STRATEGIC STUDIES QUARTERLY
An Aerospace Nation

Aerospace is deeply connected to US identity—its power and place in
the world. Progress in acrospace opened doors to new methods of travel,
economic prosperity, and the means to shelter and defend the nation.
However, the rapid development of aerospace power was not something
left to chance. Such an achievement was a national priority—one that
called together all aspects of American society. Military experts worked
closely with civilian engineers to refine requirements; academics con-
tributed to designs, while machinists worked with designers. This kind
of collaboration formed the United States as an aerospace nation, and
aerospace industries remain critical to the US economy, the American
people, and the American way of life. Now is the time to consider a
short historical view of the impact aerospace has had on the United
States and also to warn about the costs of neglect. More importantly, the
nation must have a new vision for the future of aerospace.

The Rise of the Aerospace Nation

During the middle of the twentieth century, the US aerospace indus-
try grew tremendously, resulting in the United States emerging from
World War II with the world’s most advanced commercial infrastructure
and preeminent economy and as the world’s only nuclear super power.!
This industry created the foundation upon which the US economy rests
and continued to ingest heavy investment for several decades—while
providing a major source of American power.” In addition to doubling
human productivity, becoming an aerospace nation was a critical pillar
of economic growth for the United States.? Doing so allowed the United
States to reap dividends in defending the nation’s interests. Capabilities
developed by advances in aerospace enabled reduced defense spending
as a result of our technological asymmetric advantage. These “offset”
reductions in defense spending allowed for development elsewhere in
the US economy.
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The first offset resulted from rapid advancement in the key areas of
propulsion, aerodynamics, flight controls, avionics, and human factors
that were achieved in the 1950s and beyond. America, as an aerospace
nation, served as the essential integrator for these technologies. The
aerospace community united for the “first offset strategy” of integrating
nuclear warheads on bombs and missiles, which enabled Pres. Dwight
Eisenhower’s “New Look” strategy—cutting the defense budget by 40
percent between 1952 and 1956. The United States relied on its aero-
space superiority to offset Soviet military might without sacrificing the
security of our nation or commitments to allies and partners.*

The second offset resulted from technological investments in sensing;
precision navigation and timing; intelligence, surveillance and recon-
naissance; and stealth technologies. Again, US supremacy in the aero-
space arena enabled smaller numbers of weapons to be used to hit and
destroy key military targets. These investments enabled lower procure-
ment numbers of advanced platforms, saved billions of dollars, and kept
the United States ahead of the rest of the world as an aerospace nation.’

The payback to the economy and to the taxpayers from these aero-
space investments remains significant. Today, this industry—from pri-
vate aircraft manufacturers, to general aviation, to commercial space—
produces $118.5 billion in export sales for the United States, results
in approximately $370 billion in domestic aerospace purchases, and
employs or supports more than 1.849 million people, whose spending
employs 2.51 million more. The aerospace industry is the fifth-largest
contributor to the gross domestic product (GDP) of the United States,
behind only health care, chemicals, the food industry, and information
technology.® Of these five, only the food industry also produces a posi-
tive export balance for the United States, making the aerospace indus-
try a key component of balancing US foreign trade.” It contributes to
America’s ability to “respond to threats such as terrorism, environmental
disasters, and pandemics.”®

In addition, there are new technologies and businesses that emerge
as a result of aerospace investments. Each year, NASA publishes a book
called Spinoff that highlights its return on investment, often estimated
to be several dollars of impact for every dollar spent.” Small samples of
the job-creating technologies that have emerged from these investments
include the following:
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* Filtration systems that have brought cheaper and more accessible
drinking water to millions throughout the world

* Bioreactors that sparked creation of a new multimillion dollar line
of healthy organic juices!®

* Insulating aerogels that create more durable outerwear from the
materials that keep our astronauts insulated from the extremes of
space (these same gels are also now being used in building materials
improving energy conservation)'!

* New coatings that increase solar collector efhiciency

* Antigravity treadmills developed to train astronauts that are now
being used to rehabilitate patients with serious arm and leg injuries.

There are numerous industries that boost our economy and improve
our quality of life that emerged from US aerospace investments. Despite
these successes, America cannot take this source of technological inno-
vation for granted.

The Cost of Neglect

The story of America’s rise to become an airfaring nation is a proud
one, but the gains won by hard work are quickly being lost. The status
of nation-states can rise and fall quickly. For example, in 1900, Great
Britain was the richest nation in the world. Boasting the planet’s most
powerful military, Britain was the center of world commerce, informa-
tion, and finance. Its education system was second to none, and its cur-
rency was the world’s benchmark. In the early part of the twentieth cen-
tury, the British Empire covered one-fifth of the world’s territory and
included a quarter of the world’s population. Yet four decades after the
declaration of the Aerial League of the British Empire, that prominence
crumbled and the era in which Britannia ruled the seas gave way to “the
American Century.”!?

A similar shift is now under way in the United States. A former chief
executive officer (CEQO) of American Airlines lamented, “[We are] now
laggards in every category.”!> Once we were visionaries, and integrated
aerospace was a core cultural, industrial, intellectual, and even aspira-
tional tenet of American power. Now, America has atrophied from its
natural curiosity and the frontier of discovery.
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Today, the average citizen’s experiences with aerospace are no longer
inspirational; they are mundane and tired. In 2014 none of the top 25
airlines were American.' A far cry from the ambition of Pres. Harry
Truman and Gen Jimmy Doolittle, our airports also lag. As of March
2015, the United States had no airports in the world’s top 25, and 19
nations had superior airport infrastructure to the top-rated American
airport in Cincinnati. Our newest airport, Denver International, the
multibillion dollar five-year construction project that concluded with
a malfunctioning luggage system, came in second in the United States
and 37th place in the world."® Meanwhile, nations such as China build
new aviation facilities more quickly and to a higher standard than we
do. China is planning to spend the equivalent of $250 billion building
their aerospace industries of the future and is the site of over two-thirds
of the airports now under construction around the world.!® Beijing In-
ternational, completed in half the time of Denver,'” is one of the world’s
top-10 airports and handles seven times the passengers of Denver In-
ternational.’® In some Chinese cities, the airport developers are being
advised by a leading American proponent of the airport-centered city,
or “aerotropolis.”!”

Thus, it is no surprise so many in America seck their dreams and
employment outside the aerospace sector.?’ Tech savvy Millennials
gravitate to Silicon Valley not Palmdale, California, or Dayton, Ohio.
Aviation innovation in America seems on laissez faire—neglect autopilot,
disconnected from national goals and policy that nurtured it and Amer-
ica to greatness. While 600 million people watched Apollo 11 landing
on the moon, only 11,000 watched SpaceShipOne win the $10 million
Ansari XPRIZE.

Loss of Competitiveness in Aerospace

In the critical area of space, the United States is losing market share.
It fell from being the dominant space power with 31 new satellite or-
ders—more than 54 percent of the world’s total in 2008—to only
32 percent of global orders in 2013 and only 11 new satellite orders
in 2014. This represents a 22-percent loss in world share in only five
years.?! The situation is no better in airplane manufacturing. US com-
petitiveness, which is already eroding compared to European competi-
tion, appears about to erode further—damaging a major component of
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the US economy. Total employment in the aircraft portion of the aero-
space industry has declined almost 20 percent from a peak of 741,100
in 1998 to only 606,000 today.?* Airbus consistently challenges Boe-
ing as the world’s principal airline platform, while China—able to un-
dercut both American and European wage structures—has just entered
the market.?> Without bold leadership and deliberate revitalization, US
market share is likely to decline further. The new Chinese manufacturer,
Commercial Aircraft Corporation of China (Comac), has already won
400 orders for its C919 airliner, an aircraft in the same large commer-
cial class as the Airbus A320 and Boeing 737. This number is roughly
equivalent to an entire year’s large aircraft order share of Boeing or Air-
bus in recent years.?*

America’s leadership in the high-technology sector is also faltering and,
if not corrected, will put downward pressure on our economy. Of the 50
advanced industries, aerospace is one of only nine that are contributing
to reduced trade deficits. It is also the largest of these industries in its
contribution to the US balance of trade. Yet, in high-tech jobs, America
is declining. The share of advanced technology jobs in the United States
lags behind the Czech Republic, Slovenia, Germany, Hungary, Sweden,
Finland, Italy, Denmark, and Austria. Further, with one of the steepest
rates of decline in these sectors in the developed world, the United States
is poised to fall behind France, the Netherlands, Norway, and Belgium
over the next several years.?’

A lack of people educated in science, technology, engineering, and
math (STEM) in the workforce is part of the US problem. In 2013
a Price Waterhouse Cooper survey of CEOs found that 54 percent of
aerospace companies view the lack of available skills as the most sig-
nificant threat to company growth. Other nations are graduating more
engineers and hard-science professionals than the United States. An
estimate by the US Department of Commerce predicts that by 2018
“the U.S. will have more than 1.2 million unfilled STEM jobs because
there will not be enough qualified workers to fill them.”?® Reviving the
aerospace nation begins with recapturing the magic and mystique of the
first decades of aerospace innovation for our youth. If the United States
fails to motivate the new generation to become part of something more
and if it fails to attract the technicians and engineers to make a differ-
ence in its high technology industries, the US decline relative to other
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states will continue, causing the American Century to give way to the
Asian Millennium.?”

Being an aerospace nation has paid vast dividends to the US economy
in the past, and it can again. Beyond creating more than 4 million jobs
tied to aerospace, investments in these industries help create a better life
for Americans. In 2014 NASA estimated technology it originally paid
for and developed saved 449,850 lives (equivalent to the entire popula-
tion of Atlanta), created nearly 19,000 jobs (the approximate seating
capacity of Madison Square Garden), generated $5.2 billion in revenue
for commercial companies (or more revenue than for all concerts held in
North America), and reduced the costs of living for Americans by $18.6
billion (more than the total revenue for the global airline industry).?®

Investments in these enterprises reap great rewards, and American in-
vestment in aerospace has never failed to pay off. The aerospace invest-
ments made in 2010 returned $37.8 billion in tax revenue to the US
treasury in that year alone.”” Most of these investments will continue
to pay additional dividends in the years that follow or generate spinoff
companies that will pay future dividends to the taxpayer as these na-
scent businesses and industries grow. While precise estimates vary based
on specific study methodology and the timeframe analyzed, the dollars
invested by the government in the aerospace industry have created large
numbers of private-sector jobs and spinoffs, with a return to the treasury
that is well over one dollar of tax revenue for each dollar spent, making
the aerospace industry one of the few places where increased govern-
ment spending actually makes money for the taxpayer.’® Thus, being
an advanced aerospace nation will help balance the federal budget and
extend the benefits of prosperity to a new generation. What the United
States needs now is a vision of where aerospace could take it and a strat-
egy to get there.

A Vision for the Future

The United States can reinvigorate its aerospace industry into a glob-
ally admired enterprise that again becomes the engine for innovation,
business development, and commerce for the nation. However, this
will require the combined efforts of all its citizens: engineers, industry,
academia, and the military. While we have a model on which this was
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done under the stress of nuclear and space competition in the 1950s, a
broader model is needed now.?!

In 1946, to help the aerospace industry grow, President Truman is-
sued Executive Order 9781, establishing the Air Coordinating Commit-
tee, with the mission to “examine aviation problems and development
affecting more than one participating agency; develop and recommend
integrated policies to be carried out and actions to be taken.”?* Through
interdepartmental cooperation between the Departments of State, War,
Navy, Commerce; the Post Office; and the Civil Aeronautics Board, the
United States created the airspace structure that became the model for
the world and created a vision for space activities that would enable that
nation to compete in the space race. Today, with a broader range of chal-
lenges before us, a similar but broader construct is needed.

Therefore, the United States must establish a National Aerospace Co-
ordination Council. This council would be responsible for providing the
interagency coordination required to implement the National Aerospace
Strategy. Responsible directly to the president, the council should—at
a minimum—be comprised of representatives from NASA, the Fed-
eral Aviation Administration, the White House Office of Science and
Technology, and the Departments of Education, Commerce, Energy,
Homeland Security, and Defense to coordinate and implement the steps
governing the reinvigoration of our STEM education and aerospace in-
frastructure enterprises. This council should also be infused with—or
regularly consult—the captains of the aerospace industry. Its central role
will be to enable a path forward whereupon innovation, commerce, lo-
gistics, and new scientific breakthroughs can be accelerated using all
forms of aerospace technology, including robotics, drones, information
technologies, energy research, and aerospace design.

Establish a New Air and Space Structure

Like its predecessor, this council will, as one of its deliverables, define
an airspace utilization plan for the twenty-first century. This plan needs
to accommodate large fleets of unmanned vehicles that may deliver
goods and services transiting the national airspace, potentially in close
proximity to aerodromes, while operating autonomously and outside
the line of sight of any human director. This construct needs to accom-
modate logistics paradigms, such as drone delivery of goods and services
to one’s doorstep—as well as transit from the existing airspace structure
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to and from space.>® Once developed, this system should be promul-
gated to the International Civil Aviation Organization for international
implementation.

Double Down on Far-Term Investments

This council will be empowered to coordinate research efforts into
aerospace technologies to coordinate the movement of aerospace
advancement across the spectrum. Investments by the Department of
Education and Department of Defense laboratory system, the Defense
Advanced Research Projects Agency, and the National Oceanic and At-
mospheric Administration can be leveraged cooperatively to move for-
ward new aerospace structural concepts, including the blended-wing
body and new engine designs like the Air Force’s Adaptive Versatile En-
gine Technology (ADVENT) program or NASA’s Environmentally Re-
sponsible Aviation project. With industrial representation, these break-
throughs can be shared with the captains of US industry, enabling these
leaders to market breakthrough technologies that will enhance their
market share of emerging and new business opportunities. Within this
investment portfolio, the council will ensure basic science and technol-
ogy research with an eye toward the future. At present, these investments
represent a very small fraction of the research enterprise; thus, increasing
these investments carries little cost. Nonetheless, seed money for tech-
nologies such as extraction of minerals from celestial bodies, diversion
of asteroids from Earth orbit or collision, and efficient power collection
and storage in space are among the spacefaring capabilities that should
serve as a guide for longer-term investment.

Begin a New Series of Innovation Prizes

New technologies will be required across the aerospace spectrum,
ranging from the control of unattended drone delivery of goods and ser-
vices to establishing new capabilities in space. To this end, the govern-
ment—alongside the private sector—should incentivize the collective
engineering intelligence of the nation by creating a series of “X-Prizes”
for breakthroughs in key technologies. Among those that may need em-
phasis are precise navigation and timing and applied autonomy tech-
nologies. The council will work to ensure these competitions are aimed
at and designed to develop and implement the national aerospace utili-
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zation promise outlined above and to enable the exploration of space as

described below.

Increase Tolerance for Risk and Adventure

The United States needs a renewed commitment to innovation and
to risk. Research involving science and technological risk is critical to
advancing the aerospace industry and creating new spinoff technologies
and businesses that create jobs for America. Research involving little or
no risk pays little or no dividends, and if we are not occasionally failing
in attempts to push the science-and-technology envelope, that means we
are not trying.>*

As Pres. John F. Kennedy said in 1962, “We choose to go to the moon
in this decade and do the other things, not because they are easy, but be-
cause they are hard, because that goal will serve to organize and measure
the best of our energies and skills.”®> As President Kennedy articulated,
the nation needs lofty goals. Therefore, the council will, as it directs
the research and development spending, deliberately vector some of this
funding to projects that may fail—and may even do so spectacularly.
However, such failures teach us how to get the hard science right the
next time. Thus, failing early, often, and sometimes even loudly needs to
be an accepted cost of engaging in leading-edge research.?

Create a New National Aerospace Infrastructure Plan

The council will explore national aerospace infrastructure needs, in-
cluding airspace, routing, and terminal facilities for both air and space
travel. Development of innovative facility design to ensure proper pas-
senger and commercial shipment security while providing world-class
experiences for passengers will be a major priority. To instill a sense of
wonder in aerospace, flying by the general public must again be a won-
drous experience. The council should give consideration to leasing or
sharing arrangements with existing government aerospace infrastruc-
ture, including the space-launch facilities in Florida and California. Ar-
rangements that enable commercial exploration and experimentation
in and through the aerospace domain should be a priority. Integration
of privately developed air and space ports into the national aerospace
infrastructure should also be undertaken.

[10]
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Prioritize National Science Activity

The council will be charged with enhancing STEM education across
the United States. Partnering with our best engineering institutions and
with industry, the council will coordinate joint private/public-funded
scholarship opportunities to create an incentivized pathway for 1.5 mil-
lion secondary students to obtain STEM degrees.?” Those who take these
scholarships would study in defined degree areas and then pay back their
scholarship by working either for the government agencies and/or the
private companies that funded their education, thereby addressing the
STEM shortage.’® This coordination would allow for targeted recruit-
ing by government and industry of desired skill sets, diversity, and the
technological breadth that would optimally move the aerospace sector
forward.?® This initiative would more than pay for itself. The advanced
industries that have grown out of our STEM investments to date will
add $2.7 willion to the US GDP—or about 17 percent of the total this

year.4

Prioritize Space Development and Set Ambitious Goals

The council will take for action the consensus recommendation of
NASA’s 2015 Pioneering Space National Summit. The joint statement
of the approximate 100 attendees was that “the long term goal of the hu-
man spaceflight and exploration program of the United States is to ex-
pand permanent human presence beyond low-Earth orbit in a way that
will enable human settlement and a thriving space economy. This will
be best achieved through public-private partnerships and international
collaboration.”#! While not fully implementable in the next 20 years,
the council will lead a public-private partnership to begin to solve the
key challenges in space. America needs to be the first nation to establish
a propellant depot in space, the first to conduct space refueling, the first
to mine the moon or harvest asteroids, and the first to construct a per-
manent settlement in space.

Invest in Promising Technologies

Lastly, the council will leverage the best scientific and strategic minds
across the government enterprise to explore whether a new synergistic
use of emerging technologies may enable new strategies to defend the
homeland across the interwoven dimensions of land, sea, air, space, and
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cyberspace, while projecting power around the globe. Investments in
power, propulsion, and sensors have historically paid dividends. New
technology vectors such as autonomy, swarming, directed energy, in-
dependent precision navigation, and timing are all showing rapid ad-
vances toward potential breakthroughs. Specifically, the council will
pursue a portfolio development approach to explore whether the ability
to network myriad small systems with larger systems into a seamless but
massed force could enable the military to conduct operations in ways
never before envisioned. A true third offset will be more than about
airplanes or new computers. It will depend on people and require the
United States to maintain its acrospace technology leadership over all
competitors—a lead we are not guaranteed to maintain. It requires the
United States to again bring engineers, academics, business leaders, and
government together as an aerospace nation.

Conclusion

The widespread benefits of aviation did not just happen. They were
the result of deliberate strategy by both civilian and military think-
ers who understood the far-reaching value of aviation in a time when
American leadership was shaping the institutions of the world and the
industrial policy at home. Over the next 20 years the United States will
open the door to the markets of the 3 billion people in the developing
world. It will develop a method of coordination of lower airspace infra-
structure in a manner that enables safe and efhicient transportation of
materials by drone or other robotic devices from any place to anywhere.
The country will reinvent its domestic aerospace infrastructure such that
it leads, not lags, the world. It will create new engine designs based
on programs such as the ADVENT and Environmentally Responsible
Aviation research efforts that will improve fuel efficiency—potentially
making the United States the engine supplier of choice for the world—
while reducing costs of travel for passengers and logistics alike.?? Tt will
create new blended-wing body aircraft that will be more aerodynamic
and more efficient, enabling airlines and logistics to be conducted more
efficiently with designs that no other country can match.#* The nation
will invigorate light-aircraft manufacturing to become the chief suppli-
ers of small aircraft for emerging air service routes in areas such as the
awakening countries of Asia and Africa.* It will set sights on rekindling
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spacefaring interests to expand not only exploration but also exploita-
tion of resources that exist in space. The country will enable commercial
interests to begin ventures that explore and profit from the vast mineral
and power resources that lie on the moon and within earth orbit, while
developing systems that can mitigate the risk from asteroid strikes.®> The
United States will do all these things while ensuring the fiscal security of
the nation and maintaining our commitments to the American people
and allies.

The world is again at a place where US leadership can make a dif-
ference. It is again at a place where acrospace vehicles can change the
world for the better and where the nation’s grand strategy is an aerospace
strategy. The recipe for success has not changed: first, have a vision for
shaping the aerospace domain, and second, invest in preeminence in
aerospace transportation. The future of the United States as an aero-
space nation hangs in the balance. We are best as an aerospace nation
when our brightest minds, our most innovative industries, and our most
critical governmental agencies work together. The future economic pros-
perity and national security depend on the choices we make now. The
steps outlined above form the initial vector to put America back on a
trajectory that will lead us higher and farther and extend the blessings of
liberty and prosperity to ourselves and our progeny. K@

John P. Geis II, PhD Lt Col Peter A. Garretson, USAF
Director of Research, Air Force Professor, Air Command
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