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Abstract

The Air Domain is a critical National Security industry driving a broad spectrum of
technology development. Air Domain is a technology integrator of capabilities from other
industry studies such as munitions, information technology, and electronic warfare. Therefore,
the Air Domain drives economic growth across multiple business sectors. Research in the
shifting of strategic priorities revealed the Air Domain is not positioned to maintain the U.S.
technical superiority. Policymakers should focus on increasing research and development,
improving technology protection, and revise restrictive regulations enabling rapid development
and fielding. The 2020 Air Domain Industry Study for the Eisenhower School of National
Security and Resources Strategy consists of the following students:

Lt Col Andrew Beitz, U.S. Ms. Patricia Ryan,

Air Force CDR Ryan Gaul, U.S. Navy Department of the Air
Force
: . Dr. Marc Shaver,
LtC(_)I Jon Bidstrup, U.S. COL Stephen Kapkory, Kenya Air Department of the Air
Marine Corps Force

Force

Ms. Cecily Lowenstein,
Department of Homeland
Security, U.S. Coast Guard

Mr. Robert Collins,
Department of State

Lt Col Joe Stangl, U.S. Air
Force

Mr. Jeff Donald, Business

. ) Lt Col Marty O’Brien, U.S. Air Mr. Cliff Stevens,
Council for International

Understanding Force Department of the Army
COL Andrii Dyda, Ukraine COL Andres Parra Espitia, CDR Jerrod Washburn,
Army Colombia Army U.S. Navy

The faculty members are Dr. Tim Russo and Colonel Michael Hesse.

In the development of this report, the Air Domain Industry Study Seminar (henceforth
Seminar 1) met and interviewed experts from the public and private sectors, including the
Department of Defense, Federal Aviation Administration, Boeing Corporation, Bell Textron,
Elbit USA and numerous other sources. Air Domain also had the benefit of receiving guest
lectures from domain experts from the Teal Group, the Aerospace Industry Association, the
Defense Counterintelligence and Security Agency, Joint Staff/J8, AF/A5, and AFWIC.

Seminar 1 focused its study on major aviation manufacturers in the U.S., significant U.S.
Government interaction with those manufacturers, and the worldwide environment in which Air
Domain industries participate, including U.S. Great Power competition with China and Russia.
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Introduction

Domain Definition

The Air Domain Industry consists of all products and services related to aviation, in
particular as they may relate to the national security of the United States of America. This isa
broad field, including manned and unmanned aircraft, systems for operating aircraft such as
avionics and sensors, munitions that may be fired or dropped from aircraft, and the facilities,
materials, and manpower used to manufacture, support, and repair aircraft. It is not restricted to
purely military products, as commercial and general aviation products are often dual-use or can
be repurposed.

National Security Capabilities

The first recorded use of aircraft for military purposes was in 1793, when the French
employed a hydrogen balloon to observe enemy troop movements.® The use of aviation for
national security purposes has broadened significantly since then, especially after the advent of
heavier-than-air flight in 1903. Intelligence, surveillance, and reconnaissance (ISR) has been a
staple capability since that first balloon but has expanded recently with the introduction of
unmanned aerial systems (UAS). The delivery of ordnance onto enemy positions on land and
ships on water became prevalent during World War One and developed into tactical and strategic
bombing through World War Two and beyond. The ability of aircraft to attack other aircraft to
prevent reconnaissance or bombing also developed during World War One and has continued to
advance to the point of discussion of Sixth Generation fighter aircraft and/or systems. Aircraft
can transport troops and material virtually anywhere around the world more quickly than any
other transportation method, allowing global power projection.

Thesis

The U.S. is the world’s leader in Air Domain technology innovation and manufacturing
and has been at the forefront of flight for over a century. Over the last two decades, the Air
Domain adapted to economic fluctuations marked by civil market expansion and shrinking
defense budgets as well as continued rigid regulatory and acquisition policies. This has reduced
the Defense Industrial Base (DIB) through mergers and acquisitions, supply chain globalization,
and off-shoring of manufacturing capability. This has left the air domain industry ill-prepared to
support the National Security Strategy (NSS) transition to great power competition. This paper
depicts the state of the Air Domain industry today and identifies emerging technologies and
processes, concluding with policy recommendations to maintain U.S. national security through
military, economic, and industrial power.

Research Methodology
Seminar 1 used a combination of literature review, site visits, in-person interviews, and
remote conferencing to conduct research on the Air Domain Industry. Due to the COVID-19
crisis, site visits were limited but comprehensive electronic conferencing overcame the
limitations. Seminar 1 spoke with representatives from the Department of Defense, industry, and
relevant industry observers to gain multiple viewpoints on issues. Through extensive discussion
and debate among the seminar, consensus on conclusions was achieved.



Disclaimer
The views expressed in this paper are those of the seminar members and do not reflect the
official policy or position of the National Defense University, the Department of Defense, or the
U.S. Government.



Strategic Environment

Security Situation

The global security situation facing the U.S. has evolved in recent years from the focus
on less-developed rogue states and violent extremist groups to one where we have identified the
technologically advanced revisionist powers of China and Russia as the primary threats to
American security and prosperity. The most recent National Defense Strategy (NDS) also calls
out “rapid technological advancements and the changing character of war” as major challenges
to our security.? For example, both Russia and China have employed advanced Anti-
Access/Area Denial (A2/AD) capabilities, specifically designed to thwart American air
superiority. The U.S. strategy seeks to capitalize on cooperative efforts with allies such as
security commitments and arm sales to address great power competition with China and Russia.

Security Commitments

The U.S. has legal security commitments to other nations around the world. In Europe,
the U.S. is a signatory to and leading power in the North Atlantic Treaty Organization (NATO),
which states that the members acknowledge, “that an armed attack against one or more of them
... shall be considered an attack against them all and ... will assist the Party or Parties so
attacked by taking ... such action as it deems necessary, including the use of armed force, to
restore and maintain the security of the North Atlantic area.”® NATO members include several
countries that border and are potentially threatened by Russia, including the Baltic and Nordic
states. In Asia, the U.S. has treaty alliances with Japan, the Republic of Korea, Australia, and the
Philippines. The U.S. also has a defensive relationship with Taiwan declaring the U.S. has a
policy to “to provide Taiwan with arms of a defensive character” and “to maintain the capacity
of the U.S. to resist any resort to force or other forms of coercion that would jeopardize the
security, or the social or economic system, of the people on Taiwan.”* This does not mandate
the U.S. would go to war to defend Taiwan, but does indicate a higher likelihood if Taiwan was
threatened by its long-time opponent China. In the Near East, the U.S. has a long defensive
relationship with Israel though no formal alliance commitment. However, it is currently likely
that the U.S. would support Israel’s defense, especially if Israel came under attack from Iran.®

Arms Sales

Arms sales are an important component of strengthening U.S. alliances, particularly by
deepening interoperability.® If the U.S. operates the same systems as our allies, it can operate
together more effectively to secure common objectives. Out of $56.2 billion in announced
foreign military sales in 2019, two of the largest sales were of F-16 fighters ($14.5 billion) and
air-to-air missiles ($2 billion). These sales can also help to support domestic industry when U.S.
arms purchases slow.” During a Seminar 1 visit to a major American aerospace manufacturing
facility in February 2020, it was noted several major production lines were currently being kept
in operation solely by foreign sales.

The U.S. does not import significant numbers of finished Air Domain products from
abroad as it focuses on domestic producers. However, major Air Domain Industry
manufacturers in the U.S. do rely on numerous global suppliers for systems and materials.



Economic Strength

At the end of 2019, the U.S. economy, as measured by Gross Domestic Product growth,
was stable but slowing with the final two quarters of 2019 showing 2.1% growth.2 However, the
current COVID-19 crisis has significantly affected the U.S. economic strength as a whole. The
Congressional Budget Office (CBO) predicts a sharp contraction in the second quarter based on a
number of factors, including “more than 24 million new unemployment insurance claims
reported since mid-March.”® Follow on effects of this economic contraction include a significant
increase in the federal deficit and federal debt held by the public.'® This trajectory suggests the
possibility of future decreases in discretionary U.S. Government spending, to include defense
spending.

Defense Budgets

Prior to the COVID-19 crisis, Department of Defense (DoD) budgets for procuring
aircraft have generally trended downwards since a high of $34 billion in 2010.! In a 30 year
forward projection of one-for-one replacement, CBO estimates that “costs for procuring aircraft
increase steadily through the mid-2030s and peak at $44 billion in 2038. DoD’s costs would
exceed the peak appropriation of the past 20 years ($34 billion in 2010) every year between 2030
and 2043, CBO estimates, and would exceed the 2000—2018 average ($26 billion) every year
between 2021 and 2047.712

Defense Industrial Base
The U.S. Defense Industrial Base for the Air Domain is dominated by three major
corporations: Boeing, Lockheed Martin, and Northrop Grumman. These corporations are
supported by a global supply chain consisting of hundreds of companies ranging from large
corporations to local small businesses. Airbus is the predominant player in the rest of the world,
though Russia and China have industrial capacity at a lower level. Presentations detailing these
corporations’ strategies, strengths, and weaknesses are included as Appendices A — D.



Products

Three major product lines dominate the future of Air Domain in the U.S. They are Future
Vertical Lift, Sixth Generation Fighters, and Unmanned Aerial Systems. These products will
perform nearly the entirety of the mission sets assigned to Air Domain platforms and could
revolutionize the conduct of military action in the air.

Future Vertical Lift (FVL)

The DoD has over 5,700 helicopters in service today.'® All of these aircraft will “reach
the end of their expected useful life starting in the mid-2020s.”** In order to replace this fleet,
DoD decided to implement a joint effort called “Future Vertical Lift” encompassing the next
generation replacements for all sizes, or “capability sets”, of vertical lift aircraft in the DoD’s
inventory.'> The first FVL system being developed is the Medium Lift Capability Set Three
aircraft, which will replace such aircraft as the UH-60, UH-1, and V-22. As the lead FVL
agency, the Army designated it the Future Long Range Assault Aircraft (FLRAA). The
competition for FLRAA has come down to two designs, the Sikorsky-Boeing SB>1 Defiant, a
compound helicopter with two counter-rotating main rotors and a pusher-propeller at the back of
the aircraft for increased speed, and the Bell \VV-280 Valor, a tilt-rotor aircraft that improves on
the technology of the current VV-22 Osprey. The next competition will be for the Capability Set
One aircraft, designated the Future Attack Reconnaissance Aircraft (FARA). As of March 2020,
the Army selected the Sikorsky Raider X and Bell A360 Invictus designs to compete for the
contract award.'® See Appendix E for more detail.

While the FVL concept is to procure the same aircraft in each capability set for all the
services, lessons learned from the F-35 program indicate trying to have one platform meet the
varying service needs will not meet expectations. It is recommended that each service is allowed
the option to field either of the final two competing designs within each FVL capability set in
order to better meet differing service requirements (e.g. shipboard compatibility) and service
history and culture (e.g. the Army has no tilt-rotor experience and would likely transition to
another helicopter more easily). As the FVL program continues, future capability sets will
ostensibly be derived from these designs, which are scalable. This will also improve DIB
resilience by increasing and diversifying the manufacturers available.

Sixth Generation Fighter

The U.S. maintains its air supremacy advantage over its competition through integrating
several advanced capabilities to create new generations of fighters. The current U.S. 5th
Generation fighters, the F-22 Raptor and F-35 Lightning Il, incorporated advancements in
stealth, composite material manufacturing, and advanced data links, which Russia and China are
still trying to match. As the F-35 progresses towards full operational capability, the U.S. is
defining 6th Generation fighter technologies. The literature review indicates 6th Generation
fighters may include upgrades in data fusion improving situational awareness, directed energy
weapons,’ cooperative unmanned systems (loyal wingmen),*8 artificial intelligence to conduct
and defend against kinetic and cyber-attacks, and advanced multi-use materials (e.g. structural
components that double as sensors).*® However, there are mission questions on the future
operational environment,?° such as should 6th Generation fighters be manned or remotely piloted



like UAS, and to what extent should artificial intelligence be used to control systems. Given the
long development times, to ensure air dominance, the U.S. must first define the future mission
environment and then direct the necessary 6th Generation advanced technology development.

Unmanned Aerial Systems

In the U.S., technology advancements enabled the DoD to expand the missions assigned
to UASs meeting the new and challenging mission environments not suited for manned missions.
UAS has given “the military the ability to conduct persistent surveillance and strike quickly,”?!
that is more cost-effective?? and reduces combat personnel losses. As the DoD continues to
expand its use of and research in UASs, the civil and commercial UAS use have exploded using
the same technology to support a wide array of missions to include surveillance, surveying,
agriculture, and freight delivery.?® As a result of commercial and civil growth, the U.S. has
become the largest UAS market across all sectors. However, U.S. UAS manufacturing has not
kept up with demand, especially in the commercial market.

In the U.S., the UAS manufacturing capability is dominated by military systems and
primarily produced by the large air domain companies such as General Atomics and Northrup
Grumman?* Although AeroVironment, a small/medium manufacturer, has successfully competed
for DoD UAS business.?® The commercial market is dominated by a single Chinese firm, Da-
Jiang Innovations (DJI), providing 70% of global non-military UAS sales and 76.8% of all sales
in North America.?® This gap is further supported in a recent innovation base assessment where
the Council for Foreign Relations Task Force 77 stated there was no major U.S. commercial
UAS manufacturer.?’

As UASs continue to grow in capability supporting more national security and
commercial requirements, the U.S. needs to invest in expanding manufacturing capabilities to
meet commercial requirements. With the large air domain firms focused on military solutions,
commercial manufacturing should emphasize growth in small and medium UASs, which
represent 84% of U.S. manufacturing.?®



Innovation Policy Environment

The ability to innovate in the Air Domain has been critical to the U.S. since World War
[1, in such areas as supersonic flight, use of rotorcraft, stealth, and use of new materials like
composites in manufacturing. Strong foundational policies regarding education and workforce
development will be critical to continue this lead in innovation in addition to the innovative
developments themselves.

Leading Air Domain Innovation

Through a robust National Security Innovation Base (NSIB) consisting of interlinked
relationships between private industry, academic institutions, and government entities, the U.S.
continues to be the world leader in aviation-based innovation. The U.S. Government spurs a
large amount of Research and Development (R&D) directly through organizations such as the
Defense Advanced Research Projects Agency (DARPA) and the National Aeronautics and Space
Administration (NASA), indirectly by setting requirements for new acquisitions and encouraging
private sector R&D to find new solutions for those requirements. The U.S. Government is also
the largest funder of basic research in the country, accounting for 42% in 2017.%°

China, potentially the greatest competitor to the U.S., focuses significantly on innovation
and R&D, but still lags behind the U.S. in the Air Domain. China relies on purchasing or
licensing foreign technology. For example, China continues to import a significant number of
helicopters from Russia due to limitations in their ability to produce helicopter engines, rotors,
and transmissions.*® Chinese firms also have a history of intellectual property theft and the
Chinese government “has implemented a whole-of-government campaign to recruit talent and
foreign experts from around the world.”3!

In order to maintain U.S. dominance in Air Domain innovation, the U.S. Government
must continue or increase its investment in basic and applied research. At the same time, the
U.S. should strengthen efforts and penalties to limit Chinese access to U.S. higher education
facilities®? while continuing to block their acquisition of critical businesses and intellectual
property either through purchase or theft.

Workforce Development

The innovation and industrial bases’ success is reliant on having workforce development
programs providing access to education and training programs focused on filling critical human
capital gaps. Despite the acknowledgment of its importance, human capital educational gaps,
especially trade skills, is a constant theme in numerous assessments and reports on the industrial
base health.3® The gaps’ impact are felt throughout the Air Domain industry but they are greater
in the midsize and small companies that do not have the resources or access to help.®* In the last
decade, the government enacted several programs revising the nation's training infrastructure
through hands-on job skill programs and increasing apprenticeship®® only to have the same
concerns arise in subsequent assessments and new reprogramming efforts3e,

Reports indicate some localized success, mainly with the Air Domain prime contractors.
However, these successes have not transitioned equally to small and midsize enterprises. The
Air Domain industry's health is only as strong as the supply chain's health, and to ensure overall



industry health, the nation must focus on building up the workforce's strength for the midsize and
small companies. The U.S. government must establish a human capital strategy and consolidate
all educational programs under a single lead. The strategy needs to emphasize improving small
and midsized companies access to the program and encourage prime contractors to lead in
strengthening supply chain health through investment in programs where its suppliers are
located. Finally, the strategy must address the negative opinion regarding trade skills and

manufacturing jobs as low paying, no opportunity for advancement and growth, and constantly
under the threat of layoffs.3’



Trade, Tax and Regulatory Environments

The civilian and defense portions of the Air Domain are not separate. The two largest
global aerospace manufacturers (Boeing and Airbus) derive much of their income from
commercial aircraft while still being heavily invested in their defense divisions. Innovation in
commercial UAS technology can translate into defense requirements. Thus, the U.S. can ensure
strength in the Air Domain industry by focusing on domestic and international legal structures
affecting commercial markets.

Regulatory Environment

Governance in the democratic world is a social contract balancing freedom and control.
This is as true for the economy and specific markets as it is for individuals. The Air Domain has
been heavily regulated since its inception. Enacted in the U.S. by the Federal Aviation
Administration (FAA), this regulation has induced inevitable market inefficiencies and it is
arguable that the Air Domain innovation environment has been stunted as a result. To improve
this environment, some degree of deregulation should be undertaken. Three options include
relatively small actions such as eliminating FAA subsidization and control of airports. A more
significant option would be the privatization of the FAA’s Air Traffic Control function. The
most drastic option would be to redefine the FAA’s role, removing all regulatory authority and
making it a coordinating entity for formal standards as agreed upon by the Air Domain industry.
A graduated implementation of all three options starting with the easiest and ending with full
civilian Air Domain industry deregulation would likely spur further innovation in the Air
Domain, though it may be politically implausible to move towards full deregulation in the near
future.

Trade and Tax Environment

Many nations have used subsidies, local content requirements in procurements, tax
holidays, infrastructure enhancements, R&D credits, and university partnerships to attract Air
Domain industry investment. China has been especially aggressive in attracting investments and
has made technology transfer a requirement to access the market (projected at 7,500 new aircraft
over the next 20 years).%® In adapting to this environment, American and European Air Domain
companies have made acquisitions, formed joint ventures, and established research partnerships
around the world, in the process diversifying and making more resilient the global supply chain.
Despite agreements like the Plurilateral Agreement on Trade in Civil Aircraft, the U.S., and
European Union (EU) have waged a sixteen year battle of claims and counterclaims on subsidies
for the aerospace industry. In October 2019, the World Trade Organization (WTO) made the
largest arbitration award in its history allowing the U.S. the right to impose $7.5 billion in
punitive tariffs and rejected claims that the EU no longer provides subsidies to Airbus.
Effective March 13, 2020 the U.S. imposed a 15% tariff on aircraft imported from the EU,
though not on aircraft parts.*® These tariffs will raise prices for U.S. airlines purchasing Airbus
aircraft and for passengers.

The U.S. should leverage the punitive tariffs to force an end to EU subsidies for the
civil aircraft industry and gain European support for an aggressive effort against subsidies by
other parties. Working together to curb the practice would enable the U.S. and the EU to
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maximize the benefits of their economies of scale and efficiency of production in the
manufacture of aircraft. Furthermore, the U.S. and EU should give preferential treatment to
Trade in Civil Aircraft Agreement signatory countries in their Air Domain supply chains and
target investments in those economies. The U.S. and Europe should act in concert to challenge
China to end its practice of forced technology transfer and joint ventures as a precondition to
access in its civil aircraft market, imposing further technology transfer restrictions should they
not do so.
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Equipping Allies in the Air Domain

A primary NDS tenet is to “Strengthen Alliances and Attract New Partners.”*! The U.S.
superiority in Air Domain products and systems can be leveraged with friendly countries
supporting “our interests, maintaining favorable balances of power that deter aggression and
support the stability that generates economic growth.”*? There are several methods allied
countries can obtain U.S. Air Domain materiel, each with strengths and weaknesses. Foreign
Military Sales (FMS) is a system where the U.S. Government facilitates sales of U.S. defense
articles to friendly countries supporting interoperability and generating more strength for the
U.S. industrial base. FMS sales includes additional support including spares, maintenance
assistance, and training under the Total Package Approach (TPA) rubric*®. However, some
technological upgrades are withheld from foreign users, leaving them to resort to intermediaries
to keep their equipment relevant. Direct Commercial Sales (DCS) is where U.S. defense
industries sell directly to foreign militaries, as approved by the Department of State. Allies can
obtain aircraft much cheaper through DCS but cannot utilize TPA resources to maintain materiel
obtained through DCS.** For allies with more limited budgets, this can make the sustainment
costs unaffordable. The U.S. should work to elevate the value of FMS to allies by ensuring
adequate upgrade plans for items supplied in this manner or allow allies to better use TPA
resources for items procured via DCS. Either, or both, will ensure U.S. allies continue to operate
U.S. manufactured systems and prevent our allies from looking to Russia or China for alternative
support.

Ukraine as an Air Domain Partner
As the U.S. seeks new partnerships, Ukraine provides opportunity to establish new
support capabilities strengthening the European theater. The Air Force of the Armed Forces of
Ukraine must recapitalize its force soon to replace an aging fleet of Soviet-made aircraft, as their
prospects for maintenance and modernization diminish. The youngest aircraft in the Ukrainian
Air Force date back to the 1991 Ukrainian independence and have passed into their fourth
decade of service.

The Ukrainian Air Force transition to U.S. fighter jets is an option increasing its combat
capability and moving closer to NATO standards. Today, seven European NATO countries
successfully operate different models of F-16 fighter jets (Portugal, Netherlands, Belgium,
Denmark, Slovakia, Poland, Turkey). Ukraine could join this club by purchasing surplus U.S. F-
16 fighters or seek buying former Polish/Dutch/Belgian F-16 fighters that will soon be replaced
with newly acquired F-35s. Either of these options could be beneficial to all parties. Ukraine
could become a more valuable partner to the U.S. and NATO and a long-term operator of U.S.
fighter jets. Furthermore, given the technical capabilities of Ukrainian aerospace companies, the
U.S. Defense Industrial Base could create valuable partnerships and leverage new sources of
knowledge and innovation and NATO can establish new sources of maintenance, overhaul, and

supply.
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Acquisition

The process by which the DoD procures new systems has become so rigid that
acquisition professionals now intentionally avoid new procurement efforts. Instead, they tend to
choose to execute costly Service Life Extension Programs (SLEPS) resulting in updated
capabilities for old and limited platforms. This tendency has resulted in excessively aged
inventories, and an overall failure to modernize Air Domain assets. Additionally, past and
current procurement decisions have resulted in a “High-Low” mix of aircraft. The High-side of
this mix includes very expensive but extremely capable assets paired with the Low-side featuring
more affordable aircraft bought in higher quantities.*® The problem in the U.S. is the DoD is
planning to buy too many High aircraft (e.g. F-35/B-21/FLRAA) and the Low aircraft versions
are not really affordable (F-16/A-10/AH-1) when the costs of SLEPs and modifications are taken
into account.

This model is no longer affordable with diminishing resources post COVID-19, and no
longer agile enough for the U.S. to keep pace with competitors in 21st Century Great Power
competition. A first step to solving this problem is to maximize the production of High-side
products, such as the F-35, to minimize the number of expensive Low-side products needed. For
example, Air Force acquisition executive Dr. Will Roper has proposed a system of multiple
manufacturing lines producing a new “century series” of highly modular high-performance
aircraft, each fitted with a wide array of capabilities.*® The constant low rate production of
different aircraft would provide a constant stream of new more capable aircraft to replenish
active aircraft inventories.*” The next step would include limiting the expense of maintaining the
Low-side inventory. The emerging fiscal reality of decreasing defense spending will mandate
aircraft inventories maintain a lower number of High-side aircraft and consist of more affordable
Low-side aircraft that are much more affordable.
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Mobilization and Supply Chain

The ability to mobilize people and materiel in times of conflict and ensure a robust
supply chain are critical to future U.S. success in the Air Domain.

Defense Industrial Supply Chain

In 2018 a presidentially directed assessment revealed the Defense Industrial Supply
Chain (DISC) faces unprecedented challenges that are eroding capabilities and threatening the
Department of Defense’s ability to equip the nation’s armed services for great power
competition. During the 1990s a dramatic decline in aircraft procurement led to market
consolidation.*® Dozens of companies in the sector merged, resulting in a decline from 51
aerospace defense companies to the large prime contractors dominating today’s market, resulting
in less competition, driving up costs, and dampening innovation.

Strategic market analysis suggests a few variables in current defense manufacturing drive
market diversification. Firms creating situations driving new rules in the markets or product
differentiation are two strategic variables increasing diversity, but both require research, testing,
and extensive evaluation, a luxury new firms simply do not have. Furthermore, discretionary
defense budget forecasts make the prospect of new firms competing in the markets unlikely.

Public policy could impact the strategy of existing defense firms while reducing barriers
to entry for burgeoning firms anxious to introduce new rules into the old game. Economic,
legislative, and industrial factors can contribute to the formation and maintenance, or dissolution,
of oligopolies. However, the disparate regulatory guidance currently regulating the DISC
appears as a tactical response to a strategic problem. A national DISC strategy that considers the
known rules of the game and leverages them against the constricting market serves it and the
nation. Government regulations are more likely to improve rather than impede the DISC
performance when they adhere to broad economic principles rather than impose narrow statutory
rules. Principle-based regulatory approaches have the advantage of being more adaptable to
changes in economic conditions opportunities, as new rules develop in the game. As the DISC is
continually adjusting to the global and domestic economic conditions so must a national DISC
strategy. Formal and continuous monitoring of a broad strategy encourages agile regulatory
energy that can ebb and flow as the politics and economy move the DISC toward diversification
and agility.
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Conclusion

Implications for Security and Defense
The U.S. lead in the Air Domain is not insurmountable. Renewed Great Power
competition leads to questions of whether the United States can deter near-peer rivals in
aerospace conflict or industrial capability. To remain competitive, it is clear that the U.S. needs
to innovate in Air Domain products, policies, and innovation itself. The U.S. also needs to
continue strengthening its allies and partners and ensuring its ability to manufacture and acquire
materiel is efficient and effective.

Policy Recommendations
No U.S. ground troop has been killed in an attack by an enemy aircraft since 1953. This
is due in large part to the massive advantage the US has enjoyed in the air domain for decades.
This advantage has deteriorated significantly in the last two decades, as adversaries have made
substantial technological developments in both mil and civil aviation. If the U.S. is to regain and
secure the advantage in the Air Domain, it must implement the following recommendations:

Strengthen Defense Industrial Base

e Increase federal investments in basic and applied research and development and
advanced manufacturing methods such as the American Manufacturing Institutes with the
intent of reinvigorating manufacturing in the U.S.

e The U.S. should work to elevate the value of FMS to allies by ensuring adequate upgrade
plans for items supplied in this manner or allow allies to better use TPA resources for
items procured via DCS.

e Work with NTIB countries and close NATO and Indo-Pacific region allies to better
protect dual-use technologies and ensure a diverse and secure supply chain.

Dominate the Future of Air Domain

e The U.S. should invest R&D dollars for Sixth Generation Fighters, Unmanned Aerial
Systems, and Future Vertical Lift (in priority order) in combination with middle tier
acquisition reform to streamline the acquisition process. Within the context of the
Advanced Battle Management System (ABMS) for multi-domain joint service
communication, these products will perform nearly the entirety of the mission sets
designed for Air Domain platforms and will revolutionize the conduct of military action
in the air.

e To ensure air dominance, the U.S. must first define the future mission environment and
then direct development of the necessary 6th Generation advanced technology.

e Accelerate production of the F-35 and reduce investments in aging platforms.
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Trade, Tax and Regulatory Environments

e The U.S. should leverage the punitive tariffs to force an end to EU subsidies for the civil
aircraft industry and gain European support for an aggressive effort against subsidies by
other parties.

e The U.S. and Europe should act in concert to challenge China to end its practice of forced
technology transfer and joint ventures as a precondition to access in its civil aircraft
market, imposing further technology transfer restrictions should they not do so.

e Some degree of deregulation in the civil aviation market should be undertaken. Three
options include relatively small actions such as eliminating FAA subsidization and
control of airports. A more significant option would be the privatization of the Air
Traffic Control function of the FAA. The most drastic option would be to redefine the
role of the FAA, removing all regulatory authority and making it a coordinating entity for
formal standards as agreed upon by the Air Domain industry. A graduated
implementation of all three options starting with the easiest and ending with full
deregulation of the civilian air domain industry would likely spur further innovation in
the Air Domain.

Mobilization and Supply Chain

e The U.S. and EU should give preferential treatment to Trade in Civil Aircraft Agreement
signatory countries in their Air Domain supply chains and target investments in those
economies.

e The U.S. should strengthen efforts and penalties to limit Chinese access to U.S. higher
education facilities while continuing to block their acquisition of critical businesses and
intellectual property either through purchase or theft.

e The U.S. government must establish a human capital strategy. One option is to
consolidate all educational programs under a single lead agency. The strategy needs to
emphasize improving small and midsized company access to the program and encourage
prime contractors to lead in strengthening supply chain health by investing in programs
where its suppliers are located.

Impact of COVID-19 on Air Domain Moving Forward
This paper was informed by research and analysis conducted during the early stages of the
COVID pandemic. COVID-19 is expected to have the most substantial impact on personal
services, hospitality/travel, manufacturing, and government.*® The Air Domain is impacted by
three of the top four. COVID-19 has cascading effects; airlines will face cash-flow liquidity
challenges and difficulty managing debt obligations, resulting in canceled aircraft orders that will
directly impact original equipment manufacturers and related suppliers.®® Demand for U.S.
defense companies will likely experience supply chain disruptions, resulting from the financial
impact requiring suppliers to halt production.® Two F-35 facilities in Italy and Japan have
already paused production.®? This exogenous event will have a significant economic impact on
the health of the Air Domain.
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The full impact of COVID-19 on the Air Domain will not be fully realized for a while.
The impacts to large companies like Boeing are already being felt, the impact on the related
small and medium commercial and defense companies is inevitable. As the U.S. deficit
increases, it is clear that all aspects of the government will need to examine and prioritize current
and future spending. Recovery will take a year or longer. The impact of COVID-19 may result
in dual use airframes supporting both commercial passenger and cargo flights. Future aviation
will continue to play an essential role in both the commercial and defense industries; however,
the near-term impact of COVID-19 will directly impact the evolution and growth of all aspects
of the Air Domain.
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2015 016 2017 2018 019
Sales $96,114.00 $93,496.00 $94,005.00 $101,127.00 $76,559.00
EBITDA $11,164.00 512,134.00 $11,04500 $12,792.00 -$S803.00
Netincome  $517600 $5034.00 $8,45800 $10460.00 -$636.00
(1] $7.52 §7.92 $14.03 $18.05 $1.12
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History

10



BCA-Commercaal Airlnes

DSS-Defense Space/Security

Global Services
Boeing Capital

2023 Business Sepmert Seakout

Growth m Senvn

SEAIEE TN

737 Max
o

.G e

Dec-19 %Rev  Oper Marg Dec-18 %Rev  Oper Marg Dec-17 ¥Rev

32,255.00
26,227.00
18,468.00

244.00

4% -206% 57499.00
34% 99% 26,392.00
24% 146% 17,056.00

11.0% 27400

201K Susmana Segment Breshout

ST
26%
163

13.6% 5461200
6.3% 23,938.00
14.9% 14,611.00
29.0%  307.00

2017 Busmess Sepment Boaskout

31
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Executive Summary

X X
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2019 to 2028
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Bt
e
e

2019 1o 2028
$3,1308
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Funding for Key Aviation Programs

CH-S3K
Combat Rescue

Black Hawhk

AN-6AE
Pres. Adrcraft

20
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Appendix B — Lockheed Martin

LOCKHEED MARTIN $

LOCKHEED MARTIN FIRM BRIEF

AIR DOMAIN
INDUSTRY ANA sis

SPRING SEMINAR )

THE DWIGHT D, EISENHOWER SCHOOL
FOR NATIONAL SECURITY AND RESOURCE STRATEGY
NATIONAL DEFENSE
FORYT MCNAIR, WASHINGION, D.C. 20319%-5042

FIRM BRIEF OVERVIEW

L-M OVERVIEW RAISON D'ETRE

L-M OVERVIEW SUCCESS & OPPORTUNITY

42



RAISON D'ETRE

RAISON D'ET

RE - HISTORY
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RAISON D'ETRE — PEOPLE MOVERS

RAISON D'ETRE — TACTICAL AIRCRAFT

44



RAISON D'ETRE — RECCE / BOMBERS

e s

- (e "'.

RAISON D'ETRE — SPACE / AIR DEFENSE

’
o £ %‘
T Emm—_ -

‘
/
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RAISON D'ETRE — MILITARY TRANSPORT

RAISON D ETRE — ROTORCRAFT

46



RAISON D'ETRE = MISSILES / FIRE CONTROL
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LOCKHEED MARTIN BUSINESS SEGMENTS

Financial Overview (2018)
- $53.8B sales (8% increase frc
- $130B backlog

- $5B Nect camings

- $17.59 Diluted earnings/share

MISSILES AND FIRE CONTROL
RAISON D'ETRE

Primary: Increase LMT shareholder value
Secondary: MFC is a recognized

of precision engagement aerospace and defense
systems for the U.S. and allied militaries. MFC

advanced combat, missile, rocket,

manned and unmanned systems
for military customers that include OUT OF &
the U.S. Army, Navy, Air Force, w:"g
Marine Corps, NASA and dozens
of foreign allies. MFC also offers
a wide range of products and
services for the global civil
nuclear power industry and the

military’s green power initiatives

48



MISSILE AND FIRE CONTROL MAJOR PROGRAMS

MISSILE AND FIRE CONTROL UNIVERSE
CUSTOMERS

BAE Systems

Boeing

L-3 Technologies
Raytheon

United Technologies
Avibras (MLRS/HIMARS)

Terrorist/Terror Groups
Unsiable Nations/Regions
Military Copabillity Growth
Teaming Arrangements
USG Green Energy Policy

BAE Systems

Boeing

United Technology
General Electric
Honeywell Internalional

49
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STRATEGIC GAMEBOARD

How: Traditional rules required in highly regulated
defense industry, push boundaries in recent USG
attempts at rapid acquisition models

When: Deliver on current commitments to
maintain industry leading reputation, remain
vigilant to opportunities to broaden or divest in
technology segments

Where: Maintain broad defense industry
presence, continue to innovate and acquire new
technology as new segments present themselves

MISSILES AND FIRE CONTROL $UCCESS

CY1é CY17 Ccy1s
$6,769M §7,282M $8.462M
$1,004m $1,034M §$1,248M

14.8% 14.2% 14.7%

$14,204M  $17,729M  $21.363M

sales, profit, and backiog show healthy growth — primarily
fied and precision fires programs, as well as increased volume in
IRN, SNIPER, Apache

2. Both CY17 and CY18 benefited from previous year production holdover
(production costs in 1 yr, sale/payment in next year)




LOCKHEED MARTIN
SPACE

LOCKNEED HARTINV'_.Z

Space Systems

SPACE LOCKHEED MARTIN
RAISON D’ETRE

AT LOCKHEED MARTIN, WE'RE PUSHING THI
BOUNDARIES OF SCIENTIFIC DISCOVERY AND DEFENDING
GLOBAL SECURITY—MAKING SCIENCE-FICTION
CONCEPTS, REAL

10
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SPACE LOCKHEED MARTIN
e RAISON D’ETRE
o

O Engaged in research, design, development, engineering and
production of satellites, space transportation systems, and
strategic, advanced strike, and defensive systems

O Provide network-enabled situational awareness and integrates
complex space and ground global systems to help our customers
gather, analyze and securely distribute critical intelligence data

J Responsible for various classified systems and services in
support of vital national security

Why

O Provide a network-enabled situational awareness and integrate
complex space and ground global systems to help customers
gather, analyze and securely distribute critical intelligence data
and in charge of various classified systems and services in
support of vital national security systems

UNIVERSE - SPACE PROGRAMS

Trident Il DS Fleet Space-Based Infrared
Ballistic Missile

-Design, manufacture and

- Advanced ExtOTTON support nuclear warheads
’m [Frequency Yot < q weapons for UK - deterrent
GPS Block Il Satellite aihecs 0w UK, Austaiia

ently Jagan
contracted LM

11
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SPACE PROGRAMS

Alrbus made Service
capsule

G.‘i}wﬁiﬂ?‘. PRGN

Crew capsule produced by Lockheed
Martin

Firms collaborate to satisfy customer

SPACE PROGRAMS

United Launch Alliance
= Facllity co-owned w‘j

12
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UNIVERSE - SPACE PROGRAMS

The Countries With the Most Satellites in Space

v Telecommunication
v Navigation
v Weather data

Satellites owned by companics heavily outnumber those used by military

« private sector becoming more invalved in space technology

SPACE UNIVERSE

Boeing 3 US Govt Agencies
BAE Pl UK
General Dynamics KSA
SpaceX Japan
Leonardo Spa

IBM Film Industry

BAE Geographical researchers
Aerojet Rocketdyne Power rivalry

General Electric L Economic growth

United Parcel Services




STRATEGIC GAMEBOARD

When: All the time monitor market trends

Where: Seek market domestically and
internationally with governments and
commercial sectors

How: Technological Advancement via R&D,
collaboration, investment abroad through
acquisition

LOCKHEED MARTIN SPACE
SUCCESS
>rine 2 7""’]"'7‘ T oo "7lAI*‘A‘*’”7"" e (o )

14
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ROTARY & MISSION SYSTEMS

ROTARY & MISSION SYSTEMS BUSINESS UNIT

Lockheed Martin Lo Buy Sikorsky for $9 Billion

~ November 2015

2016: Realigned Mission Systems and Training into a
new business area named Rotary and Mission
Systems (RMS).

RMS business segment ~ 25% of LM revenue
Sikorsky Helicopter sales ~ 10-12% of LM revenue

LM Strategy: “Expand its core business into the growing areas
of helicopter production and sustainment. Sikorsky's ability to
leverage Lockheed Martin's scale will ensure it remains a
technology leader at the forefront of vertical lift.”

15
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ROTARY & MISSION SYSTEMS RAISON D'ETRE

Primary: Increase shareholder value

Secondary: Support US military services, principally
the U.S. Navy / Marine Corps and Army, and various
government agencies of the U.S. In 2018, U.S.
Government customers totaled 71% of RMS sales.

ROTARY & MISSION SYSTEMS MAJOR PROGRAMS

. The Black Hawk® and Seahawk® helicopters manutactured for US

d loreign govermnments

. ThP CH-53K Km Stallion heliCOtef delivering the next ganarabon heavy

It helicopier for the U.S Manne Corps

. The H 92!’\ helicopter manu od for the LS. Marine One transp

The Aew Combat sttem Aeis

Command
(CZBMC\

16



ROTARY & MISSION SYSTEMS UNIVERSE

Us Govl Terrorist/Terror Groups
Allied Govts Unsiable Nations
Civilian fransporiation Military
Teaming Arrangements
Qil & gas / urban ransport

Beoll Toxtron (helo)
Airbus (helo)

Leonardo (helo)
Raytheon (radoar)

Gen Dynamics (radar)
Hunfington Ingalls (ship)

Aerojet Rockeldyne
urc

STRATEGIC GAMEBOARD

When: Now and the future with cutting edge
air, land, sea technology

Where: Maintain US govt as primary
customer and also maintain a broad, global

presence to aggressively compete in the
international markets

- Ex: Sikorsky Blackhawk in DoD, DHS,
and 28 foreign militaries

- Subject to government regulation

(US and foreign)

17
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STRATEGIC GAMEBOARD

How: Leverage reputation of LM / Sikorsky products
& the worldwide relationships and structure to secure

new business
1. Superior Radar and C2 technologies
2. "Next Gen Vertical”

Step 1: CH-53K
Step 2: FVL (F-35 business model)

CY16 cY17
$13.608B $13.678
$0.858 $0.90B

6.2% 6.6%
$20.038 $30.03B

cy1s
$14.258
$1.308

9.1%
$31.328

18
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AERONAUTICS

AERONAUTICS RAISON D'ETRE

Secondary: LM Aeronautics has existed for over 100 years and
has a workforce of 25,000+. LM Aeronautics, delivers
breakthrough capabilities and landmark aircraft that continually
redefine flight. LM plays an important role in the national security
of the United States and more than 70 other countries, ensuring
peace and stability around the world. LM Aeronautics is
committed to the relentless research and development of high-
performance aircraft, seeking innovative, low-cost design and
manufacturing strategies, and delivering operational readiness
for our customers’ missions to ensure continued relevancy for
the life cycle of our products.

19
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61

AERONAUTICS BUSINESS UNITS

explores new venues for developing next generation air
dominance air platforms as well as potential
enhancements to current platforms.

Advanced Aeronautics: The research labs focused on
tomorrow

Aeronautics Sustainment: Delivering integrated
sustainment capabilities to ensure our customers’
aircraft are mission ready anytime and anywhere.
Aeronautics Procurement: Is responsible for $11.2 billion
annually flowing through our supply chain, 1,500
production suppliers and 900 non-production suppliers
worldwide.

AERONAUTICS BUSINESS UNITS

F-35 Lighting II: 5" Generation Fighter Jet, 491+
aircraft delivered, 258K flight hours, 21 bases
worldwide

F-22 Raptor : 5" Generation Fighter Jet, 195
delivered, increment 3.2 upgrade, and AF plans to use
until 2040

F-16 Fighting Falcon: International Multi Role Fighter,
4,588 delivered, 19M flight hours, 29 countries

C-130J Super Hercules: International Tactical Airlifter,
400 Delivered, 1.7M flight hours, 18 Countries

20
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AERONAUTICS UNIVERSE

United States Govt Terrorist/Terror Groups
International Govts Unstable Nations
Military
Dictators
Teaming Arrangements

Airbus
Dassault

Chengdu
Boeing Aerojet Rockeidyne

Northrop Grumman utc

STRATEGIC GAMEBOARD

When: Constantly, cutting edge aeronautics
platforms

Where: Maintain broad, global presence,
but aggressively go after the international
market

How: Technological Advantage, superior
human capital and R&D strategies

21
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AERONAUTICS SUCCESS

CY16 cY17 cy1s
$17.2938 $19.410B $21.2428B
$1.8458 $2.1768B $2.2728

(Operating Margin 10.7% 11.2% 10.7%
Backlog $34.9998 $35.692B $55.106B

Aeronautics Success driven by F-35 program

LOCKHEED MARTIN
CORPORATION SUMMARY

22



LM $UCCESS
B3 WAC(C EVA E ROI( EVA Spread

LM $UCCESS

Non-Curr. Assots $30.4B Non-Curr. Liabilities (LT Debt)
53048

Total Assets $47.58 Owners’ Equity $3.18

Liabilities + O.E. $4758B

Net Sales $59.818B

EBITS8.34B * End of year Report: December 31,
2019

Tax $1.01B

Net Income $7.20 B
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LM $UCCESS

Geneval
Llockheed Martin Raytheon Dynamics

1.54 m

36 0.42 112

0.65 072
226.90% 27.57T% 26.72%
16.62% 26.90% 14.36%
8.10% 4.89% 7.45%

LM $UCCESS

2016 2017, 2018
47.29 4996 53.72

8.35 9.54 10.50

3.21 3.26 4.25 4.46 5.85
996 1036 14.01 1533 2040  25.37

115,000 112,000 126,000 97,000 100,000 105,000 110,000

24



LM SWOT

CONCLUSION
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Appendix C— Northrop Grumman

An Assessment of

Northrop Grumman

AIR DOMAIN
INDUSTRY ANALYSIS FIRM BRIEF
SPRING SEMINAR #1

THE DWIGHT O, EISENNOWER SCHOOL
FOR NATIONAL SECURITY AND RESOURCE STRAYEGY
NATIONAL DEFENSE UNIVERSITY
FORT NCNAIR, WASHINGTON, D.C 20315.5082

(@
\) Outline

» Mission and Organization
» Competitive Environment
« Strategic Approach

* Financial Assessment

* Analysis

* Questions

67
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Mission and Organization

(a
‘~) Mission — Defining Possible

» “We are a pioneering company. Every day, at Northrop Grumman
sites around the world, we are questioning, problem solving,
designing and building our way toward Defining Possible”

* Defining Possible tells the story of a company leading the way. It's an
ethos that is future-driving and optimistic. It is a rallying cry and a
uniting call. It is a shared purpose for our employees and a
promise to our customers that we'll rise to any challenge.

« See for yourself what Defining Possible looks like. It's in the faces of
people solving the toughest problems. And it will carry us further
than we've ever gone before




(e
\) Corporate Organization

NORTHROP
GRUMMAN

AEROSPACE MISSION INNOVATION TECHNOLOGY
SYSTEMS SYSTEMS SYSTEMS SERVICES

69
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AEROSPACE

CUSTOMERS

/B OEING
[

NORTHROP COMPLEMENTORS
COMPETITORS GRUMMAN

OCKNEED MARTIN

SIERRA
NEVADA
CORPORATION

SUPPLIERS

D United 4
P Technologies 7 Bayl‘heon‘F Group ICI‘SélOI Amphenol tocaNEED MARTI

70
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Universe — Value Net — Mission Systems"-‘:':i'

ﬁ e
' 13 -l

COMPETITORS Ngsa’:}gx" COMPLEMENTORS

BAE SYSTEMS

SUPPLIERS

il e
= conv, re=co=w Technologé

Z AERONC/ ART
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INNOVATION SYSTEMS

Universe — Value Net — Innovation Systems

COMPETITORS

NASA F:\@ MPA

CUSTOMERS

NORTHROP COMPLEMENTORS

GRUMMAN

SUPPLIERS

JABIL ¥Eaoe Asmoser

e v

72
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TECHNOLOGY SERVICES

Universe — Value Net — Technology Services g

® « &
-
CUSTOMERS

CACI

COMPETITORS NORTHROP COMPLEMENTORS

GRUMMAN
Rockwell
Collins

SUPPLIERS

=dech ) A R 7 ‘o Qe G
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Competitive Environment

& Defense Index s nic, Inc.,, The B¢
s Industries Inc,, L3Marr pchnolo ¢, Lockheed N

pany, Textron, Inc., TransDig nd United Technolo,
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Strategic Approach




To align the
company's broad
portfolio to serve

its customers

Effective
January 1,
2020,

The four new
sectors

Aeronautic Systems.

« Mannec Arceft B-21 7.35

erSurance MALE: stes
uoh a8 e Glodel Har

opellart and erwgetc
—atetinh

-

Where to Compete

~ *at
=alinE o o

How to Compete

s glotel kgesa wpport. satsinme v
TAOCAbr B7 448 373 QPIURT 08T P2 wespOn Ty

When to Compete

1935. 1985 Nortwop Comparation prinOpal developer of fiying
wing techinology mcludngthe B-2 Spirtt somber, DoD contracn
1994 Acquired Grumman Copoarafion Space Development
1996 Westinghouse Elecine Corparstion Radar, Elecronic Sys
2001 Lmon Industries, globdl elecronics and nfomation

and Nowport News Shipbuldng
2002 TRW inc., military and Ol space systems,
2011 Huntington Ingalls Industres, Inc. Shipbuidng business.
2018 Ordital ATK Inc. the "Merger date”

Space Systems

Dongrm cewice
mactatow et
Iregrates ILaceT et
Tl beter,
sensns and

QOIS CRUOrS £y OB
N ppon of soace CALSR
BN YORNOR ROy

clomton ang

operaticnal 3envices 53 he
Uettnd States Computer
Emagency fess

Tesm (US-CERT

Ernancng Pole Eyvam
1429
AENSC) and sir4o-graund
serson Batieheis + Next-Ger. Overbans
Astorme Communcedors Fersuant IMpad Frog e
Node BACN), F-3 fre OFR; Spece-Based
0 vc! reser. Darisuied I»*pre? System (SBIRS)
Agenae Sywem (CAS)
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(a
‘J Firm Strategy in Each Market

Profitability

i :!’ Aerospace Systems Mid to High $118B Low to Mid 10%
.
-L -. el Defense Systems Mid $78 Mid 10%
e 8

Mission Systems High $98B Low 14%

Space Systems Low $8B Low to Mid 10%

Financial Assessment

11
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(€2
‘\-} Current Year Financial Data

Balance Sheet (in millions)* Income Statement (in millions)*

Assels g Income

Current $10,685 Aerospace Systems

Non-Current $30,404 Mission Systems $12,263

Total $41,08% Innovation Systems $6,119

Liabilities Technology Services $4,110

Current $9,434 Costs

Non-Current $22 836 Cost of Product Sales $22.621

Owners Equity $8.81¢ Cost of Service Sales $9,532

Liabilities + Equity $41,089 R&D $953
Net Earnings $2,248

* Al information as reporied Northrop Grumman Annual Report dated 31 Decernd

Earnings

Eamnings Trends

Total Sales 23526

EBITDA

Eamings

12
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Asset and Debt Management

Asset & Debt Trends

~N
w1

Profitability & Growth

Profitability & Growth Trends
m 2016 | 2017 | 2018 | 2019 i Jink

WACC 66 56 63 70 62

Backiog 35923 45338 42620 53500 64,840

Employees 65000 67000 70000 B5000 90000

13
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k} Significant Financial Issues

* Pension fund challenges
* Underfunded

$ billion in obligations
« $30. flion in assets
« Fund has been consistently 80-85% funded
* Have been contributing additional funds each year to calch up
» Lawsuit settled in 2017 alleging failure to uphold fiduciary duties
« Excessive plan manager compensatior
* Unwarranted administrative expe:

Analysis

14
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SWOT Analysis

Strengths Weaknesses

(a
\) Corporate Reorganization - 2020

NORTHROP
GRUMMAN

AERONAUTICS DEFENSE MISSION SPACE
SYSTEMS SYSTEMS SYSTEMS SYSTEMS

15
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Future Growth Area — Doomsday

eplacement
MM 1l requires replacement to maintain TRIAD
viable ¢ ostUbenefit analysis

Primary Enabler
Orbital ATK acquis

itical advan L s (SRM)
SRMs ~50% of the price of balistc missies

yber Gr

wfied Plat
bor operat
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Military Aircraft & UAV Opportunities

(e
\} Overall Analysis

* Their competitive advantage resides in their proven capability to
solve hard problems for the USG

* Defining possible is not a cliché - they are going to solve the
toughest problems for the DoD across the entire spectrum.

* Financials in line with their largest competitors

* The National Security Strategy and its focus on Great Power
Competition represents an opportunity

+ Seizing future growth opportunities by reorganizing for cyber
and space

18
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Questions
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Appendix D — Airbus

A GLOBAL LEADER AT A CROSSROADS

AIRBUS ()

-

AIRBUS—AT A CROSSROADS &.X 4

<
L T &

~ Introduction

~ Raison D'Etre
~ Universe

~ Strategy

- Success

~ Opportunities
~ Conclusion

B
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&

RAISON D’ETRE &

s

“Airbus is an international reference in the aerospace sector. We

design, manufacture and deliver industry-leading commercial aircraft
helicopters, military transports, satellites and launch vehicles, as

as providing data services, navigation, secure communications, urban

mobility and other solutions for customers on a global scale”

AIRBUS

=

&

« -
'w
4 >

RAISON D’ETRE - ORIGINS

5/6/202(
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RAISON D’ETRE - FUTURE

&

X
s

4

Projected traffic flows to 2038 in Billion Revenue Passenger Kilometers

NE;

Domestic PRC
Domestic Asia
Emerging

Indias — Middie East
Domestic india
Europe ~ Middle East

RAISON D’ETRE — HISTORY

Post WW2, LS, aviation industry dominget
*  Furopean dircraft manufacturess fesred they coulda’t
compete
1967 - Franke, Germany, UK sign agroement for acrospace
development
*  Includes clause "20 take appropriate measures for the
joint developement and production of an alrbus.”
* UK subsequently drops out - Hawker Siddeley remains
subcontractor
May 29, 1963 - France and Germany sigh agreement to form
consortium to peoduce/market A300
*  Formabon of Arbus GIE (Groupement Jintérdt
Economique)
1972 - A300 maiden flight
*  Oeders are initially slow, bt in 1978 Eastern Alrdines
ocders 23
iy 1979, Avtus "had achveved 26 per cont market shase in
dollar value®
19805 ~ A320 famuly cements Alrbus a3 commercial aviation
player IR / AW 203

«

ORIy N30y A FCIIR TNy SHT 1Y T M e g Gt ot

5/6/202(
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RAISON D’ETRE — HISTORY

A
'R
£
+ 1990's - European aerospace defense companies feeling the pinch
* British Aerospace Director in 1997: "Eur 2
billion a year, is supporting three times the number f
than half the budget of the U5,

+ July 10, 2000 - DaimlerChrysler Aerospace, Construcciones Aeronduticas
SA, Aerospatiale-Matra combine to form European Aeronautic Defence and
Space Company (EADS)

* Airbus GIE becomes Airbus SAS (conventional company)

* GIE was ostensibly a temporary agreement to bulld one plane type

+ 2007 - EADS buys out BAE share of Airbus SAS

+ 2014 - Reorganization from EADS 1o Airbus SE with three divisions:
Commercial, Defence and Space, Helicopters

Artever, Answe; Lonbery, Reed 3397806250 [ onar Doty frms el Poppnes L, The Seettie Times. 7

UNIVERSE — COMPETITION {2 %

* Commercial:
* BOEING
* COMAC

* UAC

* Embraer

* Helicopters
* leonardo
* Bell
* Defense & Space
* Boeing
* Lockheed Martin
* Northrop Grumman
* Thales  sstheer. Ancva: Londbery. feed (1997 00 15)

5/6/2021
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&
UNIVERSE — COMPLEMENTORS £ & ’?;,,

* Bombardier (A220)
* Leonardo (ATR)

* Boeing (737MAX}
* Globalization

* Hostile militaries

* Publics demanding emergency services

Ratpmce, Ao, LondRery, Seed (TRIEOG-ISL | v Dmleryn oot Tpet Fovmen 10 (yhy”. The Seattie Tihwe

A
UNIVERSE — CUSTOMERS .;é}

« Airlines
* Militaries e e
PO S 070 Oy U W ey S
« Germany, Spain, UK, italy P — —
* Indonesia, Saudi Arabia oo -
Moy ) .
* Parapublic Institutions iy .
| . 1
* Petroleum companies St 2o v
Cola s Lren .~
(e A n
« European Space Agency (ESA) Vb At »
Batheser, AnSrd: Londbery. Meed (EIVIESE Lo (e Lot e et Uine T The Seamtie Mes

10
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A,
UNIVERSE — SUPPLIERS {éé

Sops Sterla s
A SE 139
Safran SA 316
Gemoraf Bectric Corp 183
utermatona Buvnes Mackines 256
Anconic nc 1
Rats-Royce Holdngs PLC 208
Spirit Awrosysterns 0
Moneywet 148
Sabviey SA 17
Heucel Corp 136
Durksauh Systern 1
K 104
PG Inchatries on
Leanasdo SpA o8
Berishire Kathawny Inc on
o Tiets PLC 068
TansDgm Growg inc os7
Toray Indastries s

11

A
UNIVERSE — OVERVIEW é!'!x” I§

-~ Future;
» Competitors - COMAC?
» Complementors ~ Al, Networked capabilities, Electric engines

» Customers - Globalizing: China/India domestic, Asia short -haul, Middle
East . T

~ Suppliers ~ Broadly diverse supply chain

=
=
ok-"'

12
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AIRBUS STRATEGY--BLUF £ X 3

o 3

~ Committed to Global Expansion through Sustained
Performance, Innovation & Smart Investment

~ Airbus at a Crossroads —~ Committing to .
Globalization & AIRBUS

~ New President Oct '19 - Guillaume Faury
- Strong Values & International Mindset

- Developed Short & Long Term strategies that
address public improprieties & internal friction

~ New leadership intended to focus on globalization Globalizgation
& modernization

13
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SHORT TERM STRATEGY

v W ALZE pradhacnon
© I St P T T AT B et ) Ly (A ey
ALZY 5 35 5 Vormngh JO34 the Dt prodocthe e of Wime - Cant fiow &ov seber swwresty

» Comtrne 10 wirvisn SRD mectlmert 1 orngrg mniets

o ghusee an lrve Sebee e L W g d bahorden h Sow
o mprermdesind dash et n o Ges prreeete Wy et sndelen s e 0 seer of 1 e viet

» Capitalar on work ng in The seams Brtamen Srrs® Oegariey - Daginning weth ALID - 354 ramnoeslry siogtione
A Crgrss Do, Cobir Firn Al oot Cnomet Tarde
B e e L e L e e T

prew ATW musghes —mooeh praducaon fiow

- Strategs ket ihery (Dwterne ored S2900 S rvian secten)

"We see no quick fix to the A321neo’s production problems, but we are confident the
kssues have been stabilized as we manages the ramp-up in output,” Guillaume Faury

14
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A
LONG TERM STRATEGY X

“Cities, Airports, & Aircraft” Alrbus 2038 P 3% sl
» Commercial segment focused on categories S, M, Lactt Mmm”'m
# Forward Looking Strategy plans to exploit the space M'"““

between the categories further

# Begnning w/A320 moving to larger acft
7 Passenger Amenities comfort/tech comveniences

> Irnovations
7 Investing in Emerging Markets
7 Not winning market share 3

» Gobal innovation Centers
7 Hardware Innovation
# Lve ware Innovations
» Clean Ops 2040
# Reducing Carbon Emassions
7 Clean Foel Ressarch

- e e

15

A,
STRATEGIC IMPERATIVES @

~ 5§ Strategic Imperatives — to realize strategy

~ Remain a leader in commercial aerospace, strengthen market position and
profitability through global expansion

~ Gain market share in European Defense, Space, & Government markets by
providing military platforms, space assets, & associated services

~ Pursue incremental innovation potential w/existing products & pioneer

disruptive innovation- foster skilled engineers/artisans for future comp
~ Adapt with globalization, attract & retain global talent & customer base
» Strengthen the Value Chain—focus on prafitabili

and value creation

16
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fa L
COMPETITIVE ADVANTAGE -

MARKET SHARE
Alrbus = 59.4%

~Airbus' Competitive Advantage Boeing = 40.6%

~ Innavative products, successful acquisition and mergers and
demonstrated superb performance in production & service

~ Willingness to INTEGRATE with emerging markets, investing in human
capital and EARNING vs winning global expansion in the market

» Public impropriety behind us, accepted responsibility —behavior and fines
were 2019's news—"...we are forward looking and anxious to invest.”

"”

fervestivent in RED Adasted bom Astun com

17

A
STRATEGIC GAME BOARD & 4

» Where to compete: +* The Saatye Torws.

» Started European/Asian delberately expanding in the global market
« Bosing main compatitor
Ottt COMpetees indiude Bombardier and Eriraer, Comac, MewOahi in Japan and UAC in Fussa,
~ Primarily competing in commerdial dircraft production =707 revenue, however,
» Seategy foretnls exaassion of Services IMAQ)|
« Work to gain maket shave in Defence & Ssace Segments ~Suaegc Parinesing

Segment Competition Geographic Diversity

Graghn sdagrad troes Avar o

18
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A
STRATEGIC GAME BOARD &

» How to compete

~ Focus on Differentiation (all digital cockplt, fleet
commonakty, not Amercan)

» ATR—Strategic Partnership enables Alrbus to
mave more aggressively into Defense Segment—
risk reduced through Leonardo's mature & proven ‘
technology

» Global expansion through integration and ATR k{"f b

» R&D—Innovations targeting existing products &
enables more desirable future design—innovating
in the seams of 5, M, & L production Snes

# Live ware Innowations

19

4.
STRATEGIC GAME BOARD @

*When to compete
*Airbus has retooled their management to remove the perception of
impropriety —stated the sins of the past are "them.” New faces
*Ready to compete in 2020—giobally
*Setting conditions for global expansion—investing In human capital and
technical architecture pow
*Euture competition
=Asia Pacfic, Space & Defense, & Services
* Leverage partnesships (ATR & Supply Chain}

Strong momentum in commerdal adlt production & a competitive portfolio,
valicated by strong backlog encourages competition in this segment NOW!

Increased investment in R&0 & integration into emerging markets posture
Alrbus to compete well in the fture—sustaining commercial acft production &
adding Space/Defense & MRO Services Segments to a profitable future

20

5/6/202t

-

95



5/6/2021

Financial loss, .“‘
e SUCCESS (xEL
_Neawy PROFITABILITY/LONG TERM SOLVENCY ‘w

Debt

* Net income €M: (1,362) * Total Assets €M: 114,409
« Sales €M: 70,748 « Total Equity €M: 5,990
* Profit Margin: (2%) * Total Debt Ratio: 95%
* EBIT €M: 1,339
* EPS€:{1.75) * interest €M 228
* ROIC: (6.48) * Depreclation €M: 2,927
* WACC: 5.68 * Times Interest Ratio: 5.87%
* ROIC/WACC Ratio: (1.14%) « Cash Coverage Ratio: 18.71%

Long Term
Solvency

Profitability

21

@
LIQUIDITY s

Obligations
Current Ratio o
Quick Rt o3
Cah Ratic 0y
Net Working Cagital Ratic  -0.08
Imerval Measore 360.40
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BACKLOG

ORDERS, DELIVERIES, & {= g

Deltveries by Programme (Unas)

» Total Liabilities €M: 108,419 * Mkt Price Stock € 13048
* Total Equity €M 5,990 s EPSE: 175
* Debt to Equity Ratio: 18.10 * Price 1o Earnings Ratio: (74.56)

* EBIT €M: 1,339 * Dividend Yiekd: 1%

* Interest Expense €M: 339
* Interest Coverage Ratio: 3.95

Capital Capital
Structure Market

* Dividend Payout Ratio: (94%)

A,

MARKET $UCCESS £ &}
-

X

24
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“

« TEJ, 173,115 shares sswed as 3 31 December 2018 GZVE

OWNERSHIP x

m Free Float 739%
Shareholder Agreement 26.0%
m SOGEPA 11.0%
m G2VvB 10.9%
m SEFI 41%
m Treasury Shares 0.1%

SOGEPA rr French State
ot German State
SEM €5 Spanish State

25
FIVE YEAR HISTORY $EL
@R e O
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1.20 ——iPsC
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Bosemam (M IMTAM AxtieooedM D4 tmcovres
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A,
OPPORTUNITIES vs CHALLENGES J’éé

Opportunities

2 Main Lines of Efforts

* Market expansion = competition with Boeing
* Innovation & technology = competition with
Boeing

27

OPPORTUNITIES vs CHALLENGES / x

* $3.9 Billion in Global Penalties (I Qt 2020)
(UK - $2,2, Fronce - $1,1, US - 50,6

* Coronevicus Sepply Chain Distuption
{2 weeks Airbus Final Assembiy Line (FAL) in Tiangin)

cha“e €s * 15% USimport tardf rates from March 18, 2020

fokd WTO dispute with Boeing)

* Defense and Space Restructuration
{Lock of sew arders)

1

7y

28
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OPPORTUNITIES vs CHALLENGES @L

Commercial Aircrafts

Strategy Revision for Long-Haul Air Travel
LOE1 @ AIRBUS @_lﬂfﬂva’
Market
: Hub-to-Hub concept 41  Multiple Connections sl
Expansion 4 e S s
A-350,A-320, A-220 - 737 MAX
window of opportunities

29

A
OPPORTUNITIES vs CHALLENGES ﬁ}

* Airbus:in search of technological revolutionaries
LOEZ (robotizots j.pm

Innovation and -
* Acceleration program
CIOIORY e e et

30
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4.
@ AIRBUS MOBILIZATION &

» Despite developing mone toward ghobalization, Airbus i3 not focused nor centered on/in the US.
» Boeing presenters, “Roeng abides by US Policy” - repeated dams
» Not 50 with Akban

» What i Airbus' rol in American mobiszation

- 'M-%ﬁm“—nh&m-%uhmuum
W JOcKes: Con Do

< i s Cane — pRORSNg Ueply e & prudest _"‘“ n Dol
« ¥ moblization only ocourred In the US
» Albis could contrbute by Sowing production
> - for
« Prudent to ask, “What type of mobfization ™

- Mmmulhamwm oF "space 2sets we
procied bedore tradtiona! alrcraft. Alrbus may be asked to free supphes for shigbudding or sacelites

31

@ ARrRBUS CONCLUSION

« As Airbus departs the ¢ ds of d regional tition or
W—mm&mu&-mﬁw —they are all
n

» Airbus d as result of European desire to compete with the U S. in aerospace

markets. Through commercial and defense consolidation, it finds itself as a market leader
with few competitors, marny customers, and a large pool of suppliers. It is well sauated
10 lead into the future on a global scale.

» Sustainable Global expansion 1! responsibie i 10 eorn & d global
market share—Clean Ops and Live strategic approach to growth
Mumlhbukmmﬂond downturn, just 3 one-time adjustment. Alrbus

has maintained consistent growth in the past 5 years with a Ing share of the
market. Nirbus plans to leamn from this and focus on to continue global reach
and growth In existing and new markets

. wemllanoma patition between Airbus and Bos|

rade agreement. Awrbus
introduce so-called mlmmumunmmnmmmmm
losses caused by US tariffs

32
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Appendix E — Future Vertical Lift

102

Light

= Cockpit

* Requirements

. Sustammg

Future Vertical Lift FoS

= Aerial refuel

- CAS/Attack

- DA

« Maritime Interdiction Ops
- MEDEVAC

= Urban Assault/Security

Capability Set 1
+ Speed 200-250kts
= Radius 170-229nm
= Pax 6
* Crew 2
= Int Payload 2-2 5k
= Ext Payload TBD
+ DDG compatible
= Self Deployment
= Endurance 30min-2 hrs

+ Urban Assault/Security

CAS/Attack
SuW/ASW/MCM

- DA

« Maritime Interdiction Ops
- MEDEVAC

- HA/DR

- CSAR

« Rotary Wing Intercept

- SAR

Counter Dru

NOTE: 6K/95 HOGE at Ob ective (midpoint) minimum r.

Capability Set 2
« Speed 170-270kts
= Radius 300-437nm
+ Pax 8-10 (@285lbs)
» Crew 4-2
= Int Payload 3.5-4 5k
+ Ext Payload 6-8k
+« DDG compatible
= HOGE SL/103°
= Self Deployment

- Urban Assault/Security

- Amphibious Assault

- CAS/Attack

- HA/DR

- Tactical Resupply

- DA

- Maritime Interdiction Ops
- MEDEVAC

« NEO

« CSAR

uired, 6K/95 HOGE Throughout de:

Capability Set 3
+ Speed 230-350kts
* Radius 300-450nm
+ Pax 10-12 (@335Ibs)
+ Crew 4-2 (@250ibs)
= Int Payload 4 0-5 .5k
* Ext Payload 6-8k
+ LPD/LHD compatible
+ Self Deployment
+ Endurance 30min @ 300nm

- Urban Assault/Security

- Amphibious Assauit

- HA/DR

- Tactical Resupply

- DA

- Maritime Interdiction Ops
- MEDEVAC

- NEO

- CSAR

- Aerial Refuel Donor

ired, unless stated otherwise

+ FACE/MCA -+ Reducedoverhead  All Air Vehicles have common... - Maintaining
+ Training * Mission flexibility + Repair parts and components
MISSIOI’IS Migglons Mlsslons Mlsswns Mlsslons
Reconnaissance Reconnaissance Alr Assault Air Assault Air Assault

« Amphibious Assault
- HA/DR

+ Tactical Resupply

- DA

« Maritime Inter Ops
- MEDEVAC

= NEO

« CSAR

+ Aerial Refuel Donor

Capability Set 4
+ Speed 270-350kts
» Radius 300-450nm
= Pax 24-32
= Crew 4-2
= Int Payload 12-20k
= Ext Payload 15-20k
+ HOGE SL/103°
* LPD/LHD compatible
= Self Deployment

» Endurance 30 min @324nm|

Capability Set 5

= Speed 270-350kts

+ Radius 750-1200nm
= Pax 4554

« Crew 4-2

= Int Payload 25-30k
= Ext Payload 30+k

« HOGE 6K/95 Throughout
* LPD/LHD capable
= Self Deployment
+ Endurance 30 min

750nm

Figure 1: The five established capability sets defined across FVL Light, Medium, and Heavy
weight classes. FVL Medium Capability Set 3 (highlighted in red) is identified to be the first
FVL aircraft in the development / fielding sequence [Table courtesy of FVL ICRD 2016 p.2]

FVL Current Status Summary

Development FVL Class/ Cap Set | Aircraft Designs Fielding Date Aircraft Being Replaced
Sequence
First Medium Cap Set 3 Bell VV-280 Valor 2030 UH-60, UH-1, V-22, AH-64*,
Sikorsky-Boeing AH-1*
SB>1 Defiant
Second Light Cap Set 1 Bell A360 Invictus | Early 2030s OH-58, AH-6, AH-64*, AH-1*
Sikorsky Raider X *Cap Set 1/2/3 characteristics
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FLRAA — Competing Designs — Bell VV-280 Valor and Sikorsky-Boeing SB>1 Defiant

o - —
-

Blell V_-'280r\’/alor (Phbto courtesy of BelT) Sikorsky-Boeing SB>1 Defiant (photo courtesy

of Boeing)
FARA — Competing Designs — Bell A360 Invictus and Sikorsky Raider X

An artist rendering of the Bell 360
Invictus, the company's design for the
Army's Future Attack Reconnaissance
Aircraft (FARA). Bell is competing to

build a prototype for the service and

plans to fly the aircraft in 2022.

(Photo courtesy of Bell)

An artist rendering of Lockheed

Martin's Raider X, which the company
has been chosen to build as a prototype
as part of the US Army's Future Attack

Reconnaissance Aircraft competition.

(Photo courtesy of Lockheed Martin)
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Scalable FVL Technologies

SIKORSKY LEADING THE WAY TO FUTURE
VERTICAL LIFT fLRAA

SB>1 DEFIANT™

FVL Medium FLRAA FLRAA

Analysis of 221 Initial
Alternatives Contract Operating
Award Capability
2022
- X w 2-97 RAIDER®
ECHNOLOGY
'DEMO
* 'r; En_.
. FARA 52 FARA FARA
X2® Aircraft $-97 Raider FARA Down 251 Initial
Last Flight 15 Flight Proposal amiect Award  Operating
2020 2023 Capability

2019 2022 ... 2028 .. 2030
s"msﬁ

2018

2015

2
LHEEL Distribution Statement A: Approved for public release; distribution is unlimited.

(Photo Courtesy of Sikorsky)
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