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Abstract
A Morgan Stanley research report estimates the market for self-flying cars at $1.5 trillion by 2040.  This study has identi-
fied more than 240 UAM vehicles in development. The swift development of commercial large Unmanned Aircraft Vehicles 
(UAV), supporting Unmanned Aircraft Systems (UAS) and Urban Air Mobility (UAM) vehicles, along with the number and 
variety of industry participants has created significant demand for flight test sites to validate these emerging technologies.  
This includes not only flight testing the aircraft platforms and propulsion systems, but also sensors for communication, 
navigation, and surveillance. 

Regulators rely on flight testing as essential to the collection of data that can be used to evaluate technology with an aim 
towards developing regulations for aircraft airworthiness certification and for a UAS Traffic Management (UTM) system to 
incorporate into the overall Air Traffic Management System (ATM).  While manufacturers support regulators’ need for data, 
their primary mission in testing is the ability to evaluate their own products for entry into market.  

Therefore, this study discusses the attributes of commercial UAM flight test sites in terms of location, services, personnel 
and cost, all of which are important to companies developing UAM vehicles and products.  

Understanding customers’ perspectives on these issues helps to determine how to create value propositions for the in-
dustry.  Consideration is also given to the appropriate marketing and pricing approach for a nascent, but quickly evolving 
industry.  

Deseret UAS, a Utah nonprofit public-private-partnership, commissioned this white paper to evaluate these questions to 
enable the commercial UAM industry to flight test new technologies and to allow policymakers throughout the country to 
take the steps necessary to create a regulatory environment that meets the needs of the UAM industry, which has enor-
mous potential for the nation’s economic benefit.  

1 Includes a small military and defense component
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Executive Summary
The day of the 1960’s TV show “The Jetsons” flying cars is quickly approaching. NASA kicked off the race for the develop-
ment of Urban Air Mobility (UAM) vehicles, products, and services at the 2018 UAM Grand Challenge Industry Day. More 
than 450 industry participants attended, with 110 representing UAM manufacturers. The Vertical Lift Society (VLS) has 
identified 140 new electric vertical take-off and landing (VTOL) vehicles targeted for the UAM market. 

UAM vehicles are more than just the greater than 55-pound unmanned aviation systems (UAS). UAM is the transport 
of goods and people using unmanned aircraft, as well as some manned aircraft, that take advantage of the advances in 
automation and capabilities, such as vertical take-off and landing (VTOL) that were pioneered by UAS. Large UAS and UAM 
vehicles are designed to transport passengers and cargo, including packages, and leverage our air space, a great untapped 
natural resource. A few states, including Utah, are beginning to include the vertical infrastructure necessary to support 
UAM vehicles into transportation planning. 

A Morgan Stanley research report estimates the market for self-flying cars at $1.5 trillion by 2040.  Global UAM is expect-
ed to surpass $100 billion in the next five years, according to a report from Goldman Sachs. The investment bank predicts 
spending levels for the military at $70.1 billion, commercial $20.6 billion, consumer $14.5 billion and civil $2.7 billion. 

Major aerospace companies have entered the UAM market, including Airbus, Boeing, and Bell Helicopters. Airbus has 
multiple aircraft including the Vahana, Voom, and CityAirBus. In early 2019, Boeing launched its first test flight of their 
all-electric autonomous passenger air vehicle. The unpiloted vehicle took off vertically, hovered for a few seconds, and 
then landed at the company’s test site in Manassas, Virginia. Boeing said that future test flights would test forward, wing-
borne flight, as well as the transition phase between vertical and forward-flight modes. Bell Helicopters announced at 2019 
Consumer Electronics Show (CES), a new VTOL air-taxi vehicle designed for UAM. The 6,000-pound Nexus is a hybrid-pro-
pulsion ducted-rotor aircraft boasting a projected 150-mile range, a top speed of 150 mph.

Untraditional companies, such as Uber with the Uber Elevate program, have embarked on UAM programs.  Launched in 
October 2016, Uber has announced flight testing will begin in 2020 and the start of Uber Elevate service in Dallas, Texas 
and Los Angeles, California by 2023. Uber will rely on five aerospace partners to build the electric aircraft, while the com-
pany develops its Uber Air app, a feature that will allow consumers to request flights. 

Well-funded new entrants are launching into UAM vehicle development - Kitty Hawk Cora, Joby S4, Terrafugia TF-2, Karem, 
and Lilium Jet. Additionally, smaller start-up companies, such as XTI Aircraft and ElectraFly are entering the market.
Large aerospace companies have well-developed testing facilities and operational plans for their products. For exam-
ple, Bell is testing at the Bell test site in Canada and Boeing is testing at the Aurora test site in Virginia. New entrants are 
searching for flight test facilities and assistance to test proof-of-concepts (POC) and then proceed with the certification 
flight testing. 

All of these new technology UAM vehicles face the challenges of operations in an urban environment, including urban 
weather patterns often referred to as urban canyons, beyond visual line of sight (BVLOS) and some level of autonomy, 
including sense-and-avoid systems, also known as detect-and-avoid. The sheer number of new technology projects and 
the need for flight test data for policymakers to develop a conducive regulatory environment has led to the development 
of unmanned aircraft and manned VTOL test sites in the United States, Canada, Germany, Netherlands, France, Spain, Bel-
gium, Denmark Norway and Australia.

FAA UAS Test Sites in the United States were established in 2013 to meet the growing need for FAA and NASA to test UAS 
Traffic Management and to provide services to support commercial sUAS, large UAS, and UAM flight testing. Both NUAIR 
in New York and NIAS in Nevada have been able to attract commercial UAS and UAM companies for flight testing. NIAS 
estimates commercial customers comprise roughly 15 percent of operations. NUAIR, while developing the UTM corridor in 
upstate New York, also has conducted testing of aircraft and components, such as parachutes for safe descent of disabled 
vehicles.

The sheer number of companies testing new UAM technologies has created demand for additional flight test sites. While 
some commercial UAM companies are testing on original FAA UAS Test Sites established in 2013, the demand will require 
additional flight-testing facilities. 
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According to UAM companies interviewed in this study, the FAA UAS Test Sites cannot meet the demand for commercial 
UAM flight testing. First, the FAA UAS test sites were designed around FAA and NASA Unmanned Traffic Management 
(UTM) criteria for UAS research and predate the emergence of the UAM industry. Interestingly, despite being set up in 
2013, most of the FAA UAS Test Sites lack a market presence and test site specification to help commercial UAM com-
panies understand the services offered for flight testing.  The FAA UAS Test Sites offer more services than UAM start-up 
companies need. Since these test sites have been developed by academic or government institutions for FAA and NASA 
programs, they lack understanding from a commercial business 
perspective in client interaction. 

Additional UAM flight test sites, such as Deseret UAS, offer UAM 
manufacturers services additional services to flight testing.  They 
will assist with launching the new technology and bringing prod-
ucts to market. Importantly, these flight test sites offer a commer-
cial business approach with services designed for commercial UAM 
vehicles and services. They provide access to FAA COAs and aircraft airworthiness certification through research programs 
and assistance with charting a pathway to airworthiness certification. The additional UAM test sites offer multiple testing 
facilities to meet mission requirements, a variety of operating conditions, close proximity to a major international airport, 
and offer business development services, including introductions to funding sources. 

Test sites not designated by the FAA as UAS test sites do not have the required FAA airspace access that has been granted 
to the FAA UAS Test Sites as part of the overall FAA UAS Test Site program.  To offer commercial UAM companies required 
airspace access, test sites establish relationships with universities that already have research COAs or directly with the FAA 
UAS Test Sites. These sites are not part of FAA or NASA UTM programs, except through teaming agreements with FAA UAS 
Test Sites. The additional test-sites may not have the on-site flight monitoring systems and software and need to rely on 
the customer to provide flight monitoring.

This white paper develops a collection of characteristic values of various test sites and users’ estimations which created 
categories along two qualitative spectrums.  Placing these two spectra on perpendicular axes enables viewing range char-
acteristics in terms of quadrants.  Applying price estimates based on estimates from industry consultants, each quadrant’s 
pricing can be measured against the value received.  Conversely, the quadrant review provides UAM manufacturers an idea 
as to what to expect in terms of pricing and provides flight-testing sites the information to consider what elements it may 
need to adjust on either spectrum to move into a different quadrant.

Table 1 Quadrant Analtsis Defeinitions
Quadrant Spectrum Profile

I Refined/Undeveloped Moderate Value/Moderate Cost
II Refined/Developed High Value/Higher Cost
III Unrefined/Developed Low Value/Higher Cost
IV Unrefined/Undeveloped Low Value/Low Cost

Applying these in a clockwise fashion from Quadrant I in the upper left results in Figure 1 below.
 

“Mark my words. A combination of airplane 
and motorcar is coming. You may smile. 
But it will come.” Henry Ford, 1940 
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Figure 1 – UAM Flight Test Range Characteristics

Figure 2 – UAM Flight Ranges
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In Figure 2, the test facilities were placed into their respective quadrants.  None of the facilities we identified fall into 
Quadrant IV, Low Cost/Low Value, because this quadrant mainly comprises open fields and farms that do not offer any ser-
vices beyond flying space. These sites are appropriate for smaller UAS because less than 55 pounds aircraft operating rules 
known as FAA Part 107 allow sUAS to test anywhere, as long as certain operating restrictions are observed.  Almost all of 
the FAA UAS Test Sites fall into Quadrant II, High Value/Higher Cost, because of the range of services offered.  It is import-
ant to keep in mind that relative distance along the axes may reflect not only the level of refinement and development, but 
how high or low costs and values truly are, especially within a quadrant.  ACUASI (Alaska-Fairbanks) is outside Quadrant 
II primarily because of its remoteness and because it has slightly less market presence than many of the other sites. Lone 
Star in Texas, by contrast, offers multiple flight test ranges, but is considered somewhat inflexible in its pricing and test 
program solutions. 

Additional UAM flight test sites, including Deseret UAS, provide cost 
effective UAM flight test ranges for new technologies to conduct proof 
of concept testing, which may lead to further flight-testing for airwor-
thiness certification.

There is a clear and growing demand for commercial UAM flight testing, 
which has different requirements from the sUAS and UTM flight-test-
ing conducted at the FAA UAS Test Sites. Further research is needed to 
develop specifications for certain flight-testing processes to move this emerging market forward, enable policy-makers to 
establish a viable regulatory structure, and define a pathway towards airworthiness certification.

“To invent an aircraft is nothing. To 
build one is something. To fly is every-
thing,” Otto Lillenthal, German pioneer 
of aviation who became known as the 
“flying man”
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Introduction
Commercial Unmanned Aircraft Systems (UAS) emerged around 2007.  Since then, rapid advancements have been made in 
the area of unmanned aviation with the introduction of commercial unmanned aircraft vehicles (UAV), commonly referred 
to as drones, and the unmanned aircraft systems (UAS), which include the related support and control system. UAS are 
subdivided based on total weight including payload. Small UAS (sUAS) refer to systems below 55 pounds and large com-
mercial UAS comprise systems weighing 55 pounds and greater.  The deployment of both large and small UAS and the in-
troduction of electric vertical takeoff and landing (eVTOL) vehicles has led to more general consideration of air mobility of 
passengers and goods, especially in the urban environment. The collection of such technologies and capabilities is known 
as urban air mobility (UAM).

Figure 3 – Picture examples of UAM vehicles

The swift development of commercial UAM technology along with the number and variety of industry participants has 
created significant demand for facilities to test these emerging technologies.  This includes not only the platforms and 
propulsion systems, but also sensors for communication, navigation, and surveillance. 

Regulators are relying on testing and test sites as essential to the collection of data that will be used to evaluate technolo-
gy on multiple levels. The test data provides policy-makers information for developing regulations for UAS aircraft. In addi-
tion, the test data used to determine airworthiness certification is useful in the development of UAS Traffic Management 
(UTM).  The data will also be incorporated into the greater Air Traffic Management (ATM) system, which is the integration 
of unmanned flight operations into manned operations under NASA’s new concept of ATM- X, presented in 2018 at the Air 
Traffic Management – eXploration, Partnership Workshop. This effort is supported by UAM manufacturers, but their prima-
ry mission in testing is the ability to evaluate their products for entry into market.  

Therefore, this study discusses the attributes of commercial UAM flight test facilities in terms of location, services, person-
nel and cost, all of which are important to companies developing UAM vehicles and products.  

For the commercial UAM test facilities, understanding customers’ perspectives on these issues helps to determine how to 
create value propositions for the industry.  In turn, UAM test ranges need to balance that value proposition with their own 
budgetary and other management concerns.  Consideration is also given to the appropriate marketing and pricing ap-
proach for a nascent, but quickly evolving industry.  

Deseret UAS, a Utah nonprofit public-private-partnership to develop commercial UAM flight test ranges in Utah, has 
commissioned this white paper to evaluate these questions to enable the commercial UAM industry to have access to 
flight test ranges and to allow policy-makers throughout the country to take the steps necessary to meet the needs of the 
commercial unmanned aviation industry, which has enormous potential for the nation’s economic benefit. 
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Research Methodology
The research undertaken for this study included both primary research through interviews and secondary research through 
literature review. The methodology chosen for this report consisted of the following steps: 

Step 1: 
Reviewed acade-
mic & industry 
literature on 
UAS testing

Step 2: 
Reviewed 
industry web 
sites for 
market 
evaluation

Step 3: 
Identifyed key 
assessment areas 
for inquiry

Step 4: 
Identification of 
interviewees

Step 5: 
Interviewed key 
personnel at test 
sites, manu-
facturers, & 
consultants 
familiar with the 
testing environ-
ment & industry 
needs

Step 6: 
Developed a 
qualitative 
framework that 
reflects state of 
the industry 
based on the 
interviews

Research Methodology

Figure 4 – Research Methodology
Literature review
Former US FAA head of UAS, Jim Williams, communicated the start of the FAA-side of UAS airspace integration work in a 
2013 presentation and established the seven original FAA UAS Flight Test Sites. In addition, there are European test sites, 
including the European Aviation Safety Agency (EASA)’s support for ‘Civil Drones,’ the Air Traffic Laboratory for Advanced 
Unmanned Systems in Spain, and the Barcelona Drone Center which advertises the services of beyond visual line of sight 
(BVLOS) testing as well as other testing service within line-of-sight.  

In academic publications, there are only a few articles written about the design or implementation of commercial UAM test 
sites. There are several works, which show needs or requirements for civil UAS operations and frameworks such as Clarke, 
Freeman and Freeland; Luppicini and So; Rango and Laliberte, etc., but none specifically address needs or requirements for 
UAM flight testing sites or certification. A general vision for the future of unmanned aerial systems was presented by Vala-
vanis, et. al. Smith, et. al based on the specific test site requirements for a Merced, California UAS flight testing effort using 
scientific sensor ground-truthing.

A master’s thesis sponsored by the Austrian Aeronautics Industries (AAI) UAS Working Group by Lappi presented detailed 
requirements for Austrian-specific military and commercial sUAS and includes top ten lists of test sites sorted by various 
metrics. The research concluded that the best test sites are FAA-sanctioned sites. Lappi finds the Pan-Pacific UAS Test 
Range Complex and Lone Star test site ranked first and second based pm the Austrian UAS testing needs worldwide.

In the U.S., the NASA Unmanned Traffic Management (UTM) project is developing and demonstrating the future of low-al-
titude unmanned airspace awareness, flight authorization, and planning. A concept of operations (CONOPS) for the NASA 
UTM was published in detail by Kopardekar et. al. This program uses the FAA UAS Test Sites for operations, which demon-
strate the technology, as well as some reports from the use of the FAA UAS Test Sites and of the UTM technology, based 
on Technical Capability Level (TCL) testing from Rios et. al and Homola, et. al. For BVLOS operations, there is still recent 
growing talk about the enabling technology such as Detect (or Sense)-and-Avoid (as in Young) and integration. This litera-
ture review found that in 2016, Vascik and Jung wrote about operational constraints on the UTM-supported market.

In conclusion, the literature review found very little academic publications related to commercial UAM flight testing.

Identifying key assessment areas for inquiry
Areas of inquiry for this white paper were developed based on industry review and identification of business-critical areas, 
which were not adequately addressed in existing literature.  These included:

• Volume of demand among major customer segments (platform, sensor, radar, software)
• Location of current testing – within the U.S. and non-U.S. locations
• Pricing for flight testing services
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•  Current range of fees
•  Pricing methodology

• Staffing requirements for test programs
• Facilities’ attributes demanded by the market

•  Ground-based:  Hangars, machine shops, meeting facilities
•  Range size
•  Ease of access
• Air space

• Time Factors
•  Length of typical test programs
•  Daily or weekly flight demand

The relevance of each element and ability to measure each adequately was determined once the interviews were complet-
ed and results compiled.

Identification of Interviewees
The survey team set out to interview personnel from all seven FAA designated test sites.  Additional non-FAA designated 
test sites both in the U.S. and abroad were identified through a review of materials from the Association for Unmanned Ve-
hicle Systems International (AUVSI) and recommendations from various 
industry participants.  Four FAA test sites responded and of the non-FAA 
Designated Test Sites we contacted, three responded. 

Manufacturers were identified based on a variety of sources including, 
most significantly, participation lists at various industry events including 
NASA’s UAM Grand Challenge and Vertical Flight Society (VFS).  Further-
more, as interviews were conducted, the team was able to identify ad-
ditional interviewees.  Interviews were conducted from November 2018 
through January 2019.

The research team aimed for ten industry participants and completed eight.  Of these, three were consultants, two sensor 
manufacturers, one component/UAS manufacturer and two UAM manufacturer interviews conducted with industry partici-
pants between November 2018 and January 2019.

This research also gathered information from the AUVSI “Fireside Chat with UAS Test Site Directors” sponsored by the DC 
Chapter of AUVSI on December 11, 2018.  The chat was a panel discussion with Mark Blanks, Director of the Virginia Tech 
Mid-Atlantic Aviation Partnership (MAAP) and Matt Scassero, Director of the University of Maryland UAS Test Site.  The site 
directors covered a variety of topics, primarily regarding the regulatory environment, but also touched on their customer 
base and issues surrounding the commercial testing market. 

Additional Secondary Research
In addition to the articles cited in the literature review, the research team reviewed several industry forecasts and presenta-
tions including those from:

• Association for Unmanned Vehicle Systems International (AUVSI)
• Booz Allan Hamilton
• Deloitte Consulting 
• Goldman Sachs
• McKinsey Institute 
• Massachusetts Institute of Technology
• Morgan Stanley
• NASA 
• NEXA Advisors
• Porsche Consulting 
• Uber Air Taxi White Paper

Full citations appear in the references section.

“UAM will revolutionize mobility. It 
has the potential to reduce traffic 
congestion, support a robust economy, 
protect the environment, and encour-
age fiscal sustainability,” Deseret UAS 
Board Chair Shawn Milne
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Market for UAM Flight Testing
Market forecasts for UAM vehicle and product flight have risen dramatically over the past five years.  Yet, while many 
forecasts estimate the total value of the market or job impact, few if any assess the need for, economic impact or potential 
value of flight-testing.  The sheer volume of projected activity and number of new entrants demonstrates the need for ad-
ditional flight test sites and suggests that large UAS and UAM vehicle testing is a stand-alone industry and is an important 
economic consideration. 

Global spending in the unmanned aviation market is expected to surpass $100 billion in the next five years, according to 
a report from Goldman Sachs. The firm predicts spending levels for the military at $70.1 billion, commercial $20.6 billion, 
consumer $14.5 billion and civil $2.7 billion. 

One area of value where testing has a direct impact is the integration of all UAS into the National Air Space (NAS).  In 2013, 
on behalf of AUVSI, Darryl Jenkins, an airline analyst and former director of the Aviation Institute at George Washington 
University, and Dr. Bijan Vasigh, an economics and finance professor at Embry-Riddle Aeronautical University, estimated 
the value of this integration at more than $13.6 billion over a three year-period from 2015 to 2018, eventually totaling 
$82.1 billion by 2025. Total job creation due to national air space (NAS) integration according to the authors would rise to 
103,776 by 2025.  As the forecast dates from 2013, it did not consider UAM as we now conceptualize it today; the figures 
are purely for UAS as then conceived.  The authors noted that any delay in integration would have a negative economic 
impact of $10 billion for each year of delay.

As various factors, particularly on the regulatory side, have contributed to a delay in UAS integration since the 2013 report, 
it may not be surprising that the U.S. Department of Transportation (DOT) continues to use similar figures when discuss-
ing the value of integration.  For example, when announcing the participants in the FAA’s Integration Pilot Program (IPP) 
in May 2018, DOT Secretary Elaine Chao continued to cite a projected economic benefit of $82 billion and 100,000 jobs, a 
number that as explained above, only reflects UAS activity, not UAM.

The number of manufacturers and application in the large UAS/UAM segment are indicative of the underlying value of 
testing.  As of the fall of 2018, there are more than 70 UAM manufacturers worldwide with more than $1 billion invested in 
the technology, according to Booz Allen Hamilton. Of the more than 450 attendees at the NASA’s UAM Grand Challenge 
Industry Day in November 2018, more than 100 were UAM vehicle and product manufacturers. The Vertical Flight Society 
posts a list of 140 eVOL new manned aircraft projects that fall into the UAM category. This study concludes more than 240 
UAM aircraft are in development.
 
Among active prototyped and tested UAM aircraft are Ehang’s passen-
ger-carrying quadcopter in China, Uber Elevate’s autonomous air taxi in 
Dallas/Ft. Worth and Los Angeles, Aurora’s prototype eVTOL in Virginia, 
Joby Aviation’s S2 under development in California, Kitty Hawk Cora which 
is developing air taxi service in New Zealand, Terrafugia with production in 
China and Lilium Jet which had its first flights in Germany in 2017.  

The UAM market attracts not only start-ups, but well-established aerospace 
companies such as Airbus, which has invested in Voom, Brazil’s helicopter 
ride-hailing service.  Auto manufacturers are also involved:  Aston Martin 
and Rolls-Royce announced plans to develop UAM vehicles at the Farn-
borough Air Show in May of 2018. All of these firms and the many other new entrants on the horizon will require flight 
testing.  

Estimates of the market value of firms in specific UAM markets are many times higher than the value of NAS integration.  
Booz Allen estimates the value of air taxi and airport shuttle operation in an unconstrained market at $500 billion in the 
first few years of operation (from an unspecified start year) yet given few changes in today’s operational constraints they 
limit the near-term value of this market to only $2.5 billion. That figure represents the market in just ten urban areas in the 
U.S., thus understating the potential true value if deployed on a wider basis.  NASA projects the intra-urban market (i.e., air 
taxi) to carry 750 million passengers annually by 2030.  By the same year, on the package delivery side, annual deliveries 
could reach 500 million packages.

“Imagine pulling out your phone, 
opening up a transportation app 
and summoning your own per-
sonalized ride by air taxi.  That 
sci-fi vision of the future is actually 
much closer than you might think.”  
Brian Krzanich, CEO, Intel Corpo-
ration 
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NEXA Advisors conducted a multi-client study entitled Urban Air Mobility-Economics and Global Markets: Market and Eco-
nomic Forecast for 70+ Metropolitan Areas: 2020-2040, which provides UAM outlooks for 70 metropolitan areas through-
out the world. NEXA found that the average Londoner, for example, loses 74 hours a year sitting in congestion, and the 
average San Franciscan 79 hours. In Los Angeles and Sydney, residents spend seven working weeks each year driving 
to and from work, of which two weeks are caused by excessive traffic. Clearly, the time a commuter loses increases their 
level of stress (a study in the American Journal of Preventative Medicine found that commuting more than ten miles a day 
increased the chances of higher blood pressure) as well as lower productivity at work, and less time to unwind and spend 
with family and friends. By 2030, some five billion people will live in urban areas, 60 percent of the global population. Con-
gestion is typically alleviated by public transportation, but in many of the world’s most congested cities the public trans-
portation infrastructure falls short of meeting the demand of residents or the business community. Buses are stuck in the 
same congestion as cars, and aging and decaying subway systems are seeing a sharp increase in delays, emergencies, and 
unscheduled as well as scheduled repairs.

Just considering the VTOL market, and specifically the electric VTOL market, Porsche Consulting expects the need for 
inspections using UAS to grow to $34 billion with 21.5 million units active worldwide, passenger UAM aircraft at $32 billion 
(approximately 2/3 of which will be intracity) and the goods/delivery VTOL UAM market to grow to $4 billion and 125,000 
units by 2035. An additional $4 billion market will comprise support services to these greater markets, for a total market 
value of $74 billion.  In the air taxi market, Porsche Consulting believes that testing will be the most significant factor for 
the roll-out of additional VTOL operations, most significantly in passenger transport and that the key phase will be from 
2020 to 2025, with competition at its most intense (i.e., peak number of providers) in the decade after 2025. 

The most ambitious estimate, and one of the most recent, comes from Morgan Stanley who have estimated the market for 
self-flying cars alone at $1.5 trillion by 2040, though this includes a small military and defense component.  Still, the fore-
cast assumes a regulatory environment that slows technological progress.  In a more liberal regulatory environment with 
high adaptation rates, the projected market value would be $2.9 trillion by 2040. 

Figure 5 – UAM Forecast Differences

Economic factors driving the demand for UAM result from significant negative costs that have developed with terrestrial 
traffic gridlock. These include the fact that two to three percent of global GDP is lost to traffic congestion with econo-
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my-wide yearly costs of $300 billion in just four of the largest national economies. Cost per ride in the UAM market is 
projected to be lower than existing luxury ride sharing (limousines). NASA believes such operations could be profitable by 
2028.
The speed of UAM travel compared to land-based options is another significant economic driver. The Morgan Stanley 
research paper suggests that a 25-mile trip that would take 48-minutes by car could be accomplished in just 12 minutes 
by UAM. Even if the fare were two thirds higher than the car trip (using Uber of Lyft), the customer would realize an overall 
savings traveling by UAM because of the time saved. Each UAM vehicle would be able to complete four times as many 
journeys as a land-based vehicle. 

NASA’s UAM Grand Challenge accelerates the demand for flight testing.  NASA has called for participants to execute 
various scenarios for system level safety and integration by 2020. This creates clear demand for flight testing – not just of 
prototype aircraft, but also of those aircraft working with specific systems (including radar and software) to evaluate the 
ecosystem. Following the Grand Challenge for 2020 (GC-1), NASA envisions a series of additional, increasingly complex 
Grand Challenges that coincide with a forecast increase in UAM Maturity. GC-2 is already envisioned for 2021.  Thus, as the 
ecosystem becomes more focused there will be a continued need for flight testing that, most likely, will require additional 
test sites and greater capabilities on the part of existing test sites.

Regulatory Framework
The regulatory framework for large UAS and UAM vehicles and operations is evolving throughout the world. In this study, 
we examine the International Civil Aviation Organization and the United States Federal Aviation Administration.

International Civil Aviation Organization
The International Civil Aviation Organization (ICAO) was founded in 
1944 with the task of administering and monitoring the compliance 
of the aviation regulatory agencies of its member countries., with the 
regulations defined in the Convention on International Civil Aviation, 
known as the Chicago Convention. ICAO Circular 328 AN/190 (ICAO, 
2011, p.3), defines an UAV aircraft as either remotely operated by a 
pilot who is located apart from the aircraft or that is able to fly au-
tonomously, which means that it follows a given trajectory on its own 
without requiring external control inputs. 

With Circular 328 AN/190, the ICAO (2011) defined and regulated UAS for the first time in 2011. Pilotless aircraft may 
only be operated with the authorization of the competent authority in the respective member state, as stated in Article 8: 
“No aircraft capable of being flown without a pilot shall be flown without a pilot over the territory of a contracting State 
without special authorization by that State and in accordance with the terms of such authorization.” Furthermore, the same 
article defines a pilotless aircraft as not to be operated by a pilot on board, but remotely piloted from a different place or 
being capable of flying fully autonomously. 

A fully developed regulatory framework under ICAO does not exist yet. ICAO has stated the development of a suitable 
regulatory framework for unmanned aviation to be an “evolutionary process” that will last for several years. As previously 
mentioned, ICAO expects the currently growing civil UAS market to stagnate if a regulatory framework is not established in 
time. ICAO expects unmanned aircraft to become active in the air space. The development of UAM regulations are likely to 
be based on manned aviation by adapting frameworks, which include aircraft certification (e.g. certificate of airworthiness, 
type certificate, etc.), but also the licensing of pilots, crewmembers, and Air Traffic Controllers (ATC).
 
United States Federal Aviation Administration
In the United States, the Federal Aviation Administration (FAA) is the lead agency 
charged with developing the regulatory framework for safe operation of sUAS, 
large UAS, and UTM vehicles. As the FAA has noted in its latest proposed rulemak-
ing for UAV, “technology moves at the speed of innovation, while the administrative 
rulemaking process, by design, does not.”  Today, UAV regulation in the United 
States almost exclusively addresses what UAV cannot do.  Even then, the proscrip-
tions speak almost exclusively to the sUAS environment, as operations of large UAS 
have been conducted only on a very limited basis.  

“The final frontier in ‘mobility-by-air’ 
remains urban centers, long captive to 
surface transportation, especially cars, 
buses and mass rail transit.”   Michael 
Dyment, Managing Partner, NEXA Cap-
ital Partners

“Regulations move at the 
speed of trust,” Earl Law-
rence, Aircraft Certification 
FAA
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Yet it is the large UAS market, together with UAM, that is the next wave of development.  Without regulation, the market 
will be held at a standstill, as it will not want to develop technologies that are incompatible with any future regulatory 
framework.  Passenger-carrying UAM systems are not viable without a set of regulations that help ensure safe operation.  
NASA has identified the two biggest hurdles facing the unmanned aircraft industry as regulatory and infrastructure.

Currently, federal UAS regulations in the United States prevent operation of UAS over people and federal facilities, as well 
as night flying and operation within five miles of airports, although just before this report’s release, the FAA announced a 
proposed rulemaking that would allow operations over people and at night for certain sUAS operations, though not for 
large UAS or UAM aircraft.  An important restriction is the limitation for keeping the aircraft within the sight of the opera-
tor.  UAS currently operate below 400 feet and, importantly, must yield to manned aircraft.  A review by the consulting firm 
Oliver Wyman identified the most limiting regulation as the requirement that the aircraft remain in the operator’s line of 
sight.  

Recent waivers for beyond visual line of sight (BVLOS) for CNN for 
news coverage and others such as State Farm Insurance and a BVLOS 
corridor in North Dakota only apply to sUAS.  Nonetheless, these new 
waivers may point a way forward for viable regulatory authority for 
large commercial UAS and UAM.  There has been a concern that the 
FAA will force the industry to constantly apply for and renew waivers as 
users roll out new systems to new areas.  The State Farm waiver, which 
covers a two-year period and applies to the entire United States, indicates that regulations will not be too cumbersome, 
but the number of potential individual entities that would apply for such waivers suggests that a concrete set of regula-
tions would be more efficient and, as applied to all operators, safer.

The consulting firm, Oliver Wyman advises that true commercial viability of useful technologies in the drone market is only 
possible in the 55 pounds and greater segment.  Indeed, for some package delivery, certain commercial UAS will likely 
need to be well over 55 pounds and similar in size to military UAS.

Furthermore, if regulation is not developed in the U.S., there is a risk that systems will be developed in accordance with 
policies developed by other countries.  The result will be regulations will lead to technological development, which then 
lead to the resulting products that may not represent the best safety standard for the U.S. operating environment.  A 
more pressing concern for manufacturers is one of cost, as designs and indeed entire traffic management systems that are 
deployed and workable in other countries, may have to be completely redesigned for the U.S. market, if regulations in that 
country are not promulgated until a much later date.  

It has been suggested that regulatory procedures and advances in other areas, particularly autonomous (i.e. self-driving) 
cars could provide a framework for regulation in UAM, but there is no evidence that such cross-pollination has developed 
between the FAA and other parts of the DOT.  From a consumer perspective, however, acceptance of self-driving technolo-
gy could lead to similar uptake and demand for UAM, which could inform future regulations. 

Despite differing rules among European countries, the European Union (EU) has moved to unify its rules to simplify 
cross-border trade that may be carried about by UAS and to harmonize safety standards.  The European Commission and 
EASA have agreed to undertake the lead in rulemaking for a drone ecosystem to be completed in 2019.

In the short-term, some firms have moved their research operations – including flight testing – outside the United States 
to take advantage of more relaxed regulations.  However, many manufacturers recognized this as only a partial solution 
for large UAS and UAM development because UAM developers recognize that their greatest potential market is in the U.S. 
and prefer to maintain development in the U.S. and therefore eager to have a clear set of rules to guide that development.
The regulatory history covering UAS and UAM demonstrates how regulation has evolved but it is still lacking, particularly 
vis-à-vis commercial UAM industry.

FAA Modernization and Reform Act (FMRA 2012) 
Enacted in February of 2012, FMRA incorporated a 2007 Policy statement prohibiting UAS in commercial operations with-
out specific FAA authority.  It requested that the Department of Transportation (DOT) integrate UAS into the NAS by 2015 
through a “comprehensive plan.”  Congress directed the FAA to produce comprehensive UAS regulations to safely acceler-
ate the integration of civil unmanned aircraft systems into the NAS, not later than September 30, 2015.  With eight pages 
of direction regarding UAS, the act targeted August 2014 for publication of final rules governing its operation.

“Significant funds are being invested 
in eVTOL, more than $1B.” Mike Hirsch-
berg, Executive Director, Vertical Flight 
Society
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FAA “Roadmap” First Edition (2013)
On November 7, 2013, FAA released the Integration of Civil Unmanned Aircraft Systems (UAS) in the National Airspace Sys-
tem (NAS) Roadmap as it was directed to do under FMRA.  It outlined the FAA’s plans and process by which the plans are 
to be achieved. The Roadmap made it clear that the FAA would not permit autonomous operations of large UAS and that 
each UAS must have a pilot in command (PIC) and a crew with full control or over-ride authority.  
The Roadmap states, “The term ‘operator’ is defined here for passenger/cargo carrying and other ‘for hire compensation 
operations…this effort will be to establish which UAS operations will or will not require an Operator Certificate.”’ These reg-
ulations are applied to small-unmanned aircraft established Part 107 of CFR 14 regulations and allow operators to operate 
under the regulations rather than under a Certificate of Airworthiness (COA) or a constraining experimental certificate.

FAA and NASA Programs
Implementing the Congressional directive in 2012 and responding to industry requests to operate UAS in commercial 
operations, FAA now has several programs to gather the data and information necessary to create the regulatory envi-
ronment.  These include the Test Sites, Pathfinder Programs, ASSURE, UAS IPP, LAANC and UPP. NASA has also developed 
programs for integration of unmanned systems into the national air space.

FAA UAS Test Sites (2013)
FMRA mandated the establishment of UAS test ranges for the integration of UAS into the NAS and to provide operational 
and technical data to assist in the efforts to integrate UAS safely into the NAS. 

In 2013, FAA launched the search for test sites where UAS technology could be tested by industry and the data gathered, 
then used by FAA for regulatory development.  Since 2013, the seven FAA Designated Test Sites (six original plus one 
added in 2016), have supported UAS integration by providing an avenue for the UAS industry and stakeholder community 
to conduct more advanced UAS research and operational concept validation.  These are fully discussed in the UAM Test 
Facilities Section.

Pathfinder Program (2015) including Drone Detection Initiative (2016)
The FAA’s Focus Area Pathfinder initiative was launched in 2015 and involves three industry partners who are exploring 
incremental expansion of UAS operations in the NAS.  The program comprises the Focus Area Initiative and the UAS 
Detection Initiative.  The Focus Area Initiative was a collaboration with three corporate partners, each examining a specific 
element of UAS operation:

• CNN explored how UAS might safely be operated, in visual line of sight, over people for safety operations and  
 newsgathering via UAS in populated areas.
• PrecisionHawk tested BVLOS and examined how flights outside the pilot’s direct line of vision in rural areas could  
 be used for crop monitoring by UAS in precision agriculture operations.
• BNSF Railway investigated BVLOS operations in rural/isolated areas and the associate C2 challenges using UAS to  
 inspect rail system infrastructure.

Extended visual line-of-sight operations in rural areas
Based on two-years of research in the Pathfinder program, CNN re-
ceived the first Part 107 waiver from the FAA to fly a small-unmanned 
aircraft system over people. The approval represented an industry 
milestone, as it enables for the first time real-world sUAS operations 
over people. The waiver allows CNN to fly the Vantage Robotics Snap 
sUAS, a frangible, 1.37-pound aircraft with enclosed rotors that is 
made of deformable material, in a diverse range of environments, in-
cluding operations over open-air assemblies (crowds) of people, up to 
an altitude of 150 feet above ground level (AGL). 

CNN’s waiver application was based on the “Reasonableness Approach,” under which an applicant’s ability to operate a 
sUAS safely over people is determined based on “the totality of circumstances,” including the operator’s safe history of 
operations, the safety features of the aircraft, and test data demonstrating that the sUAS is safe to operate over people.
 

“The simplification of the technology, 
combined with the sophistication that 
can be pushed into the software, has 
completely changed the landscape of 
what you can do with these flying vehi-
cles.” Eric Allison, Uber Elevate 
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Extended visual line-of-sight operations in rural areas
Based on PrecisionHawk’s research conducted under Pathfinder, FAA began granting BVLOS waivers.  Most waivers require 
at least one Visual Observer (VO).  Some waivers are limited to a specific UAS model, while others are broader and based 
on performance capabilities, and some of the waivers are limited to specific geographic coordinates. 
FAA granted BVLOS in 2018 waivers for utilities to fly drones beyond the operator’s line of sight for energy infrastructure 
inspections.  Xcel Energy became the first utility to do so when it began surveying transmission lines near Denver in the 
summer of 2018.  The company says it is using advanced command-and-control technology to ensure safe operations 
while inspecting transmission lines.  Xcel estimates that flying drones beyond line of sight will eventually cost between 
$200 and $300 per mile compared with helicopter flights that cost an average of $1,200 to $1,600 per mile.

Beyond visual line-of-sight operations in rural/isolated areas
In a series of test flights conducted over nine months, Rockwell Col-
lins and BNSF Railway demonstrated how UAS are used to perform 
BVLOS along linear operations, such as the inspection of railway tracks.  
The use of unmanned aircraft can increase safety and efficiency for 
railroads.  Additionally, through authorization received from the FAA, 
BNSF is flying without visual observers.

During the flights, BNSF controlled its aircraft utilizing the control radio data-link network of Rockwell Collins, which was 
deployed throughout BNSF’s operational subdivision in Clovis, New Mexico..  Using BNSF’s licensed radio spectrum and 
telecommunications network, the command and control radio automatically detects the best tower-to-aircraft link and 
manages tower handoffs while maintaining positive aircraft control as the UAS navigates across the range. The aircraft can 
be launched and recovered from anywhere in the network.  In addition, the network can conduct both tower and ground 
control station hand-offs.

Designated the CNPC-1000, Rockwell Collins data link conforms to the industry-developed performance standard for 
command and control submitted to the FAA by the RTCA Special Committee 228 for commercial UAS operations in the 
national airspace.  Rockwell Collins, along with the FAA and NASA, has flown the CNPC-1000 on various aircraft.  However, 
according to Rockwell Collins, this test represents the first flight for a UAS controlled via a multi-node network of CN-
PC-1000s to enable the pilot in command to be over the horizon and significantly beyond visual line of sight of the UAS.

The UAS/Drone Detection Initiative (2016)
The Pathfinder program was expanded to include the UAS/Drone Detection Initiative, first announced in May of 2016.  The 
program’s focus is to detect and identify UAS systems flying too close to airports.  FAA is aggressively pursuing both tech-
nology and strategic planning around how to identify and control rogue drones, whether they be accidentally or intention-
ally present in controlled airspace.

The Drone Detection Initiative includes three Cooperative Research and Development Agreements (CDRAs) with Gryphon 
Sensors, Liteye Systems Inc. and Sensofusion. 

Gryphon Sensors provides drone detection systems and safe UAS integration.  Gryphon is a trusted partner of NASA, FAA, 
and U-Safe that has worked with the Department of Defense for several decades.

Liteye Systems, Inc. has developed the Anti-UAV Defense System (AUDS), designed to disrupt and neutralize UAVs en-
gaged in hostile airborne surveillance and potentially malicious activity.  AUDS combines electronic scanning radar target 
detection and classification, Electro Optic (EO) tracking and directional RF inhibition capability over three independent RF 
bands.

Sensofusion is the creator of AIRFENCE, which can automatically detect, locate, track, and take over UAV controls all on full 
auto.  In addition, AIRFENCE can locate the operator with pinpoint  accuracy in real time.

NASA Technical Capabilities Levels (TCL) (2015)
Since 2015, NASA has been researching the fundamental technologies for a national Unmanned Traffic Management 
(UTM), with the intention to turn the research over to the FAA to implement. All the TCLs thus far have been conducted at 
the seven FAA UAS Test Sites.  NASA serves as the research lead, but the sites provide their own personnel, airspace and 
UAS platforms. 

“Airbus is working on different concepts 
for urban air mobility and is actively en-
gaging with cities and other stakehold-
ers.” Vassilis Agouridas, Airbus Mobility
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TCL1 enabled multiple operations under constraints and was completed August 2016 at Crows Landing in the Central Val-
ley of California, just south of Modesto.  The location was selected due to its remoteness as it is in a mostly unpopulated 
area with minimal general aviation traffic.  The application for this field test was within visual line of sight.

TCL2 was completed in October 2016 at the Reno-Stead Airport, expanding TCL1 to demonstrate BVLOS. This flight 
demonstration focused on three areas: 1) Feasibility; 2) Functionality; and 3) Applicability and Integration. TCL2 enabled 
expanded multiple operations.

The third level of testing, TCL3, focused on: 

• System-level evaluation, including contingency management and off-nominal conditions
• Separation, including both cooperative and non-cooperative aircraft, and ground obstacles
• Direct and distributed communication and control
• Navigation, close to people and building, both terrestrial and satellite based.

TCL4 focuses on NASA’s UTM construct and procedures to execute a series of integrated scenarios, which exercise various 
testing objectives. The operations are more complex, involving multiple aircraft and simulated vehicles operating beyond 
visual line of sight, near buildings, and in testing environments that represent an urban landscape. For the future, the 
expectations are for a total of nine TCLs between NASA and FAA, with the next TCL managed by FAA. Nevada’s NIAs was 
awarded TCL-4, with testing in Reno.

Alliance for System Safety of UAS through Research Excellence (ASSURE) (2015)
ASSURE is an FAA Center of Excellence, comprising twenty-three research 
institutions and one hundred industry and government organizations.  
ASSURE features expertise across a broad spectrum of UAS research areas:  
air traffic control interoperability and traffic management, airport ground 
operations, control and communications, detect and avoid, human factors, 
noise reduction, wake signatures, unmanned aircraft pilot training and cer-
tification, low altitude operations safety, and spectrum management.

Managed by Mississippi State University, ASSURE’s other members are:   
Drexel University, Embry-Riddle Aeronautical University, Kansas State Uni-
versity, Montana State University, New Mexico State University, North Caro-
lina State University, Oregon State University, University of Alabama-Hunts-
ville, University of Alaska-Fairbanks, University of California Davis, University of Kansas, University of North Dakota, The 
Ohio State University, Wichita State University, and Auburn University.
 Affiliate members include:  Concordia, Indiana State University, Louisiana Tech University, Sinclair Community College, 
Technion - Israel Institute of Technology, Tuskegee University, and University of Southampton.

FAA “Roadmap”, Second Edition (2018)
The first two sections of the Roadmap laid out the accomplishments achieved in the beginning stages of integration and 
the importance of relationships among numerous entities to accomplish this and for success in the future.   The third 
section highlights the key challenges for the emerging technology to reach its full potential, highlight issues with safe 
distance barriers from other aircraft and pilot control issues related to BVLOS and a development of standards for UAS 
certification.  The Roadmap’s fourth section discusses its current activities, which form the strategy for near-term UAS inte-
gration. 

“Don’t forget, five or six years ago, 
it was hard to imagine a world 
where you’d rent out your house or 
apartment, so once people get the 
idea that this is the future, I see no 
reason why this won’t be prevalent 
in the next few years.” Carter Reum, 
Co-Founder M13 



Flight Testing Market for Commercial Unmanned Air Mobility

20

Figure 6 – FAA UAS Roadmap

FAA Reauthorization Act of 2018 
Prior to the FAA Reauthorization Act of 2018, operation of large UAS was authorized through Section 333 of FMRA, which 
permitted the FAA to issue exemptions to FAA rules.  The 2018 Act repeals Section 333.  Instead, Section 347 of the 2018 
Act instructs the agency to use a risk-based methodology to determine if certain UAS may operate safely in the NAS 
notwithstanding completion of the comprehensive plan and rulemaking otherwise envisioned.  The determination must 
consider which UAS do not create hazards to other NAS users or the public.  The FAA is directed to consider what other 
certifications for pilots or aircraft might be needed to establish requirements for the safe operation.  The provisions of this 
section are in effect until September 30, 2023.

Section 343 of the Act reauthorizes the seven existing FAA Designated Test 
Sites (discussed below) and provides clearer language regarding these sites’ 
research priorities.  The Act also enables the test sites to receive federal fund-
ing from agencies other than the FAA. 

The 2018 Act seeks to advance UAS Traffic Management (UTM).  Section 376 
directs the FAA and NASA to continue the efforts that these agencies have 
already undertaken.  It specifies that UTM must:

• Address BVLOS operations and the safety and security of all aircraft
• Permit the testing of various remote identification and tracking technologies
• Assess cybersecurity protections, data integrity and homeland security issues
• Establish processes for accepting application for operation of UTM systems in the NAS
• Include development of safety standards for UTM and establish expedited procedures for approval of UTM  
 services operated in airspace determined by the FAA to be outside congested or in low-risk areas

The 2018 Act contemplates the possibility of blanket, rather than case-by-case, waivers of Part 107 commercial drone rules 
for UAS operators approved by the UTM pilot program.

Section 370 of the 2018 Act states Congress’ sense that expanded UAS operations (BVLOS, nighttime, over people) have 
enormous potential to spur economic growth and improve emergency response efforts.  Therefore, integrating UAS with 
such expanded capabilities into the NAS should remain a high priority in FAA rulemaking.  The 2018 Act also codifies the 
UAS Integration Pilot Program (USIPP) (discussed below) and requires notification to Congress prior to the commence-
ment of any additional rounds of USIPP agreements between the DOT/FAA and state, local, or tribal entities.

“The unveiling of the Bell Nexus 
concept highlights that the ‘Elec-
tric VTOL Revolution’ is gaining 
momentum,” said Mike Hirsch-
berg, Executive Director, Vertical 
Flight Society 
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The 2018 Act (Sec. 343) specifically directs the FAA Administrator to engage test range operators in developing standards 
for the safe integration of unmanned aircraft into the NAS, potentially including solutions for the above-mentioned ex-
panded operations.

Data collection is also specified in the Section 343.  As part of the UAS Test Site program, the Administrator is directed to 
“coordinate periodically with all test range operators to ensure [they] know which data should be collected, what pro-
cedures should be followed, and what research would advance efforts to integrate unmanned aircraft systems into the 
national airspace system.” (Sec. 343 (b) (8)).

Unmanned Aircraft System (UAS) Integration Pilot Program (IPP) (2018)
The UAS IPP is an opportunity for state, local, and tribal governments to partner with private sector entities, such as UAS 
operators or manufacturers, to accelerate safe UAS integration. The program is intended to help DOT and the FAA estab-
lish new enabling rules that allow more complex low-altitude operations by:

• Identifying ways to balance local and national interests related to UAS integration
• Improving communications with local, state and tribal jurisdictions
• Addressing security and privacy risks
• Accelerating the approval of operations that currently require special authorizations

In May of 2018, the Department of Transportation (DOT), announced selectees for its UAS Integration Pilot Program (IPP).  
More than 150 applications were filed with the FAA from which ten awardees were selected:

• The Choctaw Nation of Oklahoma, Durant, OK
• City of San Diego, CA
• Virginia Tech – Center for Innovative Technology, Herndon, VA
• Kansas Department of Transportation, Topeka, KS
• Lee County Mosquito Control District, Ft. Myers, FL
• Memphis Shelby County Airport Authority, Memphis, TN
• North Carolina Department of Transportation, Raleigh, NC
• North Dakota Department of Transportation, Bismarck, ND
• City of Reno, NV
• University of Alaska-Fairbanks, Fairbanks, AS

Although some selectees are co-located with FAA Designated UAS Test Sites (such as Alaska Fairbanks), the IPP is separate 
from the FAA UAS Designated Test Site program.  Whereas the FAA UAS Designated Test Sites are selected ranges whose 
mission vis-à-vis the FAA is the gathering of data, IPP locations are a variety of locations where actual drone deployment 
issues (both in the small and large UAS categories) are to be evaluated.  The selectees are designated under the IPP for 
a period of three years.  Selection and designation do not include any funding.  The scope of each can be modified, as 
evidenced by the announced expansion of Alaska-Fairbanks’s scope to test the feasibility of delivering lifesaving medical 
equipment to remote regions.

Low Altitude Authorization and Notification Capability (LAANC) (2018)
In partnership with two private companies, AirMap and Skyward, FAA created this automated program for sUAS commer-
cial operation authorization in controlled airspace. Twelve other firms have since been added to the program.  The system 
will be deployed at nearly 300 air traffic facilities covering approximately 500 airports.

Through LAANC, pilots and drone companies are able to receive almost real-time authorization for flights under 400 feet 
in controlled airspace around airports.  They can also apply to fly above the designated ceiling within a UAS Facility Map 
(up to 400 feet) through manual coordination with the FAA.  
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NASA UAM Grand Challenge (2018)
In November 2018, NASA called the industry to Seattle to announce the NASA UAM Grand Challenge. More than 450 
industry participants attended the industry day, with 110 identified as companies related to UAM vehicle manufacturing. 
NASA’s UAM Grand Challenge propels demand for flight testing.  NASA has called for participants to execute various sce-
narios for system level safety and integration by 2020.  This creates clear demand for flight testing – not just of prototype 
aircraft, but also of those aircraft working with specific systems, including radar and software, to evaluate the ecosystem.  
Following the Grand Challenge for 2020 (GC-1), NASA envisions a series of additional, increasingly complex Grand Chal-
lenges that coincide with a forecast increase in UAM Maturity.  GC-2 already envisioned for 2021. Thus, as the ecosystem 
becomes more focused there will be a continued need for flight testing that, most likely, will require additional test sites 
and greater capabilities on the part of existing test sites.

Figure 7 – NASA UAM Grand Challange

The Defense Advanced Research Projects Agency (DARPA) through its Grand Challenge of 2004 and 2005, spawned the au-
tonomous car industry.  Consider that in 2004, in the first race, no vehicle was able to travel autonomously from Barstow, 
California across the desert to Primm, Nevada.  In fact, the best entry was only able to go just about seven miles out from 
Barstow.  However, the refinement of these vehicles over the last fifteen years has resulted in autonomous vehicles that are 
in development today.  The DARPA Grand Challenge spawned an industry that is redefining what cars and road infrastruc-
ture in the United States should look like in the future.

Autonomous road vehicles, including cars and trucks, are not totally here 
yet, but there are expectations for autonomous vehicles operating on 
our streets and highways in the middle of the next decade.  Some Tesla 
vehicle owners are jumping the gun and operating their vehicles in au-
tonomous (Level 3) mode now with the unfortunate result of accidents, 
which underscores the need for testing in multiple test environments.

What can we expect from the NASA Urban Air Mobility Grand Chal-
lenge?   Since the aircraft and sensor systems are orders of magnitude 
more advanced from what the ground vehicle community had to work with for the DARPA Grand Challenge, we can expect 
a higher level of success for the first UAM Grand Challenge.  The sophistication of the entrants and the availability of 
control systems, sensors etc. from existing military and commercial operations of UAM will provide a base of operational 
technology that did not exist for the autonomous ground vehicle community.  

 The greatest challenge for the UAM community will be to the “prove-out” operational scenarios with platforms and sys-
tems in a non-threatening environment prior to the UAM Grand Challenge at flight test sites. Integration of UAM con-
cepts into the greater aviation industry is not likely to take as long as that of the autonomous ground vehicle into general 
ground traffic systems. The advent of operational UAM vehicles could be within the next decade as we see the transpor-
tation industry adopt the larger concept of mobility based on technologies of cooperative and compatible management/
control systems that  merge ground and air mobility systems. 

 “As space at the ground level becomes 
limited, we must solve transportation 
challenges in the vertical dimension.’ 
Mitch Snyder, President and CEO of 
Bell
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UAS Traffic Management Pilot Program (UPP) (2019)
Established by the congressional directive for FAA and NASA to partner to advance safe sUAS integration at lower alti-
tudes.  It creates a forum for industry collaboration with the agencies to demonstrate UTM technologies and capabilities. 
In January 2018, DOT announced the entities chosen to participate in the pilot project, scheduled to run through Sep-
tember 2019.  The continued intention is to develop and demonstrate a traffic management system that safely integrates 
drones within the NAS.  Three FAA UAS Test Sites have been chosen to participate:

1. Nevada UAS Test Site Smart Silver State
2. Northern Plains UAS Test Site
3. Virginia Tech Mid-Atlantic Aviation Partnership

Proposed Rules for Expanded Drone Operations (2019)
On January 14, Secretary of Transportation Elaine Chao announced three new initiatives “to encourage the safe testing and 
deployment of drones”.  The first uses a risk-based approach to integrate sUAS by allowing operations over people and 
nighttime operations, under certain conditions, building upon Part 107 rules established in 2016.  The proposed rules were 
to appear in the Federal Register on February 14, 2019.  

Operation of Small Unmanned Aircraft Systems over People (NPRM)
The rulemaking would allow operations of sUAS over people in certain conditions as well as nighttime operation of sUAS 
without obtaining a waiver.  The rule would require remote pilots to present their remote pilot-in-command certificate 
to authorities on request and it proposes to amend knowledge testing requirements with regard to sUAS operations to 
require training every 24 months.

The FAA states that, under existing rules, Part 107 waivers to fly at night are the most common waiver requests. It has not 
received any reports of sUAS accidents operating under such waivers.  The rulemaking would allow nighttime sUAS opera-
tion without a waiver if the following two conditions were met:

1. The operator completes knowledge training or testing, including new subject matter areas related to operating at  
 night;
2. The sUAS has an anti-collision light that is illuminated and visible for at least three statute miles.

Operations over people without waivers would be permissible under three categories, depending on the potential risk of 
injury each presents.  Category 1 is for aircraft weighing 0.55 pounds or under and essentially the new rule allows this cat-
egory of aircraft to fly over people with no additional restrictions beyond the existing requirements in Part 107.  Category 
2 covers sUAS over 0.55 pounds for which the manufacturer can demonstrate that if its aircraft crashed into a person the 
resulting injury would be below a certain severity threshold and the FAA proposes certain specific design characteristics 
and be free of safety defects. 
 
Category 3 operations would allow a higher injury threshold than Category 2 but have more operational limitations to de-
crease an individual’s exposure to injury risk.  Specifically, unlike Categories 1 and 2, Category 3 operations could not take 
place over open-air assemblies.  It would have to be in a closed or restricted-access site wherein all persons would have to 
be alerted that a sUAS might fly over them.  Category 3 aircraft would be allowed to fly over non-restricted-access space 
in a transit mode, but not hover over people.

Safe and Secure Operations of Small Unmanned Aircraft Systems (ANPRM)
This Advanced Notice of Proposed Rulemaking (ANPRM) would seek comments on whether and in what circumstances 
the FAA should develop new rules that require standoff distances, additional operating and performance restrictions, the 
use of UTM and additional payload restrictions.  It also requests comment on whether the FAA should prescribe design 
requirements and require critical safety systems on unmanned aircraft.

Government Funding Bill (2019)
On February 15, 2019, the President signed legislation to fund the government through September 30, 2019, which includ-
ed additional funding and programs for UAS integration, additional designations for UAS IPP, and direction on UTM.
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UAS Integration
The Bill provides up to $6 million for matching funds to qualified commercial entities seeking to demonstrate or validate 
technologies that the FAA considers essentials to the safe integration of UAS in the NAS. The FAA is required to identify 
essential integration technologies that could be demonstrated or validated at test sites.
The Bill provides $56 million for UAS integration activities. Additional resources are included to enhance work with man-
ufacturers on safety, improvements to information technology systems, UAS trend forecasting, and regulatory work to 
advance the industry.

Additional UAS Integration Pilot Program 

The Bill direct the FAA to enter into additional UAS Integration Pilot Program (IPP) agreements with state, local and tribal 
governments. However, the Bill directs the FAA to undertake these activities without incurring additional costs through 
grants or cooperative agreements and directs the FAA to submit a report to the House and Senate Committees on Appro-
priations on the expected annual costs of the program prior to entering into additional IPP agreements. Finally, the FAA 
should prioritize all congressional mandates prior to expanding the IPP program.

UAS Traffic Management (UTM)
The Bill reiterates Congress direction to the FAA regarding the development of an Unmanned Traffic Management (UTM) 
system, Low Altitude Authorization and Notification Capability (LAANC), and the UTM Pilot Program, and directed the FAA 
to provide the House and Senate Committees on Appropriations with a report and research plan consistent with House 
and Senate direction no later than 120 days after enactment of this Act.

State UAM Efforts
Several states have developed their own UAS and UAM initiatives, sometimes 
including operational regulations, but in other cases incorporating business 
incentives and operation frameworks to encourage industry growth.  Within 
many states, these efforts are managed through the state’s transportation 
department and associated aviation divisions, such as the case in North Car-
olina, Ohio, and Utah.

North Carolina’s UAS Program Office was mandated by the North Carolina 
General Assembly in 2014 and serves several roles.  It is the subject matter expert to the state, conducts public outreach 
efforts, funds research and initiatives, operates its own UAS fleet and leads statewide integration. North Carolina was des-
ignated under IPP.

The Ohio Unmanned Aircraft Systems Center (UASC) is the integration of several existing entities into one operation 
including facilities in Indiana in the combined Ohio/Indiana UASC.  In Ohio, the Center operates as a component of the 
state’s Department of Transportation.  Demonstrating the emergence of the mobility component of UAS, via UAM, Ohio’s 
center for smart mobility, DriveOhio, announced a new strategic plan in December 2018 with three initiatives:

1. FlyOhio, which is exploring specific UTM solutions including locations for vertiports (locations that support VTOL)
2. Ohio UAS Center Operations, which will promote increased use of UAS and associated data gathering among the   
range of state and local operators
3. UAS Workforce Development, a collaboration of FlyOhio and the UASC to engage stakeholders from industry,
 government, and education training centers to identify pilot programs around drone technologies

At Utah’s Innovation and Technology Conference in August 2018, Jared Esselman, UDOT’s, Director of Aeronautics, high-
lighted the fast-emerging technologies of Urban Air Mobility The presentation underscored the necessary developments 
for UAM integration nationally and in the state over the next five years, highlighting infrastructure investment and encour-
aging community support of the necessary initiatives.

“Utah is working to build high-
ways in the sky,” Jared Essleman, 
Director of Aeronautics Division of 
Aeronautics, Utah Department of 
Transportation
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Figure 8 – Utah UAM Highways in the Sky

UAM Test Facilities
In 2016, FAA issued rules under Part 107 for the commercial operation of UAS, with numerous restrictions, such as no 
flying at night or over people, staying under 400 ft. AGL, keeping away from manned aircraft.  These rules allow aircraft 
under 55 pounds to flight test almost anywhere therefore, they do not require designated flight test ranges. The exception 
is aircraft with component and surveillance products and services may require a flight test range.

Any large UAS and UAM aircraft weighing 55 pounds and greater needs to flight test on a flight test range.  These UAM 
flight tests need to operate under an FAA issued Certificate of Authority (COA) and need to be able to self-certify the air-
worthiness of the aircraft for the flight tests. 

Additionally, flight testing for some UAM takes place under Part 103, which covers Ultralight and Experimental aircraft.  
The aircraft that qualify for such operations must:

• Have an empty weight under 254 pounds
• Carry a maximum of five gallons of fuel
• Operate within certain speed limitations and not in congested areas
• Recreational use only
• If experimental, must be from a kit and at least 51% assembled by the user

A major advantage to early-stage developers is the fact that airworthiness certificates and pilot licenses are not required 
under Part 103. Consequently, some early proof-of-concept testing for later development may be conducted under this 
part. 

The clear distinction from Part 107 and Part 103 is that Part 103 is not a pathway to airworthiness certification, which is a 
major disadvantage for commercial UAM companies. 

Commercial UAM aircraft will need an airworthiness certificate under FAA small aircraft (Part 21/23/25, etc.) and UAM 
operations will need to be conducted under DOT operating authorities for air taxi under Part 135. While certification under 
FAA’s small aircraft rules requires a high level of FAA oversight and a pilot on-board rather than remotely operated, it is 
more likely to gain public acceptance.  To date, FAA has not certified large UAS or UAM aircraft under these rules; there-
fore, the pathway is uncertain and expected to be costly. It is not clear how FAA will certificate fully autonomous large UAS 
or UAM aircraft.
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FAA UAS Test Sites
As noted earlier, FMRA 2012 established a test site program to support integration of UAS into the National Airspace Sys-
tem (NAS). The FAA established six flight test ranges to conduct research that fosters the development of UTM.  A seventh 
test range was added in 2016.  The FAA Test Sites’ role in UTM development stems from their assigned role as data col-
lectors. Contracts with FAA and NASA for UAS research and integration into the UTM are core to each of the FAA UAS Test 
Sites. All the test sites welcome commercial UAS and UAM flight testing, working as partners with industry and the FAA.  
Test sites report a very good working relationship with the FAA and meet quarterly to share experiences and learning.

The six original FAA test sites are:

1. University of Alaska-Fairbanks.  Managed by the Alaska Center for Unmanned Aircraft Systems Integration 
 (ACUASI)
2. Griffiss International Airport, New York.  Managed by Northeast UAS Airspace Integration Research (NUAIR)
3. Lone Star UAS Center of Excellence & Innovation (LSUAC), Texas A&M University-Corpus Christi
4. State of Nevada UAS Test Site, Nevada.  Managed by the Nevada Institute for Autonomous Systems (NIAS)
5. Northern Plains UAS Test Site, North Dakota
6. Virginia Tech Mid-Atlantic Aviation Partnership (MAAP), Virginia

Figure 9 – FAA UAS Test Sites

In 2016, New Mexico State University was added to the list of designated test sites with its Unmanned Aircraft Systems 
Flight Test Site (UAS FTS).  New Mexico State had provided many of the initial concepts regarding the development of the 
Test Site program in the decade prior to FMRA.

Universities are a significant component of the FAA Designated Test Sites, stemming from established programs in aero-
nautical research and sUAS related systems.  In 2012, University of Alaska’s Board of Regents formed ACUASI, which 
manages the Alaska Test Site.  New Mexico State’s UAS Flight Test Center was formed by the university’s Physical Sciences 
Laboratory in 2008.  Lone Star was established by the Texas A&M University System Board of Regents in 2013.  MAAP was 
organized in 2013 by three universities, although Virginia Tech is the only one still involved.

Although not university-managed, universities in Nevada, New York and North Dakota have strong relationships with the 
FAA Test Sites in their states.  At Nevada, the University of Nevada, Las Vegas (UNLV) is one of the facility’s academic team-
mates, along with Embry-Riddle Aeronautical University (ERAU), which has a campus in neighboring Arizona.  Additionally, 
University of Nevada, Reno’s Research & Innovation group is involved with NIAS through its vice president, board member 
Dr. Mridul Gautam.
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New York’s NUAIR Alliance, a not-for-profit coalition, is arguably the most decentralized test-site, though it does receive 
significant state funding and maintains strong academic relationships.  NUAIR maintains numerous academic partnerships 
including the Region 2 University Transportation Research Center which is a consortium of 19 major universities in the re-
gion, including Clarkson, Cornell, the Rochester Institute of Technology (RIT), the State University of New York (SUNY) and 
Syracuse University.  SUNY Albany also maintains a separate partnership with the facility.  Its Board of Directors includes 
professors from RIT, the Massachusetts Institute of Technology, Mohawk Valley Community College and University of Mas-
sachusetts Amherst.

The Nevada and North Dakota facilities are closely linked to their respective governor’s offices.  NIAS, which runs the State 
of Nevada Test Site, is a 501c3, created by the Governor’s Office of Economic Development.   Northern Plains in North 
Dakota is managed via North Dakota’s Office of Economic Development, via the Lieutenant Governor who is Chair of the 
Northern Plains Unmanned Systems Authority (NPUSA), but both have strong relationships with the major universities in 
their states.  Both North Dakota State University and the University of North Dakota are part of the organization struc-
ture of NPUSA, with the latter serving on the Executive Board.  If requested by customers, and depending on their needs, 
Northern Plains includes faculty and students from a variety of departments 
at these universities in customer test programs.

All test facilities we spoke with stated that the amount of flying done by 
the associated universities at their test sites does not currently conflict with 
demand for commercial operations.  Particularly in terms of test range size, 
there is adequate space to avoid such conflicts.  Nor has the availability of 
academic staff yet created a conflict.  Nonetheless, all the sites indicated that as part of their planning they have devel-
oped scenarios to consider how best to manage potential conflicts as demand for test facilities grows.  None discussed 
specifics of these plans, but two indicated that they felt that direct staffing and facility availability were not an issue, where-
as research programs in a university department would be the biggest constraint in terms of specialist availability.

Additional Test Sites – U.S.
Several independent test facilities for UAS exist, with the majority of these serving the sUAS market.  For commercial UAM 
testing, only a few commercial facilities have been identified and include highly specialized ranges that offer very high 
altitude (over 50,000 feet) operations.  These institutions range from private facilities, such as Praxis, to American Indian 
reservation properties to university-affiliated ranges.  

Several of these facilities have ownership structures that are similar to those of the FAA UAS Test sites.  Many are directly 
run by universities, such as the University of Maryland or University of Hawaii, while others are non-profits and/or pub-
lic-private partnerships with strong levels of state involvement.  The private facilities have varying degrees of university, 
government and corporate partnerships.  Deseret UAS is the most robust as a public private partnership, although all of 
the sites in Oregon benefit from inclusion in the Pan-Pacific UAS Test Range Complex (PPUTRC) managed by ACUASI.

Table 2 Non-FAA UAS/UAM Test Sites
State Website Ownership Academic Affiliations Corporate Partners Gov’t Partners

Deseret UAS Utah www.deseretuas.org Non-profit  
under Sec  
501 c6

University of Utah, 
Utah State, Utah Valley 
University, BYU, George 
Mason University

Metron Aviation, 
ANRA Technologies, 
Fortem Technologies

Utah DOT, Governor’s 
Office of Economic De-
velopment, Toole County, 
Box Elder County, City of 
Ogden

Near Space  
Corporation

Oregon www.nsc.aero Private Pan-Pacific UAS Test 
Range Complex

SOAR Oregon

Praxis Aerospace 
Concepts

Nevada http://www.praxi-
saerospace.com

Private ASSURE (partner) N/A N/A

Warm Springs Oregon www.wsuas.com Tribal  
Government

Oregon State, Pan-Pa-
cific UAS Test Range 
Complex

Aerial Rigging System, 
SOAR Oregon

Business Oregon

Pendleton UAS 
Range

Oregon www.pendletonuas-
range.com

Private Pan-Pacific UAS Test 
Range Complex

 

“As we say … this changes every-
thing.” Robert Labelle, CEO XTI 
Aircraft
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UAM Flight Test Sites Outside the United States
UAM Flight Test facilities worldwide cater to the UAM testing market.  Ranges in Canada and Europe are the most promi-
nent in the market.  Additionally, ranges in Dubai, Australia and South America are provide testing facilities, but have less 
of a market presence.  These facilities do not tend to have the same level of academic affiliation as most sites in the United 
States.  Several of these also have developed academic and industry partnerships.  The most advanced of these is UAS 
Denmark through its UAS Denmark Cluster.  This comprises over 160 organizations, including 10 research and develop-
ment institutes, among them Aarhus University and the Alexandra Institute.

From a customer perspective, non-U.S. facilities benefit from different forms of regulation (or lack thereof) making it easier 
to conduct certain test programs, such as BVLOS or nighttime operation.  

Nevertheless, several interviewees in the customer base stated that overseas testing is not attractive.  The two greatest 
challenges are cost and logistics.  Even if actual fees are lower than or equivalent to those in the U.S., transportation ex-
penses to reach many of these locations is prohibitive, particularly if the user brings several of its own staff for the test pe-
riod.  In addition to monetary costs, placing staff many time zones away from headquarters poses an additional challenge 
to the manufacturers.  For a short test program (one or two weeks), depending on the nature of the test, the cost may be 
worthwhile.  Yet for longer test programs with multiple devices, the benefit of overseas testing quickly diminishes.

For firms that plan to deploy primarily in the U.S., testing outside the 
country may also be less beneficial.  One UAM manufacturer said that, 
although he is frustrated there is not yet a greater degree of data 
transfer to the FAA, he believes that if data gathered from tests con-
ducted in the United States will carry more validity with U.S. regulatory 
authorities than data captured overseas.  The ability to mimic condi-
tions in the U.S. is less of a concern.  For example, agricultural topogra-
phy in Brazil can serve as an appropriate proxy for a sensor evaluation. 
Specific regulations covering urban environments, however, are likely 
to make overseas testing less valuable to UAM manufacturers who 
wish to operate in the U.S. market.

UAM Test Site Attributes
In this section, the necessary attributes of UAM test sites are discussed, including general attributes, facilities, location, 
personnel, and marketing.

General Attributes
The term “test site” often refers to an entity with more than one test range.  The different ranges often cover different 
topographies or altitudes and a specific and separate certificate of waiver or authorization (COA) covers operation within 
each.  There has been some effort to make COAs broader, rather than narrower, thus enabling a greater number of oper-
ations or area to come under a smaller number of COAs, streamlining management of overall programs.  Northern Plains 
has expanded its test range reach to essentially cover the entire state of North Dakota.  The entire State of Nevada is the 
range for the Nevada UAS Test Site, managed by NIAS.

A look at the test facilities shows a large degree of variance in this regard, even among FAA Test Sites.  Alaska offers four 
ranges and Lone Star ten, while NUAIR has just one. 

“While flying cars may sound as if they 
belong to science fiction, technology 
seems to have brought them closer to 
reality—potentially helping to create a 
faster, cheaper, cleaner, safer, and more 
integrated transportation system.” De-
loitte Insights
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Table 3 UAS Test Site Attributes
USA FAA Test Site # of Ranges Runways Test Site for BVLOS Testing in Urban 

Setting
ACUASI, Alaska Yes 4 Multiple No No
Deseret UAS, Utah No 3 1 Planned Yes
Lone Star Yes 10 4 No No
MAAP - Va. Tech Yes 1 1 Yes No
Maryland No 1 1 No No
Near Space-Tillamook, Oregon No 1 1 Yes No
New Mexico State Yes 2 4 No Simulator
-Nevada UAS Test Site/NIAS Yes 6 2 Yes Yes
Northern Plains Yes 2 3 Yes No
NUAIR-New York Yes 1 1 Planned No
Pendleton, Oregon No 1 3 No No
Praxis Aerospace Concepts No 1 Multiple Yes No
University of Hawaii No 3 3 No No
University of Oregon No 4 pending No No
VDOS-Warm Springs, Oregon No 1 1 No No

Outside USA FAA Test Site # of Ranges Runways Test Site for BVLOS Testing in Urban 
Setting

Alma Center of Excellence Canada No 8 1 Yes No
ATLAS Flt Ctr Spain No 1 1 No No
Callen-Lenz UK No 1 1 Yes No
Canadian Centre for Unmanned Vehicle 
Systems (CCUVS)

No 3 1 Yes No

UAS Denmark No 3 1 Yes No
     
Nevertheless, even a single facility with several types of ranges may not meet all the needs of certain customers.  Geog-
raphy prevents any one test site from meeting all operating conditions.  Alma, in northern Quebec and ACUASI are, apart 
from certain Arctic applications, unavailable as testing locations for a large portion of the year.  This is due to not only 
weather, but also the lack of daylight.  Conversely, Lone Star in Texas offers multiple test ranges over a variety of condi-
tions, including ocean and plains, but has no mountainous terrain.

UAM vehicles are expected to operate in urban environments and therefore test sites need to offer actual or simulated test 
environments.  The Nevada UAS Test Site/NIAS uses Reno, while Deseret UAS offers Ogden City, as actual urban environ-
ments for UAM flight testing, while NMSU has a simulator.

One means of expanding range offerings for customers is through partnerships.  ACUASI has one of the most established 
and geographically diverse, the Pan-Pacific UAS Test Range Complex (PPUTRC) which includes the ranges managed by the 
University of Hawaii and the University of Oregon.  The PPUTRC is able to gather data from all the partner ranges.  AC-
UASI also maintains a relationship with a test facility in Iceland.  It is not clear, however, whether any industry customers 
have taken advantage of this partnership for development of test programs.  Several other test ranges, including NUAIR, 
have managed test programs for clients at ranges outside their states, including foreign locations.  It is unclear, however, 
to what extent customers in the large commercial sector, consider such partnerships when selecting a primary test range 
provider.

Another FAA UAS Test Site commented that they did not believe such partnerships would be beneficial to their operation.  
Their biggest concern was management of the program and that, at least at this point in UAM testing; they felt that any 
collaboration with another facility would be detrimental to their oversight. Furthermore, a site’s home location does not 
necessarily restrict its ability to manage tests elsewhere.  FAA UAS Test Sites have carried out specific test programs in oth-
er locations, though these have not resulted in specific development of permanent test sites run by them.
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Deseret UAS partners with the Nevada UAS Test Site/NIAS, one of the FAA Test Sites, to add value for customers.  The two 
entities are jointly developing capabilities under FAA and NASA programs and joint programs in Nevada and Utah to pro-
mote UAS and UAM services in both states, including FAA’s UPP and NASA’s TCL-4.  

Facilities/Location
The FAA UAS Test Sites all offer significant hangar space, and, in several cases, manufacturers have shared very large 
hangars if there is the ability to maintain security and protection of intellectual property.  Most private facilities either have 
hangars built or in development. 

On-site, or nearby, labs are common among the FAA UAS test sites, as the universities have laboratories across a range of 
disciplines that can assist with specific applications.  In addition to agricultural and physics labs, material sciences, chem-
istry and meteorological facilities may be available.  Among the FAA test sites, NUAIR is the most distant from university 
facilities, and is developing an on-site Business and Technology Park.  The range of services is typically not as robust as the 
non-FAA Test Sites, unless they have university affiliations.  

Test range operators acknowledge the importance of easy access, while also recognizing that many of their locations are 
remote.  Several hasten to point out that their operations centers are more conveniently located than many of the rang-
es where flying takes place.  Nonetheless, there will probably always be a need for customers to have some personnel 
(whether their own staff or that of the test range) on-site in any range, even in certain BVLOS test parameters.  

Among FAA Designated UAS Test Sites, the Nevada UAS Test Site/NIAS is the closest to a large city and major airport, in 
Las Vegas.  Almost all the other FAA Designated Test Sites are located near smaller metropolitan areas, which do not have 
nonstop air service to all parts of the country.  Among non-FAA Designated Test Sites, Deseret UAS lies within 40 miles 
of Salt Lake City and the University of Maryland lies within 50 miles of Washington, DC, both offering nonstop air service 
throughout the country.

ACUASI and Northern Plains are both challenged by very cold conditions during portions of the year.  Apart from certain 
types of testing that benefit from such conditions, these facilities are not practical for most customers in winter.  Neverthe-
less, to meet this challenge both facilities still manage flight tests in other parts of the country.  An example is ACUASI, the 
lead in the PPUTRC, has ranges in Hawaii and Oregon to facilitate testing during winter. 

Staffing at Test Sites 
Most test sites have very few full-time personnel, counting administration, safety compliance personnel and full-time pi-
lots.  Industry consultants and one UAM manufacturer commented that, in addition to compliance personnel, it is essential 
that the test range have on staff a pilot or pilots with both fixed wing and rotary ratings.  An aerospace engineer is also 
valuable, but not essential for permanent staff.  Both Northern Plains and NUAIR have recently hired additional administra-
tive staff.  At NUAIR, this includes a CFO who is helping solidify some of the financial decisions vis-à-vis the customer base.

A much larger potential staff is available at many test sites when one includes ad-hoc consultants who are available from 
associated entities, particularly universities.  University-run test sites are especially well positioned to call on the resources 
of literally hundreds of specialists in fields useful to manufacturers.  Faculty and graduate personnel from aerospace engi-
neering and materials sciences departments are the most commonly called upon resources that the universities provide. 
Depending on the application, other commonly involved faculties include meteorology, computer science, physics, chem-
istry and mechanical engineering.  Even psychology departments have been involved with UAM flight testing in relation to 
human factors research.

Based on our interviews, in most cases test ranges serve as the lead contractor with customers and incorporate the ser-
vices and rates of any university faculty or third parties who may be part of a test program. Some facilities also serve as 
subcontractors with the lead being a university department or third party.
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Marketing Presence
The marketing presence of test facilities varies significantly from facility to facility.  Representatives of test sites and cus-
tomers have used industry conferences to establish initial contacts and learn of services.  Word of mouth then gener-
ates additional business.  Several intermediary businesses and consultants, such as those that provide UAS pilots on an 
as-needed basis, have also been called upon to recommend test sites.

For customers seeking general information via web searches and a review of the test ranges’ associated web sites, the 
information available is widely inconsistent, especially among the seven FAA UAS Test Facilities.  Facilities with strong 
web sites that contain good descriptions of their facilities, capabilities and news on recent tests include the web sites of 
ACUASI, Lone Star, the Nevada UAS Test Site/NIAS and NUAIR.  Yet, one of the sites that receives very positive responses 
from customers, New Mexico State, has a relatively weak website, which resides under the parent web site for the Physical 
Sciences Laboratory at the university and contains relatively little information compared to competitors.

Among additional UAM test sites, websites of Deseret UAS, Alma Center of Excellence and UAS Denmark are the most 
informative.

Commercial UAM Aircraft and Product Companies
In this section, we discuss the types of commercial UAM customers.  Commercial users of UAM test facilities consist of four 
types.

1
2
3
4

Platform Manufacturers

Sensor Manufacturers

Software Developers

Radar Systems Manufacturers

Figure 10 – Types of Commercial UAM Customers

Platform and sensor manufacturers account for most of the testing demand.  Several interviewees commented on a 
noticeable shift in the customer base for testing over the past two to three years.  Initially, sensor manufacturers account-
ed for most testing demand, but this has since swung to platform manufacturers who now make up 50 to 65 percent of 
current testing demand. Approximately 25 to 30 percent is dedicated to sensors with radar and other software accounting 
the balance, though some consultants believe sensor testing may see renewed increased demand over the next five years 
as platforms become standardized.

The market can also be evaluated in terms of manned and unmanned aircraft.  As demonstrated by the attendance at 
NASA’s UAM Grand Challenge and numerous press releases, interest and investment in urban air transport has rapidly 
increased.  Testing of unmanned aircraft, as well as manned, is being conducted and or planned at UAM test sites in the 
United States.  This was acknowledged by almost all sites we spoke with, but all of them indicated that they could not dis-
cuss this at any length as they are subject to strict non-disclosure agreements. 
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An official at one FAA UAS test site mentioned seeing a significant change in recent test programs whereby a single test 
program serves for a fully integrated solution and includes a platform with a specific set of sensors potentially with its own 
radar component. The program is led by one entity (e.g., the platform manufacturer), and representatives from the sen-
sor and radar manufacturers are involved on-site.  Whereas each element (platform, sensor, radar) would previously have 
translated to several separate test programs, contracted independently and perhaps tested at different times at different 
locations, they are now all under one program.  As large UAS and UAM products evolve to providing a specific set of UAM 
solutions, it appears likely that this type of integrated testing will become standard.  It is not clear that any one manufac-
turer type will always be the lead, although a platform manufacturer (able to incorporate multiple devices on an aircraft), 
may make the most sense and a de-facto standard in that regard may evolve as the industry matures.

Commercial UAM Flight Test Program Attributes
For any technological development, the testing program must consider 
the resources that will enable adequate evaluation of the technology.  This 
includes the time involved, the physical location of the test including the 
installations at the location, equipment and personnel in terms of num-
bers and capabilities.  These resources are no different for UAM flight test 
program, and the specific elements of each are essential to understand 
when evaluating the current state of commercial UAM flight testing.  The 
very low end of the market, which may test under Part 103, is typically 
believed to only be looking for flying space, as they do not have a need for COAs or pilots.  Nevertheless, where further 
development is envisioned, they may seek a facility that can gather data and begin a commercial airworthiness certifica-
tion process.

Required UAM Flight Test Time 
As the large UAS and UAM industry matures, the length of test programs appears to be growing.  Previously, testing – in 
terms of flights taking place at a dedicated facility – was conceived on a very limited scale, with two to three days of flying 
over a one-week period assuming adequate flying conditions as dictated by the weather.  Unforeseen adjustments and 
recalibration between flights also affected the length of the test period.

Typical programs now are at least two weeks, with three days of flying minimum.  Users are looking for at least four hours 
of usable flying time per day and, ideally, may look for three to four hours in both the morning and evening.

There is significant variability in the duration of individual flights depending on the application.  Platforms, whose aero-
dynamic characteristics are under review, typically will be airborne for as long as conditions allow up to four hours.  In the 
sensor and radar testing environment, times can be significantly shorter – as little as fifteen minutes – but there will be 
many flights over the course of the week.  This is because, as one interviewee put it, by the time the manufacturer is at 
the flight test range, they know specifically what they want to test and wish to minimize the time for flight testing.  Thus, 
if a usable finding is gathered after fifteen minutes of flying and any new, useful data requires a change in the sensor that 
must be accomplished on ground, then that fifteen-minute flight suffices.

The size of the test fleet also has a bearing on the duration of the on-site test program and daily operations.  As recently 
as three years ago, typical customers might have two platforms available for flight (that is, regardless of customer type – 
platform, sensor, radar, even a sensor manufacturer might only have two aircraft available to fly), and even just one avail-
able aircraft was not unusual.  Today, most test sites are seeing between three and five test beds.  UAM manufacturers 
prefer the higher number of prototypes. This enables at least one aircraft to be in the air at almost a constant rate (condi-
tions notwithstanding).  Nevertheless, some test sites continue to see test programs with only two prototypes on location. 
Feedback captured from the UAS in-flight can be used to make modifications to non-flying aircraft (or associated sensors) 
that can then be deployed even before the other aircraft has landed.  

Facilities/Location
Manufacturers were for the most part not especially concerned about physical building and facilities at test sites apart 
from hangars.  Their primary concern is having a place to fly and a place to protect the aircraft from the weather.  The 
availability of on-site labs and machine shops is considered beneficial, though manufacturers do not consider this critical 
as they now are flying well-developed prototypes, rather than examining new materials.  

“2-4% of global GDP is lost due to 
traffic congestion, Terrafugia will 
help the world by enabling personal 
flight,” Anna Mracek Dietrich, Found-
er Terrafugia
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Adequate accessibility including sufficient connections to roads and international airports is essential. There is a trade-off 
between being closely located to populated areas for adequate accessibility and being far away enough for reasonable 
test conditions must be made. Distance to accommodations and airports is a consideration for customers.  The relative 
importance of this is a function of test parameters and the amount of personnel deployed.  Specifically, for applications 
that require testing in extreme or remote conditions, travel to a remote location may be tolerated.  In no case did an in-
terviewee indicate that they would base their test location primarily on ease of access and accommodation.  Nevertheless, 
those customers that wish to establish permanent or semi-permanent facilities at a test range or position employees over 
a longer program schedule (greater than four weeks) are expected to seek locations that are easy to travel to and offer 
facilities and nearby accommodation that enhance overall business operations.  

Flight Test Range Personnel
Most of the large commercial manufacturers segment bring enough of their own personnel and tent/trailer set-ups to 
make modifications on site.  Customers, for their part, believe that as the industry grows and demand for testing increases. 
there will inevitably be some scheduling conflicts at those facilities that conduct many university-sponsored flights.  
The trade-off of working with those facilities, however, is the expertise of the academic community when needed.  The 
key expertise most users want are pilots with both rotor and fixed-wing experience, key safety personnel, and at least one 
individual with a degree in aeronautical engineering. Chase pilots, currently required for BVLOS, are considered a valuable 
resource, especially for technologies that will eventually take advantage of BVLOS.  

The customer base we interviewed seemed to place little emphasis on the expertise of associated specialists at universi-
ties.  This is in sharp contrast to the importance several of the test facilities place on this attribute.  Several FAA UAS Test 
Sites indicated that involvement of associated faculty is very common.  It may be the case that the assistance of one or two 
professors in initiating a test program does not register as a high level of involvement among the customer base, while the 
test sites, with reason, may consider that involvement a key factor in generating business.

Weighing the Value of a Commercial UAM Test Range
UAM test sites and customers admit there is a large disparity among the customer base in terms of their familiarity with 
regulations, aeronautical experience, staffing and monetary resources.  Some firms are well-established entities, but new 
to UAM; it may represent a significant departure from their core business.  Meanwhile, relatively unknown start-ups with 
deep pockets and knowledgeable staff are also heavily involved in the market.  These disparities can create different value 
perspectives among customers when evaluating UAM flight test sites, incorporating the major considerations discussed 
above, such as available flying days, location, on-site resources and staff.

None of the manufacturers we spoke to indicated that they had dedicat-
ed budgets for testing.  Indeed, test funds are derived from research and 
development (R&D) or quality assurance (QA) budgets. Developers of 
new products, and especially start-ups, view testing as part of the entire 
R&D phase. Once a product is established but requires on-going testing, 
the budget item would fall under QA as is the case with many products.  
Therefore, flight tests are competing with other R&D and QA projects for 
funding and that share will continue to drop as companies mature. Still, 
most of the customer base appears very keen to pay only for those services, which provide immediate value to them.

No customer was willing to disclose what they have paid for a testing program or portion thereof.  Consultants to the 
industry typically mentioned fees of $1,000 per day for flying.  Several customers said they consider the best price to be 
free and that this can work for the test ranges involved. They believe that by establishing themselves at a single location, 
providing data to the test site and affiliates (universities) and by becoming a member of the community, they are making 
an investment that should effectively reduce flight test fees.  One respondent explained that he recognized that such an 
arrangement would eventually have to evolve to his company paying something, but that by that point his firm would be 
so well established that they would expect to receive a preferred rate compared to any new entrant. This makes it very 
challenging for test sites to raise revenue and maintain sustainability over longer periods of time.

“A commercially viable market for 
last-mile parcel delivery and air metro 
could be in place by 2030.” McKinsey 
Urban Air Mobility Market Study 
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Additional Services
Given the difficulty in creating a sustainable revenue stream, test sites will need to expand the types of solutions they offer 
beyond those specific to test programs.  For instance, UAM start-ups may require assistance with business issues such as 
funding, site selection, recruiting and insurance.  For future growth and expansion, test sites should consider a wider range 
of service offerings.  

Long-term commitments made by one or two firms, tends to attract other customers, much as Silicon Valley, Silicon 
Slopes, and the Pearl River Delta continue to attract start-ups because of their reputations as centers of innovation.  
Among existing test sites, NUAIR appears to have the widest set of resources available to firms that wish to establish a 
long-term presence at a facility.  NUAIR a strong relationship with the Central New York Regional Economic Development 
Council and has direct solutions in insurance and legal affairs for firms looking to establish at NUAIR.  The two FAA Desig-
nated Test Sites which are run through their state’s economic development agencies, the Nevada UAS Test Site/NIAS and 
Northern Plains in North Dakota, offer similar levels of assistance. 

Pricing to Meet the Needs of the Commercial UAM Industry 
Most of the UAS test areas have not published any public information about the costs for services provide, which leads to 
the assumption that the actual costs can be negotiated in most cases. Whatever the range of solutions offered by a facility, 
the actual price paid for use of a test facility is an important factor in the customer’s decision process.  Industry partici-
pants discussed numerous factors when considering what pricing scheme works best.

UAS test sites use different methodologies to charge for services. Some solely charge for the actual testing, with fees per 
hour, half a day, or a full day, some require a membership, and the resulting annual membership fee in an association to be 
granted access to perform tests in the flight test range and may charge additional daily fees.

The most creative pricing strategy offered by a test site was described by its director as, “drug lord” pricing. Under this sce-
nario, the facility prices its offering so low that is extremely attractive to customers even though the facility may lose mon-
ey in the short term.  As a result, the price can be raised later to a level that is more profitable.  The facility director does 
not see their approach quite as nefarious as that of the drug lord, instead, expressing an interest in building long- term 
relationships that customers are reluctant to sever.  The current facility pricing is not at no cost to the customer – prices are 
at a level that meets payroll, but it is offering its product at what is considered a sharp discount.  

An employee of another site expressed skepticism at the workability of drug lord pricing in the UAM flight test market.  
This respondent believes that most manufacturers can and will easily move test site locations if prices at one location 
become too high, if other facilities offer sufficient levels of safety, good pilots and adequate flying days.  Even if firms have 
invested heavily in infrastructure (say manufacturing), it would not be hard for them to deploy to other sites if the price is 
right. 

Charging at cost strikes most of the customer base as appropriate, at 
least for operational testing.  Additional charges for consulting, say in 
the form of business services can be contracted separately.

Most participants on the customer side feel that the best pricing 
solution is an a la carte menu that adds in for the different services 
contracted.  Both Northern Pains and New Mexico State employ such 
a menu and, as discussed earlier, have the authority to negotiate rates 
for associated parties when they serve as the lead.  New Mexico State 
also specified that for situations where a customer needs assistance (such as a lab or machine shop) for which it did not 
previously contract, the resources can be quickly acquired and an agreement on pricing quickly made.  The site director 
believes flexibility in pricing and services is key.  For example, a customer is charged only for use of the flight range when 
they are actually flying.  If a customer’s platform has issues that ground the aircraft even on a scheduled flight day, the 
customer would not be charged.

“We are inventing this as we go along. 
Nobody has ever done this before. Ev-
erybody’s dreamed about it and it’s very 
sci-fi, but we have the technology.”John 
Manning,  
Founder ElectraFly
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Given the number of potential product elements a customer may have when contracting with a test site, it may be possi-
ble for some sites to offer bundled pricing.  Such pricing is usually the result of a conjoint analysis where the relative value 
of each product element is used in combination with other popular elements to develop a single price for the package.  
The resulting product bundles are then ranked in popularity to eliminate those bundles that are unlikely to have much 
demand. Such pricing methodologies are common in the automotive world where, for example, a sunroof, fog lamps and 
heated seats may be offered in one package that is slightly cheaper than buying each element separately.  While some 
product elements at test sites may lend themselves to this type of pricing for example, X number of flying days with use 
of Y number of pilots and Z number of meeting rooms, the unique characteristics of each test program suggest that this 
would may be difficult to implement.

Findings
To summarize our findings, we grouped test range characteristics into 
two major categories, each of which can then be qualitatively ranked 
into developed to undeveloped or refined to less refined.

The first group comprises operational attributes:
• Quality of facilities, e.g. runways, hangars, meeting rooms, 

etc.
• Geographical accessibility, e.g. proximity to major airports 

and highways
 𝇈 Usability, e.g. number of ranges, likelihood of favorable 

weather 
 𝇈 Regulatory solutions, e.g. availability of COAs and 

self-certification
The second group of characteristics reflects test site levels of investment: Staff expertise:

• Availability of certified pilots and safety officers
• On-site aeronautical engineers
• Specialist availability (e.g., at nearby universities) in fields with drone applications such as meteorology, radar, 

physics
• Local relationships

• State and community involvement
• Industry partners including manufacturers and ancillary service providers

• Marketing presence
• Presence on web and quality of information
• Press releases

Placing these two spectra on perpendicular axes enables viewing range characteristics in terms of quadrants.  Applying 
price estimates based on estimates from industry consultants, each quadrant’s pricing can be measured against the value 
received.  Conversely, the quadrant review allows a new facility to determine where to position itself in terms of pricing 
and an existing facility to consider what elements it may need to adjust on either spectrum to move into a different value 
quadrant.

Table 4 Quadrant Definitions
Quadrant Spectrum Profile

I Refined/Undeveloped Moderate Value/Moderate Cost
II Refined/Developed High Value/Higher Cost
III Unrefined/Developed Low Value/High Cost
IV Unrefined/Undeveloped Low Value/Low Cost

Applying these in a clockwise fashion from Quadrant I in the upper left results in Chart 1 below.

“Dallas and Los Angeles will be the first 
to offer UberAir flights, with the goal of 
beginning demonstrator flights in 2020 
and commercial operations in 2023. 
We’re currently evaluating additional 
launch market candidates across Aus-
tralia, Brazil, France, India, and Japan.” 
Mark Moore, Engineering Director of 
Aviation, Uber 
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Figure 11 – UAM Flight Test Range Considerations

Figure 12 – UAM Flight Test Sites by Characteristics

In Chart 2, the test facilities are placed into their respective quadrants.  None of the facilities we identified falls into Quad-
rant IV, Low Cost/Low Value.  Most all the FAA UAS Test Sites fall into Quadrant II, High Value/Higher Cost.  It is important 
to keep in mind that relative distance along the axes may reflect not only the level of refinement and development but 
how high or low costs and values truly are, especially within a quadrant.  ACUASI (Alaska-Fairbanks) is outside Quadrant 
II primarily because of its remoteness and it is slightly less powerful form a marketing perspective than many of the other 
sites.  Lone Star, by contrast, offers multiple flight test ranges, but is considered somewhat inflexible in its pricing and test 
program solutions. 
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Common Shortcomings of Test Sites
The FAA UAS Test Sites, precisely because of the designation, receive significant media coverage and are well known to 
commercial users.  They appear to be fulfilling their mission to foster NAS integration, as evidenced by the FAA’s an-
nouncement that all three entities selected for participation in the UTM Pilot Program are FAA Test Sites.  Nevertheless, 
few of them fully meet the needs of commercial UAM aircraft and product manufacturers.  Below some of the common 
reasons found in the research:

• The test site is designed for UAS and UTM research and testing.  Some customers are willing to have their data
 captured and shared with FAA and NASA as it may further their operational capabilities, but it is not a priority for   
 them.  Customers are primarily looking to improve their technology for market entry.
• The test sites predate the emergence of UAM as an industry.  In some cases, the level of state or university control 
 at the FAA Test Sites inhibits their ability to adapt quickly to a changing market, particularly one as rapidly evolving
 as UAM.
• Stringent requirements on customers, such as airworthiness certifications or offering services that may exceed the 
 needs and resources of small start-ups. 
• The test site offers services not needed or valued by the customer.
• The test site lacks a business approach that meets the customer needs. For instance, some test sites are structured 
 for academic and government research.
• The remoteness of some locations, including distance from major airports and large metropolitan areas creates 
 logistical challenges for potential customers.
• Marketing outreach is limited with poor explanation of services offered.

Additional test-sites, such as Deseret UAS, do not have FAA airspace access granted to the FAA UAS Test Sites, but can gain 
access to appropriate FAA airspace authorities for customers through relationships with universities with research COAs 
or partnering with FAA UAS Test Sites. These sites are not part of FAA or NASA UTM programs, except through teaming 
agreements with FAA UAS Test Sites. Alternative test-sites may not have the on-site flight monitoring systems and software 
and rely on the customer to provide flight monitoring.

Trends
The growing demand for large UAS and UAM vehicles is expected to create 
demand for a wide range of flight test ranges. The growth in associated 
technologies will further drive this demand.  The most important test re-
quirements for the future of large UAS and UAM aircraft will include actual 
urban environments. Also, conducive open-spaces for BVLOS operations 
are necessary, before large UAS and UAM enter the urban environment. 
Flight testing will need to take place under a wide range of operating 
conditions, including meteorological, topographical and/or error simula-
tion.  The related; data links, ground control stations; and communications, 
navigation and surveillance (CNS) for flight management in the UTM also 
are drivers for additional test facilities.

Finding pathways to long-term sustainability is expected to continue to be a challenge for flight test sites. A combination 
of public support and private investment will be required.

Need for Further Research
This white paper provides an overview of the opportunities and challenges for flight testing UAS and UAM vehicles, prod-
ucts, and services, and provides an assessment of the state of UAM flight testing, with an outlook for future demand. Addi-
tional research is ongoing and Utah State University/AggieAir will take the lead with Deseret UAS in developing an analysis 
of the testing requirements, flight testing standards, and processes.  The UAS and UAM industries will need to progress to 
certification of this new technology along with the trends, needs, and standards of the emerging industry.

“Boeing was there when the avia-
tion industry was born and in our 
second century, we will unlock the 
potential of the urban air mobility 
market,” said Steve Nordlund, vice 
president and general manager of 
Boeing NeXt. 
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