable air data system, low-observable
multifunction probes

Pneumatic power module for International Telephone
and Telegraph (ITT) weapons ejection rack
High-strength structural nutplates, structural adhesives,
composite fasteners

Ordnance hoist system, quick latch system

Ordnance hoist system, quick latch system

Composite materials /structural composites

Epoxy and Bismaleimide Prepreg product forms in
F-35B

Epoxy and Bismaleimide Prepreg product forms in
F-35B

Robotic painting and coating

Inlet lipskins surrounding jet engines

Inlet lipskins surrounding jet engines

Landing aid antennas

GAU-22/A Gun Systems

GAU-22/A Gun Systems

Advanced lightweight composite radomes housing
radar antenna

Landing gear system, advanced friction materials for
the LiftFan™ clutch

Wiring harness

Actuators for landing gear, bay doors, utility access
Electric power generation and conversion systems,
engine controls, gearbox and externals for Pratt &
Whitney F135 engine, flight controls for actuation
systems

Avionics

(continued)
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Table 4.8 (continued)

Hexcel—Stamford, CT
Kaiser Aluminum—Carlsbad, CA
Kidde Aerospace—Wilson, NC

Kulite Semiconductor
Products—Leonia, NJ

L-3 Communications—Rolling
Meadows, IL

LAI International—Tempe, AZ
Westminster, MD

Minneapolis, MN

Lockheed Martin—Fort Worth,
X

Marietta, GA

Pinellas Park, FL.

Ocala, FL.

Northrop Grumman—
Palmdale, CA

Parker Aerospace—Irvine, CA
Elyria, OH

Smithtown, NY

Pratt & Whitney—Dayton, OH
(Air Force Research
Laboratory)

Hartford, CT

Raytheon—El Segundo, CA

Rolls-Royce—Indianapolis, IN
Smith Aerospace/GE Aviation
Systems—Grand Rapids, MI
W.L. Gore—Landenberg, PA

Carbon fiber

Fabricated aluminum plate

Engine fire detection system, overheat detection
system, dry bay suppression system

Pressure sensors

Crash recorder/crash survivable memory unit,
panoramic compact display

Aluminum and titanium panels

Titanium vertical tail fin components

Air frame panels and subassemblies

Final assembly site

Center wings, stealth coating

Canopy components

Electro-optical targeting system

Center fuselage, electro-optical distributed aperture
system

Control systems, air and fuel division

Nichols Airborne Division

Electronics Systems Division

Compressor research facility

F135 Engine

Space and airborne systems headquarters, integrated
core processor, digital anti-jam receiver

LiftFan gearbox, clutch, driveshaft, and nozzle
Advanced memory unit, fuselage remote interface

Interconnect devices and cables

Table 4.9 Selected acrospace industry and labor union congressional campaign

contributions!'?*

Rep. Trent Franks (R—AZ)
Armed Services

Rep. Paul Gosar (R—AZ)
Rep. Duncan Hunter (R—CA)
Armed Services

Honeywell $10,000

Lockheed Martin $10,000
Northrop Grumman $10,000
General Dynamics $2000

BAE Systems $10,000
Honeywell International $10,000
Northrop Grumman $10,000
Raytheon $10,000

Lockheed Martin $8000

(continued)
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Rep. Darrell Issa (R—CA)

Rep. Loretta Sanchez (D—CA)
Armed Services

Rep. Joe Courtney (D—CT)
Armed Services

Rep. John Larson (D—CT)

Rep. Mario Diaz-Balart (R—FL)
Appropriations-Defense
Subcommittee

Rep. Jeff Miller (R—FL)
Armed Services

Rep. Tom Rooney (R—FL)
Appropriations

Rep. Doug Collins (R—GA)
Rep. Tom Price (R—GA)

Rep. Lynn Westmoreland (R—GA)

Lockheed Martin $10,000
Honeywell International $7554
Northrop Grumman $7500
Lockheed Martin $10,000
Machinists /Aerospace Workers Union $10,000
Northrop Grumman $10,000
Raytheon $10,000

Honeywell International $8500
Honeywell International $10,000
Lockheed Martin $10,000
United Technologies $10,000
Machinist/Aerospace Workers Union $10,000
Northrop Grumman $10,000
Raytheon $10,000

Honeywell International $10,000
Lockheed Martin $10,000
United Technologies $10,000
Machinist/Aerospace Workers Union $10,000
Raytheon $8500

Boeing $10,000

Honeywell International $10,000
Northrop Grumman $10,000
United Technologies $7500

BAE Systems $10,000

General Dynamics $7500
Honeywell International $7,5000
Lockheed Martin $10,000
Northrop Grumman $10,000
United Technologies $10,000
Boeing $6000

General Dynamics $5000
Honeywell International $10,000
Lockheed Martin $10,000
Northrop Grumman $10,000
United Technologies $10,000
Lockheed Martin $4000

Bocing $10,000

Honeywell International $10,000
Lockheed Martin $10,000
Raytheon $10,000

General Dynamics $8500
Lockheed Martin $10,000
United Technologies $10,000

(continued)
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Table 4.9 (continued)

Rep. Larry Bucshon (R—IN) Lockheed Martin $4000
Rep. Andre Carson (D—IN) Served BAE Systems $7000

on Armed Services during 113th Boeing $8500

Congress General Dynamics $3500

Lockheed Martin $3000
Machinists/Aerospace Workers Union $10,000
Northrop Grumman $10,000
Raytheon $10,000
Rolls-Royce $10,000

Rep. G.K. Butterfield (D—NC) Machinists /Aerospace Workers Union $10,000
Lockheed Martin $8000
United Technologies $5500

Rep. Walter Jones (R—NC) Lockheed Martin $8000
Armed Services Northrop Grumman $10,000
Rep. Bill Johnson (R—OH) Honeywell International $10,000

Lockheed Martin $6000
Northrop Grumman $10,000
Rep. Michael Turner (R—OH) BAE Systems $10,000
Armed Services Boeing $ 10,000
General Dynamics $10,000
Honeywell International $10,000
Lockheed Martin $10,000
Northrop Grumman $10,000

Rep. Robert Brady (D—DPA) Lockheed Martin $2000

Armed Services Machinists /Aerospace Workers Union $5000
Northrop Grumman $7500

Rep. Chaka Fattah (D—PA) Boeing $8000

Appropriations Lockheed Martin $10,000

Machinists /Aerospace Workers Union $10,000
Northrop Grumman $7500

Raytheon $10,000

United Technologies $7500

Rep. Kay Granger (R—TX) General Dynamics $10,000
Appropriations-Defense Subcommittee  Honeywell International $10,000
Vice-Chair (Lockheed Martin JSF Lockheed Martin $10,000
assembly facility is in her district) Northrop Grumman $10,000

Raytheon $10,000

United Technologies $10,000
Rep. Michael McCaul (R—TX) Boeing $10,000

Honeywell International $9000

Lockheed Martin $10,000

Northrop Grumman $10,000

Raytheon $10,000

United Technologies $10,000

(continued)
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Rep. Randy Neugebauer (R—TX)
Rep. Jaime Herrera Beutler (R—WA)
Appropriations

Rep. Derek Kilmer (D—WA)
Appropriations

Rep. Rick Larson (D—WA)
Armed Services

Lockheed Martin $10,000
Boeing $10,000

Honeywell International $7000
Lockheed Martin $6000
Northrop Grumman $10,000
Boeing $10,000

Honeywell International $10,000
Lockheed Martin $7000
Machinists/Aerospace Workers $10,000
Northrop Grumman $10,000
Raytheon $10,000

United Technologies $7000
Bocing $10,000

Honeywell $10,000

Lockheed Martin $8000

Machinists /Acrospace Workers Union $5000

Northrop Grumman $10,000

Table 4.10 Seclected acrospace industry US Senate campaign contributions

125

Sen. John McCain (R—AZ)
Armed Services Committee Chair

Sen. Richard Blumenthal (D—CT)
Armed Services

Sen. Johnny Isakson (R—GA)
Foreign Relations

Sen. Mark Kirk (R—IL)

BAE Systems $46,400
General Atomics $38,850
Raytheon $45,425

United Technologies $35,225

General Dynamics $24,300

Boeing $26,755

Appropriations (Lost to Tammy Duckworth)

Sen. Roy Blunt (R—MO)

Appropriations (Defense Subcommittee)

Sen. Kelly Ayotte (R—NH)

Armed Services (Lost to Maggie Hassan)

Sen. Charles Schumer (D—NY)
Minority Leader

Sen. Richard Burr (R—NC)
Intelligence Committee Chair
Sen. John Hoeven (R—ND)
Appropriations

Sen. James Lankford (R—OK)
Sen. Tim Scott (R—SC)

Sen. Patrick Leahy (D—VTO)

Appropriations (Defense Subcommittee)

Boeing $55,291

BAE Systems $32,250
Boeing $31,950

Raytheon $45,410

Lockheed Martin $93,950
Northrop Grumman $40,300

United Technologies $13,000

Honeywell International $35,000

Boeing $62,999

Boeing $23,750

Lockheed Martin $34,100
United Technologies $22,750




134 B. CHAPMAN

ANALYSIS

JSF has achieved success during its development and evolution but has
also experienced significant management and performance problems
which have made it DOD’s most expensive weapons system ever involving
nearly $400 billion to purchase 2400 aircraft. This expense is more than
twice as high as the manned lunar program and JSF is seven years behind
schedule and $163 billion over budget. These exacerbating factors occur
when the Obama and Trump Administrations and Congress are grappling
over how to reduce the federal budget deficit and shrinking the US mili-
tary’s size is recommended as one method to achieve this result.

JSF is making some progress in resolving its problems under Bogdan’s
leadership and WSARA but the price per unit cost of planes produced at
Lockheed Martin’s Fort Worth assembly line is $115 million per aircraft.
Pilots are conducting test flights and training missions at bases in Arizona,
California, Florida, Maryland, and Nevada. JSF is a stealth aircraft designed to
evade enemy radars with over 24 million lines of software code. JSF pilot Lt.
Col. David Berke stresses the voluminous amount of information the JSF
gathers and processes for him as a pilot which he contends is a significant
advantage over current aircraft. Air Force Chief General Mark Welsh says the
F-35 is needed to give the United States and its allies the ability to control the
air in future conflicts and that air superiority is not guaranteed.'?”

For the JSF 2015-2016 was the originally scheduled initial operating
debut. During a 2014 interview for 60 Minutes, Marine Lt. General
Robert Schmidle described what he saw as JSF’s advantage in combat:

I shouldn’t get into the exact ranges because those ranges are classified, but
what I can tell you is that the range at which you can detect the enemy as
opposed to when he can detect you can be as much as ten times further when
you’ll see him before he’ll ever see you, and down to five times ... the range.

The F-35’s radars, cameras, and antennas would scan for 360 degrees
around the plane searching for threats and projecting, ... the altitude and
speed of an enemy aircraft, onto the visor of a helmet custom-fitted to each
pilot’s head.!?®

Existing US enemies such as transnational terrorist groups like ISIS are
not a significant threat to US jets. US policymakers are more concerned
about emerging military aircraft threats such as Russian T-50 and Chinese
J-20 stealth fighters and the threats they could pose to the JSE. These poli-
cymakers are also concerned with the air defense systems of these countries
and countries allied with them including Syria where conventional airpower
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operations may be conducted. For all of the JSF’s high-tech arsenal and
capabilities it still faces problems. The pilot’s helmet and the computer sys-
tem it works with cost over $500,000. In February 2014 60 Minutes
reported that when it visited the Marine Corps station in Yuma, AZ, a hel-
met malfunction caused a scheduled test flight to be canceled. JSF planes are
tested at Edwards Air Force Base and the JSF has to go through 56,000
separate tests involving from making sure a bomb will fall when released
from the bomb bay to what happens when the bomb is dropped at super-
sonic speeds. The F-35 had also been restricted from flying at night because
its wingtip lights, shaped to enhance the JSF’s stealth contours, failed to
meet Federal Aviation Administration standards. JSF also experienced tire
stress problems with tires wearing out two to four times faster than expected
even though the tires had to be strong enough to withstand a conventional
landing and sufficiently bouncy to withstand a vertical landing. There were
also problems with stealth coating having gaps due to early work in the JSE
program using computer modeling and simulators to replace fight testing to
evaluate aircraft performance. Despite these problems, Bogdan told
60 Minutes that the military was going to buy the JSF.'%

There is also debate on whether JSF technology has been harvested
through espionage by China and Russia. Testifying before the House
Homeland Security Committee on April 24, 2012, James Lewis of the
Center for Strategic and International Studies contended that JSF cost
overruns and delays could stem from cyberespionage and development of
China’s J-20 fighter. On July 9, 2013, Commissioner Larry Wortzel of the
US-China Economic and Security Review Commission told another
congressional committee that as early as 2007 Chinese cyberespionage
frequently infiltrated JSF contractors BAE Systems, Lockheed Martin, and
Northrop Grumman stealing some design plans which have been incorpo-
rated into China’s new J-31 stealth fighter.!3

TRrRUMP ADMINISTRATION DEVELOPMENTS

Additional developments in the Trump Administration saw JSF Program
Office leadership transfer from Bogdan to Vice-Admiral Mathias Winter,
the F-35C being integrated into the Navy on August 3, 2017, in anticipa-
tion of a 2021 operational deployment of a Navy EF-35C squadron; a
September 3, 2017, test of the F-35C from the aircraft carrier USS
Abrabam Lincoln, and a December 18, 2017, announcement that the
JSF’s 17-year development phase was complete and that it was being
handed over for operational testing.!3!
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Despite these successes congressional appropriators remained concerned
over various JSF aspects including sustainment, affordability, and transpar-
ency. The Senate Armed Services Committee report on the FY 2018
Defense Authorization Act, while acknowledging some DOD progress in
cost savings and sustainment affordability, expressed concern that the DOD
did not use military service budgets to set these targets. The committee
went on to stress that current DOD sustainment strategy did not have the
transparency necessary for efficient and effective use of taxpayer dollars
since it failed to incorporate service budget input to guide sustainment
decisions, prioritize requirements, and identify potential savings.

Consequently, this report directed DOD to report to congressional
armed services committees on DOD?’s plan to improve JSF transparency
and affordability by March 1, 2018. The report was to contain.

1. A description of affordability constraints linked to, and informed by,
military service budgets to guide sustainment decisions, prioritize
requirements, and identify additional areas of savings;

2. Explain existing processes in place and steps taken by the Air Force
and Navy to ensure full transparency of JSF sustainment costs they
are funding and the corresponding capabilities provided to support
their own affordability initiatives; and

3. Any other matter the Secretary of Defense considers relevant.!3?

During a November 9, 2017, testimony before the House Armed
Services Committee Marine Corps Deputy Commandant for Aviation Lt.
General Steven Rudder expressed concern that the Corps had insufficient
pilots for the F-35 while Air Force Deputy Chief of Staff for Operations
Lt. General Chris Nowland noted that a Weapons System Sustainment
program enabled the Air Force to purchase $95 million in spare parts to
support 5 JSF’s.133

CONCLUSION

Despite its repeated delays, technical problems, and cost overruns, the JSE
is likely to eventually be deployed by the United States even if its numbers
are lower than originally planned. On May 24, 2018, the Senate Armed
Services Committee passed the FY 2019 National Defense Authorization
Act by a 25-2 margin. This legislation authorized $7.6 billion to procure 75
JSF aircraft including $4.2 billion for 47 F-35As, $2.4 billion for 20 F-35Bs;
$1 billion for 8 F-35Cs, increasing funding for spare parts, modifications,
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and depot repair capabilities to establish a solid sustainment base before
increasing production overwhelms enterprise aircraft sustainability, fully
funds Block 4 Continuous Capability Development and Delivery, and man-
dates quarterly updates to Congress on JSF status and direction.!3*

The reasons for this recurring commitment to the JSF include so much
economic investment, research and development expenditures, and wide-
spread political capital in this project due to bipartisan support and the
involvement of a contractor base encompassing large geographic areas of
the United States. Concern over potentially emerging airpower threats
from China and Russia will also sustain the JSF even with doubts over its
technical capabilities, whether its operational range is sufficient for combat
missions, mechanical problems, and cost. The United States will ultimately
be more concerned with the geopolitical consequences of potentially los-
ing air superiority to probable enemies than with the protracted problems
JSF has experienced over the past two decades.

This concern with geopolitical factors affecting US national security, such
as those posed by China and Russia, are key emphases in the Trump
Administration’s December 18,2017, National Security Strateqy of the United
States, that year’s DOD Annual Industrial Capabilities Report stressing the
imperative for increasing US aerospace workforce quality, restoring military
readiness, and building a more lethal military force; the unclassified summary
of the January 2018 National Defense Strategy, and the February 2018
Nuclear Posture Review which all reiterate the return of great power competi-
tion in the international security environment and the need for the United
States to have conventional and nuclear force capabilities to deal with these
continually evolving threats. A Marine Corps F-35B conducted the first U.S.
combat strikes against Taliban targets in Afghanistan on September 27,2018.
These factors will result in the JSF’s operational deployment although the
Trump Administration and Congress will remain acutely interested in restrain-
ing program costs and ensuring deployment timetables are met.!%

Several other countries have also experienced controversy, failure, and
success with the JSF and their interactions with this program will be
explored and analyzed in subsequent chapters.
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CHAPTER 5

JSF and Australia

Australia is one of the United States’ closest allies, having conducted com-
bat operations supporting US forces in many post-World War II conflicts.
It also cooperates closely with the US military as its military forces seek to
achieve optimum interoperability with the US military. This cooperation
between Canberra and Washington has generally been in place for nearly
six decades since the 1955 Australia New Zealand United States (ANZUS)
agreement and involved participation by the governments representing
the conservative Liberal-National Party (LIB) coalition and the Australian
Labour Party (ALP).

Governments from both of these parties have sought to maintain
Canberra’s close security ties with the United States while also balancing
these ties with increasingly important economic and trade relationships
with other Asia-Pacific countries. Australia is a major participant in the JSF
program, but also shares concerns about this program’s rising costs and
production delays with the United States and other countries. Such con-
cerns are reflected in Australian political and policymaking debate.!

AUSTRALIAN INVOLVEMENT WITH JSF

Australian participation in the JSF began in the 1990s as part of project
AIR 6000-New Air Combat Capability (NACC) which initially appeared
in the Defence New Major Capital Equipment Proposals 1998-2003.> This
document advocated developing new capabilities to replace the Royal
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Australian Air Force’s (RAAF) F /A-18A /B fighter aircraft at the end of'its
anticipated lifespan between 2012 and 2015 and the F-111 strike /recon-
naissance plane expected to reach terminal status in 2020. Phase 1 of AIR
6000 was to be a Capability Definition Study to consider options for a
single aircraft type to replace both of these aircraft and have other strike
capability options.?

The 2000 Defence White Paper issued by Prime Minister John
Howard’s (LIB—Bennelong, NSW) Coalition Government stressed the
need to have an air combat capability to support a regional coalition and
provide air defense support for ground and maritime deployed forces in
the region. This document also mentioned that the Australian Defence
Force (ADF) needed to acquire up to 100 new combat aircraft to replace
the F-18 and F-111 to enter service in 2012.*

November 2001 saw the AIR 6000 program office issue a Market
Survey to ensure the widest possible mix of force options would be con-
sidered for a future Australian fighter aircraft program. The following
month saw the Department of Defence (Defence) issue a Request for
Information on nine potential air combat options. The year 2002 saw the
opportunity for Australia to enter the JSF program and Defence submit-
ted a case for approval to the Australian Government’s Cabinet-level
National Security Committee which authorized Defence to negotiate
Australian entry into the JSF partnership with the United States. These
negotiations were successfully concluded in October 2002. The result of
these negotiations was Australia agreeing to spend up to $A 150 million
over the next ten years to join JSF as a level three partner which requires
contributing 1-2% of engineering, manufacturing, and development costs.
While not a formal decision to acquire the JSF, it was a decision to partici-
pate in the development and expected acquisition of this aircraft and an
opportunity for Australian companies to bid for JSF development work.
This time period also saw Australia and the United States agree to review
their military interoperability.®

Additional factors influencing Australia’s decision to purchase the JSE
include the F-35 being the only fifth-generation fighter which could rea-
sonably fit Canberra’s security needs, the refusal of the US Congress to
release for sale the F-22 Raptor, primarily an air superiority fighter believed
to have insufficient ground strike capabilities, and the F-35 being the only
choice if Australia wanted to retain technological air superiority over its
immediate Asian neighbors who were expected to receive the newest ver-
sions of Russian Sukhoi SU-27 /30 aircraft beginning in 2010.6
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On November 10, 2006, Australian Defence Minister Brendan Nelson
(LIB—-Bradfield, NSW) announced that JSF had been given First Pass
approval by the Government, that a MOU with the United States would
be signed in the following month, and that 20 Australian companies had
already won work on this contract worth an estimated $A 90 billion.”
Signing the MOU with the United States in Washington on December
12, 2006, Nelson commented: “This is an extremely important day for
Australia and our air defence capability. The Joint Strike Fighter is most
certainly the correct aircraft for Australia in terms of air-to-combat and its
strike capabilities. It will see Australia through the next 30—40 years. It is
a state-of-the-aircraft and we look forward very much to the imminent
first flight.”8

Concerns over possible JSF delays and cost increases were already prev-
alent in Australian parliamentary debates. On December 4, 2006,
Representative Robert McClellan (ALP—Barton, NSW) asked Nelson if
the government had considered whether JSF project delays could result in
aircraft delivery delays; whether the Government has made plans to acquire
other aircraft if such delays occur; and whether the Government has con-
sidered acquiring the F-22 or F-18 and made the necessary analysis to
determine which aircraft to purchase if the need arises. Replying on
February 28, 2007, Nelson announced that the JSF remained on target to
deliver aircraft and that cost-effective options had been developed if there
were JSF production and delivery delays.’

The Australians, however, were also concerned with the chance of a
capability gap if the F-111 was retired in 2010 and decided to acquire 24
F/A-18F Super Hornet multirole aircraft for $A 6 billion on March 6,
2007, to hedge against possible JSF production delays while announcing
that Canberra planned to acquire its first JSF in 2013.1°

On February 18, 2008, the recently elected Labour Party Government
of Prime Minister Kevin Rudd (Griffith, QLD) announced it would con-
duct an air combat capability review. This review’s purpose was examining
Australian air combat needs out to 2045 and included considering the
relative capabilities of current and projected fourth and fifth-generation
fighters such as the JSF and the case for or against acquiring the F-22.1!
Increasing JSF costs concerns were also documented in a May 2008 report
by the government-funded Australian Strategic Policy Institute which
announced that JSF’s real cost has increased by at least 30% since the 2002
decision to join the program, that if JSF cost growth is consistent with
historical trends overall costs will be 50% above the initial estimate which



168 B. CHAPMAN

the then-current budget would enable 90 or more JSFs to be purchased,
and that cost pressures can be eased by buying some aircraft later than cur-
rently planned to exploit expected cost reductions in JSF’s first years of
production. This assessment observed that purchasing the JSF would cost
$A 12.3 billion which would be financially attainable though further cost
increases would reduce the number of aircraft which could be acquired.!?

On September 24, 2008, Representative Shayne Neumann (ALP—
Blair, QLD) asked Rudd’s Defence Minister Joel Fitzgibbon (ALP—
Hunter, NSW) about the JSF’s procurement and the importance of the
government carefully considering this acquisition and “getting it right.”
Fitzgibbon responded by acknowledging the presence of an important
airbase in Neumann’s district and said that the government would not be
pressured into making a decision while criticizing what he saw as the
Howard Government’s failure to comparatively analyze competing aircraft
alternatives. He went on to stress that the F-22 was the only fifth-
generation aircraft in service internationally while acknowledging that the
JSF might emerge on the market in coming years and that the government
was concerned with giving the RAAF the capability it needs to protect
national security while also giving taxpayers value for money.!?

In its May 2009 Defense White Paper, Defending Australia in the Asin
Pacific Century: Force 2030, Rudd’s government stated Australia would
acquire 100 JSFs along with supporting systems and weapons. Three
operational squadrons of at least 72 aircraft would be acquired initially,
with remaining aircraft acquired in conjunction with the F/A-18 Super
Hornets to ensure there are no gaps in Australian air combat capability.!*

On November 25, 2009, Defence Minister Senator John Faulkner
(ALP—NSW) announced Australia would purchase 14 CTOL JSFs for $A
3.2 billion.'* Faulkner’s release showed the government’s intent to decide
about the next (and much larger) aircraft order in 2012. However, the
2011 release of the Defence Capability Plan showed the first JSF squad-
ron’s Initial Operating Capability had slipped from 2015 to 2018.16

Prime Minister Julia Gillard (ALP—Lalor, VIC) and Defence Minister
Stephen Smith (ALP—DPerth, WA) in a May 3, 2012, joint press confer-
ence announced that Australia would delay purchasing a second consign-
ment of 12 JSFs in an effort to save $2 billion in response to reports of
$3-$6 billion in JSF cost overruns.!”

A vivid example of the tension produced by rising JSF costs and uncer-
tainty over aircraft quality is reflected in the following exchange in a March
16, 2012, hearing by the Parliamentary Joint Committee on Foreign
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Affairs, Defence, and Trade covering highly negative evaluations of JSF
from the organizations Air Power Australia and RepSim. Key participants
in this exchange included Representative Dennis Jensen (LIB—Tangney,
WA) who has been a persistent JSF critic and Vice Marshal Kym Osley, the
Program Manager, New Aircraft Capability of the Department of Defence.

Jensen:

Air Vice Marshal Osley:

Jensen:

Osley:

Jensen:

However, when you look at the record. ...
Defence ain’t looking to good. APA has been
far more accurate than Defence, both in terms
of cost and schedule. Have you done simula-
tions against the Su-35 with different varieties
of mixed vessel loadouts against the F35?
Regrettably, I cannot go into the detail of
exactly the types of threats we had—they
were ... high-end threats—and exactly how
we structured that. I will see what we can
share at the unclassified level.

I would not have thought what simulation
software and what threats were analysed
would have been a problem. Details of your
knowledge of those threats clearly would be
classified, but I do not think “Hey, we did a
run against a Su-35 would have been a
problem.”

The short answer is that the fighting unit for
a 35 is four aircraft or more. The simulations
will cover multiaircraft versus multithreats. So
all that you have mentioned would be within
the realms of what has been tested in our
simulations.

I would like as much detail as you can give me
on that. Have you done that using widely dif-
ferent engagement geometries and sensor
weapon mixes—in other words, not head-to-
head co-altitude? ... What sort of runs have
you conducted in that regard? Have you done
simulations of F35s versus any aircraft that
have HF over-the-horizon radar, working
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with your threat group in terms of their inte-
grated air defence system? Have you done ...
simulations, using adversary HF over-the-
horizon radar equipped naval surface vessels
as a component of IADS? Have you done ...
simulations using current generation passive
detection systems, incorporated as additional
constructive elements of an adversary against
the F35 scenarios?
The simulation that has been done was actu-
ally done using highly trained fighter pilots,
.. using to the best of their knowledge, the
best capability they could to defeat the F35 ...
it you use the F35 and play to its strengths,
not to its weaknesses, you can prevail in air
combat. Winning in air combat late in this
decade and into the 2020s is not going to be
casy. I am not saying that the F35 will answer
all our prayers. If you use the F35 incorrectly
and do not play to its strengths, you will prob-
ably lose. But the same could be said for the
F18 and the F16. If we play to the F35’s
strengths, and it has a lot of strengths of
stealth, good sensors, and exceptional situa-
tional awareness. For instance, the situational
awareness is linked to the capacity of the soft-
ware. It has roughly three times the software
of the F22. ... It has a datalink capability ...
exceptional for talking not only to other F35s
but the rest of the system out there. If you
have the right weapons on board, and they
will need to be upgraded, it you have good
training, good tactics and good supporting
capabilities, the F35 will prevail .18

One analysis of Australian defense policy notes that the enduring pres-
ence of a conflict between interoperability and self-reliance in Australian
defense policymaking. This assessment notes that acquiring 100 F-35s
reflects Canberra’s mixed motives since purchasing these is Australia’s big-
gest step toward interoperability and all but one fighter purchased by the
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RAAF since 1960 has been American. At the same time, this writer notes
that even with the F-35 Australia will never be fully self-reliant in an
American-led coalition participating in a major regional conflict and that
Australia’s role would be symbolic and strategically insignificant. He goes
on to argue that Australia should concentrate on preparing itself for low-
and medium-range conflicts.?

AUSTRALIAN DEFENCE INDUSTRY INVOLVEMENT

Australia’s defense industry involvement in JSF production is extensive
with a presence in most Australian states and territories. Examples of com-
panies from Australia’s aerospace industry and subsidiaries of multina-
tional companies having JSF contracts up to and including 2017 and their
Australian dollar contract value and activities are shown in Table 5.1.

According to a February 26, 2016, submission by the Australian
Defence Department to the parliamentary Standing Committee on
Foreign Aftairs, Defence, and Trade, Australian industry had secured $A
554.5 million worth of JSF contracts through December 2015. The
Defence Department went on to maintain that enhanced JSF production
in the next four years could produce $2 billion in JSF contract opportuni-
ties for Australia by 2023 and reach a potential $4 billion by 2035.2°

These grants are awarded through the Australian Government’s New
Air Combat Capability-Industry Support Program providing the follow-
ing three types of assistance to eligible companies:

e Stream A: Grants of up to $A 1 million over a period no longer than
36 months for developing new or improved JSF technologies, prod-
ucts, processes or services, required by JSF supply chain entities
capable of demonstrating more than one JSF application.

e Stream B: Grants of up to SA 250,000 over a period no longer than
18 months for developing new or improved JSF technologies, prod-
ucts, processes or services to enhance a company’s competitiveness in
winning work from JSF supply chain entities; or engaging in a study
effort relating to JSF supply chain entities or the JSF Program Office.

e Stream C: Grants of up to $A 300,000 with no more than $A 100,000
per financial year for no more than 36 months to Australian universi-
ties, cooperative research centers, or publicly funded research agen-
cies, or a company controlled by one these organizations, to undertake
research assistance leading to JSF industry capability enhancements
by JSF supply chain entities or the JSF program office.?!
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Agent Oriented Melbourne, Information broker for F-35  $A 275,000
Software Pty. Ltd. Victoria interoperability

demonstration with

network-centric infrastructure
AW Bell Pty. Ltd. Dandenong Enhancing technical and $A 275,000

South, Victoria ~ manufacturing capability to

support Northrop Grumman

and BAE Systems component

manufacture
BAE Systems Salisbury, South ~ Northrop Grumman $A 275,000
Australia Ltd. Australia Information Systems

Communication, Navigation

and Identification, Audio

Control
Brenco Acrospace Sunshine, Establishment of hydrogen- ~ $A 248,570
Pty. Ltd. Victoria based high-velocity oxygen

fuel acrospace capability
Cablex Pty. Ltd. East Bentleigh,  Specialized acrospace cable $A 164,682

Victoria assemblies and harnesses

CSIRO Titanium Clayton, Victoria Thermally assisted metal $A 1,053,528
Technologies manufacturing
Electromold Australia Thomastown, Airframe and related $A 907,977
Pty. Ltd. Victoria component non-destructive

testing, surface treatment,

and finishing capability

expansion
Ferra Engineering Tingalpa, Alternate Mission $A 275,000
Pty. Ltd. Queensland Equipment—weapons

adaptor product process

improvement
George Lovitt Montmorency, Increase competitiveness of ~ $A 275,000
Manufacturing Pty. Victoria manufacture of JSF airframe
Ltd. components
Increase
competitiveness of
manufacture of JSF
airframe components
Heat Treatment Campbellfield, Acrospace and defense $A 9941
Victoria Pty Ltd. Victoria thermal processing
Levett Engineering  Elizabeth, South  Active interceptor housing $A 184,993
Pty Ltd. Australia and support parts

Active interceptor
housing and support
parts manufacturing

manufacturing

(continued)
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Table 5.1 (continued)

Lintek Pty. Ltd. Queanbeyan, Production capacity and $A 1,049,060
New South capability increase for Radio
Wales Frequency Substrates
Marand Precision Moorabbin, Developing Australia’s SA
Engincering Pty. Ltd. Victoria low-observable 1,100,000,000
manufacturing capability
Micreo Ltd Eight Mile L-Band Switched Filter $A 92,825
Plains, design for manufacture
Queensland
Quickstep Operations Bankstown Rapid, low-cost curing of $A 362,343
Pty. Ltd. Airport, New carbon fiber composite
South Wales structures
Rockwell Collins Lane Cove West, Establishment of Electro- $A 275,000
Australia Pty. Ltd. New South Optical Distributed Aperture
Wales System assembly
manufacturing facility
TAE Gas Turbines Amberley, Production qualification for ~ $A 117,442
Pty. Ltd. Queensland Harris Corporation

electronics enclosures

ASIAN REGIONAL SECURITY ENVIRONMENT

Australian acquisition of the JSF must be understood in the strategic context
of steadily increasing defense spending by Southeast and Northeast Asian
nations whose economic and strategic interests directly affect Australian
trade and strategic interests. The Stockholm International Peace Research
Institute (SIPRI) Military Expenditure Database reports East Asian nations
military spending increased from $144 billion in 1998 to $318 billion in
2013. Per capita defense spending figures from these countries during this
period also demonstrate significant increases, as shown in Table 5.2.

The significant economic growth experienced by many of these coun-
tries has enabled most of them to increase defense spending without having
these expenditures account for additional percentages of their annual gross
domestic product (GDP) as the following table demonstrates (Table 5.3).

SIPRI also provides the following documentation on annual govern-
ment defense expenditures between 1998 and 2017 in constant US dol-
lars (Table 5.4).

Further documentation of Southeast and Northeast Asia’s increasing
militarization concerning Australian airpower is found in SIPRI’s Arms
Transfers database. Between 1998 and 2016, the total value of air warfare-
related weapons categories including aircraft, air defense, missiles, satel-
lites, and sensors exported globally was as follows (Table 5.5).



174  B. CHAPMAN

Table 5.2 Asia-Pacific per capita defense spending?

Australia 1998 $380
Brunei 1998 $927.7
China 1998 $14
Indonesia 1998 $4.8
Japan 1998 $300
Malaysia 1998 $51.9
Philippines 1998 $16.3
South Korea 1998 $226
Taiwan 1998 $421
Vietnam 2003 $10.4

2017 $1123.2

2017 $808.7

2017 $161.9

2017 $31

2017 $356

2017 $110.5

2017 $41.7

2017 $768

2017 $447.3

2017 $53.1 estimated

Table 5.3 Asia-Pacific defense spending by GDP*

Australia 1998 1.9%
Brunei 1998 7.5%
China 1998 1.7%
Indonesia 1998 1.0%
Japan 1998 1.0%
Malaysia 1998 2.6%
Philippines 1998 1.7%
South Korea 1998 2.9%
Taiwan 1998 3.3%
Vietnam 2003 2.6%

2017 2.0%
2017 2.9%
2017 1.9%
2017 0.8%
2017 0.9%
2017 1.1%
2017 1.4%
2017 2.6%
2017 1.8%
2017 2.3%

Table 5.4 Asia-Pacific defense spending (US dollars)**

Australia 1998 $7.108 billion
Brunei 1998 $294 million

China 1998 $17.528 billion
Indonesia 1998 $3.231 billion
Japan 1998 $37.849 billion
Malaysia 1998 $1.159 billion
Philippines 1998 $1.226 billion
South Korea 1998 $10.458 billion
Taiwan 1998 $9.232 billion
Vietnam 2003 $842 million

2017 $26.102 billion
2017 $348 million
2017 $228.173 billion
2017 $7.911 billion
2017 $46.556 billion
2017 $2.604 billion
2017 $4.508 billion
2017 $39.153 billion
2017 $10.569 billion
2017 $5.074 billion

Further breakdown on the financial value of these airpower-related cat-
egories have been transferred to Southeast and Northeast Asian countries
from various international suppliers between 1998 and 2017 is also pro-

vided by SIPRI (Table 5.6).
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Aircraft

Air Defense Systems
Missiles

Satellites

Sensors

1998 $14.502 billion
1998 $865 million
1998 $3.912 billion
1998 $50 million
1998 $1.168 billion

Through 2017 $220.405 billion
Through 2017 $23.300 billion
Through 2017 $62.904 billion
Through 2017 $300 million
Through 2017 $27.133 billion

Table 5.6 Asia-Pacific acrospace defense transfers?®

Brunei Aircraft
Missiles

Sensors

China Aircraft

Air Defense Systems
Missiles

Sensors

Indonesia Aircraft
Air Defense Systems
Missiles

Sensors

Japan Aircraft

Air Defense Systems
Missiles

Sensors

Malaysia Aircraft
Air Defense Systems
Missiles

Sensors

North Korea Aircraft
Missiles
Philippines Aircraft
Missiles

Sensors

South Korea Aircraft
Air Defense Systems
Missiles

Sensors

Taiwan Aircraft

Air Defense Systems
Missiles

Sensors

Vietnam Aircraft
Air Defense Systems
Missiles

Sensors

$94 million
$40 million

$38 million (Through 2017)
$17.416 billion

$2.331 billion

$5.603 billion

$2.356 billion (Through 2017)
$2.707 billion

$251 million

$309 million

$321 million (Through 2017)
$6.479 billion

$364 million

$908 million

$845 million (Through 2017)
$1.602 billion

$84 million

$585 million

$298 million (Through 2017)
$170 million

$92 million (Through 2017)
$541 million

$4 million

$30 million (Through 2017)
$10.120 billion

$1.472 billion

$2.654 billion

$1.001 billion (Through 2017)
$6.168 billion

$446 million

$1.912 billion

$496 million (Through 2017)
$2.358 billion

$379 million

$1.109 billion

$206 million (Through 2017)
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An analysis on the role of airpower such as the JSF in Australian strate-
gic operational planning and its benefits to Canberra’s geopolitical inter-
ests is provided in the following assessment:

The combination of'its speed, reach and responsiveness provide the capabil-
ity to carry out time-critical precision strikes on fleeting targets of opportu-
nity. In the contemporary conflict scenario this is a coveted capability that
could potentially reduce the total expenditure if the target that is neutralized
is of sufficiently high strategic importance to the adversary. In expeditionary
operations, which are becoming more common amongst the forces of the
developed world, airlift capabilities are critical to success. While expenditure
per unit load of warfighting material and provisions may be high in airlift as
compared to surface transportation, the speed, reach and penetration capa-
bilities of aircraft that will sustain a surface force far away from home base
cannot be quantified in dollar terms. Overall, expeditionary operations are
better served by airlift than being supported by surface-based lines of sup-
plies for reasons of security and a much higher degree of assurance.?”

DiscussioN

Australian opinion on the JSF is as divided as opinion in other participat-
ing countries. On April 23, 2014, Prime Minister Tony Abbott’s (LIB—
Warringah, NSW) conservative Coalition government approved the
purchase of 58 additional JSFs at a cost of $A 12.4 billion including facili-
ties, training, and weapons. Nearly $A 1.6 billion in new facilities will be
constructed for the JSF at RAAF Base Jamestown, New South Wales, and
RAAF Base Tindal in the Northern Territory. The government contended
that the JSF, along with the F-18 Super Hornet and Growler electronic
warfare aircraft, would enable Australia to maintain a regional combat
edge. The JSF is scheduled to arrive in Australia in 2018 in anticipation of
22020 deployment.?®

RAAF pilots interviewed for a story in the Awustralian supported the
Abbott Government’s decision to purchase the JSF, with RAAF fighter
pilot Geoft Brown saying the JSF had superior situational awareness than
the Raptor and that JSF pilots are able to see in one display everything
going on around their aircraft for vast distances along with being seen by
other allied aircraft, ground forces, and ships. Brown went on to acknowl-
edge that the JSF requires “trained, very proficient, and ready” aircrews;
that it is extremely hard to detect and track with either radar, infrared, or
electronic warfare capability; that it will outclass any jet fighter currently in
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production including those from Chinese and Russian competitors, and
that the F-35 is the RAAF’s right aircraft well into the future. Proponents
such as RAAF Squadron Leader Andrew Jackson says JSF can penetrate
sophisticated defenses without great risk to pilots, that the JSF gives the
pilot the ability to think about the entire fight instead of their small seg-
ment of the battle, and that the JSF was not designed to be a dogfighting
super weapon.?’

Another JSF supporter Rep. Bob Baldwin (LIB—Paterson, NSW), who
is also the Parliamentary Secretary to the Minister of the Environment,
praised the JSF’s business investment at Williamstown, NSW, for bringing
jobs and enabling upgrading of runways and facilitating new building
construction.*

In contrast, JSF critics such as backbench Liberal MP Dennis Jensen,
who is a physicist by training and has worked at the Defence Department’s
Defence Science and Technology Organisation (DSTO), say that JSF is a
“dud decision” and that “This aircraft is replete with problems.” Jensen
has also dismissed Abbott’s contention that individual JSF aircraft would
only cost about $A 90 million each, contending his calculations project per
aircraft costs as $A 194 million. He and other JSF critics also maintain that
the JSF could be outmaneuvered in a dogfight by fourth-generation jets.3!

This debate is likely to continue, although it appears that there is
enough support in Australia across the political spectrum for the JSF to
continue despite the cost overruns, repeated production delays, and finan-
cial problems such as a projected 2014-2015 budget deficit of nearly $A
30 billion which is expected to gradually decline, but remain for several
years affecting the then Abbott Government’s adverse poll standings in
early 2015 showing it trailing the opposition Labour Party, due to the
JSF’s significant presence in many areas of Australia and concern over
Australia’s ability to meet emerging aerospace threats from Southeast Asia.
This situation has continued through the Malcolm Turnbull and Scott
Morrison governments despite the factional strife plaguing these govern-
ments.*> Australia will have to make these decisions in the context of an
East Asian security environment seeing significant increases in defense
spending by various regional countries that includes advanced fighter air-
craft such as the French Rafale and Russian SU-30. The aging of RAAF’s
F/A-18 A/B fleet demonstrated in Table 5.7 will also influence Australia’s
purchase of the JSF.

China’s growing air and maritime warfare capabilities must be taken
into account including the 2012 deployment of J-15 fighter flight trials on
the aircraft carrier Linoning, ongoing efforts to develop a carrier battle
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Table 5.7 Aging RAAF F/A-18 A/B fighters®

Year Number (2016) Age (2016) Age (2023)
1985 6 (1xAl 5xB) 31 38
1986 12 (12xA) 30 37
1987 14 (7xA; 7xB) 29 36
1988 24 (20xA; 4xB) 28 35
1989 11 (11xA) 27 34
1990 4 (4xA) 26 33

group, efforts to achieve anti-access air denial capability against American
forces, and attempts by other Asian nations to develop fixed and rotary-
winged aircraft for various air and naval capabilities.?*

The Chinese Air Force, commonly known as the People’s Liberation
Army Air Force (PLAAF), also includes an estimated 500+ fourth-
generation J-10 and J-11 fighters, 73 Russian-built SU-30 fighters, an
estimated 300 SU-27 fighters, and is beginning development of the fifth-
generation Chengdu J-20 stealth fighter and the J-31 Shenyang fighters
which may become operational around 2020. The PLAAF is increasing its
holdings of airborne warning aircraft, and Unmanned Combat Aerial
Vehicle (UCAV) aircraft to increase its ability to thwart Australian or other
US allied attempts to restrict Chinese assertiveness in Southeast Asia.
PLAAF has also acquired large amounts of fourth-generation and fourth-
generation plus fighters with stand-off active radar air-to-air missiles or
precision-guided air-to-surface missiles. It is estimated that PLAAF and
PLAN will have nearly 600 fourth generation of better aircraft by the end
of'the 2010s with these aircraft and weapons systems consisting of Chinese,
Israeli, and Russian components.3®

Recognizing the role of strike aircraft is a critical component of
Australian military airpower doctrine as the following passage illustrates:

The core air power role of strike aligns with the ADF (Australian Defence
Force) warfighting function of force application. Strike is the ability to
attack with the intention of damaging, neutralizing or destroying a target.
Strike can employ lethal or nonlethal, and kinetic or non-kinetic means
to create the desired physical and /or cognitive effect on the adversary. It has
particular value for the use of air power as a broader deterrent or coercive
instrument. The demonstrated capacity to strike an adversary allows the
application of a range of strategies, such as a diplomatic warning or show of
force, through to the actual use of force. Strike can therefore be used to
deter or coerce the adversary, degrade, neutralize or destroy an adversary’s



JSF AND AUSTRALIA 179

war-making capabilities, or disrupt or deny courses of action. Strike missions
are proactive and offensive in nature and may be used to take the initiative,
gain surprise and minimise opposition to friendly operations. Like all air
power roles, strike can achieve synergistic effects when employed in combi-
nation with other roles.3

Australia’s probable eventual deployment of the JSF in the next few
years due to the extensive human and financial capital and infrastructure
developments bringing this about will occur in a security environment in
which it will seek to maintain its historic security ties with the United
States. In addition, Australia will also seek to maintain its strong trading
relations with China while hedging against increasing Chinese power and
assertiveness in the South China Sea; increase security cooperation with
Japan; maintain cooperation with Indonesia while guarding against con-
cerns it has about that archipelagic country’s long-term stability, and pay-
ing close attention to unstable security environments in neighboring
Pacific Island countries such as East Timor, Papua New Guinea, and the
Solomon Islands. Canberra will seek to balance these multifaceted tradi-
tional security concerns and determine what role the JSF and other mili-
tary aircraft will play in promoting its strategic interests while governing
parties such as the Coalition and ALP will seek to navigate between long-
term domestic budgetary concerns and meeting Australia’s far-flung mari-
time and geopolitical interests. All of these concerns, and the means to pay
for them, will need to be included in the 2015 Defence White Paper
expected from the Abbott Government.?”

Although the 2015 Defence White Paper had not been published in June
2015, 269 public submissions on its potential content were been submitted
as of February 2015 when some of these submissions commenting on the
JSE. Criticism of the JSF was provided by Rodney Couch of Murwillumbah,
NSW, who mentioned his 22 years of service as an F-111 technician in the
RAAF. Couch contended that the JSF acquisition was becoming too expen-
sive and that Australia should purchase more F-18 Super Hornets, asserting
that with upgraded engines these aircraft would have supercruise capability,
increased range, a 50% radar signature reduction compared to the JSE, be
over $100 million cheaper than the JSF, and that if the JSF loses an engine
when out at sea then the entire aircraft is lost.*

Another example of Australian defense crowdsourcing policy advocacy
toward the F-35 is provided in an October 2014 submission by the
Australian subsidiary of Northrop Grumman. This submission notes
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Australia’s complex and evolving national security environment. It observes
that the incorporation of fifth-generation assets such as the JSF into the
RAAF will transform how Australia prosecutes air power application and
applies military force in the joint domain. It notes Australia will need to
invest in integrated and comprehensive (Command, Control, Computers,
Communications, Intelligence, Surveillance, and Reconnaissance [ C4ISR])
capabilities to achieve maximum leverage of fifth-generation platform
capabilities. It also stresses how fifth-generation warfare will place increas-
ing importance on interoperability to sense, understand, and orchestrate
the battle space and that ADF needs to be sufficiently agile to take full
advantage of all information and joint capabilities to gain decisive advan-
tage in emerging combat environments.*

A January 2016 Australian National Audit Office (ANAO) report on
the JSF positively noted that JSF expenditure was 21% below budget, that
the first two JSF aircraft were delivered in 2014, that construction work
on relevant facilities had begun at RAAF Williamstown, and that the first
Australian pilot had completed training and the second pilot began train-
ing in May 2015. Concern was expressed that that Block 3F software
development was slipping against the manufacturer’s baseline, that
Australia’s sustainment solution was immature, and that establishing req-
uisite communications, infrastructure, and technology for the JSF remains
a primary concern.*

The Australian Defence White Paper was released in February 2016 by
Defence Minister Senator Marise Payne (LIB—NSW). This document
stressed Australia’s three key strategic objectives:

e Deterring, denying, and defeating any attempt by a hostile country
or non-state actor to attack, threaten or coerce Australia;

e Supporting the security of maritime South East Asia and supporting
the governments of Papua New Guinea, Timor-Leste and Pacific
Island Countries to build and strengthen their security; and

e Providing meaningful contributions to global responses to address
threats to the rules-based global order threatening Australia and its
interests.*!

This document stressed the important role the JSF would play in fulfill-
ing RAAF capabilities to address emerging Australian security needs.*?

The JSF program continued to progress despite turmoil in Australia’s
governing Liberal and National Party coalition. Prime Minister Tony
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Abbott was ousted on September 14, 2015, in an intraparty factional dis-
pute by Malcolm Turnbull (LIB—Wentworth, NSW). A few months after
this, Australian voters held their triennial parliamentary election on July 2,
2016. This resulted in the Coalition government narrowly being returned
to power in results taking several days to finalize while showing increasing
electoral dissatisfaction with established political parties and the emer-
gence of numerous minor political parties who gained parliamentary
seats.*?

Prior to the July 2016 election, the Australian Parliament’s Senate
Foreign Affairs, Trade, and Defence References Committee was directed
by the chamber on December 2, 2015, to examine the JSF program.
Following the election, this investigation was reactivated and the commit-
tee as given a new reporting date of October 13, 2016. It held a public
hearing on March 22, 2016, recciving 57 submissions supporting or
opposing the JSF from a variety of individuals and organizations.**
Lockheed Martin Chief Executive Raydon W. Gates argued:

The F-35 offers the unprecedented ability to rapidly deploy and penetrate
enemy battlespace, seize the initiative, and deter an opposing force. Its
unique blend of 5th generation capabilities provides numerous military
options in the presence of advanced, integrated enemy air-defence environ-
ments. As the only 5th Generation multirole fighter on the international
market, the F-35 transforms the battlespace. It allows for a shift in doctrine
that takes advantage of the full capability of the F-35 Lightning II, from
stealthy surveillance to the full spectrum of combat operations—in highly
integrated contested air-defence environments. Representing a true quan-
tum leap in fighter capability, the F-35 will ensure the RAAF’s asymmetric
advantage.*

Continuing Air Power Australia’s criticism of the JSF was expressed by
David Goon, who questioned whether the JSF’s flight capabilities actually
exceed those of the F-16 and F/A-18 and whether this would satisfacto-
rily address emerging Australian needs. He also questioned JSF’s stealth
performance and questioned whether it could survive a battlefield inter-
diction environment featuring medium- and short-range SAMs and anti-
aircraft artillery. Submitter David Archibald claimed the JSF was a subsonic
aircraft in air intercept and ground attack missions, that it is incapable of
achieving supercruise, and that it has low instantaneous and sustained turn
rates, low acceleration, and limited combat endurance.
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These criticisms were challenged by the airpower advocacy organiza-
tion the Sir Richard Williams Foundation whose submission by Chair
E.J. McCormack maintained stealth involves ensuring access instead of
preventing detection. This organization also stressed that true stealth
means a pilot is able to choose where to operate, when to engage or dis-
engage, when to be seen or not seen, and reducing adversarial situational
awareness to almost zero, consequently providing improved mission suc-
cess and enhanced survivability. Australian Strategic Policy Institute
(ASPI) Defense and Strategy Program Director Andrew Davis stressed the
JSE was meecting its stealth design targets according to existing testing.*”

ASPI went on to stress that the Defence Department should prepare a
hedging strategy providing for possible further delays in JSF delivery and
that failing to do so could significantly limit the range of possible responses
in the early 2020s producing the possibility of a capability gap. The
Defence Department acknowledges that Canberra is expected to receive
the two more JSFs in late 2018 with initial operational capacity being
achieved between 2018 and 2020. Delivery of the 72 JSFs to RAAF
Williamstown and RAAF Tindall NT is as follows:

2in 2014;

8in 2018;

8in 2019;

15 in 2020;
15in 2021;

15 in 2022; and
9in 2023.48

This parliamentary committee’s report also addressed whether Australia
should purchase other international jet fighters such as the US F-22 Raptor,
Sweden’s JAS 39-E Gripen, the European Union’s Eurofighter, and
France’s Dassault Rafale. However, the Defence Department stressed that
the F-22 did not meet Australian multirole requirements because of its
limited air-to-surface capability and US refusal to sell the F-22 to other
countries, the limited ability of other fighters to be modernized during
their service life to defeat more complex threats beyond 2030, their absence
of stealth capabilities comparable to the Russian PAK-FA and Chinese J-20
and J-31 aircraft, and the JSF’s ability to meet governmental expectations
over multiple years of testing through thousands of simulation runs and
multiple human-in-the-loop mission simulator experiments.*’
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Consequently, the Committee, chaired by Alex Gallacher (ALP—SA)
and Chris Black (LIB—WA), recommended continuing purchase of JSE
with the Defence Department developing a hedging strategy to address
the possibility of a capability gap stemming from further acquisition delays
with this strategy be completed by 2018 and implemented by 2019. The
Committee also recommended that the Defence Department develop a
sovereign JSF industrial capability strategy to ensure Australian aircraft can
be maintained and supported without excessive reliance on other coun-
tries and that the government work to establish Australia as the JSF’s Asia-
Pacific maintenance and sustainment hub. Disagreement and concern over
the JSF were reflected in comments by Green Party and Nick Xenophon
(SA), team members of this committee.>

In December 2016, Air Vice Marshall Leigh Gordon, the head of
Australian JSF program activity, announced the following Australian JSF
events would occur during the first quarter of 2017:

e Contract announcement for low-rate initial production including
Australia’s next eight JSF’s: January.

e First JSF maintenance cadre starts training in the United States:
February

* JSF appears at Avalon, Victoria International Air Show: February
28-March 5

e Celebration for new Australian JSF Off-Board Information System
Centre at RAAF Base Williamstown.

Additional significant developments for Australia’s JSF include con-
ducting the first ever in-flight weapons release during an exercise at Luke
Air Force Base (AFB), AZ, on December 14, 2016; employing a GBU-
12500 Ibs Paveway II LGB during a sortie over the Barry Goldwater
Range west of Luke AFB; and the ALIS achieving Cybersecurity
Accreditation from the RAAF and the Defence Chief Information Officer
Group.®!

Canberra’s efforts to enhance its defense industrial capability concern-
ing the JSF and other weapons system may be helped by the December 5,
2016, establishment of the Centre for Defence Industry Capability in
Adelaide. Led by Defence Industry Minister Christopher Pyne (LIB—
Sturt, SA), this organization will reccive $A 230 million over the next
decade to work with the Defence Department to enhance governmental
support to relevant industries for business improvement, skills develop-
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ment, export and supply chains, supplier continuous improvement,
defense market preparedness, and defense innovation proposal submission
to facilitate enhanced alignment between defense capability needs and
industry investment in future skill requirements.*

Noteworthy 2017 Australian JSF developments included Australia
being awarded the Asia-Pacific F-35 Regional Warchouse as part of the
F-35 Global Support Solution in September 2017. British Aerospace
(BAE) Systems Australia is the successful company with the warehouse
being located at RAAF Williamstown and 2018 remains slated as the year
the F-35A arrives in Australia.®® In October 2017, the Australian Signals
Directorate revealed that nearly 30 gigabytes of restricted information on
the JSF, P-8 submarine hunters, Joint Direct Attack Munitions, and
Australian naval vessels had been stolen in a hacking attack believed to be
of Chinese origin. The hacker had access to this information for three
months before it was discovered.>*

November 2017 saw the third Australian JSF roll off Lockheed Martin’s
assembly line in Fort Worth and Gordon announced that the first aircraft
arrival is due in December 2018 with Initial Operating Capability being
achieved by the end of 2020. In addition, the company SRC Aus has won
an $A 17 million defense contract called Ghosthawk to produce mission
data sets for emerging fifth-generation air force systems such as the
JSE. These data sets will cover weapons, radars, and other aircraft and
electronic warfare which will be integrated with the JSF’s onboard suite of
advanced mission sensors to enhance warfighter situational awareness.>®

The desire to maintain oversight of Australia’s involvement in the JSF
and to regulate expenses is reflected in the late 2017 initiation of an
Australian National Audit Office inquiry on the JSF’s service and sustain-
ment planning. This agency is currently accepting input on these aspects
of the JSF and will issue its report in October 2018. Three JSFs were
delivered to Australia during the first quarter of 2018, with five additional
aircraft expected to arrive by the end of 2018.%¢

Australia is a critically important US ally in the southern hemisphere and
its close proximity to the Indian and Pacific Oceans, South China Sea, and
Asia-Pacific trade routes make it an integral player in the Asia-Pacific region’s
emerging geopolitical and strategic architectures. It has had successes and
failures experienced by this program during its history. It is highly probable
that the JSF will become part of Canberra’s force projection capabilities and
impact Australian power projection and combat striking power capabilities
in many areas of the Asia-Pacific and Indian Ocean regions.
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CHAPTER 6

JSF and Canada

Canada, like other JSF participant countries, has experienced a long and
troubling history with the JSF. Canadian defense policy has historically
been marked by its close geographic proximity to the United States and
close security ties with Washington. At the same time, these ties have often
produced sentiment in Canadian political rhetoric against close security
cooperation with the United States and against investing sufficient
resources into defense spending to enable Ottawa to have international
credibility on defense policy issues. Such defense spending deficiencies
have applied to governments headed by the Conservative and Liberal
Parties. In 2006, when Canada’s Conservative (Conservative Party of
Canada [CPC]) Government led by Prime Minister Stephen Harper
(Calgary Southwest, AB) came to power, Canada spent $14.905 billion
on defense. After increasing to a peak of $18.313 billion in 2009, Ottawa’s
defense spending retreated to $15.275 billion in 2014 before rising to
$19.837 billion in 2017 and from 1.1% to 1.3% of GDP between 2007
and 2017. In geopolitical terms, Canada has to balance its security inter-
ests with the United States including its possession of significant hydrocar-
bon resources; its traditional NATO alliance ties across the Atlantic; the
need to defend its Arctic territories from potential Russian and US
encroachments, along with its growing trading ties with Pacific Rim coun-
tries including China, Japan, and South Korea which has increased from
CAN $8.902 billion in April 2017 to CAN $9.652 billion in April 2018.!
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A recently published analysis of Canadian defense policy notes conflict
between different armed forces branches and governmental willingness to
invest in defense as this passage demonstrates:

Since Canada can never hope to field a force that can act single-handedly
against a major adversary, the question always becomes one of determining
how much is enough. Although there have been etforts to tie defense struc-
tures to cost benchmarks such as a percentage of gross domestic product or
percentage of federal government spending, these measures have never
proven very useful. As a consequence, the Canadian military has inevitably
been limited in scope and scale by the amount of money that successive
governments have been willing to allocate to defence generally, and #he
amount allocated has always been determined by political and financial con-
siderations rather than by military ones. With the widespread acceptance of
the argument that any collective defence structures will be more than capa-
ble of handling domestic defence needs, Canadian defence procurement,
unless diverted by political imperatives such as regional economic develop-
ments initiatives and industrial offsets, has generally consisted of a struggle
between the Navy, Army and Air Force for the most high-end, high-tech
and high-priced equipment that any given budget permits.?

Canadian defense acquisition has also been complicated by an extremely
complex process involving agencies such as the Department of National
Defence (DND); Public Services and Procurement Canada; Innovation,
Science, and Economic Development Canada; and the Treasury Board of
Canada Secretariat. Each of these agencies is involved in different aspects
of the defense acquisition process and their historical antecedents date
back to World War 1.3

CHRETIEN AND MARTIN (GOVERNMENTS

Initial Canadian participation in the JSF began during the Liberal Party
(LIB) Governments of Prime Ministers Jean Chretien (Saint Maurice,
QC) (1993-2003) and Paul Martin (LaSalle-Emard, QC) (2003-2006).
The primary Canadian jet fighter during their governments was the CE-18
which is Ottawa’s version of the US F-18 jet fighter. These fighters were
originally purchased in the 1980s with their expected operational life
expectancy lasting until 2003. The CE-18’s life expectancy was extended
to between 2017 and 2020 by a 2000 modernization program. On
January 2, 1998, Chretien’s Government signed a first-phase MOU to
participate in the JSF program.*
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This participation began with a CAN $10 million contribution from
DND granting Canada Level 3 status in the program. Key rationales for
Ottawa’s decision to participate included the need to replace the CFE-18,
work with allies in devoting a new fighter jet, and potential opportunities
for Canadian companies to participate in designing and producing the JSF
if Canada decided to purchase this aircraft.®

Following the United States awarding Lockheed Martin the JSF con-
tract in October 2001, DND signed a second MOU for the JSF’s second
phase involving system demonstration and development in February
2002. The government’s Treasury Board approved CAN $171 million for
this in December 2001 which DND provided directly to the JSF Program.
A DND representative was assigned to the JSF program office in
Washington and a further CAN $50 million was contributed to Canadian
industries desirous of participating in JSF through extant programs from
Industry Canada (Canada’s Commerce Department) intended to support
strategic research and development products. The year 2003 saw a DND
technical, costing, and manufacturing review produce the first JSF pro-
gram adjustment.®

HARPER GOVERNMENT

Further significant and controversial developments with the JSF began
with the January 23, 2006, election of Stephen Harper’s Conservative
government which remained in power until November 4, 2015. In June
2006, DND completed a preliminary options analysis of five candidate
fighter aircraft and selected the JSF saying it best met Canadian Forces’
requirements, had the longest life expectancy, and was the most affordable
aircraft. A third-phase MOU was signed on December 12, 2006, covering
production, sustainment, and follow-on development. Industry Canada
signed industrial participation MOUs with US prime contractors Lockheed
Martin, Pratt & Whitney, and GE Rolls-Royce, and the Treasury Board
approved CAN $192 million in funding to 2013 for JSF’s third phase.
DND argued that this MOU offered the following benefits to Canada:

e Unprecedented access to data about next-generation fighter aircraft,

e Cost avoidance (not having to pay for research and development
costs or fees associated with foreign military sales),

e Savings on long-term sustainment costs through collaborating with
international partners,
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e Military interoperability with allies and their equipment, and
e Potential royalties on F-35 sales to non-partner countries.

The following year saw a second JSF program adjustment due to pro-
gram cost increases. Additionally, signing this MOU represented a finan-
cial commitment of $551 million to the JSF program for up to 40 years
while mandating Canadian acceptance of US F-35 procurement rules.”

On May 12, 2008, the Harper Government released the Canada First
Defence Strategy. This policy document, introduced by Harper and
Minister of National Defence Peter Mackay (CPC—Central Nova, NS),
called for replacing the CF-18 fleet with 65 JSF fighters beginning in
2017, stressing that these fighters would enable defending Canadian air-
space sovereignty, remaining a strong and reliable North American Air
Defence partner through North American Aerospace Defense Command
(NORAD), and providing effective and modern air capability for interna-
tional operations.®

The year 2008 also saw DND begin work on replacing the CE-18 by
identifying 14 high-level mandatory capabilities and implementing an
independent cost review of the JSF program. In 2009 DND sought the
government’s decision to purchase the F-35, but this process was put on
hold due to continual cost increases and procedural oversights such as
DND not giving Public Works and Government Services Canada
(PWGSC) (the Canadian government procurement agency) a copy of the
2006 MOU until December 2009.°

Cost OVERRUNS CONTROVERSY 2010

Controversy over the procurement procedures and costs of the JSF would
erupt in 2010. On June 1, 2010, DND informed PWGSC that the F-35
is the only aircraft available for future Canadian aircraft requirements. On
July 16, 2010, Mackay, Treasury Board Minister Tony Clement (CPC—
Parry Sound-Muskoka, ON) and PWGSC Minister Rona Ambrose
(CPC—Edmonton Spruce Grove, AB) announced that the F-35’s CTOL
version would be purchased as a single-source noncompetitive contract
under a provision in Government Contract Regulations permitting such
contracting. This announcement was made while Parliament was in recess
and would ignite a firestorm of controversy when it resumed sitting in
September 2010.1°
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DND estimated JSF’s acquisition cost at $CAN 9 billion and Lt.
General André Deschamps, then Canada’s Chiet of Air Staff and
Commander of Air Command, justified the government’s decision saying
the JSF was the only aircraft meeting Canadian security requirements and
the only fifth-generation fighter available to Canada due to its array of
technical capabilities including stealth, secure communications, ability for
pilots to operate the aircraft in no-light conditions, and to automatically
share data and sensor information with friendly aircraft. Deschamps also
argued:

The acquisition itself will cost $9 billion. However, this represents the cost
of 65 individual aircraft as well as contingency funding for currency escala-
tion, plus program costs, integrated logistics support, weapons, infrastruc-
ture, simulation and so on—all of which will be intrinsic costs to any modern
fighter acquisition. We estimate the cost per aircraft to be in the low-to-mid
US $70 million range. We will be purchasing our aircraft—which is the most
cost-effective variant of the Lightning II—between 2016 and 2022, which
will be the peak point of production, ... when costs are projected to be at
their lowest. In fact, in 2016 dollars, the per aircraft cost of buying the F-35
is only slightly more than the per-aircraft cost paid for the CF-18 Hornet in
the 1980s.1!

When Parliament resumed sitting in September 2010, the House of
Commons Standing Committee on National Defence met 11 times
between then and December 2010 to scrutinize the proposed purchase.
The Aecrospace Industries Association of Canada (AIAC) supported the
F-35, but union representatives expressed concern that Canadian firms
would be vulnerable to Lockheed Martin and US political pressure which
they believed would support US contractors over Canadian contractors.'?

Opposition parties, including the Liberals and New Democratic Party
(NDP), questioned this purchase and were particularly critical of the use
of sole-source contracting. On September 20, 2010, then Liberal leader
Michael Ignatieff (Etobicoke—Lakeshore, ON) argued that if the govern-
ment was going to bid for $CAN 16 billion worth of aircraft, it should
have a competitive bid to give regional economic business to all Canadian
acrospace industries. Harper replied noting that in 2002 the Liberal
Government spent $CAN 150 million to participate in the international
JSF competition, that Canada needed to purchase the JSF to keep the
Canadian Air Force from being grounded, and that the government did
not play politics with the aecrospace industry or the military.'?
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This controversy heated further up that day when Siobhan Cody
(LIB—St. John’s South-Mount Pearl) asked, “Why is the Conservative
Government throwing the rule book, for fear and competition out of the
window? Why would the government do it for Canada’s largest military
purchase, a $CAN 16-billion purchase, instead of trying to save taxpayers
money:” Replying for the Government, PWGSC Minister Ambrose said:

On the issue of a competition, there was an international competition. In
fact, the Liberals were part of that competition, so they should know it very
well. Holding another competition would risk the future of our aerospace
industry because any delays, frankly, would be slamming the door shut on
Canadian jobs and Canadian companies. I would ask the member opposite,
why would the Liberals take such a risk?

Cody went on to ask Mackay why the government proceeded without a
competition and who made what she called an arbitrary decision. Mackay
said Cody’s assertion was “patently false,” that DND had not called for a
competitive competition, and quoted Deschamps’ 2010 Canadian Military
Journal article to explain the government’s purchasing rationale.!*

2011 PARLIAMENTARY BUDGET OFFICER REPORT

Further demonstration of problems with Canada’s JSF program was
revealed with the March 10, 2011, release of a Parliamentary Budget
Officer (PBO) report. This report was highly critical of JSF cost assess-
ments provided by DND in 2010. It maintained that DND’s projected
acquisition, logistics, research, developing, testing, and evaluation cost
estimates of $CAN 17.6 billion were incorrect and that the actual costs
were $CAN 29.3 billion which contributed to a five-year delay and $CAN
21 billion cost overrun in the US JSE program. PBO also criticized the
program for its lack of clarity including the absence of policy documents
outlining specific program functions; that it is not clear how workshare
commitments can be guaranteed with a “best value sourcing model”; that
potential benefit for Canadian subcontractors will be reduced by order
reductions or increased by order increases; and that it is not possible to
determine the ability of Canadian industries to compete effectively for
program contracts or subcontracts.'®

The PBO report went on to announce that Canada would purchase its
projected JSF allotments as indicated in Table 6.1:
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Table 6.1 2011 Parliamentary

Budget Office JSF purchase ;8}? é
projections!® 2018 9
2019 13
2020 13
2021 13
2022 13

In addition, this report also noted the exponential cost increases in
manufacturing costs of jet fighters over the past six decades. These costs
have risen from less than $CAN 1000 per kilogram in 1950 to $CAN
10,000 per kilogram in 2009 dollars. Additional data can be derived from
the average weight of jet fighters increasing about 0.5% per year due to
technological innovation and military operational requirements over this
time period. This means that fighter aircraft costs have increased 4% in real
terms since 1950 and doubling approximately every 18 years.!”

Evaluating JSF cost by weight was criticized by Deputy Minister of
Defence Robert Fonberg in a May 1, 2012, hearing before the Commons
Standing Committee on Public Accounts Committee with Fonberg saying
PBO used a top-down approach or parametric analysis which is not
regarded as appropriate for a project in a conceptual developmental state.
During this same hearing DND Chief Financial Officer Kevin Lindsey also
noted that PBO used parametric modeling because the acquisition price
had been significantly inflated above what DND understood to be the
then-current cost from JSF’s joint project office. Lindsey went on to
maintain that if PBO used what DND regarded as JSF’s acquisition price
then PBO’s estimates would have been nearly $12 billion less over the
30-year time frame.!8

A March 23, 2011, PBO report noted that while DND used 20 years
as the functional lifespan for JSF cost estimates, PBO used 30 years as the
functional lifespan for their cost estimates due to DOD’s Selected
Acquisition Report forecasting a 30-year operational life for JSE. This
PBO document also forecast that JSF’s average unit cost acquisition would
be $CAN 128 million excluding upgrades and overhaul as opposed to
DND?’s estimate of $CAN 75 million including upgrades and overhaul.
PBO also mentioned its inability to evaluate the robustness of DND cost
estimates since DND did not provide it with methodology, assumption,
uncertainties, and risks surrounding its figures.'
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2011 PARLIAMENTARY NO-CONFIDENCE VOTE
AND ELECTION

Controversy over JSF problems, opposition displeasure at other Harper
Government policies including the budget, and the government’s minor-
ity status in the House of Commons resulted in parliamentary no-
confidence motion by a 156-145 vote on March 25,2011, and an election
was set for May 2. Mackay, in responding to Liberal opposition charges of
governmental misconduct on JSF purchasing, retorted:

Professional public servants have looked at the Parliamentary Budget
Officer’s numbers and they reject his methodology. The reality is that we
will be buying these aircraft at the best price. They are the best aircraft. In
fact, the only aircraft available. We will take no lessons from the member
opposite and his party, which gutted the Canadian Forces during its time in
office, which cancelled important helicopter programs and is prepared to do
the same thing and put men and women in jeopardy with underfunded
equipment.?’

Despite losing this parliamentary vote of confidence, the Conservatives
would have the last laugh winning the May 2, 2011, election and obtain-
ing a majority government, with the New Democrats replacing the Liberals
as the official opposition.?!

2012 Auprtor GENERAL REPORT

Problems with the JSF would continue bothering the Harper Government
in its third term. On April 3, 2012, Canada’s Auditor General (AG)
released a report on the JSF containing additional scathing criticism
though no evidence of criminal conduct according to later investigations
by the House of Commons Committee on Public Accounts. AG report
findings included:

e DND took appropriate steps managing Canadian JSF participation
and engaged Industry Canada to successfully manage industrial par-
ticipation while successfully achieving early contract opportunities
for Canadian companies.

e The JSF decision-making process contained significant weaknesses
with key steps being taken out of sequence and key decisions being
made without required approvals or supporting documentation.
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e PWGSC failed to carry out its governmental procurement authority
role. Although not engaged by DND until late in the decision-
making process, it endorsed the sole-source acquisition without
required documentation and completed analyses.

e DND failed to provide complete information in a timely manner.
Briefing materials prepared for decision makers did not explain the
basis for and limitations of projections of industrial benefits to
Canadian companies, and the risks of relying on projections to make
decisions. These briefing materials also failed to inform key decision
makers, including the Minister of Defence, of problems and risk rely-
ing on the F-35 to replace the CF-18.

e DND probably underestimated F-35 full LCCs The $CAN 25 bil-
lion acquisition and sustainment costs were initially set in 2008 with-
out complete cost and other information which may not be available
for several years. This may require DND to find alternative ways to
cover potential additional costs and or seek other funding sources to
cover these costs.?

Additional recommendations made in the AG report included DND
needing to refine its estimates for complete costs related to F-35 full life
cycle capability, providing complete estimated costs and supporting
assumptions as soon as possible, and providing actual complete costs
incurred through the entire life cycle of F-35 capacity.?®

NATIONAL FIGHTER PROCUREMENT SECRETARIAT

In June 2012, the Government responded to the AG’s report by establish-
ing the National Fighter Procurement Secretariat (NFPS) within PWGSC
to ensure the government stays on course with its JSF objectives. Canada
remained a JSF program partner although acquisition funding was frozen.
Besides establishing NEPS and freezing funding, the additional five points
of a seven-point action plan consisting of the following steps include:

1. DND, through the Secretariat, will provide annual updates to
Parliament, tabled within 60 days of receipt from the US JSF pro-
gram office’s annual cost forecasts.

2. DND continues evaluating options to sustain a Canadian Forces’
fighter capability.
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3. The Treasury Board Secretariat (TBS) will commission an indepen-
dent review of DND acquisition and sustainment project assump-
tions and potential costs.

4. TBS will review F-35 acquisition and sustainment costs to ensure
full compliance with procurement policies before project approval.

5. Industry Canada will work with NFPS to continue identifying
opportunities for Canadian industry to participate, other potential
benefits for Canada, and update Parliament.?*

NEPS operations began on June 13,2012, and on September 7, 2012,
the Government announced that accounting firm KPMG had been
awarded a competitive contract to review acquisition and sustainment pro-
cess assumptions and potential costs for replacing the CF-18; developing
a framework to assess expected JSF operational LCCs and report to
Parliament. In November 2012, the House of Commons Standing
Committee on Public Accounts issued a report recommending that DND
provide various JSF cost acquisition estimates to them and that Industry
Canada provide a range of estimated industrial companies participating in
JSF by February 7, 2013.2°

On November 27, 2012, KPMG released an independent report for
TBS on the JSF’s life cycle cost covering 42 years from 2010 to 2052.
Report findings estimated the cost of purchasing the JSF had risen to
$CAN 45.802 billion including purchasing replacement aircraft due to
attrition. This report also noted that the completeness of certain cost ele-
ments could not be fully verified because of access restrictions to the JSF’s
Statement of Operational Requirement and projected aircraft lifespan of
30 years after delivery. Report recommendations included:

1. DND formalize and document the life cycle costing plan according
to Framework Guidance.

2. DND clarify documented assumptions concerning yearly flying rate
and fleet size and regularly review Life Cycle Cost estimates.

3. DND continually review and update the Cost Breakdown Structure
and the Ground Rules and Assumption document to ensure the
Cost Breakdown Structure and Life Cycle Cost Estimate include all
capability requirements.

4. DND refine and simplify the financial model to enhance its flexibil-
ity, traceability, and sensitivity analysis ease.
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5. The Canadian Government investigates mechanisms to more effec-
tively manage program foreign exchange risks.

6. DND normalize and adjust all CF-18 operating costs to enhance
F-35 operating cost estimates.

7. DND conduct further analysis and communicate key assumptions
concerning effective aircraft life use after 30 years.

8. DND allocate an appropriate contingency level to acquisition cost
to reflect remaining acquisition risks and desired cost certainty
level .26

This report and its increased cost findings prompted the Harper
Government to delay its participation in JSF in a decision described by
Ambrose as, “We have hit the reset button and are taking the time to do a
complete assessment of all available aircraft.”?”

2013 Cost REPORTS

While this reset delayed Canadian purchasing of the JSE, it did not mean
Ottawa’s involvement in this program has been suspended. The NFPS
continues its work and a June 7, 2013, report showed the JSF’s cost esti-
mate had dropped to $CAN 45.691 billion from the 2012 estimate of
$CAN 45.802 billion. This report also noted that software remains a chal-
lenging program technical risk which the US F-35 Joint Program Office is
working to manage. Additional report contents include that purchasing
JSF will require new construction and upgrades to existing infrastructure
at Royal Canadian Air Force (RCAF) bases in Bagotville, QC; and Cold
Lake, AB; along with additional operational locations at Inuvik and
Yellowknife, NWT; Iqaluit and Rankin Inlet, NU; and Goose Bay,
NFLD.?®

An August 5, 2013, independent cost review by Raymond Chabot
Grant Thornton determined that Canadian JSF Life Cost Cycle planning
was a well-documented assessment explaining work completed, summa-
rizing cost estimates, and including key assumptions and cost details. It
went on to mention that all cost boundaries had been developed consider-
ing their purpose and were clearly defined; that model documentation is
well developed for a majority of costing elements except for a configura-
tion management plan; and that there needs to be a better alignment of
fuel cost estimates directly to forecasted flying hours.?’
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On November 24, 2013, Sanson & Associates released a report review-
ing the CF-18 acquisition replacement process. Its determinations
included that the parallel tracks for JSF and CF-18 replacement were mis-
aligned; that DND, TBS, and PWGSC need to ensure that MOUs are
signed consistent with production planning and acquisition cycles; that
MOUs are treated like contracts and follow appropriate contractual pro-
cesses; and that PWGSC always be involved in developing and signing
production related MOUs. Sanson also recommended that DND ensure
project management capability is assigned to the Project Sponsor project
office as early as the identification phase and is appropriately supported
until the project reaches definition phase; that operational requirements
statements be sufficiently supported for future high-value complex proj-
ects; and that one guidance document should be prepared detailing
accountability, responsibilities, and requirements for sponsoring depart-
ments to inform stakeholders in the procurement process.

2014 Cost REPORT

The 2014 JSF cost review found that program costs have risen to $SCAN
45.832 billion which DND and Raymond Chabot Grant Thornton attrib-
uted to actual and projected differences between the US and Canadian
dollars, other economic factors affecting cost estimates received from the
US F-35 Joint Program Office on August 28, 2014, and the assumption
that delivery of F-35 to Canada would occur in 2020 due to the CF-18
fleet’s lifespan being extended to 2025. These costs also include opera-
tional and support costs such as aviation fuel, training weapons and ammu-
nition usage, providing base-level support infrastructure, and material
costs including administration, firefighting, maintenance, and medical.
Such costs do not include disposal costs once the F-35 lifespan ends. In
addition, a change of 1 ¢ in the Canadian/US dollar exchange rate impacts
sustainment cost estimates by $CAN 113 million.3!

CANADIAN DEFENSE INDUSTRY AND JSF

As is true with other countries, JSF contracts have been scattered across
Canada strengthening this program’s political support despite cost prob-
lems, with this support at least partially encompassing the spectrum of
Canadian political parties. Table 6.2 lists a sampling of companies involved
in JSF production along with their geographic locations.
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Advanced Integration Company—ULangley, BC
Alcoa Howmet—Langle, QC;

Georgetown, OH

Asco—Delta, BC

Avcorp Industries—Delta, BC
Centra Industries—Cambridge, ON

CMC Electronics—Saint Laurent, QC

Composites Atlantic—Lunenburg, NS
GasTOPS—Ottawa, ON; Dartmouth, NS; Mt.
Pearl, NFL.

Héroux-Devtek—Longuecuil, QC; St. Hubert, QC;
Laval, QC; Kitchener, ON; Scarborough, ON
Honeywell—Mississauga, ON

Magellan-Bristol—Mississauga, ON

Magellan-Chicopee—Kitchener, ON

MDS Aero Support Corporation—Ottawa, ON;
Thompson, MB

NGRAIN—Vancouver, BC

Pratt & Whitney Canada—Longueil, QC
Virtek—Waterloo, ON

Assembly line tooling systems
Inlet and duct castings

Large titanium bulkheads and
other machine parts

Carrier variant outboard wings
Forward and center fuselage
machined components
Transceivers

Composite structures

Oil debris monitors and sensors

Landing gear door locks

Power thermal management
system controllers

Conventional take-off and landing
variant horizontal tails

Machined components

Test equipment for F-135 engine
vertical life system.

3D damage assessment software
F-135 engine components

Laser templating technology for
3D composite ply alignment

During June/July 2012 this represented 72 Canadian companies

involved in JSF contracts worth $CAN 438 million with design and devel-
opment contracts worth $CAN 232 million and production and sustain-
ment contracts worth $SCAN 206 million. These companies represent the
Canadian aerospace industry’s contribution of $CAN 25.6 billion to
Canadian GDP from a workforce of 161,966. Nearly 80% of this aero-
space manufacturing output is exported with Canadian aerospace exports
in 2011 broken down by the following categories producing a $CAN 4.6
billion aerospace trade surplus for this year (Table 6.3).

Canadian contractual participation in JSF had expanded to $CAN 637
million as of Fall 2014 with the total identified potential opportunities for
Canadian companies being $10.808 billion as of Summer 2014 .34
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Table 6.3 2011 Canadian aerospace export percentages?

Aircraft and rotorcraft 48%
Engines and related parts 27%
Avionics 5%
Flight simulators 5%
Other parts 15%

ADDITIONAL BACKGROUND

These controversies and delays delayed more definitive Canadian decision
on purchasing the JSF will not come until after the October 19, 2015,
parliamentary election. If the Conservative Harper Government was
returned to power, it was/is more likely Canada will purchase the
JSE. However, if there was a Liberal Government headed by Justin
Trudeau (Papineau) or a coalition government involving these two parties
a definitive decision to purchase the JSF is less likely and may be rejected
in favor of another fighter option based on a October 29, 2013, parlia-
mentary speech by Liberal Party defense critic (Joyce Murray—Vancouver
Quadra, BC) and the New Democratic Party’s 2013 policy document.®®
Despite the protracted and serious budget problems Canada has expe-
rienced with the JSF, it cannot ignore the international and geographic
security environment it faces, particularly in the Arctic. A 2013 intelli-
gence assessment by Canada’s Chief of Defence Intelligence cautions:

Foreign military weapons that could threaten Canada up to 2030 will grow
in direct correlation to technological improvements made by potential
adversaries, both state and non-state. Future threat aircraft will likely have
the ability to fly further, faster and higher than current threats as well as have
an increased payload potential. Missiles, capable of high speeds and capable
of being launched from land, air and maritime platforms, could also present
threats to Canada. Additionally, naval aircraft carriers will likely become
more prevalent as emerging states envisage their use to project power.3

This analysis also noted the emergence of new fighter aircraft capable of
operating in network-centric combat environments and featuring
extremely low, all-aspect, multi-spectral signatures using advanced materi-
als and shaping techniques. These designs also include infrared search and
track sensors for air-to-air combat and air-to-ground weapons delivery.
Additionally, such sensors, incorporating advanced avionics, glass cock-
pits, helmet-mounted sights, and improved secure, jamming resistant low-
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probability of intercept data links, are well integrated and provide
multi-platform, multi-sensor data fusion to vastly increase situational
awareness and lessen pilot workloads.?”

Canada also is confronting the problem of increasing aggressive aerial
behavior by Russian military fighter aircraft including incursions into
Canadian airspace. On March 23,2009, MP Laurie Hawn (CPC—Edmonton
Centre, AB) told the House of Commons Standing Committee on National
Defence that during 2007-2008 there had been 30 penetrations of US and
Canadian air defense identification zones, with 28 of these been intercepted
by NORAD and 8 of these interceptions being conducted by Canadians. In
only three of these cases was advance notification of these flights given.

On April 29, 2014, MP James Bezan (CPC—Selkirk-Interlake, MB)
noted that NORAD officials say that Canadian airspace is regularly tested
by Russian military aircraft in the Arctic, the Pacific, and Atlantic coasts,
and Canadian airspace.®* Canadian Major General D.L.R. Wheeler, the
Commander of the RCAF’s 1 Air Division, thought the Russian air threat
to Canada very low, but also added:

They do fly up into our northern area. They come into the Canadian air
defence identification zone. They don’t actually come into Canadian sover-
eign territory, but they will get as close as 40 to 50 miles oft our coast. We’re
very cognizant of that. We certainly intend to protect our sovereignty and
therefore we do scramble fighters, or locate them at some of our forward
operating locations, to make sure the Russians know we’re there and are
willing to protect our sovereignty.*

Specific examples of Russian airspace incursions into Canada included
multiple late May/early June 2014 instances of Russian aircraft carrying
out incursions into US and Canadian Arctic Air Defense Identification
Zones (ADIZ). In early September 2014, Russian strategic bombers in the
Labrador Sea practiced cruise missile strikes on the United States. Although
these aircraft stayed out of Canada’s ADIZ, this occurred while a NATO
summit was occurring, and if these missiles had been launched, Ottawa,
New York, Chicago, Washington, DC, and the Norfolk Naval Base would
have been within their range. The frigate HMCS Toronto was buzzed by
Russian aircraft in the Black Sea on September 7, 2014, with the Toronto
locking its radar on the Russian plane but not taking further action at a time
when major Russian naval combat training was ongoing near Sevastopol.
On September 18, 2014, Russian jets were intercepted by Canadian fight-
ers in the Beaufort Sea Canadian ADIZ while Ukrainian President Petro
Poroshenko was visiting Ottawa and Washington (Fig. 6.1).4!
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TRUDEAU GOVERNMENT

The October 19, 2015, parliamentary election saw the defeat of Harper’s
Conservative Government and the election of a Liberal Government
headed by Prime Minister Justin Trudeau.*? Besides Trudeau, a key player
in this government’s emerging defense strategy was Harjit S. Sajjan (LIB—
Vancouver South, BC). At the beginning of his tenure, Sajjan received a
ministerial mandate letter from Trudeau outlining governmental defense
policy objectives. One of these objectives was working with the Minister
of Public Services and Procurement to launch an open competition to
replace the aging CF-18 fighter aircraft averaging over 30 years whose
fleet size has declined from 138 to 77 with something other than the JSF
while also focusing on surveillance and control of Canadian approaches
such as the Arctic regions.*?

During the 2015 election campaign Trudeau claimed it no longer made
sense for Ottawa to purchase the JSF citing its costs and development prob-
lems while vowing to buy less expensive aircraft and invest saved money
into the Royal Canadian Navy. However, on February 24, 2016, DND
announced that Canada planned to make its annual US $32 million pay-
ment to continue participation in the JSF allowing Canada to purchase the
JSF at a discount and for Canadian companies to continue bidding on JSF
contracts. Sajjan said: “We can’t just make a very quick decision on some-
thing like this. We want to make a responsible decision as we move forward.
We have to go through the proper requirements. Once we go through a
proper process, decisions will be made at that.” Senator Daniel Lang
(CPC—Yukon), the Chair of the Senate’s National Security and Defence
Committee, responded by saying, “Why would anybody spend millions of
dollars to stay in a program they’re not going to participate in?”**

A key reason for the Liberal Government’s decision to remain partially
involved with the JSE, despite its desire to find another replacement for the
CF-18, was the CAN $300 million contributed to the JSF program since
its inception and Canadian firms receiving CAN $750 million in contracts
according to a March 2016 report by the Canadian Senate’s Finance
Committee. This document also noted that if Canada decided to withdraw
from the JSF that there would be no specific cancelation fee but that there
would negotiations with remaining participants on withdrawal costs.
During the February 25, 2016, House of Commons debate Sajjan reiter-
ated to skeptical parliamentarians that participating in JSF brought benefits
to Canadian companies and did not commit Ottawa to buy the planes.*®
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A May 16, 2016, House of Commons debate on potential CF-18 pro-
gram replacement saw Erin O’Toole (CPC—Durham, ON) ask Sajjan
which Canadian Government began the CF-18 replacement procurement
process. Sajjan responded that it began under the Harper Government,
but O’Toole corrected him saying it began under the Chretien Government.
O’Toole also noted that changing procurement processes midstream
delays equipment receipt for a generation. He also asked Sajjan if Canada
should choose a fighter not just for the present but for 30 years into the
future and Sajjan replied that there needed to be procurement adaptability
and that there were problems with the JSF which needed to be addressed.*

June 1, 2016, saw Industry Canada issue guidance about the Strategic
Aerospace and Defence Initiative (SADI) program to assist Canadian
aerospace R&D initiatives and collaboration. SADI stressed that for JSE
projects repayment may be based upon actual program-related revenues;
that projects seeking funding under JSF terms must demonstrate a direct
link to the JSF supply chain; and that Technical Assistance Agreements,
Non-Disclosure Agreements, and Letters of Interest represent documents
acceptable for establishing a link to this program.*”

Partisan feuding between the Conservatives and Liberals over the
CF-18 replacement continued on June 9, 2016, when Conservative
defense critic Bezan charged the Liberals with not investing any money
into the CF-18 which he contended was creating a capability gap and
endangering fighter pilots’ lives. Sajjan responded that program misman-
agement left the government with no choice but extending the CF-18’s
life to 2025. Pierre Paul-Hus (CPC—Charlesbourg-Haute-Saint Charles,
QC) responded saying,

All the reports confirm that the government has made up its mind to buy
the Super Hornet. The only thing left to do is to find some red lipstick to put
on the pig to make this thing presentable. The minister says that no decision
has been made and that information is being gathered in order to make the
best choice for the Canadian Forces. If that is the case, can the minister tell
us whom he is in contact with in the industry, other than Boeing, to replace
our CF-18s?

Sajjan said the government was still gathering information and that no
decision had been made, to which Hus retorted that as time goes by the
decision to buy the Super Hornet does not make sense, that there be an
open and transparent CF-18 replacement procurement process, and that
the Canadian Government should not emphasize creating US jobs.*8
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This wrangling over the JSF and possible replacements for the CE-18
occurred during a December 1, 2016, House of Commons Standing
Committee on National Defence meeting when Bezan asked Sajjan if the
CAN $3 million DND budget request for defense procurement was going
to be used to replace the CF-18 fleet and if sole sourcing of the Super
Hornets was responsible spending. Context for Bezan’s questioning
stemmed from Canada announcing on November 22, 2016, that it was
acquiring 18 new F-18 Super Hornet aircraft and Sajjan replied that DND
was committed to replacing the entire air fleet with open competition that
a forthcoming 2017 defense policy document, whose public consultation
process began in April 2016, would contain specific details. Bezan then
asked how much the Super Hornets would cost and Sajjan responded that
costs would be determined once discussions began with Boeing.*

On December 12, 2016, Trudeau announced that Lockheed Martin
could still participate in a competition for the CF-18’s replacement, but in
November 2016 said that it plans to buy 18 Boeing Super Hornets while
acknowledging that the competition for the CE-18’s replacement could
take five years. As of late February 2017, DND had not released a defense
policy report and it remains uncertain whether Canada will eventually pur-
chase the JSF, the Super Hornet, or some other emerging jet fighter.
Frustration over Canada’s convoluted defense procurement process
remains a perpetual factor in Canadian defense spending to the consterna-
tion of Canada and its international partners.*°

Strony Secure Engaged: Canada’s Defence Policy was released by the
Trudeau Government on June 7, 2017. It called for Canada to procure a
fighter capacity of 88 jets to replace the aging CF-18 fleet while also calling
on exploration of the possibility of acquiring an interim aircraft to supple-
ment the CF-18.! On December 12, 2017, Canada announced that it
would purchase supplemental F-18 aircraft from Australia and that these
planes would be modified to fit into current RCAF fleet configurations.®?
The Canadian Government’s procurement website already includes a
number of solicitations for possible interest in the CF-18 replacement
with the most recent specifications being posted on December 12, 2017,
with February 9, 2018, being the requested submission deadline.

Political contentiousness over the CF-18 replacement project, whether
it is the JSF over some other plane, remains a hallmark characteristic of
Canadian defense policy debate. On June 19, 2017, an exasperated Bezan
exclaimed:
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The Liberals’ mismanagement of the fighter jet replacement has gone from
a national scandal to an international embarrassment.

Over the weekend, officials were instructed to meet with aerospace com-
panies in Paris, then they were told to cancel those meetings, and then they
were told to reschedule them. The Minister of National Defence has made
a complete mess of this file. Is there anyone on the Liberal benches, anyone
at all, who can fix this comedy of errors and actually hold an open competi-
tion to replace our aging fighter jets now?%*

Bezan continued his assault on September 28 proclaiming;:

The Liberals’ fighter jet replacement fiasco has gone from bad to worse. The
Prime Minister has stated that Boeing is no longer a trusted partner and has
threatened to cancel all future projects with Boeing. This includes the
Liberals’ asinine interim purchase of 18 Super Hornets, which has been
mocked by the entire defence community. Will the Liberal government stop
playing partisan political games with our troops and immediately launch an
open and transparent competition?®®

Jean Rioux (LIB—Saint Jean, QC), the Parliamentary Secretary to the
Minister of Defence, replied that the government was committed to pur-
chasing 88 jets to replace the aging CF-18 fleet and that Canada was
determined to keep its NATO and NORAD commitments along with
protecting national security. He also maintained on November 6, 2017,
that Canada was committed to maintain a transparent competition which
would benefit Canadian industry.>

On November 21, 2017, Bezan incisively criticized the quality of the
Australian F-18s Canada intended to acquire with the following
indictment:

It is interesting to note that the Australian auditor general did a report on
the legacy F-18 Hornets. Right now Australia plans to roll down those
planes, and withdraw them from service in 2020, because they are buying
new F-35s. If anyone is confused, the Australians had also bought 24 new
Super Hornets. In 2010, Australia bought brand new Super Hornets, the
F-18s, and are going to use them until 2025. Our fighter jets, our legacy
fleet of CF-18s, are only tasked to fly until 2025. Time is crunching down
on us here. We are now looking at less than eight years—it is seven and a half
years—to replace our entire fleet. Buying those Super Hornets is not possi-
ble. The problem is that these legacy Hornets coming from Australia, that
the auditor general has said would be retired in 2020, three years from now,
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have significant aged-aircraft issues, which are resulting in maintenance
durations and costs becoming less predictable. All but nine of the aircraft
have experienced structural fatigue above that expected for the airframe
hours that have already been flown. That fatigue count is higher than that of
even the legacy Hornets here in Canada and those in the U.S. Navy.?”

Trudeau, responding to questioning from Conservative Leader Andrew
Scheer (Regina—Qu’Appelle, SK) on the problems and protracted delays
involved with acquiring a CF-18 replacement, said the Conservative
Government was unable to deliver the equipment Canadian forces needed
and that inquiring interim jets was the only choice his government had.*®
On February 27,2018, the Canadian Government announced that Airbus,
Boeing, Dassault, Lockheed Martin, and Saab were the five firms under
consideration for replacing the CF-18 fighter, meaning Canada could still
end up purchasing the JSE. Formal engagement with eligible suppliers is
occurring between Spring 2018 and Spring 2019, a contract is expected
to be rewarded in 2021-2022, and the first replacement aircraft are sup-
posed to be delivered in 2025.%

CONCLUSION

Canada’s experience with financing and building the JSF has been a trou-
bling and contentious one. However, given the increasing aggressiveness
of Russian military aircraft against Canadian airspace and Canadian mili-
tary targets, geopolitical and domestic aerospace industry requirements
make it likely that Canada will make some kind of tangible commitment to
purchasing the JSF or a similar fifth-generation fighter given this emerging
and deteriorating international security environment regardless of the
political makeup of Canada’s Government. This will be done in order to
maintain Canadian military interoperability with the United States and
other NATO allies and consistency with 2014 Canadian aerospace doc-
trine stressing the need for Ottawa to have multirole platforms capable of
organic escort including the JSF or the Eurofighter Typhoon regardless of
what opposition might occur within some spheres of domestic Canadian
political debate.®
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CHAPTER 7

JSF and the United Kingdom

Britain is a Level 1 JSF partner having contributed $7.618 billion to the
project as of 2015, getting 25% say in the project and 100% in benefits
with the United States, and has invested significant resources into this
project though there have been moments of acute tension in Anglo-
American relations during this program’s protracted development span. In
July 2017 a Times of London report noted that British JSF per plane expen-
ditures were expected to reach between $104.364 million and $105.538
million, with overall program expenditure on these and aircraft carriers
expected to reach $16.264 billion by 2021. A December 2017 House of
Commons Defence Select Committee report on JSF costs estimated that
these would reach $12.207.3 billion through 2026. While London is
interested in diversifying its defense industrial supply, it recognizes the
critical importance of maintaining interoperability with US forces and
maintaining historically close collaboration with the United States on
defense issues.!

Britain’s interest in the JSF began during the Joint Advanced Strike
Technology (JAST) program when John Major’s (CON—Huntingdon)
Conservative Government signed a Memorandum of Understanding in
1995 to join the concept demonstration phase.> On December 10, 1996,
James Arbuthnot, the Ministry of Defence’s (MOD) Minister of State for
Procurement (CON—Wanstead & Woodford), told the House of
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Commons that MOD had contributed $13.022.539 million to the United
States for the JSF program and that MOD anticipated contributing $200
million between 1996 and 2000.3

BrLAIR GOVERNMENT

The July 8, 1998, White Paper saw Prime Minister Tony Blair’s (LAB—
Sedgefield) Labour Government release its Strategic Defence Review. It
advocated purchasing the JSF as a fixed-wing component for the Royal
Navy (RN) while also recognizing that the increasing costs of high-
technology weapons systems made globally produced defense projects like
the JSF more common. On July 21, 1998, Secretary of State for Defence
John Spellar (LAB—Warley) told the House of Commons that the United
Kingdom was participating as a collaborative partner in the JSF Concept
Demonstration Phase and that steady progress was being made for the
planned 2000 first flights of the Concept Determination aircraft.*

This time period also saw MOD focus on the need to replace its carrier-
based Harrier aircraft and the offensive capabilities of the land-based
Tornado fighter fleet. Initially, MOD decided to purchase the Eurofighter
Typhoon fighters for air defense and offensive air support. The Eurofighter
remains part of Britain’s military airpower assets, but the need to maintain
close interoperability with the United States led to enhanced British inter-
est in becoming part of the JSF.°

In January 2001, MOD announced that the JSF had the best potential
to meet UK joint combat aircraft requirements and London entered the
program’s demonstration phase by participating in the JSF System
Development Phase which would prove to be the first of a projected five-
main gate stages in the British JSF ordering process. October 2001 saw
British Aerospace Systems (BAE) join Lockheed Martin and Northrop
Grumman as the prime contractors. MOD announced that British involve-
ment in this JSF phase would create or sustain 5000 new jobs in approxi-
mately 70 British companies. During this time the Royal Air Force (RAF)
military professional journal announced that JSF would be one of four
platforms dominating stealthy air forces in 2020. In September 2002,
MOD announced that the United Kingdom had selected the STOVL ver-
sion of JSF over the US F/A-18E, France’s Rafale M, a “navalized
Eurofighter,” and an advanced Harrier to meet the United Kingdom’s
requirements since these other aircraft were not viewed as cost-effective.b
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A December 21, 2005, report by the House of Commons Defence
Select Committee noted that JSE carrier weight problems had been
lessened, but that risks remained and must be monitored closely. This
document and a National Audit Office (NAO) document mentioned that
the JSF’s targeted UK carrier deployment had slipped from 2012 to 2014.
Committee members also stressed concern that the United Kingdom
would not have access to all appropriate JSF information and technology,
contending:

It is vital that the UK gets all the information and access to technology it
requires from the US to have “Sovereign Capability”—the ability to main-
tain the Joint Strike Fighter aircraft and undertake upgrades independently.
The UK must receive adequate assurances that it will get all the information
and access to technology it requires before the programme is to far advanced.
If these assurances are not given, it is questionable whether the UK should
continue its involvement in the programme.”

This parliamentary document went on to say that it anticipated Britain
buying up to 150 STOVL aircraft, noted with concern Senator Carl
Levin’s (D—MI) statement to Aviation Week and Space Technology in
October 2005 that the JSF could be trimmed back due to budget pres-
sures, and also commented on Secretary of Defense Donald Rumsfeld’s
November 2005 assertion that JSF would receive generous funding in the
US FY 2007 budget request to be submitted in February 2006.8

In December 12,2006, Lord Drayson, the Minister of State for Defence
Equipment and Support, approved the business case to participate in JSE’s
Production, Sustainment, and Follow-on Development Phase entering
the second Main Gate of British JSF procurement activity.’

A critical problem in Britain’s JSF collaboration with the United States
was Washington’s refusal to share stealth technologies with London such
as radar-absorbing paint, software source code foundational to JSF equip-
ment and weapons integration, and agreements covering follow-up devel-
opment of aftermarket capabilities due to the US rigid interpretation of
International Traffic in Arms Regulations (ITAR) rules authorizing presi-
dential control of defense article exports under the Arms Export Control
Act (AECA). This is a subject which has complicated allied country col-
laboration with the United States on the JSF. During late 2005, the British
seriously considered transferring the preponderance of their arms acquisi-
tions to European suppliers, but the United States agreed to British con-
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cerns on this subject and reached agreement in 2007.1° This agreement
would be set back in late 2009 when the US JSF international affairs leader
Jim Schreiber said the United States would keep all of the JSF’s software
coding and the agreement was not ratified by the US Congress until
2010.1

BrROWN GOVERNMENT

Delays and cost concerns continued plaguing the British JSF during
Gordon Brown’s (LAB—Kirkcaldy and Cowdenbeath) Government
between 2007 and 2010. A March 2008 House of Commons Defence
Select Committee report expressed disappointment learning that MOD
could not guarantee that JSF would be available for aircraft carrier deploy-
ment in 2014 and that existing Harrier G9 aircraft would remain in service
until 2018. An carlier 2005 investigation by this committee announced
that MOD had told them that it anticipated buying 150 STOVL aircraft.
However by 2008, MOD said the target number of JSE’s to be purchased
depended on their cost with MOD’s Chief of Defence Material General
Sir Kevin O’Donoghue saying during a January 29, 2008, hearing before
this committee, “It would be foolish of me to suggest a number without
knowing the price.” In addition, MOD Chief Operating Officer David
Gould said that production cost growth of 20-30% had occurred with the
F-18 program, but that he had not seen any evidence of this happening
with the JSE. Gould also said he was confident MOD could afford 36 JSF
aircraft on each aircraft carrier. When asked by the committee if the origi-
nal goal of buying 150 aircraft was “cloud cuckoo land,” O’Donoghue
maintained he was “not sure if we need to decide on a number now.”"?

The government responded to the committee’s concerns on June 10,
2008, by noting that MOD was still finalizing its plans for transitioning
from the Harrier to the JSE. It also stressed the complexities inherent in
multinational procurement projects:

The development and subsequent manufacture and delivery of defence
equipment is technically challenging and often involves leading edge tech-
nologies. Undertaking programmes with international partners involves
many of the same risks associated with programmes pursued independently.
A key issue is to ensure the risks are well understood and sufficient provision
is made for them at the outset to secure a good foundation. It also requires
an appreciation by all the participating nations of the broader risks associ-
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ated with collaborating, for example, differing budgetary and approval
regimes or technical clearance requirements, and allowing for these.
Collaboration is a very powerful vehicle for sharing non-recurring costs,
risk, technologies and knowledge as well as leveraging the benefits of econo-
mies of scale associated with larger numbers. It also allows nations to pursue
a capability that would be beyond its means to pursue independently.'?

In March 2009, approval was given for the Third Main Gate involving
procuring aircraft for Joint Operational Test and Evaluation. This same
year also saw an order placed for two operational JSF tests and evaluation
for anticipated delivery in 2012. These two aircratt were eventually deliv-
ered on July 19, 2012, at Lockheed Martin’s JSF facility in Fort Worth,
TX, and in October 2012 at Florida’s Eglin Air Force Base where British
fighters and engineers receive training to operate the aircraft.*

CAMERON (GOVERNMENT

The 2010 Strategic Defense and Security Review (SDSR) initiated by the
new Conservative-Liberal Democrat coalition government of Prime
Minister David Cameron (CON—Witney) and Deputy Prime Minister
Nick Clegg (LIBD—Sheffield, Hallam) stressed that the RN would build
a catapult to an operational carrier to fly a version of the JSF with longer
range and greater weapons capacity, instead of the STOVL version, to
enhance British interoperability with the American and French navies. The
2010 SDSR also announced that the RAF would be structured around the
Eurofighter Typhoon for air-to-air and air-to-ground missions and the JSF
for multirole combat by the 2020s. Additional rationale espoused by
SDSR on the need for JSF’s acquisition includes recognizing the more
than three-decade-old age of the Harrier and Tornado air defense and
ground attack aircraft; the ability of Typhoon and JSF to operate indepen-
dently in challenging environments; carrying various electronic sensors to
achieve an unprecedented picture of adjacent threats, and being able to
share with other UK and allied air, ground, and maritime forces.

These decisions, including defense spending and force reduction cuts
with the government pledging adherence to the North Atlantic Treaty
Organization’s targeted goal of 2% of GDP being allocated to defense
spending, were publicly verified by Cameron during Prime Minister’s
Questions on October 19, 2010, when he criticized the Labour
Government’s purchasing what he regarded as a more expensive and less
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capable JSF version to fly off carriers. Force and weapons systems reduc-
tions implemented as a result of SDSR included canceling the £3 billion
Nimrod maritime patrol and attack aircraft; reducing Army personnel
from 102,500 to 95,500 between 2010 and 2015; reducing RN person-
nel from 35,000 to 30,000 and frigates and destroyers from 23 to 19
between 2010 and 2015; and reducing RAF manpower from 38,000 to
33,000 between 2010 and 2015.1°

Frustration with continual JSF cost increases and delays was reflected
during a July 11,2011, hearing by the House of Commons Public Accounts
Committee examining problems with the carrier strike element of MOD’s
JSE program. The following exchange between committee chair MP
Margaret Hodge (LAB—Barking), Ursula Brennan, MOD’s Permanent
Undersecretary, and Rear Admiral Amjad Hussain, CB, the Director
(Precision Attack) and Controller of the Navy illustrates the ongoing frus-
trations experienced by parliamentary appropriators and the lack of fiscal
precision provided by MOD personnel to a report by the NAO and MOD
Comptroller:

Hodge: One of the real irritating things about the
MOD is to get some certainty. The figure
in the Report says £800 million to £1.2
billion. Can you give this Committee an
assurance that the MOD, under your
leadership and with Rear Admiral Hussain
being the Responsible officer, will not in
the future exceed £1.2 billion—I am
being generous to you—in the actual
costs of conversion?

Rear Admiral Amjad Hussain: I do not think as this stage one can give
an absolute guarantee. We work in terms
of possibilities, and our estimates are
pretty well founded.

Hodge: Your estimates are usually wrong.

Rear Admiral Amjad Hussein: The estimates are quite well-founded. I
would not expect it to exceed that cost,
but there are a number of levers to pull
across this carrier programme. The cats-
and-traps cost in isolation should not be
taken away from the cost of the aircraft.
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Hodge: You gave me an answer to that, which is
that you cannot assure the Committee
that, at the higher figure of the cost of
conversion in our Report, you can stand
by that. That is an estimate; it is not an
actual cost.

Brennan: It is currently an estimate and, until the
work is completed, remains an estimate.
We believe that it is a good estimate but,
until it is definitively nailed down and
contracted for, we cannot give you a
guarantee about that.!¢

Frustration with JSF delays was not limited to the opposition Labour
Party. MP Stephen Barclay (CON—North East Cambridgeshire) asked
Brennan if there was a distinction between a policy issue and a value-for-
money issue. Brennan responded by contending whether the United
Kingdom wanting a carrier strike capability was the big policy issue and
that the changed type of aircraft on the carrier brings the best value for
moncey and most bang for the buck.!”

This parliamentary frustration was reflected in the Committee’s
November 23, 2011, report on the carrier strike capability with key docu-
ment determinations including;:

e The committee’s ability to hold departments accountable and deliver
value for money was limited by NAO not having access to all infor-
mation it needed when preparing this report;

* Converting the ship from the STOVL variant to the carrier variant
has changed the risk and costs profile with the costs not being known
until December 2012, leaving the project at risk of cost growth and
delays along with new technical risks and challenges integrating the
new aircraft with the carriers;

e MOD has entered into commercial agreements without assurance it
has the budget to meet its commitments resulting in a shortfall of up
to £38 billion over the next ten years;

e Deciding to withdraw current carriers and Harrier aircraft has pro-
duced a nine-year gap when the United Kingdom will have no carrier
strike capability;

e There is no individual responsible for delivering the Carrier Strike
project below the MOD Accounting Officer.!8
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During Spring 2012 it was revealed that JSF carrier flight desk program
costs had risen from £500 million to £1.8 billion. Concerns were expressed
in press and governmental reports on the positioning of the aircraft arres-
tor hook; risks with the Electromagnetic Aircraft Launch System (EMALS);
the potential need for air-to-air-refueling capability when aircraft are unable
to land on the flight point; and the United Kingdom’s lack of experience
operating the carrier version. Such concerns prompted Shadow Defence
Secretary Jim Murphy (LAB—ZEast Renfrewshire) to write the Secretary of
State for Defence on March 2, 2012, asking whether MOD was reconsid-
ering its 2010 decision to abandon the F-35’s STOVL variant."

An analysis of the technological complexity and the increased costs of
the JSF make the following assertion:

While critiques of the acquisition process are credible, it is hard to escape the
conclusion that even with a perfectly designed project, governments work-
ing on the cutting edge of technology will see costs increase. The software
lines of code for the JSF now number over 34 million. Thus the JSF vali-
dates what may be the crux of any such initiative: acquisition decisions based
on the initial estimate of the price of the item will invariably be incorrect.
The only question is the size of the cost increase. For policymakers, that
should indicate a calculation on whether the risk involved in getting the best
technology is excessively high and involves a potentially unacceptable cost.?

These recurring concerns prompted Secretary of State for Defence Philip
Hammond (CON—Runnymede and Weybridge) to announce in Parliament
on May 10, 2012, that the cost and technical design concerns compelled the
government to reverse its 2010 SDSR decision to proceed with JSF’s carrier
version and that it would return to the F-35B STOVL variant. In his
announcement, Hammond mentioned that catapult launch system costs to
the HMS Prince of Wales had more than doubled from £950 million to £2
billion, that the costs of making the necessary refits to the aircraft carrier
HMS Queen Elizabeth would be between £2.5 and £3 billion pounds, and
that it was highly unlikely this ship would ever be converted. Hammond
went on to mention that this decision would not delay aircraft delivery.*!

This policy reversal was denounced by Murphy, who described the car-
rier program as “chaotic” and maintained that it represented the loss of
two years and a waste of £250 million. This decision received a mixed
reaction in the British defense community with former Chief of Defence
Staft Sir David Richards noting impressive improvements to STOVL air-
craft since the 2010 SDSR and that the strategic balance had tipped in
favor of STOVL. In contrast, Rear Admiral Chris Parry, the former MOD
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Doctrine Director, criticized the decision to revert to the F-35B instead of
what he considers the more capable F-35C by suggesting this decision was
geared toward short-term cost-saving factors instead of a desire to provide
financial value and long-term strategic utility. Parry also expressed concern
about the absence of air-to-air refueling capability on the carriers and the
subsequent reliance on land-based aircraft.?

In July 2012, the United Kingdom announced it had committed to 48
aircraft while refusing to specifically commit on the exact number of air-
craft it would order. On February 5, 2014, MOD announced that the
NAO 2012 Major Project Report had listed the JSF approved cost as being
£2.716 billion and its forecast cost as being £2.344 billion. Minister for
Defence Equipment Philip Dunne (CON—Ludlow) also announced that
not until 2017 would the government be able to have a conclusive cost
estimate which would affect how many JSF aircraft would be ordered.??

Further problems prompting the JSF carrier reversion decision were
revealed in a May 2013 NAO report noting the flawed and immature data
assumptions behind 2010 SDSR decision-making, EMALS conversion
cost increases rising from £800 million to £2 billion, and the realization
that there were interoperability problems with both US and French air-
craft carriers and weapons systems.>*

January 2014 saw HM Treasury approve Main Gate 4 which involved
purchasing aircraft and support to deliver Initial Operating Capability
scheduled for 2018. This covers purchasing of the first operational squadron
of 14 aircraft, associated support equipment and spare parts, and all associ-
ated support contracts up to 2020. The JSF’s Initial Operating Capability is
set for December 31, 2018. November 24, 2014, saw the initial contracts
signed for the first four aircraft with an approved budget cost of £2.75 bil-
lion, with the actual forecast cost expected to be £2.42 billion due to an
accounting adjustment removing £204 million for potential future foreign
exchange rate movements and decreased risks and uncertainty levels. The
bulk purchase of JSF aircraft was expected to occur in 2017.2°

BrrrisH JSF CONTRACTORS

British JSF contractors, with a workforce of nearly 25,000, are scattered
around the country with most being in the Northwest, many being in the
southwest and East Midlands, and slightly fewer being in the southeast.
JSF impacts nearly all areas of the United Kingdom including Scotland and
Wales. Table 7.1 lists the contractors and selected subcontractors, selected
components produced, and selected geographic production locations.
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Table 7.1 Selected British JSF contractors?®

BAE Systems

Stevenage; Nottingham;
Isle of Wight; Sheffield;
Manchester

Cobham

Hampshire

GE Aviation Systems
London; Hants; Barnstaple;
Newmarket; Tewksbury,

Gentex

Coventry

Goodrich Actuation
Systems

Bedhampton; Derbys;
Milton Keynes; Penny &
Giles

Honeywell
Normalair-Garrett
Yeovil

Martin-Baker Aircraft
Company

Warwick; Stevenston; High
Wycombe; Douglas;
Oxford

MBDA

Bolton; Bristol; London;
Stevenage; Summerfield

MOOG

Tewkesbury;
Wolverhampton; Luton
RFD Beaufort
Merseyside; Dunmurry;
Southampton

Rolls-Royce

Derby; Rotherham;
Sheffield; Wolverhampton
Selex

Edinburgh

Stirling Dynamics
Bristol

Aft fuselage and structural components; vertical and
horizontal tails; CV Wing tips; vehicle; weapons integration;
throttle quadrant

Design, qualification, and manufacture of air refueling
probe

Electrical power management system; battery charger;
standby flight display; connectors; fabrication, printed
circuit boards; fuselage remote interface units; tactical data
equipment

Helmet integrated systems

Developing complete drive system for JSF weapons bay
door, including electronic control unit; supplying flight and
propulsion system activators for F-35B STOVL

Cockpit life-support system

US16E ejection seat for all F-35 versions

Integrating Advanced Short-Range Air-to-Air Missile
(AMRAAM) for the United Kingdom; long-range,
deep-strike cruise missile; Brimstone air-to-surface precision
strike weapon

Primary Flight Control; leading-edge actuation system

Design, manufacture, and distribution of Pilot Flight
Equipment, including fully integrated, modular and
interchangeable solution to maximize protection and
optimize pilot performance

STOVL lift system; lift fan; roll ducts; 3-Bearing Swivel
Nozzle

Electro-optical targeting laser

Stick and throttle for trainers

(continued)
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Table 7.1 (continued)

Survitec Pilot flight equipment

Great Yarmouth; Grimsby,

Edinburgh

Ultra Electronics Engine ice protection systems on the main JSF engine
Cheltenham; Greenford; (F-135); lift fan engine; Suspension and release equipment

High Wycombe; Weymouth

UTC Aerospace Systems ~ Weapons bay, door drive
Malvern; Plymouth;

Wolverhampton

These companies are part of the United Kingdom’s overall defense
industry generating revenue of over £22 billion in 2012, average annual
exports exceeding £6.5 billion over the past decade, directly employing a
domestic workforce of 162,400, and building 15% of the planned 3000
Lockheed Martin JSF fleet. During 2016, the UK acrospace sector gener-
ated over £31 billion in revenue from a workforce of 95,000 with south-
west England and the East Midlands accounting for 43% of this workforce
and nearly 90% of its output is exported. British defense industry expertise
with JSF technology gives it the authority to have an open export license
for this technology to countries participating in this program including
Australia, Canada, Denmark, Israel, Italy, Japan, the Netherlands, Norway,
South Korea, Turkey, and the United States.?”

This widespread dispersion of JSE-related workforce throughout the
United Kingdom, from constituencies represented by all major British
political parties, ensures maintenance of significant support levels for the
JSF regardless of the financial costs involved. This is reflected in the pres-
ence of an F-35 aviation and avionic element repair hub at Sealand in
Northeast Wales which MOD announced supported 400 jobs on
November 7, 2016.%8

RAF and RN pilots have been training with the United States Marine
Corps (USMC) in partnerships initially and later at the Marine Corps Air
Station (MCAS) in Beaufort, SC. The RAF’s 617 Squadron was formed in
2016 at MCAS Beaufort before moving to RAF Marham in 2018. JSF
flight testing is expected to occur in US waters on the HMS Queen
Elizabeth between 2018 and May 2019 by the No. 17 Test and Evaluation
Squadron. The JSF Lightning II is expected to be the first aircraft to fly
from the Queen Elizabeth according to a December 17, 2014, statement
made to the Commons Defence Committee by Defense Secretary Michael
Fallon (CON—Sevenoaks).?
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These trends have not been significantly affected by the results of the
May 7, 2015, British election which resulted in a majority Conservative
victory.®® Britain will eventually deploy some form of the JSF. However,
the numbers and effectiveness of this fleet and Britain’s financial willing-
ness to sustain this fleet and its overall defense capabilities have been
uncertain. British defense spending has declined from £41.3 billion annu-
ally in 2010/11 to £36.4 billion in 2013/14 and to £35.1 billion in
2015/16 and rising to £35.3 billion for 2016,/17 while also declining
from 5.9% of government spending in 2010,/11 to 5.3% in 2013 /14 from
a 6.7% share of government spending between 2001 and 2003 though
rising to 6% of government spending in 2017.3!

Concerns about Britain’s financial willingness to sustain its defense
obligations were reflected in a parliamentary Early Day Motion (a docu-
ment recommending debate on a topic) tabled on February 3, 2015, by
MP Peter Luft (CON—Mid Worcestershire) and signed by 32 additional
MPs representing all parliamentary political parties. Stressing concern
over unforeseen emerging threats to British security such as the Ukraine
crisis, this document urges the government elected in the May 2015 elec-
tions to adopt effective and properly funded defense, development, and
diplomatic policies to meet these threats; favors the United Kingdom
spending at least 2% of its GDP on defense; and including 1% annual
increases in the defense equipment budget.?

This financial willingness or unwillingness to support the 2% defense
spending GDP threshold was debated in the House of Commons on
March 12, 2015, for over 3% hours with an accompanying motion favor-
ing this spending level passing 37-3. Gisela Stuart (LAB—Birmingham,
Edgbaston) noted that defense spending represented 2.5% of GDP in
2010 and 2% in 2015. John Baron (CON—Basildon and Billericay) men-
tioned increasing Russian aggressiveness in UK airspace and noted the
Defence Secretary’s comment that Russian aggression posed a real danger
to Estonia, Latvia, and Lithuania by arguing;:

The heft of a strong military underpins a successful foreign policy. By con-
trast, a shrinking defence budget threatens our ability to lead global opin-
ion, reduces our foreign policy options and, crucially, sends the wrong
message both to our allies and to potential adversaries. It is doubtful that
President Putin would operate as he is now if he thought that NATO, espe-
cially the European NATO members, would robustly stand up to him.
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Additional salient arguments were presented by Defence Committee
Chair Rory Stewart (CON—DPenrith and The Border). He noted that the
reemergence of a threat from a single state (Russia); that the emergence of
hostile security environments in Afghanistan, Libya, South Sudan, Syria,
Western Iraq, and Yemen; that more defense spending was needed to deal
with conventional threats from Russia and concurrent threats from fragile
states harboring Islamist terrorist groups; and that these required new
force structures and spending. Malcolm Ritkin (IND—Kensington) noted
what he saw as the government’s imperative to assume leadership, even if
it was unpopular, on increasing defense spending with the following
observations:

What I beg of the Government, or any Government who emerge after the
general election, is that they do not ask the facile question, “Does this win
votes? Are the public demanding it? Is this therefore something we must
respond to, or it will hurt us politically?” If a Government have one justifica-
tion in a democratic society, it is that they do not just follow, or seek to
follow, public opinion, but occasionally recognise the need to lead public
opinion, and to take decisions that may involve painful choices, and that
may be difficult in terms of newspaper headlines, but may have profound
and beneficial impacts on our ability to make our contribution to sorting
out some of the problems of the world.?*

Another important development in the future status of the JSF will be
the findings of the 2015 SDSR. Updating the coalition government’s
2010 SDSR, this document follows the pattern of the US Quadrenninl
Defense Review in describing national security strategies while also reflect-
ing political and financial constraints which have limited and may continue
restricting Britain’s ability to meet its immediate national security interests
and its broader strategic relationships with the United States and other
allies. This could make it extremely difficult for Britain to decisively increase
its military spending regardless of ongoing Russian threats (demonstrated
by RAF jets scrambling more than 40 times since Cameron became Prime
Minister to prevent Russian military planes such as bombers from entering
UK airspace) or US pressures for increased defense spending.®

The willingness of Britain to sustain its military capabilities remains an
open question in an environment of increasing Russian geopolitical
aggressiveness, the rise of Islamist terrorism such as ISIS, and cyberterror-
ism coupled with recently listed declines in defense spending under the
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Cameron Government. While there is support for robust defense spend-
ing among the Conservatives and some Labour Party members, it is not
supported by the Scottish National Party whose defense policy was
described by an informed observer as “simple wishful thinking.”3¢

The 2015 SDSR was released on November 23,2015, and took a more
robust and assertive posture toward British defense spending and power
projection than its 2010 predecessor. It called for a maritime task group
featuring the JSF on a Queen Elizabeth Class aircraft carrier, increasing JSF
purchases in the early 2020s, establishing an initial JSF squadron in the
RAF while buying 138 JSFs over the program’s life, collaborating with the
United States on building and supporting the JSF, and increasing interop-
erability with the US Parliamentary debate on the SDSR’s release saw MP
Nigel Evans (CON—Ribble Valley) comment that the November 13 Paris
terrorist attacks stressed the importance of the RAF having necessary
resources including the JSF and Typhoon fighters.?”

May GOVERNMENT

Further British procurement of JSE-related equipment was announced on
August 16, 2016, when Minister for Defence Procurement Harriet
Baldwin (CON—West Worcestershire) awarded a £184 million contract
to MBDA Missile Systems to arm the JSF with an air-to-air missile which
will enable its use beyond 2022. This missile will use a sophisticated infra-
red seeker enabling pilots to engage and defend against other aircraft while
engaging hostile aerial targets ranging from small drones to large multi-
engine aircraft.®

The JSF remains the subject of British parliamentary debate and scru-
tiny and assessment by the NAO before and after the June 23, 2016,
Brexit vote which resulted in Cameron’s resignation and his replacement
as prime minister by Theresa May (CON—Maidstone).? On July 2, 2015,
Alan Mak (CON—Havant) noted that conventional forces remain highly
relevant in a world of potential cyber and chemical attacks. He also
observed that forthcoming defense spending programs in areas such as the
JSE, aircraft carriers, armored vehicles, and attack helicopters reflect wisely
on this emerging security environment while also stressing the important
role that defense contractors such as Eaton Aerospace and Lockheed
Martin play in his parliamentary constituency.** However, concern over
the JSF’s cost was reflected in February 2, 2017, Commons debate by
Kirsten Oswald (SNP—East Renfrewshire) who maintained that JSE, the
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Poseidon maritime patrol aircraft, and other defense spending of £24.4
billion pounds represented a fiscal “black hole” which she described the
government as inheriting from its Labor predecessors.*!

An April 12, 2016, Commons Defence Committee report on British
defense spending quoted Justin Bronk of the Royal United Services
Institute (RUSI) contending the following about JSF costs and benefits:

The F-35 represents a significant challenge and a significant opportunity in
the realm of training and maintenance for the UK. On the one hand, operat-
ing the single-seat, stealthy jet effectively and training pilots with advanced
and highly sensitive capabilities will require significant investment in next-
generation synthetic training facilities and networks. On the other, these
investments will enable the UK to train for complex, high-threat war-
fighting situations affordably and regularly in a way that can currently only
be done at great expense in the US.#?

This report also asserted that if the United Kingdom upgrades cross-
platform interoperability then the JSF’s efficiency and impact will be
enhanced considerably, but if such investments are not made there could
be significant waste in the United Kingdom’s JSF potential.*3

A June 28, 2016, report by this committee noted increasing Russian
aerial aggression in UK airspace and waters and in other theaters of opera-
tion. This included Iranian transfer of SU-25 aircraft to Iraq to fight
Daesh, using MiG-31 aircraft to threaten Baltic States, buzzing a US
destroyer in the Baltic Sea on April 11-12, 2016, inducing the June 2014
closure of a US air transit center in Kyrgyzstan, the United Kingdom
being forced to ask NATO for maritime patrol aircraft to track a Russian
submarine in British waters, and a disparity of 1084-1094 in tactical air-
craft between Russia and the United Kingdom reflecting London’s acute
unilateral airpower inferiority to Moscow.**

A January 31, 2017, hearing by this committee saw Madeline Moon
(LAB—DBridgend) question Baldwin about various JSF procurement mat-
ters including the JSF’s oft-the-shelf procurement. Baldwin stressed that
Britain was building 15% of the JSF aircraft emphasizing that the United
States recognized the existence of a two-way bilateral relationship between
these two countries on this aircraft. Moon noted President Trump’s recent
denunciation of JSF costs and his emphasis on “America First” in its poli-
cies. She went on to ask Baldwin if the United Kingdom would adopt a
“Britain First” defense procurement strategy. Baldwin responded saying
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the United Kingdom strongly supports Trump’s efforts to reduce JSE
costs, that the United Kingdom is open to partnering with other countries
to share defense costs, and that Britain sees Brexit as an opportunity to
work closely with European allies citing the Typhoon and A400M strate-
gic and tactical airlift aircraft as precedents. Lt. General Mark Poffley
(Deputy Chief of Defence Staff for Military Capability) went on to empha-
size that the JSF was the right platform for the United Kingdom to pur-
chase, that UK involvement in this project is “second to none,” and that
the United States is not reducing its commitment to the JSF.*

The October 22, 2015, NAO report on defense equipment planning
out to 2025 noted improving support elements in the JSF program. These
included the current forecast cost to completion being £4.947 billion with
the expected cost to completion being £5.622 billion; forecast assessment
cost being £144 million as opposed to an approved £150 million; and the
JSE’s forecast in-service date being December 2018.46 A June 14, 2016,
NAO report on funding requirements stemming from the 2015 SDSR
noted that MOD plans equipment spending of £178 million between
2016 and 2026, and that the number of JSFs employed on aircraft carriers
beginning in the 2020s will increase from 15 to 24.%7

NAQ’s January 26, 2017, report on MOD’s equipment plan from
2016 to 2026 noted that projected JSF expenditures were £471 million
and reaffirmed Britain’s commitment to buy 138 aircraft. This report also
noted that nearly £6 billion in extra savings would need to occur or the
ability to purchase new planes and tanks would be jeopardized.*®

FURTHER 2017 DEVELOPMENTS

May’s government appeared stable in the early months of 2017 due to the
disarray then experienced by the Labour Party under Jeremy Corbyn
(LAB—Islington North) seeming to make the JSF prospects reasonably
promising for the foreseeable future. On March 8, 2017, Chancellor of
the Exchequer Philip Hammond presented the 2017,/2018 budget to the
House of Commons. In his speech, Hammond maintained that Britain’s
economy was experiencing robust growth which was faster than France,
Japan, and the United States; that the budget deficit had been reduced by
two-thirds; that unemployment was at a 11-year low; that the United
Kingdom was in a strong financial position as it begins Brexit negotiations;
and that national debt would fall in the future. Defense spending was pro-
jected to rise to £48 billion for 2017 /2018, representing 5.98% of pro-
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jected government spending and allowing for funding to continue JSF
acquisition and program participation.*

The strength of May’s Government and potential prospects for the JSF
took a hit when she made an ill-advised call for a snap parliamentary elec-
tion on June 8, 2017, in an effort to increase its majority. This election
actually saw her government lose its majority and have to enter a confi-
dence and supply agreement with Northern Ireland’s Democratic Unionist
Party to retain power.>® Another blow to JSF fortunes occurred in a July
17, 2017, Times of London investigation which documented rising costs
and various technical problems with the JSF including:

e The Lightning cannot transmit data to British ships or older planes
without revealing its position to an enemy.

* Broadband on Britain’s principal aircraft carrier HMS Queen Elizabeth
is four times weaker than the average British household severely
restricting the JSF’s abilities.

e A test pilot had to land the JSF in almost total darkness after night
vision failed in the plane’s $418,000 helmet.

e The section of MOD responsible for JSP computer network opera-
tions must find over $460 million in savings this year.

e Updating satellite broadband across the RAF and RN to communi-
cate securely would cost nearly $1.356 billion.

e Maneuverability is bad, flying fast at low altitude is problematic;
when overheating occurs bomb bay doors must be opened to cool
the missiles that are inside, and logistics computers cripple the ability
to move the JSF from one airfield to another.?!

Defence Procurement Minister Baldwin told Conservative Commons
parliamentarians that newspaper reports were “out of date, lack technical
understanding of complex issues, and contain commentary that is ill-
informed and inaccurate.” She also added that “where concerns are valid
they are not new, have been reported in recent years, and are being
addressed as part of the trials.”®?

The Commons Defence Committee launched a further investigation
into the JSF’s procurement status on September 12, 2017, holding a
public hearing on that date and on October 17, 2017, before releasing its
report on December 12, 2017. The Committee’s report expressed strong
displeasure that the MOD was unable to supply for specific JSF cost fig-
ures than $105 million per aircraft and a total of $12.207.3 billion out to
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2026 including the first 48 aircraft, spares, support, training, and infra-
structure investment at RAF Marham and other locales. This section of
this report excoriated the lack of fiscal transparency saying it was unaccept-
able and risked undermining public confidence in the program and that
MOD should provide “rough orders of magnitude” it claims to have for
JSF costs beyond 2026-2027.53

Evidence presented to this committee by Lockheed Martin on
November 17, 2017, said that program problems raised in The Times
investigation were historic and had been resolved; that software changes
had been made to improve helmet night vision imaging at sea and that
pilots are able to change helmet display to better reflect operating condi-
tions; that no thermal restrictions exist on aircraft weapon bay doors dur-
ing flight, that cybersecurity testing occurs continually and is robustly
resourced; and that JSF can communicate fifth-generation situational
awareness to legacy platforms.>*

Subsequent documentation submitted to this committee by MOD
stressed that the JSF is on-time, within costs, and offers the best capability
for British military forces, that it is the world’s most advance fighter jet,
that the JSF is a formidable fighting force whether deployed from the
Queen Elizabeth or land, and that past problems are being dealt with by
MOD and the Joint Program Office. Detailed claims made by The Times
were systematically criticized in this submission, and Wing Commander
James Beck, who is about to assume control of the United Kingdom’s JSF
Program, noted:

The F-35 is the best aircraft I’ve ever flown. It is the most advanced multi-
role fighter jet out there and the aircraft most suited to the UK’s needs.
With huge flexibility and cutting-edge innovation, this supersonic, stealth
aircraft will bring about a generation change in the way we fight in the
Combat Air arena for many decades to come.®

Conclusions and recommendations in the Commons Defence Committee
report included:

1. Satisfaction that the Government acknowledges the potential value
of using the Multifunction Advanced Data Link (MADL) for secure
communications between the JSF and older aircraft.

2. Expanding the bandwidth of Queen Elizabeth carriers from 8 mega-
bits to over 32 megabits.
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3. Satisfaction that Lockheed Martin and MOD have been rigorously
testing the ALIS software to rectify bugs and that British contractors
have sufficient ALIS intellectual property rights.

4. Concern over the lack of MOD transparency on cost estimates and
recommending that full unit costs such be provided for each aircraft
once spares and upgrades are included.

5. Displeasure that cost figures were only sent to Conservative parlia-
mentarians instead of MPs from all parties.

6. Requiring the government to provide six-month updates on pro-
gram progress every six months including details on ongoing pro-
gram costs including sustainment, spares, and logistics, software
upgrades, and unit recurring flyaway costs. Future trials of commu-
nications between the JSF and older aircraft via MADL systems
should be communicated by MOD to the Committee on progress
made.%¢

RAF Squadron 617 is expected to declare JSF land Initial Operating
Capability (IOC) with nine aircraft in December 2018. Operational
Conversion Squadron 207 anticipates achieving IOC in 2019 and opera-
tional unit Naval Air Squadron 809 expects to achieve IOC in 2023. The
year 2019 will also see the Tornado fighter leave operational service and
Lightning squadrons will be based at RAF Marham.®”

CONCLUSION

Britain’s experience with the JSF has featured similar successes and failures
to those experienced by other partner countries. It is highly likely that the
JSF will gradually be incorporated into Britain’s naval and airpower opera-
tions given the economic and political capital invested so far. This could
change if there are unresolved spending and development problems with
the JSF further delaying its production and deployment or if Jeremy
Corbyn and Labor come to power in a future British election. However,
Russia’s increasing geopolitical aggressiveness in Europe and the Middle
East and the continuing likelihood that Britain will need to engage in
counterterrorism operations against Daesh and its allies in the Middle East
and North Africa using air strikes make it highly probable that the JSF will
be a critical component of British aerial and naval military strike power in
the years to come.
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The next chapter will look at the experiences of other US allied coun-
tries with the JSF and how it may be incorporated into their national
security and military strategies.
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CHAPTER 8

JSF and Denmark, Israel, Italy, and Japan

Interest in purchasing the JSF has not been confined to the United States
and other Anglosphere countries. It also applies to other US allied coun-
tries who may or may not be part of the North Atlantic Treaty Organization
(NATO). These countries encompass multiple global regions and have
their own domestic political, economic, and strategic reasons for wanting
to participate in the JSF program and purchase the JSF. This chapter exam-
ines some of the factors prompting these countries’ interest in the JSF
despite the problems it has experienced in previously examined countries.
Before covering these countries’ involvement with the JSE, we must
briefly examine the presence of other advanced jet fighters which may meet
these countries airpower needs. These fighters include the Dassault Aviation
Rafale, Eurofighter Typhoon, and Saab-Gripen. Dassault Aviation is a
French-based aerospace company headquartered in Paris with other facilities
and suppliers in France and multiple international countries including China,
India, and the United States. It is a key supplier of aircraft to the French mili-
tary while also selling aircraft to other countries. The Rafale is a jet fighter
used by the French Air Force and Navy. It began service in the French Navy
in 2004 with ten of these aircraft operating on the Charles de Gaulle aircraft
carrier. The air force variant of this fighter began service in June 2006.!
France initially ordered 180 Rafales, with 132 going to the Air Force
and 48 to the Navy, with 100 of these being delivered by the end of 2010.
These aircraft first saw action in March 2007 when they were deployed to
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Tajikistan as part of NATO’s International Security Assistance Force in
Afghanistan. The French Government ordered 60 additional Rafales in
November 2009 and January 2010 saw Brazil’s government award a $4
billion contract to Dassault for 36 of these aircraft. Negotiations to sell the
Rafale to the United Arab Emirates in 2011 were unsuccessful, but in
February 2012 India purchased 126 Ratales for $20 billion with the first
18 fighters to be supplied by 2015 and the remaining fighters produced in
India by Hindustan Aeronautics. On February 16, 2015, French Defense
Minister Jean-Yves Le Drian and Dassault Aviation Chair Eric Trappier
signed an agreement to scll 24 Rafales to Egypt in Cairo.?

The Rafale M is the only non-US fighter capable of operating from the
decks of US aircraft carriers as demonstrated by six of these aircraft suc-
cessfully operating from the USS Theodore Roosevelt during 2008. It has
also seen action in operational theaters as varied as the Central African
Republic, Iraq, Libya, and Mali. Rafale technical capabilities including the
dimensions, weight, performance, and weapons are shown in Table 8.1.

Table 8.1 Rafale technical capabilities®

Wing span 10.90 meters (35.76 ft.)
Length 15.30 meters (50.19 ft.)
Height 5.30 meters (17.38 ft.)
Overall empty 10 tons (22,000 lbs) class
weight

Max. take-off 24.5 tons (54,000 lbs)
weight

4.7 tons (10,300 Ibs)
Up to 6.7 tons (14,700 lbs)
9.5 tons (21,000 lbs)

Fuel (internal)
Fuel (external)
External load

Maximum thrust
Limit load factors
Maximum speed
Approach speed
Landing ground
run

Service ceiling
Weapons

2 x 7.5 tons

-32g/+9¢g

M =1.8/750 knots

Less than 120 knots

450 meters (1500 ft.) without drag chute

50,000 ft.

MICA Beyond Visual Range interception; combat; and self-defense
missiles;

HAMMER rocket boosted precision-guided weapons;

AM39 Exocet anti-ship missile;

Laser-guided bombs

30 mm internal cannon
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Eurofighter is a consortial effort involving Austria, Germany, Italy, Saudi
Arabia, Spain, and the United Kingdom. Founded in 1986, and registered
in Munich, it employs a workforce of over 100,000 from 400 companies.*

The Eurofighter Typhoon’s initial prototype began in 1989 with Chiefs
of Air Staff from Germany, Italy, Spain, and the United Kingdom agreeing
on their advanced aircraft requirements. Workshare production was agreed
on in 1996 and subsequent years saw extensive environmental, weapon-
firing, in-flight fueling, and supersonic speed tests occur. Between 2003 and
2005, Typhoon was incorporated into these four countries’ air forces and
the aircraft received defensive aid subsystems, the multifunctional informa-
tion and distribution system, initial direct voice input, and sensor fusion
systems. During 2005, the United Kingdom signed an agreement with
Saudi Arabia that the Eurofighter would replace Saudi Tornado fighters.
Typhoons patrolled Italian skies during the 2006 Winter Olympics in Turin,
Austria’s Air Force received its first Typhoon in 2007, and Saudi Arabia
received its first aircraft in 2008. Subsequent years have seen continual
updates to Typhoon with it conducting combat missions in Libya during
2011 and Oman has commissioned 12 Typhoons to begin service in 2017.°

During 2016 British Typhoons used their cannons in actions against Daesh
in Iraq and Syria and the British Government announced that Typhoon’s life
would be extended until 2040. On November 30, 2017, BAE systems and
MOD announced that Qatar was slated to purchase 24 Typhoons.®

As of 2017, Eurofighter Typhoon’s ownership and orders consist of
several hundred aircraft with the following national breakdowns (Table 8.2).

Specific Typhoon technical dimension and mass attributes are shown in
Table 8.3.

Design characteristics include a single-seat twin engine with a two-seat
variant and additional capabilities (Table 8.4).

General performance characteristics with a full air-to-air missile fit are
shown in Table 8.5.

Table 8.2 Eurofighter Typhoon national distribution”

Austria 16
Germany 180
Ttaly 121
Kuwait 28
Oman 12
Saudi Arabia 72
Spain 87

United Kingdom 232
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Table 8.3 Typhoon technical capabilities

Wingspan 10.95 m (35 ft. 11 in)
Overall length 15.96 m (52 ft. 4 in)
Height 5.28 m (17 ft. 4 in)
Basic mass empty 11,000 kg (24,250 Ibs)
Maximum take-off >23,500 kg (51,809 Ibs)
Maximum external load >7500 kg (16,535 lbs)

Table 8.4 Additional Typhoon technical capabilities

Weapon carriage 13 hardpoints
G-Limits +9/-3 “g”
Engines—two Eurojet E]J200 reheated turbofans

Max dry thrust class 60 kN (13,500 Ibs)
Max reheat thrust class 90 kN (20,000 Ibs)

Table 8.5 Typhoon technical capabilities with full air-to-air missile fit®

Ceiling >55,000 ft.
Brakes off to 35,000 ft./M 1.5 <2.5 minutes
Brakes off to lift-off <8 seconds

At low level, 200 KTS to Mach 1.0 in 30 seconds

Maximum speed Mach 2.0
Operational runway length <700 m (2297 ft.)

The Saab-Gripen fighter is produced by Sweden’s Svenska AeroPlan
Aktiebologat (Saab, Swedish Aeroplane Corporation) industries headquar-
tered in Stockholm, with additional locations in Sweden and multiple other
countries globally, and Volvo Aero Corporation. The Gripen’s design was
influenced by the unforgiving Nordic climate and the need for Sweden to
make optimal use of limited budget resources to develop a fighter capable of
performing air-to-air, air-to-surface, and reconnaissance missions in a single
sortie without having to return to base. Gripen was also designed to use roads
as temporary runways, give the Swedish Air Force logistical flexibility and
speed to deter invading forces, and be easily maintained and reconfigured.’

The Gripen was first flown in 1988 and began Swedish Air Force opera-
tional service in September 1997 when Sweden’s decided it needed to
upgrade Cold War-era jet fighter aircraft. It comes in the following variants:

e JAS 39A Single-seat
* JAS 39B Operational trainer with same avionics and weapons as 39A
except for the gun.
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* JAS39C Single-seat delivered to the Swedish Air Force in September
2002. Features color cockpit displays, an onboard oxygen generation
system, and in-flight refueling capacity. Serves as the standard export
version.

® JAS39D Two-seat variant with similar capabilitics to the JAS39A.1°

In October 2007, the Swedish Government contracted with Saab for a
new Gripen version featuring full interoperability with NATO aircraft,
high operational tempo, a fully digitized cockpit, network connectivity
with multi-frequency datalink, and a modern avionic system. The govern-
ment also approved upgrading 31 JAS39A’s to JAS39C/D and the first
successful flight by this upgrade was completed in February 2009. The
Gripen made its international debut in July 2010 at the United Kingdom’s
Farnborough International Air Show.!!

Saab has sought to market the Gripen by emphasizing what it says are
its cheaper per hour flight operational costs than competing jet fighters as
Table 8.6 from company promotional literature demonstrates:

Countries purchasing the Gripen include Brazil, which will receive 28
single-seat and 8 double-seat Gripens between 2019 and 2024; the Czech
Republic which has received 14 fighters; Hungary has purchased 14 fight-
ers; South Africa has purchased 26 fighters; Sweden has purchased 204
fighters, and Thailand has purchased 12 fighters.!?

On October 29, 2014, the Swedish Government announced it would
be increasing its Gripen purchases by 2.9 billion Swedish krona ($3.351
billion) over the next two years in response to increasing Russian aggres-
siveness in the Baltic Sea and Ukraine. On May 18, 2016, Defense Minister
Peter Hultqvist announced the first Gripen-E test aircraft which he said
would become operational in 2020. Hultqvist also visited Hungary on
September 26-27, 2017, to see the Gripen at Kecskemét Air Base.'

Gripen technical specifications in areas such as dimensions, power, and
armament are shown in Table 8.7.

Table 8.6 Hourly fighter Gripen $4700
operational costs!? 1:.1[; $7700

F-18/E/F $11,000
Rafale $16,500
Rafale $18,000

JSE $31,000
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Table 8.7 Gripen technical capabilities'®

Length

Width

Mass when empty

Internal fuel capacity
Maximum take-oft weight
Maximum thrust
Minimum take-oft distance
Landing distance
Maximum sea-level speed
Maximum high-altitude speed
Supercruise capability
Maximum service altitude
Ferry range

G-Limits

15.2 meters (49.869 ft.)
8.6 meters (28.215 ft.)
8000 kg (17,636 1bs)
3400 kg (7495 lbs)
16,500 kg (36,376 1bs)
98 kN

500 meters (546.80 yards)
600 meters (656.16 yards)
>1400 km/h (869 miles)
Mach 2

Yes

>16,000 meters (9 miles)
4000 km (2485 miles)
+9G/-3G

Air-to-air infrared missiles
Air-to-air radar missiles
Anti-ship missiles

Smart bombs

Smart diameter bombs

DENMARK

Denmark’s primary fighter has been the F-16 since the 1970s, but
Copenhagen has been interested in updating its fighter capacity to main-
tain its interoperability with the United States. It has experienced eco-
nomic and political headwinds which have also made its purchase of the
JSF a protracted process. In September 1997, Denmark became a partner
country in JSF’s initial requirements validation phase. This occurred from
the leadership of then Defense Minister Hans Hakkerup, in convincing
Denmark’s Parliament (Folketing) to appropriate $10 million to cover
Danish participation in what was seen as a primarily industrial project.
During May 1999, the Folketing decided to sign up for JSF’s System
Development and Demonstration (SDD) phase between 2000 and 2004.
In 2002, Denmark decided to contribute an additional $125 million to
JSF becoming a Level 3 partner county. Danish policymakers at this time
planned acquiring 48 JSFs for their military.'®

Between 2005 and 2008, the Danish Defense Department sent out
Requests for Information (RFI) to Dassault Aviation, Eurofighter,
Lockheed Martin, and Saab Air. Dassault decided not to provide informa-
tion convinced that Lockheed Martin would win because they felt the RFI
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favored the JSFE. These concerns were rejected by a Danish defense policy-
maker in October 2012. Eurofighter announced it would not participate
in the competition in December 2007 citing the same concerns as Dassault.
In February 2008, the Folketing appropriated $330 million to take part in
the JSF’s third and final phase covering Production, Sustainment, and
Follow-on Development.!”

This general time period also saw Denmark’s Defense Department, the
Government’s audit office (Rigsrevisionen), and other entities examine
the competing fighter companies including Boeing’s F-18 Super Hornet
which entered the competition in 2008. The Rigsrevisionen report in
March 2009 operated on the assumption that Denmark would purchase
48 JSFs while acknowledging that fewer aircraft than the current fleet of
48 F-16s would be needed to perform the same security tasks and that the
number of competing aircraft needed varied depending on the candidates’
different capabilities. This assessment also examined the costs of 24, 36,
48, and 60 JSF aircraft. Additionally, it stressed that the aircraft selected
must meet the following standards:

e Broadly deployable—Serve as a multirole combat aircraft capable of
multiple tasks in national and international contexts.

e Compatible—Deployable in a NATO context and able to operate in
other NATO capabilities.

e Survivable—Possess sufficient self-defense capability.

e Network-Based—Capable of operating in a network with other plat-
forms and capabilities.

e Penetrative—Capable of participating in the first wave of offensive
air operations and getting past enemy air defenses relatively unob-
served to deliver precision weapons early in a conflict.

e Enduring—Capable of providing long-term support to complex
ground operations including stabilization operations.

e Available—Capable of taking over tasks carried out by F-16s before
these aircraft are phased out.

e Prevalent—Produced and deployed in large numbers.

e Economical—Operable within the scope of current combat air
capability.!®

In June 2009 all major Folketing parties voted for a five-year defense
spending agreement which included reducing the number of proposed new
fighters to purchase from 48 to 30 without committing to a specific plane.
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Repeated purchasing postponement decisions have occurred since then. In
October 2009 Defense Minister Sgren Gade deferred the decision to spring
2010. During March 2010 Defense Minister Gitte Lillelund Bech said the
process would be delayed for another two to four years. A 2010 Danish Air
Force report maintained that phasing out the F-16s could be delayed until
2018-2020. These delays have resulted from domestic financial problems
and concerns over continually rising JSF program costs.!

Denmark currently has 30 F-16 fighters making up the mainstay of its
fighter force. A January 2015 Aviation Week and Space Technology analysis
predicted Denmark will make a decision on whether to purchase the JSF
or some other new generation fighter that year though whether that pur-
chase actually occurs remains unknown. This deadline of a summer 2015
combat aircraft purchase decision was also specified in the 2013-2017
Danish Defence Agreement involving parties participating in Denmark’s
coalition government within a price framework of 50 million Danish kro-
ners (DKK) ($7.182 million) covering 2013-2016.%°

On June 9, 2016, Denmark’s coalition government consisting of the
Social Democrats, Social Liberals, Liberal Alliance, and Danish People’s
Party decided for 27 JSFs to replace the F-16s between 2020 and 2024.
In its recommendation document, the Danish Government stressed the
JSF “will entail the greatest potential for promoting Danish interests, in
terms of both security policy and military strategy ... and provide the
highest degree of flexibility at the political level with regards to future
tasks.” It went on to emphasize the JSF will foster transatlantic ties with
the US and European partners and that it ranked higher than the
Eurofighter and F-18 Super Hornet in terms of survivability, mission
effectiveness, future development, and candidate risk. The Danish krone
26.5 billion ($3.763 billion) industrial cooperation benefit was also higher
than those for the Eurofighter and F-18.%!

DanisH JSF INDUSTRIAL PARTICIPATION

Danish companies are contributing to the JSF in areas such as advanced
composites, aeronautical structures, machine parts, and wiring harnesses.
Danish involvement in JSF production is shown in Table 8.8.

Danish companies, however, have been concerned by what they see
as a lack of effort by the Danish Government to win more JSF systems
and components. Danish Aerotech CEO Jan Jorgensen complained
that Danish companies had only received $138 million in JSF contracts
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Table 8.8 Danish JSF contractors®?

Danish Aerotech Mechanical parts

Karup

Systematic Software and electronic warfare assets

Aarhus

Terma Large composite skins for horizontal and vertical tail, 25 MM
Aarhus gun pod

since 1997. During 2009, Denmark’s government had contended that
Danish firms could potentially receive JSF contracts worth up to $4.9
billion. Jorgensen, the leader of the Danish Defense and Aerospace
Federation, in 2012, complained, “Danish governments have probably
been a little too unassertive and reluctant, compared to Norway.”
Terma has accounted for nearly two-third of JSF orders and then
Defense Minister Nick Hakkerup urged his country’s defense industry
to be patient and continue bidding for JSF contracts. In 2017, Danish
JSF contracts were $356 million.??

Competition for lucrative national defense contracts can be very fierce
and this was proven when Super Hornet producer Boeing publicly pro-
tested Denmark’s awarding the JSF to Lockheed Martin in September
2016. Boeing complained the evaluation process was flawed and unfair
and submitted an RFI to Denmark’s Defense Ministry at that time in an
effort to gain access to internal Danish government documents and also
expressed its concerns to the Folketing’s Defence Committee. Boeing’s
Defense Europe representative Marcia Costley complained that Danish
defense officials “shared only a small portion of the documents Boeing is
entitled to review.” In March 2017, Boeing filed suit against the Defense
Ministry in Copenhagen District Court for refusing to show documents
on the contract evaluation process. Danish Defense Minister Peter
Christensen responded by asserting that losing bidders for government
contracts are never happy with the outcome.?*

ISRAEL

Israeli interest in the JSF has been prompted by the need to replace its
aging fleet of F-16 fighters. During 2001, Israel Aircraft Industries (IATI)
(later Israel Aerospace Industries), which has frequently cooperated with
Lockheed Martin, expressed interest in joining the JSF project.”® During
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2002, IAI and other Israeli defense industry companies lobbied Israel’s
government to get involved in the JSF citing their desire to gain JSF con-
tracts as soon as possible and to give Israel stealth aircraft in light of what
they then saw as emerging threats from Iran and Iraq. The Israeli govern-
ment, however, expressed concerns about the costs involved in participat-
ing in JSF even at Level 2 and 3 partnership participation and Israel’s
military favored two-seat aircraft to accommodate its belief that two pilots
are better than one when dealing with sophisticated air defenses.?

In late 2007, Israeli Air Force (IAF) officials expressed hope they could
purchase 100 JSFEs from the United States by 2012 and that they could
resolve disagreements with the United States on incorporating indigenous
weaponry such as avionics into the JSF, and to what extent Jerusalem can
independently develop JSF industrial capabilities. These hopes were
increased by the Bush Administration’s August 2007 decision to increase
US military assistance to Isracl $6 billion over the next decade.?”

In September 2008, Isracl requested 75 JSFs from the United States at
an estimated $15 billion price. However, increasing plane costs were also
becoming a concern to Israeli military planners. One Israel Defense Force
(IDF) General Staff member was quoted as saying: “It’s unbelievable, first
it was $40 million [per plane] to $50 million, and then they [the IAF] told
use $70 million to $80 million. Now we’re looking at nearly three times
that amount, and who’s to say it won’t continue to climb?”?

On September 19, 2010, Israel’s cabinet approved acquisition of the
JSF with Prime Minister Benjamin Netanyahu saying;:

This is a significant step in strengthening the State of Israel’s military capa-
bilities. I would like to commend the staff work that was done by the secu-
rity establishment and the IDF and which led to the integration of [Israeli]
systems into the plane. The plane is currently being developed and will be
equipped in the coming years. This is one of our answers to the changing
threats around us, to maintain our attack capabilities, along with other
actions to improve both our defensive and offensive abilities in the decades
to come. We will hold separate discussions on these, but I think that this
step, acquiring the most advanced plane in the world, more advanced than
any plane in the area, is an important and significant step for the security of
Israel.?

The following day, the Israeli Knesset’s Finance Committee approved
purchasing 20 JSFs for $2.75 billion ($96 million per aircraft). This agree-
ment also included purchasing spare parts, maintenance costs, and simula-
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tors, with delivery expected in 2015. Defense Minister Udi Shani said that
Isracel could purchase up to 75 JSFs in subsequent years. Isracli purchase
of these planes was also facilitated by the United States paying for it
through Foreign Military Financing Funds administered by the Defense
Security Cooperation Agency (DSCA).3¢

During 2011, the US-Israel reached an agreement allowing the Israelis
to adapt the JSF to use indigenously developed electronic warfare equip-
ment and countermeasures once it receives its first aircraft. Lockheed
Martin JSF Program Manager Tom Burbage said he thought the first JSFs
would arrive in Israel in late 2016. He also said that he hoped Israelis
could begin training on the JSF in the United States in 2016, but that this
matter still needed to be resolved.?! On April 22, 2013, Isracli Defense
Minister Moshe Ya’alon and US Secretary of Defense Chuck Hagel agreed
to extend US security funding for Israel through 2017, with this funding
reaching an all-time high of $3.1 billion in 2013 and including Israeli
participation in the JSE.3?

In November 2014, the cornerstone for the IAF’s JSF squadron and
simulator infrastructure was laid at Nevatim Airbase southeast of Beersheba
and on the edge of the Negev Desert.?®* Though Israel appears to be going
ahead with incorporating the JSF into the IDF’s striking power, this has
not occurred without opposition in Israeli political and military debate. A
November 5, 2014, meeting of high-level Isracli policymakers including
Strategic Affairs Minister Yuval Steinitz, Finance Minister Yair Lapid, for-
mer Defense Minister Moshe Arens, and others expressed concerns with
JSE program costs cxceeding $3 billion. Additional concerns they
expressed included recent fighting in Gaza, along with developments in
Lebanon and Syria, which they contend make it necessary for Israel to
invest in precision munitions, UAVs, and ground forces equipment instead
of the JSE. This opposition did not stop Israel’s cabinet from approving
the purchase of 14 additional JSFs on November 30, 2014, but these cost
concerns expressed by Steinitz and others have slowed down purchases of
this plane. Additional potential Israeli purchases of the JSF are also uncer-
tain due to the concerns of some IDF security officials that hostile missile
capabilities increase the vulnerability of Israeli airfields and that planned
JSF purchases are not enough to maintain regional Israeli air superiority
against threats such as Iran.3*

In November 2016, Israel agreed to purchase an additional 17 JSFs,
bringing its cumulative on order total to 51, and Jerusalem has received
US approval to purchase up to 75 aircraft with potential revenue pur-
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chases reaching $15.2 billion. Terms of this agreement see the United
States agree to make reciprocal purchase of equipment from Israeli defense
companics which could reach $4 billion. Isracli companies had received
$993 million for building JSF components in business from Lockheed
Martin as of 2016. Israel became the first country to receive the JSF out-
side of the United States when two fighters arrived at Nevatim Air Base on
December 12, 2016, at a ceremony attended by Netanyahu and US
Secretary of Defense Ashton Carter. Israel expects to receive an additional
seven or eight JSFs a year until 2021. These JSFs will receive Israeli-made
command, control, computers, and communications systems and the air-
craft will be called Adirs.3

ISRAELI INDUSTRY JSF PARTICIPATION

Isracli firms have currently signed contracts worth $688 million with
Lockheed Martin and Pratt & Whitney to produce software and other JSF
components. The first two JSFs were expected to arrive in Israel in late
2016, with more planes being delivered annually until 2021. Examples of
Israeli companies involved in JSF production are shown in Table 8.9.

An October 2017 analysis from Israel’s Begin-Sadat Center for Strategic
Studies Israel’s Joint Strike Fighter stressed that the JSF could evade vari-
ous hostile radar systems in Israel’s Northern arena, play a key role in
Jerusalem’s efforts to stop Iran and its proxies from creating a threatening
Syrian military outpost, guard against Hezbollah’s heavily armed artillery
assets in Lebanon, and boost Israeli long-range capabilities. On December
6,2017, Israeli Air Force leader Major General Amikam Norkin announced
that the JSF had joined Israel’s Air Force (Fig. 8.1).%7

In May 2018, Israel engaged in the first known combat use of the JSF
when it attacked Iranian and Hezbollah military targets near Beirut.
Norkin stressed, “We are flying the F-35 all over the Middle East. It has

Table 8.9 Israeli JSF contractors®¢

Elbit Systems Avionics, video imagery

Haifa

Israeli Aerospace Industries Wings, electronic warfare equipment
Ashdod, Lahav

Rafale Advanced Defense Systems Missiles

Haifa
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Fig. 8.1 Isracl’s Minister of Defense Avigdor Liberman in the cockpit of the
F-35A Lighting II, June 22, 2016. Source: Lockheed Martin 2016

become part of our operational capabilities. We are the first to attack using
the F-35 in the Middle East and have already attacked twice on different
fronts.” Lockheed Martin President and CEO Marillyn Hewson said the
JSE, working in concert with IDF ground forces and Navy, had been “crit-
ical” in counteracting Hezbollah missiles due to the JSF’s C4I technology
facilitating target rapid identification and prioritization for the IAF with
the Adir capable of carrying up to 18,000 pounds of external and internal
ordnance. Lockheed Martin International Executive Vice-President Rick
Edwards emphasized, “We aren’t building this aircraft for a fair fight, but
to give our customer a decisive advantage.”3®

ITALY

Italian participation in the JSF began in 1998 when the leftist government
of Massimo D’Alema invested $10 million in JSF’s Concept Demonstration
Phase. In 2002, Silvio Berlusconi’s conservative government committed
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$1.028 billion to JSE’s System Design and Development phase and signed
a MOU with the United States on June 22, 2002. In 2007, Romano
Prodi’s leftist government sighted a bilateral MOU worth $904 million
for a Production, Sustainment, and Follow-On Development Phase.
Berlusconi was back in power in 2009 when the Italian Parliament
approved acquiring 131 F-35 including 69 CTOL variants and 62 STOVL
variants and the Italian government also agreed to construct a Final
Assembly and Checkout Facility (FACO) and Maintenance, Repair,
Overhaul, and Upgrade (MRO&U) facility at Cameri committing an
additional $796 million in infrastructure. These FACO and MRO&U
agreements also involved a 2006 agreement with the Netherlands to share
these operational capabilities.®

Debate over the JSF’s increasing cost has characterized Italian political
debate. Rome was forced to adopt austerity measures due to the 2011
Eurozone crisis which affected the February 2013 election. On February
15, 2012, Italian Defense Minister Admiral Giampaolo Di Paola
announced defense spending reductions of 5.5% and this resulted in
reducing the number of JSF planes to be acquired from 131 to 90 split
roughly equally between CTOL and STOVL variants. This year also
revealed that cumulative Italian spending on JSF had reached €2.5 billion
($2.684 billion). Opponents of the JSF have included a wide spectrum of
groups including the radical left, pacifist Catholics, and right-wing popu-
list movements who favor devoting more resources to social programs.
JSF supporters have included mainstream parties from the center-left to
center-right, the military establishment, defense experts, and the moder-
ate mass media who assert Italy should maintain its close security ties and
military interoperability with the United States.*

JSE’s future prospects were placed in further doubt by a March 19,
2014, Italian Parliamentary Committee report calling for significant cuts
to the program and for creation of a new defense white paper to reassess
military strategy. The report was prepared by allies of center-left Prime
Minister Matteo Renzi and it criticized the allegedly poor Italian JSF
workshare, insufficient job generation, and Italy’s lack of access to sensi-
tive program data enhancing its dependence on the United States. The
report also contended that Italy’s planned €12 billion ($12.887 billion)
purchase of 90 aircraft should be significantly reduced and that ongoing
orders should be halted until technical problems are resolved.*!
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On March 8, 2015, the first Italian-produced JSF rolled off the FACO
facility at Cameri with an anticipated to make its first flight later that year
which occurred on September 7, 2015. Seven additional aircraft are being
assembled at this facility, although the future of Italy’s JSF program
remains uncertain due to budgetary and political challenges. The need to
maintain interoperability and close cooperation with the United States
and its NATO allies makes it likely Italy will purchase some JSFs though
the exact amount and financial value of these purchases is uncertain.*?

During 2016, Italian pilots began JSF training at Luke Air Force Base
in Arizona. Italy received its first JSFs on December 12, 2016, when the
Italian Air Force received two aircraft at Amendola Air Base on the Adriatic
Coast. A 2016 Italian Defense Ministry document submitted to the Italian
Parliament by Defense Minister Roberta Pinotti maintained the JSF would
be deployed between 2018 and 2025 and replace many existing Italian Air
Force weapons platforms.*?

In May 2017, Italy unveiled the first JSF assembled outside the United
States when an F-35B STOVL was produced at the Cameri FACO facility.
However, criticism of Italian production capacity occurred with the
Italians criticizing Lockheed Martin and the US JSF Joint Program Office
for not providing sufficient materials for JSE-related work, that this facility
had only assembled 119 of 214 promised aircraft, that only 31% of prom-
ised wing sets had been produced, that the workforce size was far less than
projected, and that British and Dutch firms had won work originally
promised to Italy.**

ItaLIAN JSF INDUSTRIAL PARTICIPATION

Italian industry has received $1.35 billion in JSF contracts as of December
2016. A 2014 study by the Italian branch of PricewaterhouseCoopers
maintained that Italian JSF peak production would generate over 6300
jobs, that peak JSF project labor demand would occur between 2017 and
2026, that this program would bring $15.8 billion in economic benefits,
and that each JSF production job would generate 1.2 Tralian jobs.*® Italian
JSF industrial participation spans much of this peninsular country with
contributors coming from locales as varied as Campania, Lazio, Liguria,
Lombardy, Piedmont, Puglia, and Tuscany. Selected examples of Italian
JSF contractors and their contributions are shown in Table 8.10.
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Table 8.10 TItalian JSF contractors*®

Aerea Advanced rail launcher, fuselage remote interface unit

Milan components; and electro-hydraulic actuation system
components

Alenia Aeronautica Wing box and wing production

Campania and Turin

Elettronica Electronic warfare components and logistical support

Rome

Finmeccanica Wingbox; final assembly; and checkout facility

Turin and Novaro

Forgital Forging; hot rolling; and mechanical processing of circular

Venice section rings

Genelli Protective headsets

Rome and Canegrate

Logic Avionics

Rome

Moog Casella Electro-hydraulic actuation system components

Genoa

Oto Melara Gun for conventional take-oft and landing variant

Spezia

Rotodyne Hydraulic test stands; hydraulic and mechanical lifting devices;

Saronno ground power units; frequency converters.

Selex Communication  Landing aids down converter and back-up radio
(Marconi)

Montevarchi, Pomezia,

and Rome

Sirio Panel Cockpit lighting and panels

Montevarchi

JAPAN

Japan is the largest US ally in East Asia. Its fighter arsenal has consisted of
the aging F-4 and emerging security challenges from China are forcing it
to look at upgrading its fighter aircraft capability. An example of this is the
increasing incursions of Chinese aircraft into Japanese airspace. This has
resulted in a significant increase in Japanese Air Self-Defense Force
(JASDF) planes having to scramble to intercept Chinese jet fighters from
just under 100 times in Fiscal Year (FY) 2010 (April 1-March 30) to over
400 times in FY 2013 and a combination of Chinese and Russian jet fight-
ers 943 times in 2014, just below the 1984 record of 944 scrambles to
Soviet aircraft. This increasing need for Japan to scramble its military air-
craft against Chinese and Russian incursions continued in the first quarter
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of Japanese FY 2016 (April-June 2016) when Tokyo’s aircraft scrambled
281 times against these Beijing and Moscow’s aircraft incursions into
Japanese airspace, with 71% of these incursions being Chinese and 28%
being Russian.*” The final total of Japanese aircraft scrambles for FY 2016
released on April 13, 2017, was 1168, totaling 295 above the previous
fiscal year and representing the highest number since 1958 with 73% of
these intercepts being against Chinese aircraft and 26% against Russian
aircraft.*®

During the 2000s, Japan considered six aircraft as possible candidates
to replace the F-4 including the Rafale, Eurofighter Typhoon, updated
versions of the F-18 and F-15, the F-22, and JSF. The selection process
was reduced to the Eurofighter Typhoon, and the JSF’s conventional ver-
sion. An open and transparent procurement process occurred in which the
JASDF requested bids, collected them, and studied them. This resulted in
a recommendation that the JSF be selected by Japan’s Security Council
which agreed to purchase 42 JSFs on December 19, 2011, without pro-
viding pricing information. Reasons given for selecting the JSF spelled out
in Japan’s 2012 Defence White Paper included its advanced stealth perfor-
mance which this document concluded gave it a combat advantage, its
diverse sensor assets giving it the ability to acquire essential intelligence, a
networking capacity facilitating information sharing with allies, and pilot
ability to access sensor information in a single display.*’

The open procurement process, Japan’s desire to remain part of the US
military alliance, and public and governmental focus on trying to recover
from the 2011 Fukushima nuclear plant disaster combined to keep the JSF
from becoming a tumultuous political controversy in Japan.®®

Tokyo desired to begin receiving the JSF in 2016 and is particularly
attracted to stealth features such as internal weapons storage for air-to-air
missions and improved ability to penetrate North Korean defenses.®!
Japanese purchase of the JSF also compelled Tokyo in late December
2011 to loosen its 35-year-old ban on arms export sales facilitating coop-
erative development and production with Democratic allies from Europe
and Australia. This decision also represents a reversal of Japanese policy of
restricting its defense production to only Japanese companies.>?

The yen’s depreciating value in early 2014 prompted speculation that
Japan would have to chronologically draw out its planned acquisition of 42
JSFs from 2021 to 2023. This time period also produced media specula-
tion that Japan would purchase the JSF’s naval variant to establish a naval
aviation capacity on its new 27,000-ton Izumo class helicopter carriers.
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However, former Japanese Maritime Self Defense Forces Commander Yoji
Koda rejected this in January 2014, saying funding for this would have to
come from other programs which he contended was unlikely in the short
or medium term.>

Visiting the JSF production facility in Fort Worth on July 8, 2014,
Defense Minister Itsunori Onodera said Japan should consider buying
more F-35s if the price falls. Japan is currently purchasing the JSF as part
of the US Foreign Military Sales Program.>*

In its FY 2015 defense budget document, Japan reported its intention
to acquire six JSF for ¥103.2 billion ($857.527 million) with ¥17.7 billion
($1.470.760 billion) allotted for promoting Japanese domestic industrial
participation and ¥18.1 billion ($1.504 billion) allotted for training and
machinery.®® Misawa Air Force Base, a combined US Air Force and
Japanese Air Self-Defense (JASDF) facility in Northern Japan, is slated to
become the home for JSFs once they arrive in Japan in 2017.%°

On September 23, 2016, State Minister for Defense Kenji Wakamiya
attended the rollout ceremony for Japan’s first JSF at Lockheed Martin’s
Fort Worth production facility. Wakamiya noted that a deteriorating secu-
rity environment in Japan’s surrounding airspace makes JSF acquisition
particularly significant to Japan; that it enhances the Japanese-US alliance;
that a facility for establishing, maintaining, repairing, and upgrading the
JSF will be established in Japan; and that this ceremony deepens defense
cooperation between these two countries. The 2016 Defence of Japan
White Paper noted Japan needed the JSF to deal with potential Chinese
attacks on remote islands, Beijing’s increasing defense spending, anti-
access aerial denial activities, airpower and UAV capabilities, and naval
activities in seas adjoining Japan, increasing Russian defense spending, and
Asia-Pacific region military activities. These developments have also caused
Japanese defense spending to increase from $46.107 billion in 2014 to
$47.342 billion in 2016 and the size of its active duty military forces to
increase to 247,000 in 2017. The increasing threat from North Korean
ballistic missiles is also accelerating Japanese interest in the JSF and
enhancing its missile defense capability.?”

On June 5, 2017, Mitsubishi Heavy Industries Komaki South FACO
facility rolled out the first Japanese-assembled JSF. Japan has purchased 42
JSFs, with 4 assembled in Fort Worth and the remaining 38 to be assem-
bled in Japan and the United States will use the Nagoya FACO for JSF
maintenance repair and upgrade. On October 30, 2017, two JSFs arrived
at Japan’s Kadena Air Base with an additional ten JSF expected to arrive at
Okinawa in the soon after.>®
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Table 8.11 Japanese JSF contractors®

IHI Corporation Engines

Tokyo

Mitsubishi Electric Corporation Mission-related avionics

Tokyo

Mitsubishi Heavy Industries Aircraft assembly and checkout

Hokkaido; Nagoya; Tokyo; Yokohama

JAPANESE INDUSTRY JSEF PARTICIPATION

Deployment of the JSF in Japan is expected to occur in 2017 with a total
of 42 aircraft expected to be purchased though it is possible this could
increase. Examples of Japanese firms involved in various aspects of JSF
production and maintenance are shown in Table 8.11.
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Check for
updates

CHAPTER 9

JSF and the Netherlands, Norway, Singapore,
South Korea, Taiwan, and Turkey

THE NETHERLANDS

On December 12, 1996, the Dutch government of Labour Party Minister-
President Wim Kok began searching for a replacement to the Royal
Netherlands Air Force (RNAF) main strike fighter, the F-16. Dutch par-
ticipation in the JSF has involved collaboration between governmental,
industrial, and military commitment to keep the project on task even with
increasing parliamentary opposition and budget cuts. The RNAF wants
access to cutting-edge US military technology to remain a key player in
NATO decision-making and Dutch industry has wanted to bring its exper-
tise to this project to enhance national economic development.!

An RFI for an F-16 replacement was issued by the Dutch Government on
June 3, 1999, focusing on Dassault Rafale, Eurofighter Typhoon, an updated
General Dynamics F-16, Lockheed Martin’s JSE, McDonnell-Douglas F /A-
18 E /F Super Horner, and Saab-Gripen. Criteria specified by The Hague for
this new aircraft included responsiveness, all-weather durability, strategic and
tactical mobility, logistical independence, flexibility, multi-functionality, and
information provision along with opportunities for Dutch industry to pro-
vide essential developmental and production components.?

An analysis of Dutch involvement with the JSF reveals their program
and accompanying political controversy initially went through three phases
covering 1996-2000, 2001-2002, and 2006-2008. Protracted Dutch
involvement in JSF involved the multi-partisan coalition characteristics of
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Dutch governments with parties from the center-right being more likely
to support the JSF and parties from the center-left tending to be less sup-
portive, though there could often be significant exceptions to this within
these parties based on factors such as desiring to support Dutch aerospace
workforce and industries and opposing costly and protracted defense
spending which some saw as unnecessary in the immediate post-Cold War
security environment.?

On February 9, 2002, the Dutch Cabinet decided to participate in the
JSF program. This decision committed The Hague to purchase 85 JSFs
beginning in 2010 with a budget allocation of €5.5 billon ($4.84 billion).*
By carly October 2003, Dutch firms had won JSF contracts worth $58
million through 2012 with companies such as Stork-Fokker, Thales, and
Kleizen winning contracts to produce landing gear, in-flight refueling,
cryogenic coolers, tooling, and wing components.®

During the 2006 Dutch election, a leading party suggested that the
Netherlands withdraw from the JSF due to costs. However, Dutch indus-
trial participation in the JSF at this time included more than 70 companies
with contracts of $700 million and program advocates claimed the poten-
tial value of future JSF contracts would approach $8-10 billion.°
Responding to this opposition party threat, the Dutch government signed
an MOU with Lockheed Martin in November 14, 2006, committing to
continued participation in the JSF even though a buying decision was not
expected until 2009.7

A 2008 Rand Corporation report prepared for the Dutch Defense
Ministry was mostly positive about that country’s JSF acquisition process.
It noted that appropriate suppliers for F-16 replacement aircraft were
engaged from various competitors, that correct information on their capa-
bilities was requested from them, that potential conflicts of interest were
effectively documented and managed, and that JSF requirements were
explicitly linked to Dutch political and military ambitions. Concerns
expressed in this assessment were time limitations and late responses to
assessment timetable tasks, suppliers not being provided the same infor-
mation at the same time but receiving equal response submission time.?

A 2012 report by Holland’s national auditor examined the costs which
would be incurred if it decided to leave the JSF program. It mentioned
that continuing the present policy of purchasing the JSF to replace the
F-16 would impose major demands on Ministry of Defense funding and
require the Defense Minister to make far-reaching choices about the com-
position and equipment for other military branches and the number of
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JSFEs to purchase. A second scenario in this report evaluated the conse-
quences of withdrawing from the JSF’s test phase. This section deter-
mined that this action would require keeping the F-16 in service until
2029; that paying for a test phase of its own would cost The Hague
between €63 million and €318 million ($67-$341) million and that with-
drawing from the JSF test phase would not be functionally, chronologi-
cally, or financially beneficial, and would produce delays, lower quality,
and increased risks for personnel, aircraft, and operational capability.’

A third scenario in this report examined the possibility of the Netherlands
withdrawing from the JSF and purchasing an off-the-shelf successor. This
mentioned that withdrawing from the JSF would end Dutch influence on
JSF development, would not lead to quicker replacement of the F-16, noted
the uncertainty of other candidate aircraft’s delivery time, and observed that
such withdrawal would save the Netherlands €265 million ($284 million)
but cost at least €405 million ($435 million) in addition to other unknown
costs. The Court of Audit concluded that withdrawing from JSF would
require RNAF to revise its operational deployment standards.!?

A 2013 document by this agency criticized a Ministry of Defense claim
that deploying four JSF could support Dutch ground forces in areas such as
Afghanistan due to incomplete ministry calculations, uncertainty over
whether negotiating joint national airspace protection with Belgium would
produce intended operational savings, and mistakenly assuming that mainte-
nance problems affecting the armed forces would not affect the JSE. It also
noted that financial costs cannot be assured for a fighter aircraft expected to
be in service after 2050 and that it approves of the government’s formation
of a 10% risk reserve for the JSF’s investment and operational budgets.!!

September 17, 2013, saw the Dutch Cabinet approve purchasing 37
F-35s. Defense Minister Jeanine Hennis-Plasschaert announced that the
JSF was a key innovation for the military, pointing out the Netherlands’
decreasing military ambitions and noting that future Dutch military oper-
ations would be shorter than previously possible. This approval came
about due to the presence of a Labor and Liberal Party coalition govern-
ment after the September 2012 elections. The decision was also made in
an environment where The Hague’s F-16 fleet, which once included 200
aircraft, had shrunk to fewer than 70 aircraft with an additional 10% cut in
aircraft expected to be cut in 2014.12

On March 3, 2015, the Dutch Parliament approved an order of eight
JSFs to be delivered in 2019. Jeanine Hennis-Plasschaert said, “We have
reached the point of no return of the F-16.” Three further batches of 8



308 B.CHAPMAN

aircraft will be ordered between 2016 and 2018 and a final 3 will be pur-
chased in 2019, bringing the total to fleet to 35. These will be stationed
with the RNAF’s 322 Squadron at Leeuwarden and Volkel Air Bases and
reach initial operational status in 2021. The total Dutch budget for the
JSF is €3.87 billion ($4.32 billion) including €2.5 billion ($2.684 billion)
for air frame purchases, nearly €100 million ($107 million) for spare parts,
and €110 million ($118 million) for a flight simulator. The Defense
Ministry mentioned JSE purchases could reach 37 if the total price is
reduced or other costs remain below budget.!?

On June 23, 2016, Hennis-Plasschaert and Economic Affairs Minister
Henk Kemp testified before the Netherlands States General (Parliament)
Standing Committees on Defense and Economic Affairs to discuss JSF
developments. They informed legislators that JSF testing will continue until
2018 and that in 2019 the Netherlands may use the aircraft for training and
operational purposes. Committee members noted that residents near the
Leeuwarden and Volkel airbases had expressed concern about JSF noise and
that the Netherlands Aerospace Center (NAC) has organized noise experi-
ence flights to enable local residents to determine noise levels for themselves
and see if there are differences between the F-16 and JSF. Hennis-Plasschaert
also announced that a €4.5 billion ($4.801.230 billion) investment budget
and €270 million ($288.074 million) in annual operating costs have been
earmarked for the F-16’s replacement. The Hague intends to acquire eight
JSF in 2020 and is working with the US Joint Program Office on a possible
option to purchase several JSF over several years in an effort to reduce costs
with actual cost reductions depending on the number of aircraft purchased
and contract negotiation results. A December 12,2016, report by the NAC
determined that hardened airbases at Leeuwarden and Volkel were suitable
for the JSF concerning gas emissions and temperatures and were not haz-
ardous to base personnel. The March 15, 2017, election victory of incum-
bent Prime Minister Mark Rutte’s coalition is not likely to change the
Netherlands’ commitment to the JSF.1

On November 30, 2017, State Secretary for Defense Barbara Visser
informed the Dutch Parliament that the rising value of the dollar against
the euro may create a situation in which the Netherlands does not have
enough money to buy the last three JSFs it intends to purchase. Visser
mentioned that the final decision on this purchase would be made in
2019.%

Dutch Industry JSF Participation: Dutch companies participating in
JSF production include some of the companies laid out in Table 9.1.
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Table 9.1 Dutch JSF contractors'®

Fokker Mobile flaps on the wings of the aircraft for controlling the
Eindhoven; Hoogerheide;  ascent and descent of the aircraft
Schiphol
Philips F136 engine phase I1I; fan casing; rotor disk blades
Amsterdam, Eindhoven
SP Aerospace Arresting gear components for conventional and carrier
Geldrop aircraft; landing gear components
Stork Aerospace Aircraft and engine wiring harnesses
Schiphol
Thales Cryogenic coolers; electro-optic parts
Hengelo
Urenco Liftfan driveshaft; power and thermal management
Almelo components

NoORWAY

During the late 1990s, Norway began considering replacing its air force’s
F-15 fighter fleet. It began a low-key aircraft competition involving an
upgraded F-16 and the Eurofighter Typhoon. This competition never
identified a winner though there was some evidence that the Air Force
preferred the Eurofighter. It appears that Norwegian Defense Minister
Bjorn Tore Godal decided Norway should wait for the JSF to mature
before making a final decision. As of 2002, Norway was a Level 3 partner
contributing $125 million.!”

During Fall 2005, Norway’s competition for an F-15 replacement
fighter began when Prime Minister Jens Stoltenberg’s Labour coalition
government invited Dassault, Eurofighter, Lockheed Martin, and Saab to
submit bids. The Norwegian government specified the top three criteria
for this new fighter would be: operational requirements, life cycle costs,
and potential Norwegian defense industry benefits. Oslo made no men-
tion of political or strategic considerations in their procurement plans and
in January 2007 Norway signed an MOU making it a participant in the
JSF’s Production, Sustainment, and Follow-On Development Phase.!®

Norwegian political debate on the JSF became more open during sum-
mer and Fall 2008 with many political analysts believing Norway would
select the Saab-Gripen due to assertive Swedish marketing. This course of
action was favored by the Confederation of Norwegian Enterprise and the
Norwegian Society of Engineers and Technologists who thought the
Gripen would be more cost-effective. However, on November 20, 2008,
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Stoltenberg announced that Norway would select the JSF which it deter-
mined would be better operationally. The government also maintained
that the JSF had cheaper life cycle costs than the Gripen and the Norwegian
Storting (Parliament) approved the beginning of negotiations between
the Defense Ministry and Lockheed Martin to approve acquiring 52 JSFs
for Ministry and Lockheed Martin. On June 8, 2012, the Storting
approved acquiring 52 JSFs for expected delivery between 2017 and
2024.7

Oslo’s seriousness about providing JSF industrial opportunities for
indigenous companies was further demonstrated by the government’s
February 2012 decision to establish a funding program for such participa-
tion to run from 2012 to 2015 with a budget of 50 million Norwegian
Kroner ($8.8 million).?° Once received, the Norwegian JSFs are expected
to be deployed at central Norway’s Orland Air Base with Evenes Air Base
serving as a smaller facility for quick reaction capabilities in the North
against Russian incursions.?!

The March 23, 2012, Norwegian Defense White Paper included the
following assertions from Defense Minister Espen Barth Eide on why
Norway chose the JSF and a protracted procurement process:

Norway chose the F-35 in 2008 after a long and thorough process, and the
aircraft will play a vital part in guaranteeing Norway’s future ability to deter
aggression and contribute to international peace and security. ... We remain
confident that the F-35 represents the best capability for the best value pos-
sible. The purpose of the adjusted procurement plan is to give the Norwegian
Government greater financial freedom of manoeuvre during the years of the
main procurement by spreading out the cost more evenly. We believe this
new schedule better balances this concern with the introduction of a vital
new capability to the Norwegian Armed Forces.??

On January 20, 2014, Norwegian Defense Minister Ine Eriksen Soreide
met US JSF Program Head Lt. General Christopher Bogdan in Washington
to discuss JSF cooperation between these two counties. Norway confirmed
that the first 4 JSFs it purchased were to be delivered in the United States
in 2015-2016 and that the total cost of the 52 JSFs Norway plans to pur-
chase is 64 billion NOK ($8.067 billion).?* On October 13, 2014, the
Defense Ministry announced its proposal to increase defense spending by
3.4% in 2015 with much of this spending being allocated toward purchas-
ing naval systems and the JSF and its Norwegian-produced Joint Strike
Missile (JSM) system.?* On April 16, 2015, Lockheed Martin announced
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that the first JSF for Norway was standing with weight on wheels for the
first time at the Fort Worth assembly plant. This plane and a second JSF to
be produced later in 2015 will initially be based at Arizona’s Luke Air
Force Base.?®

On September 22, 2015, Sereide announced the rollout of Oslo’s first
JSF in Fort Worth. She noted that Norway had committed to purchasing
22 of 52 jets; that the Storting would reassess the requirement for the last
6 JSFs once the first 46 are delivered; that Norwegian pilots will train in 4
JSFs at Luke AFB; that the first JSF is expected to arrive in Norway in
2017; and that Initial Operating Capability will be achieved in 2019, full
operating capability in 2025, and final deliveries will be completed in
2024. Kongsberg is also developing the JSM for Norway’s JSF as part of
its contract. The JSM is a long-range anti-ship and anti-surface missile
which can be carried in the JSF’s internal weapons bay which help preserve
JSF’s stealth characteristics for missions against highly advanced enemy air
defenses. In December 2016, it was successfully tested by an F-16 at the
Utah Test and Training Range.?¢

During a September 20, 2016, address at the Army Summit in Oslo,
Sereide announced that Norway would increase its defense budget NOK
165 billion ($19.239.500 billion) over the next 20 years with at least
NOK 7.2 billion ($839.540 million) of this occurring between 2017 and
2020. She went on to maintain that this supplemented JSF funding while
contending that the JSF not only enhanced Air Force fighting power but
also served as a force multiplier for the Navy and Army and that without
airspace control Norway is vulnerable on land and sea. This funding
increase is part of implementing the June 2016 Long-Term Defence Plan
which noted the deteriorating security environment facing Norway since
the 2012 Defence White Paper.?”

On November 10, 2017, the first Norwegian JSFs arrived at @rland
Main Air Station in west central Norway. Welcoming these planes Prime
Minister Erna Solberg stressed that acquiring the JSF was Norway’s big-
gest single military investment which would give its military unprecedented
capabilities. She also stressed that acquiring the JSF would enhance
Norwegian interoperability with other NATO countries and that partici-
pating in this program gives Norway several billion kroner in defense con-
tracting opportunities.?8

Norwegian Industrial Participation: Norwegian companies are involved
in producing various JSF components and expected to generate $4.7 bil-
lion in program benefits over the life of the program. In addition to the
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Table 9.2 Norwegian JSF contractors®

Kitron ASA Electronic test equipment for electronic warfare; integrated
Arendal, Billingstad backplane assembly

Kongsberg Joint Strike Missile

Gruppen

Kongsberg

Volvo Aero Norge Intermediate case, F135 engine shaft

Kongsberg

JSM, Norwegian contractors are working on giving their JSF drag chute
capacity which includes a missionized pod on the JSF’s rear upper surface
facilitating JSF stoppage on short icy runways. Testing of this drag chute
was occurring at Alaska’s Eielson, AFB, in late 2017 and early 2018.
Examples of these companies are shown in Table 9.2.

SINGAPORE

This Southeast Asian city-state is another potential JSF purchaser though
its involvement in this program has been more protracted and secretive
than many other countries. In 2003, Singapore joined the JSF program as
a Security Cooperation Participant. During 2007, Singapore’s then Chief
of Air Force Major General Ng Chee Khern announced that the JSF,
along with the F-158G, was a possible candidate to replace the Royal
Singapore Air Force (RSAF) aging F-5 fleet. Testifying on March 12,
2013, at the Singapore’s Parliament’s Committee on Supply, Defence
Minister Ng Eng Hen mentioned Singapore’s intention to acquire new
military platforms for the military with particular emphasis on the Air
Force and Navy. Ng stressed that two RSAF combat air platforms are at
mid-life or near the end of their expected operational life cycles and men-
tioned that the Defense Ministry was close to finishing evaluation of the
JSF as a potential replacement for these fighters.3¢

As part of its national review progress, Ng, Parliamentary Foreign Affairs
and Defence Committee Chair Lim Wee Kiak, Chief of Air Force Major
General Hoo Cher Mou, and other senior Defence Ministry and RSAF
officials saw demonstrations of the JSF by the US Marine Corps during a
December 10, 2013, visit to the United States. As part of Exercise Forging
Sabre in Phoenix, they saw RSAF fighters conduct operations against an
enemy using F-15s and F-16s while also integrating strikes on static and
moving targets with the Army’s High Mobility Artillery Rocket Systems.3!
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Singapore may decide to purchase the F-35 due to its close security ties
with the United States and economic affluence. This affluence is demon-
strated by Singapore’s estimated FY 2017 defense spending being S$
14.206 billion ($10.630 billion).3> However, a 2014 report notes that
while Asia is a growing market for arms purchases, that the JSF is afford-
able only to a small number of countries, consequently leaving the market
open to lower-cost jet fighter alternatives.?®?

On February 25, 2015, Lt. General Chris Bogdan, the US JSF program
head, contended that Singapore was getting closer to purchasing the
JSE. He went on to observe that Singapore had requested information on
the conventional take-off and landing, short take-off and landing, and car-
rier variants of the JSF. In mid-2015, Singapore had not made a firm deci-
sion on purchasing the JSE.3*

Singaporean national security policymakers are acutely aware of emerg-
ing trends in military aviation technology and strategic challenges facing
the island nation situated in close proximity to the South China Sea. A
2016 article in Pointer, Singapore’s professional military journal, noted:

Technology has been and will continue to be a critical force multiplier for a
small armed force like the SAF. We must continue to sustain technological
collaboration with key strategic partners such as the US. This is critical con-
sidering the huge capital outlay for research and development to create
highly advanced air platforms such as the F-15 and the Joint Strike Fighter
(JSF). At the same time, we must strengthen our focus on our indigenous
defence industry for capabilities unique to our operating requirements. This
may be a function of adjusting investment allocation, as well as improving
operations-technology integration to streamline collaboration between the
SAF and the Defence Technology Community for more focused invest-
ments and bringing to fruition projects in the pipeline.?

However, on September 30, 2016, Defense Minister Ng said that while
Singapore remains interested in the JSF, it does not expect to purchase it
until 2030. He also stressed his belief that Singapore’s existing F-15 and
F-16 fleet could last another decade or two while maintaining that
Singapore would not be influenced by South China Sea developments or
Chinese military power. Singapore’s FY 2017 budget of Singapore Dollars
(SDG) $14.451 ($10,813.600 billion) is the second largest expenditure
of that country’s budget and it would be more than capable of financially
sustaining some JSF purchases if it decides to.*
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SINGAPOREAN JSF INDUSTRIAL PARTICIPATION CAPACITY

Although it has still not decided whether to participate in JSF, Singapore’s
aerospace industry would be more than capable of meeting the challenges
and opportunities provided by contracting with Lockheed Martin and the
JSF Program Office. Singapore has over 100 aerospace companies and
contributes over one-fourth of the Asia-Pacific region’s maintenance,
repair, and overhaul output. During February 2012 and January 2013,
Rolls-Royce and Pratt & Whitney opened or broke ground for new facili-
ties covering capabilities such as engine assembly and testing, R&D, and
blade and turbine disk manufacturing.

Since 2008, Singapore has hosted an annual air show which has become
one of the world’s three biggest airshows. The 2012 show attracted
45,000 visitors from 128 countries generating over $31 billion in approved
deals. Singapore’s aerospace industry employs approximately 19,800
workers; it has grown an average of 10% over the past two decades, and
achieved a 2013 output of $8.7 billion. Specific examples of Singaporean
aerospace companies potentially capable of fulfilling JSF contractual obli-
gations include Bombardier Aerospace, Meggitt Aerospace Asia Pacific,
National University of Singapore’s Centre for Aerospace Engineering,
Pratt & Whitney, RLC Engineering Group, Safran Electronics Asia, ST
Acrospace, and Standard Acro.?”

SoutH Korea

South Korea remains an important arena of international security interest
six decades after the end of the Korean War. Its biggest immediate security
concern is the continuing threat from a nuclear-armed North Korea with
large conventional forces. It is also adjacent to China and subject to
Beijing’s increasing geopolitical assertiveness along with similar behavior
from Russia which also shares a border with North Korea. Some elements
in South Korea remain concerned about Japan as a security challenge due
to Japan’s historical colonial dominance in South Korea and lingering
resentment over World War II. Recent years have seen South Korea recog-
nize the need to replace its F-4 Phantom and F-5 Tiger fighters after
2020. All of these developments prompted South Korea to begin looking
for potential future fighter candidates and by 2011 this search focused on
the F-15SE Silent Eagle, Eurofighter Typhoon, the JSF, and the indige-
nous South Korean KF-X fighter program.3
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Security concerns Seoul must consider in making its next-generation
fighter selection include its vulnerability to hidden North Korean artillery
capable of inundating vast amounts of shells per minute on Seoul, the
unknown number of North Korean nuclear warheads and their reliability
when fired from hidden sites in that country’s north, and having a deep
strike capability to retaliate against North Korean targets. Consequently,
this makes strike and survivability vital requirements for future South
Korean fighters. Developing industrial opportunities for South Korean
companics also factors into Seoul’s decision-making.®

These aircraft have received criticism in South Korea as well. In February
2013, the Korean Institute for Defense Analyses (KIDA) (a Ministry of
National Defense entity) said South Korea is technologically incapable of
developing the KE-X; that the project is economically unviable; and that it
would not be a successful export product. KIDA analyst Lee Juhyeong
also mentioned KF-X development would cost over 10 trillion won ($9.2
billion) and cost more than twice as much as an imported aircraft.*

On March 29, 2013, DSCA notified Congress of the potential Foreign
Military Sale to South Korea of 60 F-35 CTOL aircraft and associated
equipment, parts, training, and logistical support for an estimated $10.8
billion. DSCA contended that this proposed sale would further US for-
eign and national security policy goals by meeting an allied country’s legit-
imate security and defense needs.*!

A major boost for the JSF came in late September 2013, when the
Defense Acquisition Program Administration (DAPA) rejected the Boeing
F-15S8E as being unproven technologically despite its price competitive-
ness with the JSF and the Eurofighter which was also rejected. This deci-
sion effectively reopened South Korean fighter plane bidding with Defense
Ministry spokesman Kim Min-Seok saying: “We need a capability to coun-
ter North Korea’s asymmetric threats of nuclear weapons and missiles. ...
In the meantime, we need to catch up with the latest trend of aerospace
technology worldwide centered around the fifth-generation fighter jets.”*?

On March 24, 2014, South Korea announced that it would purchase
40 JSF CTOL fighter planes with delivery expected in 2018 with Lockheed
Martin and Pratt & Whitney being the prime contractors. The reported
purchasing price was 7.34 trillion won ($6.79 billion) with pressure from
military interests and the desire to integrate with the US Air-Sea Battle
strategy being key factors in this decision. South Korea’s 2014 Defense
White Paper stressed the continuing conventional and military threat from
North Korea and how Seoul needed to maintain a robust capability of
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forces including an Air Force allied with the United States to deter and
defeat threats to national sovereignty.*?

A January 2017 KIDA report noted that Seoul’s defense spending that
year was a record high 40.3 trillion won ($3.503.680 billion) representing
a 4% increase over 2016. This increased spending was allotted to the JSE
and other resources such as UAVs and ballistic missile defense in response
to increasing North Korean nuclear tests along with anticipated increased
maintenance costs for the JSF and other equipment.**

Although there may be uncertainty in South Korean politics following
the March 2017 impeachment of President Park Geun-hye, the ongoing
threat from North Korea is likely to keep Seoul committed to the JSF and
to pursuing a somewhat more assertive military posture by the composi-
tion of a successor government of Moon Jae-In. This was demonstrated by
a December 2017 media report that South Korea and Japan were consid-
ering putting the JSF on ships which would give these countries the ability
to conduct deep strikes into a nuclear-armed North Korea. JSEs were used
by the United States in a joint Korean Peninsula flyover with South Korean
forces in late August 2017 as a warning to North Korea. Seoul may deploy
the F-35B aboard a 14,000-ton warship scheduled for deployment in
2020.%

SouTH KOREAN JSF INDUSTRIAL PARTICIPATION

Korea Aerospace Industries in Sacheon is the company most likely to ben-
efit from potential JSF contract opportunities. Through 2013, the South
Korean acrospace industries produced products worth $5.766 billion; this
reached $7.859 billion by 2016, and was expected to reach $8.274 billion
in 2017. Seoul is the tenth largest market for US aerospace exports with
these exceeding $4.4 billion in 2015. These products were distributed to
countries as diverse as the United States, France, Indonesia, the United
Kingdom, Japan, and the United Arab Emirates. Military sales account for
60% of South Korean aerospace industries sales and this industry’s work-
force was 11,544 in 2014. Various combat aircraft have been produced by
these industries including KB-1 trainers and a Korean version of the
F-16.#¢

Table 9.3 shows additional potential South Korean beneficiaries from
Seoul’s decision to purchase the JSF in years to come.
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Table 9.3 Potential South Korean JSF contractors*”

DoDaam Systems

Dacjeon City

Hanwha

Gyeongnam

Hyundai

Wiya-Gyeongnam

Kyongju Aerospace Electrical
Systems

Gycongju-si

MDS Technology
Gyeongnam

NDT Engineering & Aerospace
Gyeongnam

Samsung Thales

Gyeonggi-do

Soosung Airframe
Gyceongsangnam-do

Simulator; avionics and support equipment.
Fixed wing aircraft

Landing gear; pilot seats

Aircraft electrical system; wire harness

Software development solutions; infrared
camera

Precision manufacturing; advanced CAD/CAM
Avionics; electronic warfare systems

Sheet metal; machining; assembly

TAIWAN

Taiwan has not formally decided to participate in the JSF program and the
United States may be reluctant to sell the JSF to Taiwan due to its desire
to maintain stable relations with China. However, the increasing growth
of Chinese military power in the Taiwan Straits is placing Taiwan at a com-
petitive strategic disadvantage and may cause a future US presidential
administration to consider selling the JSF to Taipei. The following excerpt
from a 2012 report by the US Army’s Foreign Military Studies Office
describes potential military benefits but economic political problems with

Taiwanese purchasing of the JSF:

Though the F-35B fighters are especially attractive for short take-off and
vertical landing (STOVL) and other innovative capabilities that are well
suited for Taiwan’s terrain and other needs, many believe the program is not
feasible because of the high cost and Taiwan’s budgetary constraints.
Further, in order to host F-35Bs, the island would require a restructuring of
maintenance facilities, which may prove too expensive. Limited availability
means delivery would be many years coming. However, others note that by
the time Taiwan actually receives the F-16C/Ds, they may be outdated and

the F-35Bs more cost-effective.*®
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Taiwan’s Air Force has used US-supplied F-16 A/B aircraft since they
were delivered in April 1997. It has been unable to get more advanced air-
craft such as the F-16 C/D since then due to US concerns over inflaming
China. Taipei has been able to acquire Mirage 2000-5 aircraft from France
and some Taiwanese and US interests advocate selling the JSF to Taiwan to
give it more of a chance to deter a potential cross-strait invasion as a result
of Taipei’s declining air defense capabilities, Beijing’s growing ballistic mis-
sile arsenals, and China’s 2014 purchase of Russian SU-35 fighters placing
all of Taiwan within scope of Beijing’s air defense network.*

A key factor prompting potential Taiwanese interest in the JSF is the
continuing and growing military advantage China has over Taiwan.
Table 8.15 from the 2016 edition of the Defense Department’s annual
report on Chinese military power illustrates how pronounced Beijing’s
airpower advantage is in terms of military aircraft (Table 9.4).

China has made significant efforts to bolster its defense forces across the
Taiwan Strait and has increased its capability of conducting various kinds of
coercive operations against Taiwan including air and missile campaigns,
amphibious invasion, and cyber and other joint force attacks to demoralize
the Taiwanese and deter potential US intervention. Taiwan has historically
relied on the geographic barrier posed by the 100-mile-wide Taiwan Strait,
its military’s technological superiority, and the advantages of defending an
island. China’s increasingly modern weapons platforms including over
1200 ballistic missiles, ships, submarines, combat aircraft, and improved
C4ISR capabilities have eroded or negated these advantages.

Taiwan has addressed some of these deficiencies by increasing its war
reserve stocks, expanding its defense industrial base, and improving its
joint operations and crisis response capabilities. Taipei is also working to
integrate asymmetric measures into its defense capabilities to offset
Chinese advantages. However, questions remain about the effectiveness of

Table 9.4 China-Taiwan cross-strait airpower balance®®

China Taiwan
Aireraft Total Within range of Tniwan Total
Fighters 1700 130 384
Bombers /Attack 400 200 0
Transport 475 150 19

Special mission aircraft 115 75 25
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Taiwan’s air power due to its age and flat defense spending which fell from
4.7% of GDP in 1994 to 1.9% of GDP in 2015 and from 16.4% to 10.6%
of government spending over this time period.

US policy toward Taiwan adheres to the one-China policy, three
US-China joint communiques, and the Taiwan Relations Act (TRA) with
the latter statute requiring the United States to come to Taiwan’s defense.
The United States says it opposes destabilizing changes in the cross-straits’
status quo, but has provided Taiwan with enough materials to maintain
what it considers as defense self-sufficiency. The United States has
announced $12 billion in arms sales to Taiwan since 2010 including an
F-16A/B retrofit, training, and spare parts for Taiwan’s Air Force.
However, the Obama Administration did not provide the F-16 C/D or
consider providing Taipei with the JSF.>!

In August 2014, Taiwanese Major General Chang Wen-shuo, the
Deputy Director General for the Defense Ministry’s Department of
Strategic Planning, said Taiwan wanted to purchase the F-22 and JSF. He
stressed that weapons such as these would help meet Taiwan’s require-
ments for innovation and asymmetric warfare in the event of a conflict
with China. He went on to stress that Taiwan faces a rising air threat from
China as it increases the PLAAF by building advanced J-20 and J-31 fight-
ers, purchasing Russian Su-35 fighters, and S-400 air defense missiles.>

Taiwan’s ability to acquire the JSF and other cutting-edge military
technology has been limited by the fear of the United States and other
Western powers of jeopardizing their important economic and strategic
relationships with an increasingly assertive China if they were to sell
Taiwan advanced weaponry which would bolster Taipei’s competitiveness
in the Taiwan Strait region. Taiwan has also hurt its cause by providing
insufficient overall support to its own military capabilities as evidenced by
declining defense spending, increasing economic integration with China,
a misguided belief that economic interdependence with China decreases
the possibility of military conflict and political feuding between Taiwan’s
two main political parties—the pro-independence Democratic Progressive
Party (DPP) and the one-China orientation of the Kuomintang (KMT)—
over appropriate defense policy.

Taiwan’s 2015 Defense White Paper stressed its efforts to improve joint
operational efforts and information and electronic warfare capabilities,
noted Chinese assertiveness in the East and South China Seas while also
maintaining Beijing practiced “amicable diplomacy” with its neighbors,
and sought to deny external intervention in the cross-straits dispute.
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Taipei is responding by reducing its military personnel and striving to
increase the professional quality of its forces, hardening its information
security assets, and acquiring modernized weapons, and having its Air
Force strive for regional air superiority.>*

The 2016 election of Taiwan’s Democratic Progressive Party lead by
President Tsai Ing-wen may result in Taiwan taking steps to increase its
defense spending which could receive a favorable response from the
Trump Administration in the form of increased US arms sales. On January
24, 2017, Taiwanese Defense Minister Feng Shih-kuan announced that
next-generation fighter jets would become a Tsai Administration research
and development priority. A February 11, 2017, article in the congres-
sional newspaper The Hill by Taiwanese authors noted the growing dispar-
ity in the cross-strait military aircraft balance between Taiwan and China,
urging the United States to sell the JSF to China in order to lessen Beijing’s
increasing numerical and technological aircraft superiority over Taiwan.*®

During May 2017, Taiwan’s Defense Minister Feng Shih-kuan
announced that Taipei would formally declare its intention to purchase
the JSF when he visited Washington in July citing China’s military devel-
opments as justification for this purchase. However, it is uncertain whether
the Trump Administration will favor this given its efforts to acquire
Chinese help in dealing with North Korea and the contention of some
sources that the United States wants its next round of Taiwanese arms
sales to emphasize anti-ship, surface-to-air, and surface-to-surface missile
systems. An analysis of this potential scale maintained that purchasing the
JSF would be financially expensive for Taipei and that the JSF would be
vulnerable to attacks from Chinese ballistic missiles and jet fighters.>

TAwAN JSF INDUSTRIAL PARTICIPATION

If the Trump Administration decides to allow Taiwan to purchase or par-
ticipate in the JSF, Taiwan has some indigenous domestic acrospace indus-
trial capacity to take advantage of this program’s opportunities. Taipei has
co-produced domestic versions of the F-5E fighter since the 1970s and
from 1988 to 1999 produced the Indigenous Defense Fighter (IDF) and
is currently producing an updated line of the IDF as part of Project
Hsiang-Chan.%”

In 1969, the Aerospace Industrial Development Corporation (AIDC)
was created and it was transferred from a military-owned enterprise to a
state-owned company based in Taichung under the Ministry of Economic
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Table 9.5 DPotential Taiwanese JSF contractors®®

Acer Sertek Inc Avionics
Taipei
Aerowin Technology Aluminum metal technology; precision machining

Corporation Tainan City
Chen-Tech Taiwan Industries  Forged engine and aircraft components; forged

Taoyuan County defense products

Eagle Engineering Aerospace  Aircraft and satellite parts and repairs
Taipei

National Aerospace Fasteners  Acrospace fitting and fasteners
Corp.

Tao-Yuan Hsien

Opto Tech Corporation LED chips and display

Hsinchu

Taiwan Aerospace Corporation Aircraft structural parts; engine components
Taipei

Zitai Precision Machinery Aerospace parts

Taichung

Affairs in 1996 with production capabilities in aeronautic engines, and
aircraft avionics before being privatized in 2013-2014.%® Taiwanese
exports of transportation equipment, including aircratt, were $108 million
in 2016 declining from $117 million in 2014, $109 million through
November 2017, the size of its transportation and storage workforce was
437,000 as 2015, and its 2014 acrospace industry carnings were estimated
to be $2.67 million.*

The Taiwan Aerospace Industry Association (TAIA) has 63 member
companies with potential beneficiaries of working on the JSF besides
AIDC including those listed in Table 9.5.

TURKEY

NATO member Turkey became interested in developing a replacement to
the F-16 and in the mid-1990s joined other countries in seeking to become
part of the JSF consortium. Negotiations began with Washington in 1999
with tacit approval being granted for Ankara’s program participation March
2000. In a March 31, 2000, speech to the American Turkish Council
Secretary of Defense William Cohen commented: “Turkey is that vital link
in terms of blending Russia and Central Asia and the Caucasus and bridg-
ing the gap between the Western world and the Islamic world. No other
country sits in this position to be able to achieve that great result.”®!



322  B.CHAPMAN

Turkey agreed to sign a system development and demonstration MOU
with the United States concerning the JSF on January 17, 2001, which
was officially signed on July 11, 2002, and entered into force on August
10, 2002. Turkish participants in this included Ankara’s Undersecretary
for Defense Industries and Turkish Air Force members or civilians who
were assigned to the JSF program office. Turkey’s contributing share was
$175 million in current year’s dollars with possible additional contribu-
tions not to exceed $75 million.®

Despite this MOU, there were uncertainties about Turkey’s participation
level, local workshare, and access to software source codes which may have
contributed to Ankara’s Level 3 partner status as of July 2002. A March 1,
2003, Turkish Parliament vote prohibiting US troops from deploying to
Turkey for Operation Iraqi Freedom and the July 4, 2003, apprehension of
Turkish special forces by US troops in Sulaymaniyah, Iraq, further weakened
US-Turkish military relations and enthusiasm for participating in JSF. The
year 2005 saw the Eurofighter become increasingly appealing to Ankara and
in January 2006 Lockheed Martin offered local workshare worth $3.5 bil-
lion which Turkey found insufficiently satisfactory.%®

In October 2006, Turkish Defense Minister Vecdi Goniil and Turkish
JSF program head Murad Bayer visited Washington and made sufficient
progress in a meeting with Secretary of Defense Donald Rumsfeld that
Turkey signed a new agreement in November 2006 indicating that the JSF
was their preferred jet fighter without committing to buying the aircraft,
consequently eliminating the Eurofighter as an alternative option. The
MOU signed in January 2006 secured an increase in Turkish JSF work-
share value from $4.2 to $5 billion and the Turkish acrospace industry was
given the right to manufacture the fuselage for nearly 400 F-35s.6

During 2011, Turkey’s JSF program workshare was determined to be
unsatisfactory by government procurement officials. Program cost overruns
took Turkish workshare below a 50% targeted level. At this time, unfulfilled
Turkish JSF expectations including the desire to host a regional FACO facil-
ity for F-35 engines were seriously damaged by the US decision to cancel the
GE F-136 engine and unsuccessful efforts to contain JSF source codes. On
January 5, 2012, Turkey finally placed its first order for only two instead of
six F-35As. In January 2013, Turkey suspended its orders for these aircraft
contending it had not shown the projected operational capability level and
acknowledging other consortium partners had postponed their orders.
Possible reconsideration of the F-35 order was expected in 2014.

However, Turkey expects to be able to operate the JSF without restric-
tions which remains problematic for reasons as varied as Ankara’s policy
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disagreements with Washington on issues such as Israel and Palestine, the
Erdogan Government’s more Islamist domestic policies, and its insistence
on significant work-sharing and source code access.®® Even with these
problems, Prime Minister Ahmet Davutoglu announced on January 7,
2015, that Turkey planned to order an additional four F-35s following up
on its 2012 order of two F-35s.%

Concern over the Turkish government’s stability following an unsuc-
cessful July 15,2016, coup attempt and the authoritarian rule of President
Recep Tayyip Erdogan has slowed, but not delayed, Turkish participation
in the JSE. On July 20, 2016, Lockheed Martin spokesman Mike Rein
confirmed Ankara would receive JSF fighters as part of the low-rate initial
production and that their assembly would begin in the next 6—12 months.
On October 31, 2016, Ankara’s Defense Industry Executive Committee
consisting of Prime Minister Binali Yildirim, Defense Minister Fikri Isik,
and Chief of Staff General Hulusi Akar agreed to order a second round of
JSFs, expanding Turkey’s commitment to purchasing a total of 116
JSE. Turkey hopes to receive its first JSF in 2018 and to build a new gen-
eration fighter fleet consisting of the JSF and an indigenously constructed
TFX aircraft to commemorate the country’s centennial in 2023.97

Turkish defense contractor Roketsan has developed a stand-off missile to
fit into the JSF’s weapons bay. This air-to-surface missile has a range of
approximately 135 miles, weighs approximately 1333 pounds, and features
multiple guidance systems including GPS, imaging infrared seeker, and auto-
matic target acquisition along with a semi-armor piercing warhead capable of
targeting ships, SAM sites, strategic assets, and exposed Warcraft. This missile
will be incorporated into Turkish JSFs and may be integrated into US JSFs.

Despite these Turkish technological accomplishments, concern remains
over the authoritarian tendencies of the Erdogan government and whether
Turkey can be trusted with JSF secrets and technologies. One July 2017
analysis warned that in 2013 Turkey leaked the identities of Israeli spies in
Iran to that country’s government. Another incident that month saw the
Pentagon criticize Turkey’s state-run news agency for exposing ten covert
US bases in Syria to enable Daesh and Iranian-backed forces to target
Americans. These concerns have been further exacerbated by Ankara’s
increasing ties and cooperation with China and Russia which could give
information on the JSF and its technology to hostile actors. An acute
expression of US congressional concern with Turkey and the F-35 was
expressed in the 2019 National Defense Authorization Act signed by
President Trump on August 13, 2018. Section 1271 of this legislation
expressed concern over Turkey’s purchase of an $-400 air and missile
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defense system from Russia and required the Defense and State
Departments to submit a report to Congress within 60 days on the status
of the US relationship with Turkey including US military activities at
Incirlik Air Base and the impact this purchase could have on joint US and
Turkish operated and produced weapons systems including the JSE.6®

TurxisH JSF INDUSTRIAL PARTICIPATION

Turkish Aviation Industries (TAI) has been interested in developing an
indigenous F-X fighter as a result of complications with the JSF and Turkey
is also developing a stand-off missile similar to the US Joint Direct Attack
Munition (JDAM) having received permission to acquire JDAM from the
United States. Turkish contractors with JSF include both government
entities like TAI and Tubitak-SAGE and private sector organizations. The
value of these contracts is expected to reach $12 billion and contractors
are listed in Table 9.6 and primarily concentrated near Ankara and Istanbul.

Table 9.6 Turkish JSF contractor®®

Alp Aviation F-35 airframe production structure and assemblies, production landing

Ankara and gear components, and production F-135 engine titanium blade rotors.

Eskisehir

Aselsan Manufacturing approaches for advance optical components which are

Ankara part of F-35 electrical targeting system and Communications,
Navigation, and Identification (CNI) avionic interface controller.

Ayesas Sole source supplier for missile remote interface unit and panoramic

Ankara cockpit display.

Fokker-Elmo  Manufactures 40% of electrical wiring and interface system and

Izmir supporting TAI with all center section wiring systems.

Havelsan Training systems and future integrated pilot and Maintenance Training

Ankara and Center.

Istanbul

Kale Aerospace Airframe structures and assembly, sole source supplier for landing gear

Istanbul lock assemblies for all three JSF variants, joint venture with Pratt &
Whitney in Izmir to manufacture engine production hardware.

MiKES Delivers F-35 aircraft components and assemblies for BAE Systems and

Istanbul Northrup Grumman.

Roketsan and
Tubitak-Sage
Ankara

Development, integration, and production of advanced precision-
guided stand-oft missile carried internally on F-35.

Turkish Production hardware including center fuselages, composite skins,
Aerospace weapon bay doors, and fiber placement composite air inlet ducts.
Industries

Ankara
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CONCLUSION

Decisions to participate or not participate in the JSF in each of these coun-
tries have varied. Some countries have made the decision to purchase the
JSF and participate in this program with relatively limited controversy,
while others have faced considerable controversy, delays, and opposition
to participating in the JSF program. Factors influencing the decision-
making of these countries include economic costs, program delays and
cost overruns, the desire to ensure indigenous aerospace industries get
contractual opportunities to participate in JSF, the need to maintain
interoperability with US and other NATO forces, and the need to address
emerging aerospace threats from adjacent hostile powers as varied as
China, Iran, North Korea, Russia, and transnational terrorist organiza-
tions. An additional factor complicating security policy decision-making
and weapons purchasing in these countries has been declining defense
spending and perceived public reluctance to support military upgrades to
aging fighter forces in the emerging international security environment
and challenging questions as to whether the JSF is the best mechanism for
addressing national military airpower needs during a period when the
development of UAV technologies is causing some to question whether
manned combat aircraft remain necessary. The reliability of JSF partner
countries such as Turkey also poses legitimate security concerns about
whether the widespread global dissemination of JSF technology may have
adverse geopolitical effects on the US and allied countries participating in
this program.”®
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CHAPTER 10

Conclusion

The JSF’s diverse international experiences reflect the cost of high tech-
nology and delays inherent in multinational defense acquisitions. It also
reflects the close intersections between military spending and the aero-
space industry as the following quotation demonstrates:

The economic aspect of airpower extends beyond government expenditures.
The aircraft industry, given the very high cost per unit produced, is a signifi-
cant economic force in itself. Consumption of materials, engineering skill,
power, and general labor sends ripples through the economy. In recent
times, costs and technical sophistication have climbed to such heights that
very few nations still have an aircraft industry sufficient to meet all their
needs, both military and civil. Hence the aircraft industry itself has become
a substantial element of airpower. The procurement or sale of aircraft,
whether military or civil, has implications for statecraft.!

As of August 2017, 253 JSF aircraft had been fielded and were flying
from nine locations in the United States and three locations internation-
ally.> An April 2017 GAO report estimated the United States had spent
nearly $400 billion on the JSF, making it the DOD’s costliest and most
ambitious defense program with additional annual expenditures of $12
billion ($276 billion) cumulative through 2038 required for completing
development and procurement of 2457 aircraft with overall fleet opera-
tional and costs over the aircraft’s lifetime expected to exceed $1 trillion.
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The JSF program is getting closer to operational deployment, but its
protracted delays and high price make the willingness of the United States
and other countries to engage in such large-scale defense acquisition pro-
grams questionable due to continually increasing costs resulting from
exponentially growing technological and financial cost requirements of
military aircraft. It is also inaccurate to say that defense globalization
relaxes international tensions (Fig. 10.1).°

The JSF involves 412 US transactions with recipients receiving
$825,634,700 in prime contracts and total sub-award transaction con-
tracts in FY 2018.* Ciritical reasons driving these increases costs include
the increasing technological costs of cutting-edge military weaponry and
the 1990s consolidation of the US defense industry reducing the number
of credible combat air fighter contractors to Boeing and Lockheed Martin
which has had a deleterious impact on competition and accelerated costs
increases.®

Additional factors describing the negative impact of defense acquisition
are documented ina 2016 Foreign Affnirsarticle by House Armed Services
Committee Chair Rep. Mac Thornberry (R-TX) and Andrew Krepinevich
of the Center for Strategic and Budgetary Assessment who assert:
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Currently, ... the United States takes far longer than its adversaries to get
new equipment from the drawing board into the hands of its men and
women in uniform—more than a decade, in many cases. In large part, that’s
because the Pentagon often secks to push new systems’ performance charac-
teristics to an extreme. Projects incur costs overruns when their overseers
attempt to incorporate new technologies before they are mature, wasting
both time and money while troops make do with older equipment.
Compounding the problem, Uncle Sam to often spends, relatively speaking,
thousands of dollars ensuring that it doesn’t get cheated out of nickels and
dimes. It’s past time to reform that system by setting more realistic require-
ments and speeding new equipment into the field.®

This work has documented JSF’s operational problems and financial
costs on a multinational scale. A simple conclusion readers might draw
from the JSF experience is that it should be canceled. A persuasive case
could be made for cancelation on a strictly monetary basis due to the pro-
gram’s delays and cost overruns. The difficulty with reaching such a con-
clusion is that JSF’s significant US and multinational commitment to this
program have essentially made it “too big to fail” given its international
scope, the amount of money and political capital spent, and the need for
the United States and its allies to retain an air combat competitive edge in
future military operations. In the United States, the JSF’s workforce sup-
ports direct and indirect jobs for over 170,000 individuals in 46 states and
Puerto Rico. Similar characteristics influence JSF’s workforce and political
influence in other countries demonstrated in the following table
(Table 10.1).

JSF critics need to present economically and militarily credible alterna-
tives to address emerging US and allied jet fighter combat operational
needs against emerging threats beyond maintaining existing combat air-
craft fleets.”

Table 10.1 Selected JSF international workforce and contract statistics

Australia 50 companies $800 million contracts
Canada 50,000 jobs $1 billion contracts

Denmark $356 million contracts

Ttaly 750+ jobs $1.35 billion contracts
Netherlands 27 companies $750 million contracts
Turkey 10 companies $12 billion potential contracts

United Kingdom 24,000 jobs Building 15% of planned JSF Fleet
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The following 2013 assessment of defense industry costs is noteworthy
for acquisition reform suggestions it makes:

Decision processes for major DoD investments contrast sharply with those in
the private sector. Senior managers in industry routinely deploy financial met-
rics in choosing among spending proposals. Unreliable as these may be, they
help decision makers mediate inter-organizational competition by placing
competing proposals on a common basis. DoD has no similar way to compare
proposed new weapons systems put forward by the military services. Many
such systems have similar functions, yet as investments are incommensurable.
In the absence of useful methods for comparing weapons acquisition propos-
als, and given the political malleability of “national security,” the services have
usually been able to insist upon the weapons they want.

In the absence of workable schemes for evaluating requests, and with the
services constantly competing for missions and for resources to accomplish
these missions, the quest for technologically complex super-weapons will
likely continue. Meaningful reform would have to begin with legislation
that reduced the influence of the individual services over choice of weapons,
and increased the power of civilian officials. If discretionary choices must be
made, it is better that they may be made by civilians to take a broad view.
Greater institutional power for OSD and less for the services would not
make acquisition decisions any easier. Certainly it would do nothing to miti-
gate the analytical limitations described in this paper. Even so, reducing the
influence of the more parochial factions in DoD would increase the likeli-
hood of choices based on reason rather than wishfulness.®

US military equipment with the JSF’s capabilities will inevitably be of
acute interest to competitor countries. JSF design was targeted by China
as early as 2007 and the results of such hacking can be shown in the design
of emerging Chinese jet fighters including the J-31. Russian espionage has
also sought to target JSF technologies and capabilities and incorporate
such theft into their own jet fighter assets such as the SU-35.°

The United States and its allies must have a next-generation fighter to
counter emerging Chinese developments in A2/AD assets seeking to
enhance freedom of maneuver and access for their own forces while pre-
venting the United States from using its power projection over Chinese
territory, striking against US logistical assets, and requiring the United
States to fight its way into the Western Pacific theater of operations in a
way it has not had to since World War II'%; Russian assertiveness
demonstrated by its coercive energy “diplomacy”; interventions in
Ukraine, Crimea, and Syria; increasing penetrations of Western airspace;
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attempts to dominate the High North region which will require Moscow
to develop hypersonic weapons against emerging US and allied weapons
threats, and pivot to the East which sees it increasingly important to its
security interests due to its mineral resources; increasing cooperation with
China; Japan’s increasing assertiveness; and Russia’s desire to detach Japan
from the United States!'; and the imperative for an air superiority capabil-
ity if military operations need to be conducted against Beijing, Moscow,
Pyongyang, Tehran, and transnational terrorist organizations such as
Daesh.!2

Military history also demonstrates the imperative to maintain and
increase technological capability against potential enemies. The misplaced
French trust in the Maginot Line as a security guarantor against a resur-
gent German military is a particularly compelling example. Western
nations should not myopically assume that China, Russia, or other coun-
tries will fail to take advantage of emerging military airpower technologies
or exercise restraint in their military actions while Western nations strug-
gle with economic constraints and think war is no longer a valid interna-
tional political or security option. The march of military innovation and
technology is inexorable and Western countries must maintain their ability
to retain technological and operational superiority against enemies who
do not share their moral values, political interests, and perceptions of
national and international security.

Assessing military and technological developments is also incumbent on
the United States and its allies as demonstrated by historical experience and
contemporary and emerging operational developments and conventional
and unconventional threats such as those posed by China and North Korea
in the Asia-Pacific and Russia in Eastern Europe, the Mideast, and poten-
tially the Asia-Pacific. The increasing volatility in the Asia-Pacific has been
described by Australian Strategic Policy Institute Executive Director Peter
Jennings, who contends the risk of military conflict over Asia-Pacific flash-
points is growing quickly; it is uncertain whether military clashes at sea or
over sensitive borders can be contained quickly by major powers, that
regional military forces have more accurate and long-range weapons, that
the region faces strategic danger comparable to the late 1940s and the
Vietnam War, that North Korean brinksmanship and provocations may be
based on the mistaken view that Japan, South Korea, and the United States
will back down, that an explosive mix of Chinese nationalism and overcon-
fidence in their military could produce a serious military incident which
could be exacerbated by the Trump Administration’s inexperience.!?
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The aging fleet of US jet fighter aircraft is documented by Navy E-A6
Prowler aircraft having a fleet age of 27, that service’s F/A-18 A-D
Hornet’s fleet age being 27.5 years, and its ¥ /A 18 E-F Hornet’s fleet age
of 13.4 years demonstrates this concern. The Air Force’s A-10 ground
attack aircraft fleet age is 33, the F-16’s is 24.9 years, the F-15’s age is
27.7 years, and the Marine Corps F/A-18 A-D’s fleet age of 23.5 years
demonstrates that the US fighter fleet is reaching the end of its operational
effectiveness against emerging military aviation threats. Budget constraints
caused by sequestration have also hindered the US ability to maintain a jet
fighter capability to deal with emerging threats.!*

This military technological revolution also applies to jet fighters and
their combat operations. While the JSF is classified as a fifth-generation
aircraft, military strategists and technologists are already discussing sixth-
generation aircraft. Definitions of these aircraft are vague, but could
include space-based aircraft, unmanned systems, and platforms which
could replace the F/A-18 E and F series planes whose lifespans are
expected to end in 2035. They could also include hunting packs of drones
which could fight along manned fighters, artificial intelligence, areas span-
ning networking and communications, controlling the electromagnetic
spectrum and sensing along the spectrum, and the roles space assets could
play in military operations. US sixth-generation programs involve the
DARPA, Air Force, and Navy and are known as the Air Dominance
Initiative. This image represents a hypothetical image of a sixth-generation
fighter.t®

The JSF program demonstrates the limits of expensive defense pro-
grams and of multinational joint defense acquisition programs. A 2013
Rand Corporation study revealed that joint defense acquisition programs
have produced higher acquisition cost growth rates than single-service
aircraft programs and not produced life cycle cost savings; increase diffi-
culty in joint cost outcomes due to problems in reconciling divergent mili-
tary service requirements while also increasing programmatic technical
complexity and risk; have contributed to a shrinking combat aircraft
industrial base; and could potentially increase operational and strategic
risk to warfighters. Consequently, the US Government should work to
create an expanded jet fighter domestic industrial base to expand competi-
tion and lower costs in these programs through tax incentives and
procurement policy reforms by amending legislation such as the 2009
Weapons Systems Acquisition Reform Act.!¢
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Many contend that the emergence of UAVs eliminates the need for
manned combat aircraft such as jet fighters.!” UAVs, like other military
tools, have limits as many observers have pointed out. A 2015 article in
Joint Force Quarterly (JEQ) stresses the critical importance of human-
human interaction on the battlefield which is essential for interacting with
local populations and enemy forces such as captured soldiers. This analysis
also maintains that remote control requires connectivity which is not guar-
anteed on present or future battlefields.!®

Technology will change military performance requirements by requir-
ing sensors and systems capable of developing hardware and software to
improve commander and operator situational awareness. Herr notes:

the F-35 pilot interface does not primarily rely upon a heads-up display.
Rather the information display is built into the helmet so that wherever the
pilot looks the system provides information. Even looking down provides a
view of the ground from cameras overlaid on the visual, such as waypoints
and enemy and friendly systems. While rife with problems throughout its
development, by integrating multiple data feeds into the visual picture, the
final version will hopefully enable the pilot to make better tactical
decisions.”

This analysis also noted human factors limiting the ability of UAV oper-
ators to sustain attention and accuracy when conducting military opera-
tions. In an Air Force study, personnel were asked to perform a task
requiring them to monitor a computer screen and identify whether small
icons represented planes flying toward or away from ecach other. This study
revealed that during the first ten-minute period, accuracy fell about 5% for
each additional ten minutes on task until it ended at 40 minutes with indi-
viduals at just 85% performance. This proved that despite piloting UAVs
from air conditioned rooms in the United States, UAV operators could
operate for only a limited time before needing to rest and recover
mentally.?

Despite the JSFE’s protracted financial and technical problems and the
fiscal constraints facing many JSF partner countries, which have caused
them to reduce defense spending, emerging military airpower and geopo-
litical and technological trends make purchasing the JSF the least prob-
lematic military aviation alternative for the US military and its international
allies. These trends include the continuing imperative and relevance of
human decision-making in conducting military operations, the ongoing
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commitment of countries such as China, Iran, North Korea, and Russia to
increasing their military capabilities and challenging US and allied geopo-
litical and strategic interests in multiple global arenas including the Arctic,
Eastern Europe, the Korean Peninsula, the Persian Gulf, South and East
China Seas, and Western Pacific.

It is possible that continuing developments in UAV and space-based
weapons technology over subsequent decades may overtake human
involvement in military airpower operations and make the JSF the last
manned air fighter. Testifying before a November 3, 2015, Senate Armed
Services Committee hearing Peter Singer of the New America Foundation
(NAF) responded to Senator John McCain’s question on whether the JSF
is the last manned fighter aircraft by saying he did not know because other
countries may continue constructing such aircraft. Singer stressed that US
policymakers should make historical parallels with other innovative aircraft
such as the British Gloster Gladiator and Spitfire and the US Navy’s F-4
Wildcat and admitted he did not believe the United States would be buy-
ing the same numbers of combat aircraft in 2025 or 2030 that it is now.
Center for Strategic and Budgetary Assessments (CSBA)’s Bryan Clark
told the committee it is possible the JSF could be the last purpose-built
strike fighter.?!

There have been simulations of the JSF though the quality of these
simulations can be questioned. On December 7, 2015, a submission to
the Australian Senate’s Foreign Affairs, Defence, and Trade Committee
was made by retired RAAF Wing Commander Chris Mills on behalf of
AirPower Australia, an organization which has been extremely critical of
the JSE. This submission referenced a 2010 simulation conducted by
AirPower Australia presenting a 2019 combat scenario over the Taiwan
Strait Sea involving the F-22A Raptor and JSF in confrontations against
China’s SU-35. These simulations maintained that the JSF losses to the
SU-35 would be at a ratio of 2.36-1 while the F-22A Raptor would have
shot down 2.14 SU-35s for every Raptor which was shot down. This sub-
mission went on to claim that if JSFs went into battle against advanced
Chinese or Russian aircraft such as the J-20, J-31, and T-50, they would
only survive one to two days of combat. The older date of these simula-
tions fails to reflect current JSF technological capabilities, let alone its cur-
rent capabilities along with the current technological capabilities and skills
of Chinese, US, and US-allied pilots.?

Another way of measuring the JSF’s effectiveness is assessments pro-
vided by US and allied country pilots who have flown this aircraft. A 2016
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Heritage Foundation study interviewed 31 fighter pilots asking them to
compare the JSF’s F-35A’s mancuverability with the A-10, F-15C, F-15E,
and F-16C. Maneuverability categories these pilots were asked to evaluate
included:

Instantaneous turn

Sustained turn rate

Responsiveness at slow speeds

Stack/scissors performance (aerial dogfighting maneuver)
Ability to recover airspeed.

These pilots were asked to conduct their ratings on a scale of 0-5, with
0 being unsatisfactory and 5 being exceptional. In the A-10 versus JSE
comparison the JSF received higher rankings in instantaneous turn,
responsiveness at slow speeds, stack/scissors performance, and ability to
recover airspeed. Comparing the F-15C versus the JSF saw the JSF receive
higher ratings in responsiveness at slow speeds, and stack /scissors perfor-
mance. The F-15E versus JSF saw the JSF receive higher ratings in instan-
taneous turn, sustained turn rate, responsiveness at slow speeds, stack/
scissors performance, and ability to recover attack speed. The F-16C ver-
sus JSF saw JSF receive higher ratings in responsiveness at slow speeds,
stack /scissors performance, and ability to recover air speed.??

This pilot survey also asked for comparisons of the JSF’s performance
with the A-10, F-15C, F-15E, and F-16C in arcas of beyond visual range
(BVR), 9 K’ perch setup (covering offensive and defensive maneuvering),
butterfly maneuvering, short-range, and tree /vertical flight. The JSF was
rated superior to the A-10 with the following rankings (Table 10.2).

Numerous pilots have said the JSF can locate, identify, and triangulate
emitter locations faster and with greater precision than the F-16. These
pilots have also commented favorably on the JSF’s Distributed Aperture
System (DAS) within the HMD enabling them to perform near-spherical
scans with 20/40 clarity, day or night, and enhancements from the
Electro-Optical Targeting System (EOTS) providing precision air-to-air
surface targeting capability. Confidence in improvements made to JSE
software and engineering has also increased pilot confidence in JSF sensor
fusion capability.?®

Direct comments by JSF pilots also speak favorably of JSF performance.
USAF Lt. Col. Matt Hayden of the 56th Fighter Wing at Luke AFB
maintains:
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Table 10.2 Pilot survey of JSF performance versus other combat aircraft**

Pilot aivcraft Performance manenver % Choosing F-35A over other aircraft
A-10 BVR 100
9K Perch Setup 100
Butterfly 100
Short-Range 90
Tree/Vertical Flight 100
F-15C BVR 100
9K Perch Setup 25
Butterfly 75
Short-Range 100
Tree/Vertical Flight 100
F-15E BVR 100
9K Perch Setup 100
Butterfly 75
Short-Range 100
Tree/Vertical Flight 100
F-16C BVR 100
9K Perch Setup 73
Butterfly 80
Short-Range 90
Tree/Vertical Flight 95
All Surveyed Pilots BVR 100
9K Perch Setup 77
Butterfly 82
Short-Range 92
Tree/Vertical Flight 97

There is nothing that I have seen from maneuvering an F-35 in a tactical
environment that leads me to assume that there is any other airplane I would
rather be in. I feel completely comfortable and confident taking that airplane
into any combat environment.?®

A series of late 2016 analyses in The National Interest forecast that the
JSF would fare satisfactorily in a potential conflict with Chinese or Russian
Su-35s. An early 2017 Red Flag war game exercise lasting three weeks at
Nellis AFB, NV, saw the JSF achieve a 15:1 kill ratio according to the Air
Force with reservist JSF pilot Major Jayson Rickard commenting: “We’re
striking targets, killing advanced surface-to-air missile, and getting some
air-to-air kills.”%”
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British RAF pilot Captain Jonathan Thompson, who has flown the
Harrier, praised the intuitiveness of the JSF’s hover mode. He mentioned
this hover technique was as easy to learn as the Harrier’s, that “the biggest
situational awareness enhancer in the F-35 is the radar,” that the JSF’s
HMD enhances situational awareness, and that “the ability to have a con-
tact on the radar and then be able to look out the cockpit and have that
contact appear on my visor is as different as day and night from Harrier
operations.”?

An Australian perspective on the JSF is provided by Air Vice Marshal
Leigh Gordon who notes:

The thing that makes the F-35 fifth generation firstly is its stealth. It has
been designed as a stealthy aircraft with low reflective surfaces, engines hid-
den from view. ... The second thing, it has some fantastic sensors, quite a
leading-edge radar, the DAS cameras—the distributed aperture system
cameras—which give you a 360-degree view of the world out to a huge
distance.

The third thing is the way all those sensors are fused together to inform
the pilot. The fourth thing is the ability to transfer data to other F-35s and
indeed other aircraft. That combination of characteristics is not in any other
aircraft in service. The F-35 is a multi-role plane that is more appropriate for
Australia’s needs than any other.?®

Royal Norwegian Air Force (RNOAF) pilot Major Morten “Dolby”
Hanche became the first Norwegian pilot to fly the JSF on November 10,
2015, and has over 2200F-16 flying hours. Hanche described his assess-
ment of the JSF in these comments on Kampflyboggen (The Combat
Aircraft Blog) of Norway’s JSF program.

The F-35 provides me as a pilot greater authority to point the nose of the
airplane where I desire. (The F-35 is capable of significantly higher Angle of
Attack (AOA) than the F-16. Angle of Attack describes the angle between
the longitudinal axis of the plane—where nose is pointing—and where the
aircraft is actually heading—the vector). This improved ability to point to at
my opponent enables me to deliver weapons earlier than I am used to with
the F-16, it forces my opponent to react even more defensively, and it gives
me the ability to reduce the airspeed quicker than the F-16.%°

Hanche goes on to make the following positive assertions about JSF
performance capabilities:
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It may be difficult to understand why a fighter should be able to “brake”
quickly. In the offensive role, this becomes important whenever I point my
nose at an opponent who turns towards me. This results in a rapidly decreas-
ing distance between our two airplanes. Being able to slow down quicker
provides me the opportunity to maintain my nose pointed towards my
opponent longer, thus allowing more opportunities to employ weapons,
before the distance decreases so much that a role reversal takes place. To
sum it up, my experience so far is that the F-35 makes it easier for me to
maintain the offensive role, and it proves me more opportunities to effec-
tively employ weapons at my opponent.

In the defensive role the same characteristics are valuable. I can “whip”
the airplane around in a reactive manner while slowing down. The F-35 can
actually slow down quicker than you’d be able to emergency brake in your
car. This is important because my opponent has to react to me “stopping,”
or risk ending up in a role-reversal where he flies past me.3!

There is no doubt the JSF has experienced managerial incompetence,
cost overruns, and produced protracted delays testing the patience of the
US and allied militaries, their civilian policymakers, and contractors
beyond the breaking point. Such problems are not uncommon in the his-
torical development of many weapons systems. The US JSF Program
office has had 11 different program directors in its 24-year history!
Tangible and sustained progress in the US JSF program finally began
occurring during the leadership of Licutenant General Chris Bogdan. One
assessment of Bogdan contends that his tenure has brought energy, hon-
esty, and the quality of leadership the program has needed for years. While
this leadership has not been devoid of controversy, it has brought the JSF
to Initial Operating Capability for the United States and many other
countries. The Trump Administration’s recent intervention to lower JSF
program costs also gives the program the chance to be successfully imple-
mented if Lockheed Martin and US and allied militaries stick to the cur-
rent production schedule and reduce costs.*

Combat effectiveness and performance of the JSF is the bottom line
indicator of whether the expenditure and delays have been worthwhile.
Isracl’s May 2018 use of the JSF against Iranian and Hezbollah targets
near Beirut, Lebanon, received positive assessment from the IAF and
Lockheed Martin. It remains to be seen if the JSF will perform effectively
in the aforementioned combat scenarios. However, it is highly unlikely
that existing aging US and allied combat air fleets will be able to consis-
tently and effectively perform against emerging Chinese and Russian jet
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fighters such as the J-20, J-31, Su-35, and PAK-50 and the air defense,
cyberwar, and space capabilities these countries have in the years to come
without substantial upgrades in allied combat jet fighter capabilities and
other military spectrum assets.

These endeavors also require the United States to make its domestic
science and technology enterprise more agile, synchronized, and globally
engaged to address emerging threats to military security along with the
erosion of US national security supremacy due to the global proliferation
of scientific and technological expertise. Such developments give the
Trump Administration the opportunity to change such trends by reinvent-
ing the relationship between the federal government, the DOD, and other
national and homeland security agencies and developing a new paradigm
for maintaining its technological security in coming decades.®*

Not having access to classified information makes such an assessment
inherently risky, but technological obsolescence of combat aircraft against
military enemies is even more dangerous than an expensive and long-
delayed military weapons system. Relying on the goodwill of enemies and
placing excessive trust in aging jet fighter technology to resolve military
problems are fatally flawed faith-based endeavors which should not be part
of the national security strategy of the United States and its allies. The JSE
will need to be built and maintained with conventional and nuclear pay-
loads, even at a reduced scale, by the United States and its allies to ensure
their ability to credibly back up the Asia-Pacific Pivot, European Deterrence
Initiative, deter Russia’s pivot to the East, and maintain air superiority in
future military confrontations which US and allied statecraft and innate
military strength may be unable to avoid if hostile nations and transna-
tional groups are determined to militarily challenge US geopolitical and
strategic interests.*
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J-31 Chinese (Shenyang) Fighter Plane

Jaguar-GR 3 British Fighter Plane

JAM-GC Joint Concept for Access and Maneuver in the Global
Commons (US)

JAS 39 Gripen Swedish (Saab) Fighter Plane

JASDEF Japanese Air Self-Defense Force
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JDAM Joint Direct Attack Munitions

JEFQ Joint Force Quarterly (US military journal)

JSF Joint Strike Fighter

JSM Joint Strike Missile (Norway)

JSOW Joint Stand-Off Weapon

KF-X Proposed South Korean Fighter Plane

KIDA Korea Institute for Defense Analyses

KMT Kuomintang (Taiwanese political party)

Knesset Israeli Parliament

KRW South Korean Won

LAB Labour Party (UK)

LCC Life Cycle Cost

LGB Laser-Guided Bomb

LIB Liberal Party (Canada)

LM Lockheed Martin

LP Liberal Party (Australia)

LTV Ling-Temco-Vought

MA Massachusetts (US)

MADL Multifunction Advanced Data Link

MB Manitoba (Canada)
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MD Maryland (US)
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MI Michigan (US)
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Mirage 2000 French Fighter Plane

MN Minnesota (US)

MO Missouri (US)

MOD Ministry of Defence (UK)

MOU Memorandum of Understanding

MQ-1B Predator US UAV

MQ-9 Reaper US UAV

MRBM Medium-Range Ballistic Missile

MRC Major regional conflict

MRF Multirole Fighter (US)

MRO&U Maintenance, Repair, Overhaul, and Upgrade (Italy)
MS Mississippi (US)

NAC Netherlands Aerospace Centre

NACA National Advisory Committee on Aeronautics (US)
NACC New Air Combat Capability (Australia)

NAF New America Foundation (US)

NAO National Audit Office (UK)

NASIC National Air and Space Intelligence Center (US)
NATO North Atlantic Treaty Organization

NC North Carolina (US)

ND North Dakota (US)

NDP New Democratic Party (Canada)

Netherlands States General Dutch Parliament

NFLD Newfoundland and Labrador (Canada)

NFPS National Fighter Procurement Secretariat (Canada)
NH New Hampshire (US)

NJ New Jersey (US)

NOXK Norwegian Kroner

NORAD North American Aerospace Defense Command (US and Canada)
NS Nova Scotia (Canada)

NSW New South Wales (Australia)

NU Nunavut (Canada)

NV Nevada (US)

NWT Northwest Territory (Canada)

NY New York (US)

OH Ohio (US)

OK Oklahoma (US)

ON Ontario (Canada)

OSD Office of the Secretary of Defense (OSD)
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£ Pound United Kingdom Currency

P-3C Long-range aircraft (US)

PA Pennsylvania (US)

PAUC Program Acquisition Unit Cost (US)

PBO Parliamentary Budget Officer (Canada)

PBV Post-Boost Vehicle

PCD Panoramic Cockpit Display

PLA People’s Liberation Army (China)

PLAAF People’s Liberation Army Air Force (China)
PLAN People’s Liberation Army Navy (China)

PW Pratt & Whitney

PWGSC Public Works and Government Services Canada
QC Quebec (Canada)

QDR Quadrennial Defense Review (US)

QLD Queensland (Australia)

R Republican Party (US) also GOP

RAF Royal Air Force (UK)

RAAF Royal Australian Air Force

RCAF Royal Canadian Air Force

RCS Radar Cross Section

RDT&E Research, Development, Test, and Evaluation
RFI Request for Information

RI Rhode Island (US)

Rigsrevisionen Denmark’s National Auditor

RNAF Royal Netherlands Air Force

RNOAF Royal Norwegian Air Force

RQ-4 Global Hawk—US UAV

RSAF Royal Singapore Air Force

RUSI Royal United Services Institute (UK)

SA South Australia (Australia)

SADI Strategic Aerospace and Defence Initiative (Canada)
SAM Surface-to-Air Missile

SAR Selected Acquisition Report (US)

SC South Carolina (US)

SDD System Development and Demonstration

SDG Singapore Dollar

SDSR Strategic Defence and Security Review (United Kingdom)
SIPRI Stockholm International Peace Research Institute
SLBM Submarine-Launched Ballistic Missile
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SNP Scottish National Party

SR-71 US Reconnaissance Plane

SRBM Short-Range Ballistic Missile

Stealth Technology A range of tactics used to make aircraft less visible or
invisible to enemy radar. Also called low observable (LO) technology

Storting Norwegian Parliament

STOVL Short Take-Oft and Vertical Landing

(Sukhoi) SU-27 Russian/Chinese Fighter Plane

Su-35 Russian and Chinese Fighter Plane

Su-47 Russian Fighter Plane

T-50 PAK FA Russian Fighter Plane

TAI Turkish Aviation Industries

TATA Taiwan Aerospace Industry Association

TBS Treasury Board Secretariat (Canada)

TFEX Tactical Fighter Experiment F-111 Program (US)

TRA Taiwan Relations Act (US 1979)

TX Texas (US)

UAVs Unmanned Aerial Vehicles

UH 1 US helicopter

UNCLOS United Nations Commission on the Law of the Sea

USAF United States Air Force

USMC United States Marine Corps

USN United States Navy

USS United States Ship

UT Utah (US)

X-35 (US)

VA Virginia (US)

VIC Victoria (Australia)

VLO Very Low Observable

VOA Voice of America

V/STOL Vertical /Short Take-Off and Landing

VT Vermont (US)

WA Washington (US)

WA Western Australia (Australia)

WI Wisconsin (US)

WSARA Weapons Systems Acquisition Reform Act (US 2009)

Xianglong/Soar Dragon Chinese UAV

¥ Yen Japanese currency
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